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reduces the pH level in the ponds and leads to a
decrease in aquaculture production.

In the rainy season, there is no activity of
fishery so that the productivity is not affected.
However, when floods occurring with greater
intensity will damage fishery infrastructure. In
addition, extreme temperature in a long time
has great influence on fishery. The proper
temperatures for normal growth of shrimp is
27-30°C, while the temperature> 35°C or <20°C
for 2-3 days, shrimp will die.

¢) Fishing

According to the plan in 2020, a number of
projects will be implemented, for example:
building system of warning, forecasting,
rescuing; expanding Quy Nhon fishing port,
Quy Nhon storm shelter; upgrade fishing ship
and service, infrastructure and other techniques.
In the future, in term of climate change impact,
the hurricane will probably occur more
frequently. So, if the habit is unchanged (the
fishermen do not use the communication
devices while go fishing offshore), the
anchorage area does not guarantee the size and
safety, rudimentary and small boats still used
for offshore fishing will be in risk of heavy
damage and fishermen are the most impacted
and most vulnerable.

d) Tourism

The development plan of Binh Dinh to 2020
has given the priority to the investment to
marine tourism. Besides, the infrastructures for
tourism such as hotels, restaurants, services,
sports area resorts will be built along the coast.
According to climate change scenarios, coastal
areas of Vietnam in general and Binh Dinh,
Quy Nhon in particular will be affected by sea
level rise, storm surges, floods and heat
increase triggering soil erosion, coastal
flooding, environmental pollution, outbreak of
epidemics, etc.. All the above factors will affect

tourism (beach/tourist areas, the depletion of
tourism resources, reducing the amount of
tourists). However, in the tourism development
plan has not considered the response to risks of
natural disasters, extreme weather. Tourism
department does not have even a representative
in the Committee for the Prevention of Flood
and Rescue of Binh Dinh province on order to
receive and exchange updated information on
natural disasters, participate in formulating
prevention plans to reduce natural disaster or
coordinating closely with other agencies to
respond effectively when disasters occur. This
is one of the restrictions that should be
considered thoroughly in the process of
completing tourism development plan.

3. Adaptation measures to respond to climate
change in Quy Nhon

For agriculture, aquaculture and forestry:
most of manufacturing operations are
dependent on the weather. Moreover, poor
people group mainly work in these sectors, their
production are made just to maintain their lives
and there is almost no accumulation, which
leads to the fact that they cannot afford
equipping themselves with better conditions to
respond to natural disasters, such as : strong
houses, equipment, facilities and production
capital. Addition, the perception is poor,
backward practices; the community is not high
increases vulnerability to natural disasters. To
overcome these problems, some relevant
activities need to be performed, including: (i)
raising awareness of people about climate
change and other threats, (ii) planning to
develop manufacture based on the climate
change research to integrate into the operations,
(iii) policies to support (such as funds, facilities
and equipment), insurance and resettlement in
line with community participation, and (iv)
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community education enhancement.
Nevertheless, the most important activity when
the city is expanded and developed is
supporting these groups to gain new vocational
skills to change their livelihoods to get a better
and more sustainable life.

Tourism: the proportion of revenue from
tourism in Quy Nhon will be very high in the
future. Most of tourism infrastructure is located
near the sea, which is greatly influenced by
natural disasters and coastal erosion. Many
resorts have been planned according to
research; they will be affected by rising sea
levels, together with phenomena of strong
coastal erosion. Thus, there should be extensive
research on shoreline stabilization under the
impact of sea level rise to re-plan seaside resort,
and should have the support and insurance
policy for the sector.

The city now has got the organizational
structure and facilities to prevent and reduce
natural disasters as well as search and secure.
However, they have not met the current needs.
In the future, when the disasters caused by
climate change occur with greater intensity,
higher frequency, Quy Nhon City should: invest
in construction of warning and forecasting
systems, information systems and response and
rescue device; train and improve the capacity
and awareness about climate change and its
impacts in order to make appropriate adaptation
measures for not only professional staffs but for
all government organizations, unions and each
citizen; enhance the participation of the people,
especially women in activities of planning,
resettlement, making plans and producing
appropriate measures, to cope with the impacts
of natural disasters and climate change;
strengthen specialized research activities to find
solutions for planning and making plans to
adapt to climate change conditions.

A number of activities which are important
to make plan of climate change adaptation in
Quy Nhon in the near future have been
proposed, including intensive research for the
eastern districts of Tuy Phuoc commune on the
susceptibility to climate change and guidelines
for making plans to develop urban areas,
construction, infrastructure and agriculture;
building instructions, new procedures for the
resettlement, support for changing livelihood of
fishing households vulnerable to climate
change; Improve the capacity, organization and
equipment for Flood and Storm Control
Committee and the Search and Rescue; program
of raising awareness, instructions, warning
signs for communities susceptible to flooding;
Invest to research design, repair and upgrade
the system of river and sea dykes, to not only
strengthen but also ensure safety in extreme
conditions in the future.

4. Conclusions

1) Climate change and sea level rise
scenarios were developed for Quy Nhon city
using emission scenarios A1FI, A2 and B2. By
mid 21* century: i) monthly and seasonal mean
of the temperature in Quy Nhon city would
increase compared to that of the period 1980-
1999; ii) rainfall would increase in rainy season
and decrease in dry season, but in term of
annual mean, rainfall would be still increase;
iii) sea level is expected to increase about 30cm
compared to the period of 1980 — 1999.

2) In Quy Nhon, water resources,
agriculture and tourism are considered as major
sectors would be affected by climate change.
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change impacts on water resources of Vietnam-China
transboundary river basins

Tran Hong Thai, Luong Tuan Anh*

Vietnam Institute of Meteorology, Hydrology and Environment,
23/62 Nguyen Chi Thanh, Hanoi, Vietnam

Received 2 November 2010; received in revised form 16 November 2010

Abstract. Vietnam-Chinese transboundary river basins play an important role in socio-economic
development for both Vietnam and China. The cooperative research on assessment of climate
change impact on water resources is necessary in order to maintain and develop water resources,
exploit and consume effectively, protect environment and prevent disasters on transboundary river
basins. The problems have been paid the attention by scientists and agencies of both countries.
This report presents the expressions of climate change impacts on water resources on Vietnam-
China transboundary river basins and suggest cooperative content and methodology of the

research.

Keywords: climate change, Vietnam-China transboundary river basins.

1. Introduction

Along Vietnam-China border, the river
flowing into Vietnam is Hong River, with
81.200 km’ upstream area located in China and
1.100 km’ area in Laos, the river flowing out is
Ky Cung —Bang Giang River, with 10.532 km’
upstream area located in Vietnam, flowing into
Ta Giang River in Guangxi, China. According
to the recent research [1], total discharge
volume of Red River, resulting from foreign
territory is 48,7 km’ per year, equivalent to
38.2% of total water amount of Hong River.
The both river systems are important for socio-

* Corresponding author. Tel.: 84-4-38343506
E-mail: tanh@vkttv.edu.vn

218

economic development of Vietnam and China.
The main upstream rivers of Hong River
system, include: Ly Tien (upstream of Da
River), Nguyen River (upstream of Thao river )
and Ban Long river (upstream of Lo river)
located in the South of China has more
abundant water resources and hydropower
potential than the similar ones in the North. Ky
Cung- Bang Giang river system, having amount
of 9-10 km’ per year, flowing into China
territory, is also vital for socio-economic
development on downstream area of Ta Giang
river basin. Thus, protection and maintenance
of water resources aimed to exploit and utilise
resources effectively, preserve environment and
prevent disasters is crucial and paid the
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attention by scientists and agencies of both
countries [2, 3].

2. The expressions of climate change impacts
on water resources of Hong River basin

Climate change due to the earth warming
causes the change of the processes, such as
ocean-atmosphere interaction, ocean circulation
over continents, hydrological cycle, also may
lead to changes in distribution of water
resources in space and time. Results of national
and international research show that climate
change impacts may increase the uncertainty of
hydro-meteorological parameters, leading to
more frequent occurrence of  extreme
hydrological characteristics. Natural disasters
related to flood and drought occurring

H2: Captare 28/02/2009

D1: Daml
X102t 15 18"
Coordinate ¥ a9 38 36"
D2 Dam?2
. . X102t 03 23t
Coopdinate Y. 39° 4% 16"

Data of National Remaote Sensing Center

frequently over the world and the region in
recent year is the sign of the above statements.

Meanwhile, due to  socio-economic
development and population growth, demand of
water resources on upstream area of Hong
River system is highly growing, especially
many reservoirs have been build for the
purposes of hydropower, irrigation and others.
Based on data of Power Engineering Consulting
Joint Stock Company 1 [4], Ly Tien river in
China territory has 11 reservoirs with nine of
them in operation, Ban Long river in China
territory has 8 hydropower reservoirs under
planning with many of them in operation,
Nguyen river has 1 operating plant. Some
hydropower plants on Ly Tien river, upstream
of Da river taken from satellite is shown in

Figure 1.

SCHEME OF DAM D1, D2

SLARCHAD

HI: Capture 28/02/2009

Figure 1. Hydropower plants on Ly Tien river.
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Unstable water inflowing from China
territory due to operation of hydropower plants
at upstream results in large daily water level
fluctuation which is contrast to natural law:
daily water fluctuation is around 1.5-2.0m on
Da river at Muong Te, 0.5-1.0m at Nam Giang,
1.0-1.3m on Lo river at Ha Giang and 0.5-0.8m
on Gam river at Bao Lac. Regulation activities
of reservoirs in China make the tendency of
drought flow a month faster. Discharge in the
first months of November-December of dry

season decreases quicker than the previous
periods. Flow regulation of reservoirs at Ly
Tien Do station, upstream of Da river (basin
area of 17.155 km®) far about 52 km from
Vietnam-China Border is shown in Figures 2
and 3. The instability of flow from China
disturbs the operation of structures in
exploitation and utilisation of water as well as
usual status of ecosystem, downstream of Hong
river system.

1600

—a—regulated

1400 - —e—Naturally restored

15/VI 15Vl

14/VIIl 13/IX 13/X
Time

Figure 2. Naturally restored daily flow and regulated flow at Ly Tien Do station in 2010.
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Figure 3. Naturally restored daily flow and regulated flow at Ly Tien Do station in 2009.
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One significant expressions of climate
change impacts on water resource in upstream
of Hong river is occurrence of the annual
maximum flood in October which is the last
month of flood season when the storage
capacity of reservoirs are nearly full. Statistical
data in Table 1 shows that the annual maximum
flood on Ly Tien river and Nguyen river often

221

occurs in August (taking more than 50%). In
recent years, two the annual maximum flood
occurred in October 2006 and October 2010.
Consequently, artificial floods appeared on 11"
October 2006 with flood peak nearly twice than
natural one (Table 2), this made flood
magnitude suddenly 10m higher on 8"-12"
October 2006 at Muong Te station.

Table 1. The appearance of annual flood peak at October, period of recharge of reservoirs
in recent years in upstream of Da and Thao rivers in China territory.

Ly Tien Do station on Ly Tien river

Man Hao station on Nguyen river

No. Year Peak flow rate (m’/s) Date/ Month  Peak flow rate (m’/s) Date/Month

1 1973 2434 27 July 2265 28 July

2 1974 3720 5 August 3415 6 August

3 1975 2605 16 June 1855 17 June

4 1976 2145 15 August 1860 22 August

5 1977 1730 5 July 1400 1 August

6 1978 1860 7 August 1660 1 June

7 2001 2217 1 August 2944 14 July

8 2002 2870 10 August 3370 15 August

9 2003 2030 20 July 1370 28 July
10 2004 1380 8 September 1560 9 August
11 2005 2030 20 July 1070 25 August
12 2006 6920 11 October 4250 11 October
13 2007 3880 4 August 2920 4 August
14 2008 1770 19 July 1590 10 August
15 2009 2300 19 August 1150 18 August
16 2010 1770 10 October 1060 11 October

Table 2. Artificial flood occurred in October 2006 at Ly Tien Do station on Ly Tien river
(upstream of Da river).

Flood Rainfall (mm) Flood peak (m’/s)
Trung Ai Kieu Tho KhaHa Muong Te Ly Tien Do Muong Te
1-4 August 2007 163 152 120,6 3880 5359
8-11 October 2006 162 158 131,8 6920 6505
Another expression related to climate used to occurred once every 8-10 years in the

change impacts on water resource is that
although in recent years, water resource in
Hong river system tended to decrease but
extreme flood occurring in Hong River system
had tendency of increasing in frequency.
Statistics in Table 3 shows that extreme floods

last period. From 2001 up to now, extreme
floods occurred on Da river in 2002 and 2006,
on Thao river in 2005 and 2008 and on Lo river
in 2001 and 2008. It is noteworthy for flood
prevention for Hong river delta.
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Table 3. The increasing frequency of great flood occurrence on river branches of Hong river system

Da river (Hoa Binh station)

Thao river (Yen Bai station)

Lo river (Genh Ga station)

Annual flood peak exceeds 15000m™/s Annual flood peak Annual flood peak
Year Year exceeds 7000 m®/s Year  exceeds 7000 m’/s
Period of 1960-1990
1964 17200 1968 10100 1969 8100
1969 15800 1971 9860 1971 11700
1971 16200 1979 7450 1986 8720
1986 7510
Period of 1991-2000
1996 22640 1996 7010 1995 7380
1996 7930
Period of 2001-2010
2002 15100 2005 7450 2001 8200
2006 15200 2008 10800 2008 7050

Floods on 6-7 January 2003 with the peak
flood of 1320 m®/s at Lao Cai station on Thao
river (annual peak flood of 1860 m’/s on 16
August) is the unprecedented abnormalities that
may related to climate change impacts.

The increasing uncertainty of hydrological
characteristics due to climate change impacts
reduces reliability of hydrological engineering
calculation as well as accuracy of forecast and
warning, leading to reduce operation efficiency
of water regulation structures and raise natural
and manmade disaster risk.

The risks related to climate change impacts
on water resources on Vietnam-Chinese
transboundary river basins can be reduced
based on promoting information exchange,
scientific research and management
cooperation. Currently, the trend of cooperation
on climate change study, integrated water
resources management in the region and the
world create the opportunities to develop
cooperation on the basis of equitable and
reasonable utilization of water resources, and
obligation not to cause significant harm on river

basins, crossing the border of two countries.

3. Cooperative research on climate change
impacts to enhance sustainable development
of water resources on Vietnam-Chinese
transboundary river basins

According to the research of international
experts [5], cooperation should be started with
information exchange, cooperative research and
development of general principles of integrated
management of international river basins.
Cooperative research and rational use of
transboundary water would turn risks and
challenges into cooperative opportunities.

The objectives

- Exchange results of hydrological and
water resources research on rivers acrossing the
border, including: Da river, Thao river, Lo
river, Ky Cung river and Bang Giang river;

- Assess rainfall and surface water of
transboundary river basins in space and time;

- Assess the water demand in space and
time;

- Tendency of rainfall and surface water in
recent years,

- Develop climate change scenarios of the
region;
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- Assess impacts of climate change
scenarios on rainfall-runoff process, water
balance on the river basins which take an
account of socio-economic development on
transboundary river basins;

- Propose to respond climate change and
mitigate adverse impacts of water exploitation
on rivers crossing Vietnam-China border.

Cooperative research

Information and data exchange on the basis
of authorisation; Methodology unification;
Cooperative research; Workshop on research
exchange; Training. Research funding need to
be co-financed by two governments.

4. Conclusion and suggestion

In the context of climate change, based on
the friendship and good neighborliness of two
countries, recognition of riparian interest as
well as understanding of risks related to
transboundary water, cooperative research on
hydrology and water resources is necessary to

propose solutions of integrated water resources
management in order to develop and sign
agreements to deal with problems related to
transboundary water between Vietnam and
China.
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Abstract. Rapid socio—economic development leads to a great increase in water demand of many
sectors and conflicts between water users. Moreover, studies have warned about serious degree of
influence of climate change (CC) on Vietnam, particularly on the water resources. Therefore,
assess CC impacts on water balances are very necessary task. The Ministry of Natural Resources
and Environment has completed the appropriate climate change scenarios in Vietnam [1]. In this
study, water balance results will be presented including three scenarios: high emissions scenario
(A2), medium emission scenario (B2), and low emission scenario (B1). The water balanced in
Hong-Thai Binh river basin was calculated, which is one of the largest basins in Vietnam. The
basin is very complicated: Under the influence of flow regime of international rivers [2], a system
of reservoirs and irrigation structures serving diverse purposes, such as of water supply, irrigation,
flood control and hydropower [3-5]. MIKE BASIN model was applied to describe exploitation,
utilization and to identify the water shortage areas according to the climate change scenarios.

Keywords: climate change, water resources, Hong-Thai Binh river.

1. Introduction about the study area

Hong-Thai Binh river basin is an
international river basin that flows through
three countries: China, Laos, Vietnam with a
total natural area is 169,000 km’. The area of
basin located in Vietnam is: 86,680 km’,
occupying 51.3% of the total.

This is the second largest river basin, (after
the Mekong basin) in Vietnam which flows into
East sea. Hong-Thai Binh river is formed from
6 major tributaries: Da, Thao, Lo, Cau, Thuong
and Luc Nam rivers.

" Tel.: 84-4-38359491
E-mail: tranthai.vkttv@gmail.com

Figure 1. Topographic map of Hong-Thai Binh
river basin.

202
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2. Research method

In this study, two methods were used as
follows:

(i) Document synthesis and data analysis;
and

(ii) Mathematical model.

MIKE BASIN model was used to calculate
water balance in Hong-Thai Binh river basin,
where MIKE NAM model was also used for
inflow calculation in this basin.

MIKE BASIN is a tool for water resources
management, and more exactly it is a tool to
calculate the optimal balance between water
demand and available water amount. It supports
the managers in choosing suitable development
scenarios, exploitation and protection of water
resources in the future.

£

3. Application of MIKE BASIN model to
calculate the water balance in Hong-Thai
Binh river basin

3.1. Water balance scheme and irrigation system

Based on characteristics of the basin such
as: topography, climate, irrigation systems, and
distribution of population, the river basin was
divided into six sub-basins (Da, Thao, Lo, Cau,
Nhue-Day, downstream Hong-Thai Binh River)
including 91 sub-areas.

The simulated irrigation system in MIKE
BASIN model are: reservoirs and hydro-powers
parameters of which are: reservoirs relationship
(Z ~ F ~ V), reservoir water level, capacity of
hydro-plants, reservoir water level changes,
regulation of reservoir operation.

Baseline and scenario simulation: 25
reservoirs and five hydroelectric powers.

Figure 2. Water balance scheme of Hong-Thai Binh river basin.
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Table 1. The parameters of hydropowers in the Hong-Thai Binh river basin.

Nam of Year Year Install capacity Energy .
. . production Function
hydropower of beginning of operation MW) (10° KWh)
Lai Chau 2010 2017 1200 4700 Electricity generation
Son La 2005 2012 2400 10246 Electricity generation
Flood control
Hoa Binh 1979 1994 1920 8160 Irrigation
Electricity generation
Flood control
Tuyen Quang 2002 2008 342 1329 Electricity generation
Flood control
Thac Ba 1961 1971 120 414 Irrigation

Generate electricity

3.2. Input data
3.2.1. Inflow

Inflows in the hydro stations and on the
sub-basins were calculated according to three
climate change scenarios A2, B1, B2 for the
following periods: baseline (1980-1999), 2020-
2039, 2040-2059, 2060-2079, and 2080-2099.

MIKE NAM model was used to calculate
the inflow according to three climate change
scenarios A2, B1l, B2. The total annual flow
increases slightly in all the three scenarios.
However, variation rates of annual flow in each
tributary are not different.

3.2.2. Water demand

On the basin, water demand was calculated
in Hong-Thai Binh: agriculture, aquaculture,
industry, domestic sector, public services and
tourism. To assess the influence of climate
change on water demand two Cases were
considered.

Due to limitations of published data, the
water requirement of livestock, industry,
aquaculture, domestic sector, public services
and tourism were calculated to 2020 according
to the Statistical Year Book 2000 (Case 1) and
the planning of socio-economic development
plan to 2020 of provinces in the basin (Case 2),

with the assumption that these demands would
not be changed by 2100. This means there is
only water demand for the main user
(agriculture) that will be changed throughout
the periods. For each Case, the water demand
for agriculture was calculated for 20 years from
1980 to 2000 and for 80 years from 2020 to
2100 with the assumption that agricultural area
and cultivated crop structure were constant.
Thus, the changes of water demand for
agriculture only would depend on precipitation
and evaporation.

Case 1 (WDI): Calculation of water
demand for the periods 1980-1999 and 2020-
2100 based on the Statistical Year Book 2000
for the data on agricultural and industrial areas,
livestock, population and the data of rainfall
and temperature scenarios for projected
agricultural demand.

Case 2 (WD2): Calculation of water
demand for the periods 1980-1999 and 2020-
2100 based on the planning of socio-economic
development plan to 2020 for the data on
agricultural and industrial areas, livestock,
aquaculture, population, tourism and the data of
rainfall and temperature scenarios for projected
agricultural demand.
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(a) Water demand - Case 1

(b) Water demand - Case 2

Figure 3. The trend of water demand in the 2 Cases.

3.3. Choosing option for water balance calculation

In order to calculate water balance on
Hong-Thai Binh river basin, the options were
chosen based on (i) the planning of socio-
economic development of the region, of each
provinces and of each sector [4,6,7]; (ii) climate

change scenarios [1]. The main criteria
considered choosing option were: (i) inflow, (ii)
water demand, (iii) irrigation system. The
options for water balance calculation are shown
in Table 2.

Table 2. Options for water balance calculation.

Water balance CC System of water resources Water Inflow
(WB) Cases scenarios structures demand
A2 WDI1 - A2 A2
WB - Case 1 B2 WDI1 - B2 B2
E; 25 reservoirs, 5 hydropower plants \\zg; :E; i;
WB - Case 2 B2 WD2 - B2 B2
Bl WD2 — Bl Bl

4. Results and discussion

4.1. Water balance results

According to calculation results, water
shortage in the sub-basins and the whole basin
more and more increase. Total of water demand
in the Case 2 is bigger approximately 5 billion
m? per year than that in Case 1. In addition,
because inflows in both Cases are constant, so

water shortage in Case 2 is 4.2 to 4.8 billion m?
per year, occupying 15% -17% of water
demand in the whole basin. There are no
differences between two Cases in terms of
quantity and percentage of water deficit. Trend
of water shortage in Da, Thao, Lo, Cau Thuong,
Luc Nam, Nhue, Day basins and the
downstream of Hong-Thai Binh river are quite
similar.
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Figure 4. Water shortage in the whole region under three scenarios- WB Case 1.
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Figure 5. Water shortage in the whole region under three scenarios — WB Case 2.

Table 3. The total average water shortage in period- WB Case 1.

(Unit: 10°m’ / ear)
Y

S .
cenarto Vdeﬁcit Vdeﬁcit Vdeficit Vdeﬁcit Vdeficit
B1 3,241.1 3,347.8 3,412.0 3,445.6 3,455.9
B2 3,241.1 3,338.1 3,420.1 3,478.7 3,524.5

A2 3,241.1 3,330.1 3,418.2 3,497.8 3,564.6
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Table 4. The total average water shortage period - WB Case 2.

(Unit: 10° m’* / year)

1980-1999  2020-2039  2040-2059  2060-2079  2080-2099
Scenario
Vdeﬁcit Vdeﬁcit Vdeficit Vdeﬁcit Vdeﬁcit
Bl 4,220.6 4,492.8 4,575.2 4,619.0 4,663.3
B2 4,220.6 4,493.9 4,599.8 4,677.6 4,759.9
A2 4,220.6 4,494.4 4,595.2 4,699.0 4,801.2

4.2. Energy production

The calculation result shows that the

increasing tendency in comparison with the
baseline scenario. For all hydropower plants,
annual energy production is on the increase in

average monthly energy production of the periods 1980-1999, 2020-2039, 2040-2059,
hydropower plants during the dry season has a 2060-2079, and 2080-2099. However, this
decreasing tendency and in flood season has change is not significant.
MW
2500 2500 YW
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Figure 6. Monthly average energy production of Son La hydropower plant under 3 scenarios — WB Case 1.
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Figure 7. Annual energy production of Son La hydropower plant under 3 scenarios.

5. Conclusions

1) Climate change causes the increase in the
total annual the whole basin. The inflow
increases in flood season and decreases in dry
season, which would influence on water
balance in the basin. The increase temperature
causes increase in evaporation, while rainfall
decreases in the dry season, therefore water
demand is higher and higher, so water shortage
is more and more seriously.

2) According to the forecast, the water
demand in the period 2020 to 2100 from 21.52
to 22.54 billion m’ per year for Case 1 and from
27.17 to 28.19 billion m’ per year for Case 2
can be met.

3) In general, annual energy production is
on the increase in the periods as compared to
the baseline. However, this change is not
significant.

4) In the context of climate change, under
unfavorable conditions for water use and, water

allocation and use become extremely difficult
and complicated. If some reservoirs were built
in the upstream in the future, it would influence
on the capacity of meeting the water demand in
downstream. Therefore it needs to pay attention
to reservoir operation especially cascade
operation, regulating water resources use to

meet water demand in the future.
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A method for locaﬂiwé possible sources
of oil pollution in the East Vietnam Sea

Vu Thanh Ca’, Hoang Duc Cuong’, Tran Hong Thai’,
Nguyen Xuan Hien*, Nguyen Xuan Dao*

Abstract: A method was proposed for locating possible sources of oil pollution in the East Vietnam Sea. The
method includes two stages. The first stage is called the raw stage. In this stage, based on the history of oil
pollution at the Vietnamese coast and oil pollution footprint detected by remote sensing technique, numerical
computation of wind and flow field in the sea was carried out. With the obtained wind and flow fields,
reversed analysis was carried out to have a raw determination of possible sources of oil pollution. The second
stage is called the refined stage. In this stage, based on the results of the raw stage, the location of oil source
was corrected by assuming different oil slick scenarios (locations of oil source, discharge amount and
discharge time). Then, numerical computations were carried out again to determine the transport and
weathering of oil after being discharged from the source. The oil slick scenario which best fit the history of
oil pollution and oil slick footprint will be selected as the oil pollution source.

1. Introduction

Recently, oil pollution has become an increasing environmental problem for the
Vietnamese coast and sea. The area with oil pollution is expanding while the degree of
pollution is increasing. During recent ten years, there are more than ten oil pollution events
which caused great environmental consequences to the estuarine and nearshore areas of
Vietnam. Typical oil pollution events are listed bellows. On October 3, 1994, the Neptune
Aries (Singapore) collided with pier at Cat Lai port, caused the slick of 1.700 tons of oil.
On September 7, 2001, the Formosa One (Liberia) collided with other ship at Ganh Rai
Bay, caused the slick of 900m’ of oil. On February 6, 2002, the Bach Dang Giang
(Vietnam) collided with submerged rock in Hai Phong coastal water, caused the slick of
2.500m’ of oil. Recently, every year, during March to April, the oil pollution appears at the
coastal areas of Central Vietnam. Especially, on January 29, 2007, oil began to polute Da
Nang and Hoi An Beaches. After that, during the period from February 2007 to May 2007,
the oil pollution affected the coastal areas of 17 cities, provinces of Vietnam, including Hai
Phong, Ha Tiinh, Quang Binh, Quang Tri, Thua Thien - Hue, Pa Nang, Quang Ngai,
Quang Nam, Binh Pinh, Phu Yen, Khanh Hoa, Vung Tau - Con Pao, Tien Giang, Ben Tre,
Tra Vinh, Soc Trang and Ca Mau. The total collected oil from Juanuary 29, 2007 to April
18, 2007 is 1702 tons. Among it, 855 tons of polluted oil is collected at the Quang Nam
beach. The impacts of the polluted oil on the environment, economic and society in the
polluted coastal areas have not been fully understood.

Due to the seriousness of the oil pollution, the Government of Vietnam had assigned the
Ministry of Natural Resources and Environment to carry out study to understand the
processes of the transport and weathering of oil in the sea, and locate the possible sources
of oil pollution. This article presents the results of the study carried out by the Vietnam
Institute of Meteorology, Hydrology and Environment (IMHEN) for the above mentioned

purpose.

3 Marine Management Institute, Vietnam Administration for Sea and Islands; E-mail: vuca@vkttv.edu.vn
* Vietnam Institute of Meteorology, Hydrology and Environment; 5/62 Nguyen Chi Thanh, Hanoi, Vietnam
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2 Methods 1175

To study the processes of transport and weathering of oil in the sea, in this study, we used
the numerical models in combination with remote sensing technique. The satellite images
from the MODIS sensor (AQUA and TERRA), ENVISAT ASAR, ALOS PALSAR
satellites were analized to determine the location of polluted areas in the sea. Then, a
system of numerical models, including a numerical model for the computation of wind, air
temperature and sea surface temperature fields. For the transport and weathering of oil in
the marine environment, two numerical models are used. The first model is the MIKE31-
PA/SA of Dannish hydraulic. The second model is a system of models developed by a
group of researchers at the IMHEN. In this system of models, a numerical model for the
computation of wave field, numerical models for the computation of current field and a
numerical model for the computation of the transport and weathering of oil in the sea were
used to predict the transport of oil in the sea. Based on the past current and wind field and
the present position of polluted oil, a reversed analysis technique was employed to locate
the possible oil pollution.

2.1 Meteorological conditions

After being slicked into the marine environment, the polluted oil is transported under the
combined actions of wind, waves and currents. The action of the wind on the transport of
oil has three folds. At the first, the wind acts on the surface of the oil and transport the oil
in the wind direction. Its was estimated that (Stozenbach et al, 1977) that the drifted
velocity of the surface oil layer due to the wind can be about 0.03 velocity of the wind. At
the second, the wind generates the surface waves, which can advect the oil and intensify
the oil weathering processes, leading to the dispersion of oil in the sea water. At the third,
the wind drives currents, which can directly transport the polluted oil. Thus, in order to
correctly predict the transport and weathering of the polluted oil, the wind must be
correctly computed.

The AVN wind data with equal resolutions in both latitude and longitude directions of 1°
are used for the computation of the wind field in the East Vietnam Sea. Since the
resolution of 1° is too coarse for the current and oil transport computation, the MM35 model
for numerical weather forecast is used to interpolate the wind to the 2’ grid mesh
resolution. The computed wind fields at the beginning of March are shown in Figures la-
1f. Detailed computations (not shown) revealed that during February, 2007, the dominant
wind in the entire Vietnamese sea and coastal areas have the north east direction. At the
end of February until the beginning of March, the wind became very variable. As shown in
Figs. 1a, from March 01 to March 05, 2007, the wind at the north of East Vietnam Sea was
south east wind while the wind in the southern part was the north east wind. The wind
speed was about 5-10m/s. During the period from 06 to 11 March, 2007 (Figure 1b), the
continental high pressure became dominant over the Vietnamese land and sea, the
dominant wind for the entire East Vietnam Sea was the north east with the wind velocity of
10m/s. The wind during the period from March 12 to March 16 was similar to that at the
beginning of March (Figure 1c). A strong cold front influenced Vietnamese weather on lan
and sea from 17 to 20 March caused strong north east wind on the entire sea with the wind
velocity of more than 10m/s (Figure 1d). At the beginning of April, the wind direction
changed. On April 10, 2007, the wind on the sea was north east with with the speed of
about 5-10m/s, and from 11 to 19 April, the wind at the north of the sea was south east to
south while at the south of the sea, the wind was rather complex (Figure 1e).
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2.2. Current conditions 1176

The 3D POM (Princeton Ocean Model) model was used to compute the current field.
Forcing on the current fields includes tide, wind and density current. The computational
region was extended over whole East Vietnam Sea with the tidal forcing computed at the
boundary of the computational region from the harmonic constants of 9 main tidal waves.
The depth field used in the computation is ETOPO2. Sensivetivity analysis showed that
tidal current is strongly influenced by bottom friction. Then, the tidal flow was calibrated
using the tidal data at main stations near Vietnamese coast. The calibration results shown
in Figs. 2 (a-d) revealed that the numerical model could satisfactorily simulated the tidal
current in the area.

(a) (b) (c)

Figure 1. Wind field simulated by MMS5 model

Computational results (not shown) revealed that the tidal current was rather strong
nearshore, but not very strong offshore.
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Examples of computed flow fields werel %%Zented on Figs. 3 (ab,c,d). Figs. 3a,b
respectively show the current fields on January 18 and January 30, 2007. As shown in the
figure, during January, due to prevail north east wind, the current near Vietnamese
shoreline have the south direction. This flow field together with the north east wind can
transport the oil in the south direction. On the other hand, the flow fields on March 15 and
April 14, 2007 are shown in Figs. 3 (c,d). It can be seen that in general, the flow fields near
the Central Vietnam shore have the south direction. However, at the entrance of Bac Bo
Gulf, the current have the north direction. This means that with the current together with
south east wind can transport oil to pollute the coast of the Red River Delta.
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Figure 2. Comparison between computed and observed tidal water levels (a) at Hon Dau Station and (b) at
Ha Tien Station

Since the East Vietnam Sea is a large sea, the general circulation in the sea due to wind can
cause density abnomality, which drives the density density current. Then, the density
current should be considered. However, due to time resriction on the sea water density
distribution, in this computation, we still did not considered the effects of density
stratification on the current field.
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(c) 18:00 March 15,2007 (d) 18:00 April 14, 2007
Figure 3 Computed flow fields

2.3 Numerical model for the transport and weathering of oil

A numerical model was developed at the Vietnam Institute of Meteorology, Hydrology and
Environment for the computation of the transport and weathering processes of oil in the
sea. The model considers all main processes happening when the oil slicked into the
marine environment. When the oil is slicked into the marine environment, at first, it is
transported on the water surface. Then, the oil undergoes weathering processes. Light
components of the oil will be evaporated. The remained oil can undergo the emulsification
processes, in which oil expands its volume due to water uptake. The emulsification
processes will increases the possibility of oil dispersion into the water column in the form
of oil droplets. A part of suspended oil droplets can interact with suspended sediment,
increasing their density and sink to the sea bed. On the other hand, large submerged oil
droplets can resurface to become the surface oil. A small fraction of oil can be dissolved
into water. The contribution of dissolved oil into oil mass balanced is negligible. Then, to
study the oil transport in the marine environment, it is necessary to consider the transport
of different phases of oil, including the transport of surface oil layer and suspended oil
droplets in the water column under the surface, and the oil exchange between the different
phases. As mentioned previously, the contribution of dissolved oil in the oil mass balance
is negligible. Also, since this study aims at the study of the oil transport and weathering in
a large area, the dissolved oil is neglected.

2.3.1 Equations governing the transport and dispersion of 0il

In this study, we distinguish the surface oil layer and the under surface oil layer. With the
assumption that the thickness of the surface oil layer is small compared with the water
depth, the general equations governing the transport and dispersion of surface oil can be
written as:

acs +£(”SCS)+E(VSCS): E(KX acsj—i_i[KV aCSJJ’_
ot Ox oy Ox ox o\ "~ oy

av,C,—yC,—C.S,—C.S,-D (x,)

(M
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here, x, y and ¢ are respectively spatial and tﬂn"e%%riables; C. is the density of oil on the sea
surface (the mass of oil on a unit sea water surface); C, is the volume density of suspended
oil droplet in the water column; us and vs are components of current velocities in x and y
directions, respectively; « is a coefficient expresses the probability that a suspended oil
droplet to resurface; vb is the rise velocity of oil droplet in the water column; y is a

coefficient, describing the rate of dispersion of surface oil into the water column; Sd are Se
respectively the degradation and evaporation of oil on a unit area of the oil surface;

and D, is the rate of oil deposion and reentranced at the shore line. The equation governing
the transport and change of suspended oil in the water column can be written as:

OHC, | o(HuC,) . a(chv)+ o(HwC,)_ 8 ( HE. acvj+ 9 yx %

ot ox oy 0z Ox Yox ) oy Yoy 2
+£(HKZ oc, j+ yC,—aV,C, - pC,

oy Oz

Here, Cv is the volume density of oil in the water; u, v and w are respectively the flow
velocity in three directions x, y and z; f is a coefficient used to determine the rate of
deposition of suspended oil droplets into the sea bed.

2.3.2. The transport and degradation of oil

Besides being dispersed into the water column, the surface oil can be transported by the
combined actions of wind, waves and surface current. The physical processes that govern
the transport and weathering of oil can be written as.

a. Advection

The advection of oil on the water surface is due to combined action of surface current and
wind. The drifted velocity of surface oil can be evaluated from the wind and surface
current velocity as follows (Stozenbach et al, 1977)

V(us’vx):a V +acl/c (3)

ww

where, V.

w

is the wind velocity atl0m height above the water surface; V is the surface

current velocity; oy is the wind drifted velocity, equal to 0.03; and o is the water surface
wind velocity, equal to 1 (Stolzenbach et al, 1977).

b. Vertical diffusion

The vertical diffusion coefficient is very important for the oil transport in the water column
and the oil exchange between the water column and the surface oil layer. The vertical
diffusion coefficient can be evaluated from the POM model, accounting also for the
density stratification in the near surface layer

¢. Mechnical oil spredaing

In general, after being discharged into the marine environment, the oil on the sea surface
undergoes mechanical spreading process. This process is governed by the balance between
the gravity, the viscosity and the surface tension, and can be divided into four phases
(Yapa, 1994). In the initial phase, the gravity and inertial forces plays leading roles. In the
second phase, gravitational and viscous forces are main forces that govern the oil
spreading. In the third phase, the surface tension and viscous forces are the main forces,
and in the fourth phase, the spreading oil layer attains its balance.
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In the first phase, the gravity and inertial fér&@Q)lays leading roles, and the radius of the
oil surface layer R can be calculated as:

R=1.14(agre*|* (4)
In the second phase, gravity and viscosity play leading roles:
R =0.98(AgV e /v*s 7 (5)
In the third phase, the surface tension and viscous force play leading roles, then:
R=1.6(c" /(vp2 ) (6)
And in the balance phase
R=(10°7"7/3.14159)"" (7)

with A=(p,—p,)/ p,, relative density ratio; p, is the density of water; p,is the oil

density; V' is the volume of slicked oil, v is the kinetic viscosity of oil; and o is the surface
tension of oil.

d. The deposion of oil at the shoreline

When the polluted oil reach the shoreline, it will deposit. After the deposion, the oil will be
reentranced by waves, wind and current. Based on the half decayed period formula, the
remaining fraction of oil at the shoreline can be evaluated as:

v, = Vle*k(frtl) ®)

with Vjand V, are respectively the volumes of oil remaing at the shoreline at #; and #,

(days); k= —ln(l/ 2)/ A is the decayed coefficient, and A is the half decayed period. The

value of the half decayed period & changes from 0.001-0.01 at marshy land to 0.99 at rocky
shoreline under light waves.

e. Evaporation
The evaporation is the main cause of oil loss, and can be evalualted according to MacKay
et al (1980) as follows

F= i{lnf; + ln(Cth + LH )
C P

o

with E =K tis the oil evaporation expose term, depending on time and environmental
conditions; K, =K, AV, / RTV, with K, =0.0025V)"is the mass exchange coefficient at
the water surface, m/s ; Ais the area of the oil, m?; V' is the mole volume, m’/mol ; R is

the gas constant, =82.06x10° atm m’/(mol K) ; T is the absolute temperature of the oil,
equal the sea water temperature; V), is the initial oil slick volume, m’; The initial vapor

pressure P, is calculated as atm at temperature 7, as follows

InP,=10.6(1-T,/T,), (10)

where 7 is the initial boiling temperature of the oil (Kelvin); For crude oil
C=1158.94P"'*¥ (11)
T, =542.6-30.275API +1.565A4PI* —0.03439 API"* +0.0002604 API* (12)

With API as the oil index, calculated from the oil density
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p, =141.5/(1bB1131.5) (13)

The mole volume of oil varies in the range from 150x10°® to 600x10°® m*/mol, depending
on the oil components. For kerosel, this value is about 200x10® m*/mol.

f. The dissolution and deposition

The dissolution of oil is neglected, while the deposion of oil is evaluated according to
empirical formula. The dispersion of oil at the water surface to the water collum is
calculated using the exchange coeeficient between surface soil layer and the soil suspended
in the water collumn (Cohen et al, 1980).

(c) 12:00 February 28, 2007 (d) 12:00 March 8, 2007

Figure 4. Computed oil pollution
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g. Influence of waves to the soil dispersion 1182

Waves strongly influence the oil emulsification and oil dispersion into the water column.
The influlence of waves on the above mentioned processes can be simulated based on the
white capping fraction of waves.

3. Computational Results and Discussions

As shown by the computed current fields, if the oil pollution source is at the offshore of
North Central Vietnam, the oil slick can be transported southwards to pollute the Central
Vietnamese coast. At the same time, the oil can also be transported northwards to pollute
the coast of North Vietnam. On the other hand, if the oil is slicked out of a oil field
offshore of South Central Vietnam, then with the computed wind and current fields, it is
not possible for the oil to be transported to pollute the coast of Central and North Vietnam.
Figs. 4 (a,b,c,d) show examples of the oil pollution at different times, from 20 January to 8
March, 2007 with the source of oil pollution indicated in Figure 4a. It can be seen that with
this source of oil pollution, the slicked oil can be transported to pollute all Vietnam coast,
from the north to the south.

4. Conclusion
From the study results, it is possible to draw the following conclusions:

1. A method is developed to rapidly locate possible oil pollution source in the East
Vietnam Sea. The method is not only applicable to the East Vietnam Sea, but every
where;

2. Nowaday, with extensive oil drilling, oil transportation and other kind of
transporation in the East Vietnam Sea, the risk of oil pollution to Vietnamese coast
is rising, and it is neceaasry to develop a decision support system for oil pollution
events in Vietnam. The method we develop in this study can be used for developing
such a system. The Vietnam Institute of Meteorology, Hydrology and Environment
has the intention of developing such a system in the near future.
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The Red River Delta (RRD) in Northern Vietnam represents a complex hydrological network of tributaries
and distributaries that receive a large and seasonally fluctuating flow of water from the upper Red River
basin and is also subjected to tidal influence. In this study, we attempted to assemble a database of dis-
charge estimates within the RRD for 1996-2006 to elucidate the water circulation patterns in the system,
enable quantification of major water fluxes and assess the water resources availability. Regular discharge
measurements in the RRD are available for three upstream stations, while the other hydrological stations
provide only water level records; however, the MIKE 11 model allowed overall calibration curves to be
established, which enabled the conversion of available daily mean water level data into discharge values.
Four gauging surveys were conducted under flood and dry season in 2007 and 2008 to experimentally
validate these calibration curves.

After the database was generated, a water balance was established for two years with contrasting cli-
matic and hydrological characteristics. During the wet year (1996), the main branch of the Red River rep-
resented the largest input of freshwater to the sea (approximately 60%). Conversely, during the dry year
(2006), the inputs were more evenly distributed among the three main fluvial branches. The total volume
annually delivered to the sea from the RRD was approximately 140 and 100 km? for 1996 and 2006,
respectively. When the five sub-basins within the RRD were evaluated, it was shown that the water
resources were far from evenly distributed within the area. In particular, the Bui sub-basin, which has
the highest population density and the lowest water resources per unit area, is experiencing a critical sit-
uation in terms of pressure on water resources.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

optimizing water resources management and reducing environ-
mental pollution.

Recently, water availability has become an issue of global con-
cern. The total freshwater resources available worldwide are esti-
mated to be approximately 43,750 km?/year (FAO, 2003).
However, the world’s water resources have decreased from
17,000 m>/capita/yr in 1950 to 7 000 m>/capita/yr in the 2000s as
a result of a near doubling of the global population. Furthermore,
these resources are not distributed evenly. For example, in Asia,
only 3400 m> of water are available/capita/year while 24,000 m?/
capita/yr are available in North America. In this context, evaluating
water resources and water budgets for a given region in relation to
the demand of the local human population could be a key factor in

* Corresponding author. Tel.: +33 1 44 27 70 27; fax: +33 1 44 27 45 88.
E-mail address: josette.garnier@upmc.fr (J. Garnier).

1367-9120/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jseaes.2009.08.004

In Southeast Asia, the highest population densities are found in
delta areas that are subject to high freshwater flows from less pop-
ulated inland rivers and to tidal influence from the sea (Le et al.,
2007; Luu et al., 2008). For example, in Vietnam, the population
is concentrated within two large deltas, the Red River Delta
(RRD) in the north and the Mekong Delta in the south. The present
study focuses on the RRD, which plays an important role in the
agricultural, industrial and economic development of the country.
This area provides a good example of a region that is experiencing
rapid population growth, industrialisation and economic develop-
ment, which is leading to an increase in resource consumption
and environmental degradation (Garnier and Billen, 2002; Le,
2003).

The goal of this study was to prepare a complete database of
water discharge at some key stations in the RRD for 1996-2006
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and then use this information to elucidate the complex water cir-
culation within the delta area and to calculate a synthetic spatial-
ized water budget for two years with contrasting climatic and
hydrological characteristics (1996 and 2006). The budget devel-
oped in this study will allow characterization of the availability
of water in relation to the spatial distribution of the population
in the RRD.

Estimating the water balance of a tidal hydrological system is a
complex task due to the large variations that occur in time and
space in its components (Cook et al., 1998; Pasternack and Hinnov,
2003). In this study, we assembled a database of rainfall, evapo-
transpiration and water discharge in the river network of the
RRD for a period of 10 years using (i) official recorded data, (ii) di-
rect field measurements and (iii) the results of hydrological model-
ling. Among the numerous hydrological stations in the RRD, only
three (Son Tay and Hanoi on the Red River and Thuong Cat on
the Duong River) provide daily discharge data, while the remainder
only provide water level measurements. Because of the tidal char-
acter of many rivers, direct conversion of available water level data
into discharge values is difficult and has been the subject of several
field studies and model development. Here, we attempted to
reconstruct the discharge at several key stations and to propose
an overall view of the hydrology of the RRD.

2. Description of the Red River Delta and its river network
2.1. General characteristics of the Red River Delta

The Red River Delta (RRD), which is located in the northern part
of Vietnam, is a very complex hydrological network that has been
heavily impacted by human activity. The area of the RRD is approx-
imately 14,300 km?, entirely lying below three meters above sea
level and much of it does not rise more than one meter above
sea level. The RRD is limited landwards by the town of Son Tay
in the north-west (150 km from the sea) and seawards by the
coastline, which extends 360 km from Hai Phong province in the
northeast to the Ninh Binh province in the south (Fig. 1).

| Boi k'

—1Bui

= Day estuary o
—1Dueng -
— Lower Red River ;i;;:

L

As shown in Table 1, approximately 47% of the RRD area
(6700 km?) is used for agriculture or aquaculture, with 90% of this
area being used for annual crops, 6.6% being used for aquaculture
and fisheries, 3.1% being used for perennial crops and 0.6% being
used as pasture (ADB, 2000; General Statistic Office, 1996-2006).
For the year 2006, the population of the RRD is estimated to be
16,600,000 people, of which 80% live in rural areas and 20% in ur-
ban areas. The average population density of the RRD is
1160 inhabitants/km?, which is four times higher than the national
average for Vietnam.

Upstream from the delta, the primary branch of the Red River
(also called Yuan, Thao or Hong River) receives two major tributar-
ies, the Da and Lo Rivers, which then form a large river that floods a
plain from Son Tay and discharges into the Tonkin Bay (South
China Sea). The total length of the Red River is approximately
1126 km from its source in China to the mouth (Ba Lat estuary),
216 km of which comprise the main branch of the Red River Delta
(Tran, 2007). The main branch of the Red River enters the delta at
Son Tay, after which it diverges into two distributaries, the Day
River on the right side and the Duong River on left side (Fig. 1).

Besides these three branches, the delta contains several tribu-
taries apart from the Duong, e.g. the Thai Binh, Luoc and Tra Ly riv-
ers on the left side and apart from the Day, the Nhue, Chau Giang,
Dao and Ninh Co rivers on the right side (Fig. 1). The Red River Del-
ta also comprises a complex hydraulic system of channels that are
used as irrigation and drainage arroyos (Dang and Fontenelle,
1997; Fontenelle, 2004; Ritzema et al., 2008).

The Thai Binh River, which is formed by the convergence of the
Cau, Thuong and Luc Nam rivers, joins the Duong River on the left
bank of the Red River. The Red River also receives the Luoc River,
prior to discharging into the sea at Van Uc.

The right side of the delta (see Fig. 1) mostly composed of the
Day River watershed, has a total area of approximately 8500 km?
and a length of 240 km. Two thirds of the Day River watershed is
a vast plain that is used as a paddy field and the remainder is a
low mountainous area. The Day River is narrow and shallow in this
area due to siltation. The Day Dam was built in 1937 in Ha Tay
province, at the point at which diffluence of the Day River and

Nk €l
40 10 20

2 iIorﬁEtElﬁ = .

Fig. 1. Hydrographical network of the Red River Delta and situation of the RRD in Northern Vietnam. Empty circles (Son Tay, Hanoi and Thuong Cat) represent hydrological
stations where daily discharge is measured. Black points represent stations where daily average water level is recorded.
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Table 1
Land use and population of the five sub-basins of the Red River Delta.
Bui SB Boi SB Esutuary SB Lower Red River SB Duong SB
Area (km?) 2751 2473 1413 4773 2902
Paddy rice field (%) 36 13 42 50 39
Other agricultural lands (%) 10 7 9 8 7
Forest (%) 14 42 11 3 7
Urban (%) 24 10 18 22 28
Water surface (%) 10 5 10 15 17
Unused land (%) 6 22 9 2 2
Population 2006 (1000 inhab) 4818 648 1230 5706 4200
Rural (%) 60 96 90 90 78
Density (inhabitants/km?) 1751 262 870 1195 1447

Red River occurs, to control flood events in the upper reaches of the
Day River (To, 2000). Prior to construction of the dam, the Day Riv-
er was fed with 20% of the Red River discharge during the flooding
season (Nguyen et al., 1995). However, the Day River is currently
virtually isolated from the Red River, and its water primarily orig-
inates from its five main tributaries, the Bui, Nhue, Chau, Boi and
Dao rivers. The Bui and Boi rivers on the right bank of the Day River
drain the upper western part in the mountainous region of Hoa
Binh province, and join the Day River at Ba Tha and Gian Khau,
respectively. The Nhue, Chau and Dao rivers on its left bank are
fed by the Red River (Fig. 1). The water flow of Nhue River origi-
nates from the Red River through the Lien Mac dam and then joins
the Day River at Phu Ly; accordingly, its hydrological regime is con-
trolled by a comprehensive irrigation system. The Nhue River also
receives most of the untreated domestic and industrial wastewater
from the Hanoi metropolitan area via the To Lich River. Similar to
the Nhue River, many sluice gates control the discharge of the Chau
River, which is derived from the Red River. Further downstream,
the Dao River accounts for a large portion of the water that is dis-
charged into the sea at Nhu Tan by the Day River (Nguyen et al.,
2005).

To establish the water budget, we divided the RRD into five sub-
basins (Fig. 1, Table 1). These sub-basins differed from each other
based on their population density (from 260 inhabitants/km? in
the Boi sub-basin to 1700 inhabitants/km? in sub-basin Bui) and
by their land use (predominantly paddy soil in the Lower Red River
and Day Estuary; primarily forest in the Boi sub-basin). Four sub-
basins (the Bui, Duong and Lower Red River and the Day Estuary)
receive water from the upstream Red River system. In addition,
the Duong sub-basin receives additional water from the upper
Cau basin, whereas the Boi sub-basin, which discharges into the
Day estuary, is fed only by runoff from its own watershed (Fig. 1).

2.2. Meteorological data

The Red River Delta is situated in the sub-tropical monsoon
zone. Meteorological data (daily temperature, rainfall and sun-
shine) were obtained from five national meteorological stations lo-
cated throughout the delta (Son Tay, Phu Ly, Hai Duong, Thai Binh
and Ninh Binh) (MONRE-IMHE 1996-2006). The available data
were then used to calculate the integrated mean values for the five
sub-basins using Thiessen polygons (Fig. 2).

The daily potential evapotranspiration (ETP, mm) was calcu-
lated as follows using Turc’s formula (Turc, 1961), which is based
on the daily temperature (T, °C) and sunshine duration (Sqyr, h).
These data were obtained from the respective meteorological
stations:

ETPmm/day = 0.013 T°C(Ig + 50)/(T°C + 15)

where T °C is the atmospheric temperature in °C during the consid-
ered period and Ig is the total solar radiation expressed in cal/cm?/d

during the considered period, which can be calculated by the fol-
lowing equation:

Ig = IgA(0.18 + 0.62 h/H)

in which IgA is the energy of solar radiation in the absence of atmo-
spheric attenuation expressed in cal/cm?/d, h/H is the relative dura-
tion of sunshine, H is the duration of the astronomic day and h is the
duration of sunshine per day. IgA and H only depend on the latitude
and the time of year.

From 1996 to 2006, no significant meteorological changes were
observed in the study area (Fig. 3a). As a result, we used an average
of 11 years to determine the variations in rainfall and evapotrans-
piration for the five sub-basins of the RRD (Fig. 2). Overall, the
meteorological conditions were quite homogenous throughout
the delta.

The average annual rainfall for the entire delta was 1667 mm,
85% of which fell from May to October (rainy season). During the
period considered, July was always the rainiest month and Decem-
ber and January were always the driest. Although the temperature
difference between the five sub-basins was very small, the sub-ba-
sins close to the coastal zone had higher levels of rainfall. Specifi-
cally, the Day Estuary and lower Red River sub-basins have an
annual rainfall of 1860 and 1757 mm, respectively, while the value
for the other three sub-basins was around 1600 mm. When the
interannual variations were evaluated, a 11 year peak was ob-
served in August 2006 (450 mm/month). In general, there has been
less rain in recent years, but it has occurred with higher intensity,
which results in an imbalance in rainfall distribution throughout
the year (Fig. 3b). For example, yearly rainfall in 1996 was
1725 mm/year with monthly peak of 360 mm/month while those
in 2006 were 1345 mm/year and 450 mm/month.

The mean annual ETP was distributed rather homogeneously
over the entire delta, varying only from 1006 to 1030 mm/yr. The
ETP represents approximately 60-70% of the rainfall, providing a
low surplus. In the budget calculations, the potential evapotranspi-
ration was considered to be equal to real evapotranspiration under
the wet conditions that always existed in the delta area.

When temperature was evaluated, the coldest month was found
to be January, when the temperature can fall as low as 10 °C; how-
ever, the seasonal mean is around 20 °C. In summer (May to Sep-
tember), the mean temperature varies from 27 to 29°C. In
addition, the daily average of 3.1 sunshine hours in July falls to
only 1.3 h in March. The relative humidity is very high throughout
the year, with an annual mean value of 84.5%.

3. Hydrology of the delta
3.1. Upstream water discharge of the delta

Since 1956, the National Institute of Meteorology, Hydrology
and Environment (MONRE-IMHE) has measured the daily
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Fig. 2. Thiessen polygons constructed to determine the contribution of rainfall and evapotranspiration to the hydrological balance. The graphs present monthly rainfall (grey

bars) and evapotranspiration (black bars) from 1996 to 2006.
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Fig. 3. Rainfall (P) (grey bars) and evapotranspiration-ETP-(white bars), (mm/year or mm/month) in the RRD from 1996 to 2006; (a) interannual variations and (b) monthly

variations.

discharge at three hydrological stations in the upstream portion of
the RRD, Son Tay and Hanoi on the Red River and Thuong Cat on
the upstream Duong River. For this study, we only utilized the data
collected from 1996 to 2006 (Fig. 4).

The Son Tay station, located on the Red River at the entrance of
the delta, supplies most of the water to the delta. Throughout the
study period, we calculated a mean discharge of 3300 m?/s, which
is slightly lower than the value of 3740 m?/s that was reported by
Tran (2007) for 1902-1990. However, the mean discharge for the
recent period (2001-2006) was 3100 m?/s, which is notably lower
than the mean that was reported for 1996-2000 (3500 m?>/s).

84

Seasonal variations in the study area were found to be typical of
a tropical regime, with low daily discharges (from 1500 m3/s to
less than 1000 m3/s) being observed in the dry season (from Octo-
ber to May) and floods being observed during the rainy season
(from June to September). The maximum value observed over the
last 10 years was 14000 m>/s. Over the last 50 years, the maximum
daily value at Son Tay station (37,800 m?/s) was observed in Au-
gust of 1971. However, floods are always a threat to the highly
populated delta area. In the recent history of Vietnam, serious
floods causing a dyke to break occurred in 1913, 1915, 1945 and
1971 when the water level in Hanoi reached 11.35, 11.2, 11.45
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Fig. 4. Seasonal variations of the discharge of the Red River (Son Tay and Hanoi) and Duong River (Thuong Cat) over the last 11 years (see location in Fig. 1).

and 13.3 m (the highest water level known), respectively (Tran,
2007).

Approximately 30% of the Red River discharge at Son Tay is di-
verted to the Duong River upstream of Hanoi. This proportion var-
ies from 25% in the wetter period 1996-2000 to 35% in recent
period (2000-2006). Specifically, the decade average discharges
of the Red River at Hanoi and the Duong River at Thuong Cat are
2500 and 1000 m3/s, respectively, with the same seasonal trends
as those observed at Son Tay (Fig. 4).

3.2. Tidal influence within the delta river network

The tide of the Gulf of Tonkin is predominantly a diurnal type,
with one cycle (one ebb-tide and one flood tide) occurring each
day and an amplitude that follows a 14 days lunar cycle and de-
creases gradually from 4 to 2 m from north to south (Fang et al.,
1999) (Fig. 5). The tidal level at Ba Lat, the mouth of the main
branch of the Red River, varies from 0.5 m during neap tides to
2.5 m during spring tides (MONRE, Marine Hydro-meteorological
Centre, 1996-2007).

Salinity intrusion is observed within the delta for up to 40 km
landwards from the Cua Cam mouth, 38 km from the Lach Tray
mouth, 28 km from the Thai Binh mouth and 20 km from the Ba
Lat mouth (Pham, 2004). However, the tidal influence on water le-
vel and discharge extends much farther upstream. Indeed, we
found that at Phu Ly, which is on the Day River 120 km from the
coast line, there were daily water level variations as high as 1 m
during the dry season and 0.6 m during flood season.
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3.3. The hydrology of the right bank of the delta

3.3.1. Model reconstruction of water discharges in the Day-Nhue
system

With the exception of the three hydrological stations discussed
above, no systematic record of discharge exists in the RRD, and only
daily water level records are available at the hydrological stations
shown in Fig. 1. Therefore, we calculated the spatial distribution of
water level and discharge over the entire drainage network of the
south-western portion of the delta using the MIKE 11 model (Tran
et al., 2006; D’Aste et al., 2007). MIKE 11 is a professional engineer-
ing software package developed by DHI Water & Environment
(www.dhigroup.com) to simulate the flow, water quality and sedi-
ment transport in bodies of water. The hydrological module of MIKE
11 solves the vertically integrated equations for the conservation of
mass and momentum (the Saint Venant equations). The input data
used in this study were rainfall and potential evapotranspiration
and a morphological description of the drainage network based on
cross section profiles of 274 stations along the Bui, Boi, Nhue and
Day rivers (Tran et al., 2006). The time series of mean daily water
levels at upstream and downstream stations were used as boundary
conditions. The model was run for 2005 and then calibrated using
water level data recorded at the other hydrological stations. The cal-
culated daily discharge obtained from this simulation were then
used to evaluate the relationships between this daily average dis-
charges and observed water levels for seven stations, Ba Tha, Phu
Ly, Ninh Binh and Nhu Tan on the Day River, Nhue on the Nhue River,
Gian Khau on the Boi River and Nam Dinh on the Dao River (Fig. 6).

13

Day

Fig. 5. Variations in seawater level at Hon Dau station (in Hai Phong) over 1 month.
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Fig. 6. Calibration curves relating the MIKE 11 calculated mean daily discharge (D’Aste et al., 2007; Tran et al., 2006) to the monitored mean daily water level at seven gauging
stations in the Day river basin. Empty circles on the higher panel represent our the residual discharge determined from our measurements obtained during three gauging

campaigns at Ba Tha Nhue and Phu Ly station - see Fig. 7 for more detailed results).

3.3.2. Determination of direct river discharge in the Day-Nhue system

Due to the use of daily averaged water levels as the downstream
boundaries when employing the MIKE11 model, the tidal influence
on daily variations in water level and discharge were not taken into
account. Therefore, we chose to compare the predictions of the
model with direct measurements of discharge conducted over a
daily tidal cycle to ensure the results provided by the model were
acceptable.

Thus, four hydrological campaigns were conducted in June, July
and August of 2007 and in June of 2008 at Ba Tha, Phu Ly, Nhue,
Que Bridge and Do Bridge stations (see Fig. 1). During each of these
campaigns, the water flow over an entire cross section of the river
was monitored during a 24 h cycle using an ADCP current meter
(Rio-Grand, USA), after which the data were integrated and used
to calculate the instantaneous discharge. In addition, the water lev-
els at these river stations and the sea water levels at Hon Dau sta-
tion near the coast line were also monitored. The results revealed
that there were substantial flow variations according to the tide,
with flow inversions occurring at some stations (Fig. 7). Integration
of the measurements over the entire tidal cycle allowed the daily
residual discharge to be calculated (Dinehart and Burau, 2005).
When plotted against the corresponding daily mean water levels,
these measurements were found to be in reasonable agreement
with the discharge vs. water level relationships derived from the
MIKE11 results (Fig. 6). These findings validate the approach we
used to obtain calibration curves for reconstruction of the dis-
charge from the daily mean water level data available at the IMHE.

3.3.3. Long-term reconstruction of the water discharge in the
Day-Nhue river system

Using the relationships shown in Fig. 6, we were able to recon-
struct the variation in discharge from the water level data available
for 1996-2006 at the Ba Tha, Phu Ly, Nhue, Gian Khau, Nam Dinh,
Ninh Binh and Nhu Tan stations (Fig. 8).

The seasonal discharge variations of the Day, Boi and Bui rivers
followed the same trends as those of the Red River. Specifically, the
discharges were lower during the dry season (from November to
April) and higher during the rainy season (from May to October).
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Conversely, the discharge of the Nhue River is much more constant
over various seasons, with sporadic peaks linked to the operation
of the sluice locks. The Dao River, whose discharge is also com-
pletely regulated through manually-operated sluice gates along
the Red River, shows a constant base flow of 400 m?/s, superim-
posed to higher flows in the wet season.

Although the upstream Day River is connected to the Red River
through a sluice lock that can be opened in the case of a flood that
threatens Hanoi city, the connection is closed most of the time and
most water in the upper Day River is supplied by the Bui River,
which contributes up to 85% to the Day River discharge during
flood season. However, during the dry season, the Bui River only
contributes 20% of the discharge, while the Nhue River, which
has a rather constant discharge of 50-70 m>[s, contributes more.
Downstream, the Boi River supplies approximately 20% of the
Day river flow. Finally, further downstream, the confluence of the
Dao River, issued from the Red River, brings more than 70% of
the total Day River flow as a yearly average; therefore, the dis-
charge of the Day River reflects that of the Dao River.

Thus, the most striking characteristic of the Day River system is
the large contribution of the Red River to its total discharge. This
discharge primarily occurs as a result of the flow from the three
tributaries (Nhue River, Chau River and Dao River) that are directly
connected to the Red River and can supply up to 87% of the water
discharged by the Day River water, while the remaining 13% orig-
inates from the Day catchment area itself.

3.4. The hydrology of the left bank of the delta

The Duong River on the left bank of the Red River diverts a dis-
charge of approximately 1060 m>/s as an annual mean into the
Thai Binh River system (MONRE, 1996-2006). When combined
with the contribution of the Luoc River, this represents 3-4 times
the discharge of the Thai Binh River itself, including the contribu-
tion of the upper Cau river system (Nguyen et al., 1995). Most of
the flow of the Thai Binh system discharges into the sea at Van
Uc and Thai Binh, representing at least 25% of the total discharge
of the Red River system (Pruszak et al., 2005; Van-Maren, 2007).



(4} fune 2007

EERRNH L = P s COGETNE
() mhe——— i
i 'I-h'n -:"' i n

i I it I

AR

iy i i la
b v i
LR R

0 Y K\Nﬁ\‘ i 1t

i i kvl
R DR Ol e e o

o PhuLy e 2007
(0) 2 . e s

150

MhueJure 2007

] nfl
{d} E T Hiom' =——ierie 130
20 - 110

15 B

n

i waf Al
0 A
n A5

[T g (L o G

1189

T.N.M. Luu et al./Journal of Asian Earth Sciences 37 (2010) 219-228

(2) Julv 207

N FELL —— H-A-ALY - H-DRRETLHE

3) August 2007

AL —— H-FHULY e H- LB STLRE

LIFS Fl=!

A | fi 400 = v |
* I § A |

m T T
P R T Y

m i/ I S S T TR
Pyt L A
101 ML AN oA
o o — 10

EL-Eo o Tl 4 r-g:ﬂ'n-:-:y

Fion|

TITATONT 2SR T BT

Flus Ly Suques 2007
L T Hims o 5| 10

EaThaduly 207

Ba Tha Anguer 207

o mis o mis
20 cewe Moz —a—Dimis] 16D i ] e Hizrn) —e—{1imiis| A5
an | o - ” —

- B0 k1]
K] i
ro ¥
in L 5 .
it A0 -1
] 15l -1all
A ElR FIE
g2l e 0 5|8
TUTTENE VTR

(4} fung 2008
L —— H LY b TR
m !Il:-.rll
i

1

i
f

i i fl
TR0 (MRS [STATNE RGN |

| Fla Ly chwmziream Jung 200E 2l
& nils

gy Hiem; ==iimlizy o
20 - | =
r 130
151 | 50
+06 Tl
. b <150
0 25
1] =550
A B B N R
[T ] EEFIATY

Fluily upsirsam-dra 058

2l

2
151 -
101 -
2l Lo
0 <151
2(2a|mf= | === (]2
TREEEY BRI
Hhue.Jure 20600
+ 140
- 100
s ED
L
bl
n | A
0 5]
2|z |z (1) = == = =]z 2]
TeERaEy | AR

225

Fig. 7. (a) from (1) to (4): Daily rainfall at Phu Ly (R in mm/day). Water level variations (H in cm) at Hon Dau (near the coastline), Phu Ly (on the Day River) on the days of
gauging in June, July and August of 2007 and in June of 2008. (b) from (1) to (4): Time variations of water level and discharge during the 24 h gauging campaign at the Phu Ly
station on the Day River (in June 2007, August 2007 and June 2008). At Phu Ly station, water flow inversions were observed during all gauging campaign, but were stronger in
June 2007 when tidal influence was high, due to water level at Hon Dau station near the coastline that was high. The water level at Hon Dau station in June 2008 was also high
but with a higher upstream discharge prevented a clear flow inversion. (c) from (1) to (4): Time variations of water level and discharge during the 24 h gauging campaign at
the Ba Tha station (in June, July and August 2007). Water flow inversions were observed in June and August when water levels were low. When water level increased the river
was no more influence by the tide. (d) from (1) to (4): Time variation of water level and discharge during the 24 h gauging campaign at the Nhue station on the Nhue River (in

June 2007 and in June 2008). A discharge inversion is noticed when the water level reached the lowest value and started to rise.

4. Water budgets in the Red River Delta for 1996 and 2006

The data discussed above enabled establishment of a compre-
hensive water budget for the five above-defined sub-basins in
the delta (Table 2). Therefore, we considered two contrasting years

within the 11 year period, 1996, which was a rather wet year, and

2006, which was a rather dry year. In fact, 1998 and 2003 were also
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two extreme years in term of meteorological and hydrological con-
ditions but we have chosen 1996 and 2006 for establishing the
water budget in order to evaluate the change in water budget in
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a period of 10 years. The annual average discharge from the Red
River in 1996 was nearly twice the discharge observed in 2006.
The annual water fluxes through and between different sub-basins
in the delta are shown in Fig. 9.

During the wet year (1996), the main branch of the Red River
constituted the largest input of freshwater into the sea (about
60%). Conversely, the inputs were more evenly distributed among
the three main fluvial branches during the dry year (2006)
(Fig. 9a and b). These findings can be explained by the diversion
of the discharge of the Red River that occurred under dry condi-
tions to fulfil the requirements for irrigation.

The available water resources can be calculated for each of the
sub-basins as the sum of the fluxes of water entering the area
either as rainfall or as upstream water flow (Table 3). This value
represents the maximum amount of water available for human
activities including agriculture (leading to evapotranspiration),
drinking water supply and elimination of pollution. When normal-
ized using the sub-basin areas, the results reveal great differences
between the sub-basins (Table 3). Specifically, the Bui and the Boi
sub-basins are by far the basins with the lowest water resources
per unit area. Considering the population distribution within the
delta, these two basins also have the lowest water resources per
inhabitant, with only 1000 m>/inhab/yr being available during
dry years. According to the FAO (2003), 1000 m>3/inhab/yr is the
minimum amount of water required to sustain life and ensure agri-
cultural production in countries with climates requiring irrigation,
such as Vietnam. As a result, even though the RRD is not a region
with water scarcity problems, the results of this study indicate that
water resources are not evenly distributed (from 1800 to more
than 25,000 m?/inhab/yr in a wet year 1996 or from 1400 to more
than 17,000 m>/inhab/yr in a dry year 2006; Table 3). This unequal
distribution can lead to water scarcity within the most heavily
populated areas of the RRD (Trinh, 1998). Indeed, the lowest values
of water resource observed for the south-western sub-basins of the

Table 2

delta are below the world average (7.0 x 10°> m?/inhab/yr) and so it
was in 2006 for the whole RRD (5.8 x 10> m?/inhab/yr). These val-
ues for the Red River Delta are four times below that of the Mekong
delta (28.7 x 10> m?/inhab/yr) calculated from the MONRE (2006).
This difference results from the high population density of the RRD,
three times higher than the one of the Mekong delta (about
400 inhabitants/km?). Considering the water resources per unit
area, we found for these two deltas, 6.7 x 10° m3/km?/yr for the
RRD and 12.3 x 10° m3/km?/yr for the Mekong delta. According
to the FAO (2003), the European average would be 4300 m3/in-
hab/yr). However, when analysing the water resources in the
Danube delta, the largest in Europe (4152 km?) or that of the Pd delta
(380 km?)r with lower population density, respectively 36 inhabit-
ants/km? (cf. Trifu, 2002) and 100 inhabitants/km? (Viaroli et al.,
2006), we obtain a specific inhabitant water resource of 1400
and 1300 10° m3/inhab/yr, hugely higher that the figures found
for the high populated deltas in Vietnam (about 250 and 50 times
higher for the RRD and the Mekong respectively). Comparatively,
the water resource availability of 50.10° and 130.10° m®/km?/yr
for the Danube and the P deltas respectively was only 10 times
greater than that for the Vietnamese deltas, illustrating the high
human pressure that characterises the South-East Asia.

Overall, our spatialized analysis of the water budget of the Red
River Delta revealed that a sub-region of the delta that contains the
largest portion of the population may experience a critical situa-
tion in terms of water resources, but also of water quality. The pur-
pose of our study; besides it will help to lay the foundation for the
establishment of a nutrient budget and water quality assessment
in the RRD, allowed to increase the value of the data of water level
in terms of discharge and water budget and to evidence the coher-
ence of the various approach (water level monitoring, gauging
measurements, modelling). In that context, the examination of
the water budget provided here indicates that the south-western
portion of the RRD, namely the Bui and Boi sub-basins within the

Summary of the data available and procedure used for calculating the sub-basin water budget.

Meteorological data Daily rainfall

Daily evapotranspiration
Discharge at upstream stations
Discharge at downstream stations

Discharge at the outlet of sub-basin

Hydrological data

Data recorded for the period 1996-2006

Calculated from daily temperature and sunshine duration using Turc formula
Data recorded for the period 1996-2006

Calculated from daily mean water level using calibration curves

Balance the water budget (total inflowing flux equal to exit flux)
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Table 3
Total (km?/yr), per capita (m>/inhabitant/yr) and specific (m3/km?/yr) water availability of the different sub-basins in the Red River Delta and in the whole delta for the years1996
(wet) and 2006 (dry).

Sub-basin Area (km?) 1996 2006
Total water Per capita water Areal water Total water Per capita water resources Areal water resources
resources resources resources resources (m3/inhab/yr) (m3/km?[yr)
(km?/yr) (m?>/inhab/yr) (m>/km?[yr) (km?/yr)

Bui SB 2751 8.2 1837 2,980,734 6.7 1391 2,435,478

Boi SB 2473 52 8291 2,102,709 3.7 5713 1,496,159

Estuary SB 1413 34.7 25,020 21,656,051 239 17,318 15,074,310

Lower Red River SB 4773 105.3 18,979 22,061,596 64.6 11,322 13,534,465

Duong SB 2902 39.2 9746 13,507,926 37.2 8858 12,818,746

Whole RRD 14312 138 8700 9,642,000 96 5800 6,729,000
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Day river system, with the lowest water resources per unit area,
should be carefully monitored in order to ensure their sustainable
development.
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PANH GIA BUGC PAU MOT SO CHINH SACH
LEN QUAN PEN BIEN DOI KHi HAU VA UNG PHO
VOI BIEN PO KHI HAUL CUA VIET NAM

Trin Héng Thai, Hoang Anh Huy, Mai Kim Lién
B Tai nguyén via Mdi truong
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ABSTRACT

As assessed by the World Bank (2007), Vietnam is one of the five countries which will be most
seriously affected by climate change and sea level rise, with consequences including the heavy
floading of the Red River and Mekong River Deltas. The consequences of climate change for
Vietnam pose a serfous risk to the achieverment of poverty reduction targets, to the implementa-
tion of the Millennium goals and, more generally, to the sustainable development of the country.

The fields, sectors and localities which are most vulnerable to the powerful effects of climate
change are water resources, agriculture and food security, health, and lowland and coastal areas.

Acknowledging the impact of climate change, the Government of Vietnam got involved early
and ratified the UN Framework Convention on Climate Change and the Kyoto Protocol.

In recent years, Vietnam has adopted many policies related to climate change. But most are
limited in strategic outlook and lack of quantitative targets, many policies need to be further
perfected to help the country adapt to climate change in the XXI century. Itis time 1o devel-
op a national palicy on climate change, with the inclusion policy malkers, experts and planners
to plan, review and verify current research results, and to access the latest research results
from elsewhere in the world, from which to make reliable scientific arguments as a basis for
strategic and long term planning for the country to ensure sustainable development.

In the framework of this paper we make an overview and initial evaluation of policies related
to climate change to help Vietnam cope with this problem.

NHUNG MAC QUAN TRONG VE BIEN BOI KHi HAU

6/1992: Hai nghi thutgng dinh ThE gidl i Rio De Janero nam 1992 li mét budc ngodt trong viéc
im ra gidl phip cho vin dé bign ddi khi hju. Tai Héi nghj nay, Chinh phi cic nudc tham gia d3 nhic
ri véfi Céng wéc khung clia Lign Hop Qudc (LHQ) vé Bién dbi khi hiu (UNFCCC). Myc dich quan
trong ciia Cang Udc ndy 1a én dinh ndng d6 clia céc khi nha kinh trong biu khi quyén & muc d& sao
tho khéng lam nhige d6 Trii dit ting thém nfa. Cho tdi thai diém hign tai, di cd 192 quéc gia ky
vio bin higp ude nay. :

12/1997: Nghi dinh thu Kyoto duge thong qua. Cdc nudc phat trign cam két s& giam it nhit 5% lugng
khi thii gay hidu (ng nha kinh vio 2012, nhung M§ - nudc thai ra khi CO, nhigu tht 2 trén thé gidi,
8 ngay lap tite tuyén ba khéng théng qua higp ude nay. Trong khi do, cic qubc gia dang phat trién
nhut Trung Quéc chi chip nhin mat cich khéng chinh thic ban higp udc ndy.

Pidn N, M pruting i bida dfdi ki hiu
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1998: Do dnh hudng cia hign tgng El Nino ::3 19:%3 d¢ manh cing véi sy ndng lén toan clu khit
nam ndy trd thinh ndm néng nhit trong lich sif af trude tdi nay, theo t& chitc WWF, Nhiér d6 trung
binh toan ciu nam 1998 cao hon 0,52°C so vdi nhigéc dé trung binh todn ciu giai doan 1961-1990 (méc
thai gian chung thuéng duge st dung lam chuin so sinh).

2003: Xay ra dgt ndng néng nhit & chau Au tinh tdi thei didm do. Nhiét dé ting dot ngde di ki
300 nghin nguei & luc dia gia b rr vong. Sau dé, cic nhi khoa hoc di k&t luin nguyén nhan ciia dt
ndng néng nay i do dhh hudng cla bign déi khi hau.

2006: Trong bin bio cdo cla minh vé bign d&i khi hdu, ti€n sT Lord Stern, chuyén gia hing ddu kinh
t& ngudi Anh di két luin réing "Bién ddi khi hiu cé thé gy thigt hai dén GDP toan ciu dén 20% néy

khéng & ging khic phuc - trong khi do nhing c8 ging gidm tdc nhan gly ra bién déi khi héu chi lim
giam 1% GDP toin ciu".

2007: Bio cdo Uy ban Lién Chinh phi vé Bign ddi Khi hiu (IPCC) dinh gid va dua ra kit lugn ring

hon 90% tic nhin giy ra bi€n déi khi hiu ngdy nay la do hoat déng cia con ngudsi, trong do bao gén
- cdc khi thai gay hiéu dng nha Kkinh.

2007: IPCC va cyu Phé Téng théng My, Al Gore nhan giii thudng Nabel Héa Binh cho nhing nglye
cua ho trong vidc xdy dung va tuyén truyén lugng kign thile to Ién hon vé bidn d&i khi hidu va tao dyng
nén tang cho cic bién phip cin thigt nhim khic phuc cic sy thay déi tigu cyc.

12/2607: T3i cic cude dam phan do LHQ t& chite tal Bali (Indénéxia), Chinh phi cac nude bin thio
nhing 16 trinh tiép theo sau khi Nghj dinh thu Kyoto hét han. Cudi cing, cidc nha lanh dao thé gidi di
théng nhit dé ra 16 trinh Bali trong hai nim vdi mye dich xdy dyng xong mot hiép udc toin clu mai vi
dy ki€n s& ducc thong qua qi Hoi nghi Thugng dinh Copenhagen. Nhiing vin dé cin dugc quyEt dink
bao gém dua ra myc tiéu cit gidm khi nha kinh, huy dong @i chinh dé gitp da cic nude nghéo déi phd
vl nhing anh hudng cia bign déi khi hau vi chia sé cong nghé sach vdi cic nudc dang phat trign,

I'1/2008: Hai thing trudc khi nhin chire, Téng théng My Barack Obama cam k&t chinh quydn mai ciia
6ng sé& tham gia tich cyc hon trong cude chign chéng bién déi khi hiu clia nhin logi. Biéu nay mang

lai nhing hy vong tich cifc trong vige giai quy&t vin dé bién d&l khi hau, bdi viltd erude i nay My vin :

pht 1& cic héi nghi vé bién ddi khi hau.

2009: Trung Quéc vugt My trd thanh nude thai ra nhiéu khi nhi kinh nhdt the gigi mic di Ieing khi
thai trén tinh theo ddu ngudi ctia My véh cao hon nhidu so vai @ Trung Qudc.

12/2009: 192 Chinh phu cic qusc gia tdi Copenhagen tham dy Haéi nghi ciia LHO vé& Bidn déi kh hiu
(COP-15) vio thing 12/2009 nay nham dua ra gidi phip v& mét thoa thuin quéc té sau khi Nghj dink
thit Kyoto sdp hét han. Cic nude giau s& phai cam két cic giam luong khi CO;. trong khi cic nitdc dang
phdt trién nhit Trung Quée cling phai ¢6 nhing hanh dong wiong . Tal hdi nghj nay, cic nha linh dao
thé gidi ciing thao ludn vé sing kign dinh thug khi CO; nhim giam nhu cdu sif dung nguyén lidy hea
thach déng théi ldy kinh phi dé h& trg cic nude nghéo déi phd vai anh hudng cia bign déi khi hiu,

VIET NAM THAM GIA CONG USC KHUNG CUA LIEN HIEP QUSC
VE BIEN DSI KHi HAU VA NGHI DINH THU KYOTO

Vigt Nam [a mér trong nhitng nudic sém tham ga ky két phé chudn Céng udc khung LHO vé Bidn dé
khi hdu v Nghj dinh thy Kyoto.

Ngay 11 thdng 6 nim 1992, Viét Nam d3 ky v ngay 16 thing LI nim 1994 phé chuin Cong ude khung
cta LHQ v& Bign déi khi hiu. Céng udc 6 higu lijc déi vai Viet Nam ot ngiy |4 thing 2 nim 1995,

Ngay |1 thing 3 nim 1999, Viac Nam d3 ky va ngay I8 thang || ndm 1999 phé chuin Nghi dinh thy
Kyoto. Nghj djnh thi Kyoto cd higu lyc d8i véi Viet Nam uir ngay 16 thang 2 nam 2005.

Nhu vy, Viee Nam chinh thd: 1 mét bén khéng thuéc Phu luc | cda Céng wdc vE Bign ddi khi hiu v
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Nghi dinh thu Kyoto, 6 diy di quyén han, nghia 'Juzcgg mét bén trong qué trinh thi hanh cam két cla
mink v& thich (ing vi giam nhe bi€én déi khi hiu. =

Téng cue Khi Tugng Thiy Vin trude diy, BS Tai nguyén va M5i trudng hién may duge Chinh phi giao
lim d4u m&i cho cic hoat déng thuc hién Céng udc khung cda LHQ vé Bign d8i khi hiu va Nghi dinh
thit Kyoto. Ngiy 04 thing 7 nim 2007, Bé Tai nguyén va Méi trudng da thanh lip Ban chi dao Céng
ydc Khung ciia LHQ vé Bign dbi khi hiu va Nghi dinh thu Kyoto thude Céng uoc dé diéu phéi cac
hoat dng clia Cong udc va Nghi dinh thy Kyoto. Vin phéng thudng tryc cla Ban chi dao dugc thanh
lip trye thude Cuc Khi tugng, Thiy vin va Bién d&i Khi hau, Ba Tai nguyén va Méi truding.

Vigt Nam duge dinh gid 13 mét trong nhilng nudc tich cuc thife hign Céng uéc khung clia LHQ vé Bign
déi khi hau va Nghi dinh thy Kyoto. Chinh phi Vigt Nam rit quan tim chi dao cic bd, nganh trign
khal cic hoat dong thyc hién quyén va nghfa vy clia mét bén thude Céng Udc va Nghi dinh thu. Luc
Msi triténg di duee Quéc hdi théng qua. Mot s8 chi thi, quy&t dinh ctia Thi uréng Chinh phi vé vige
thiic hign Nghi dinh thu Kyoto dugic ban hanh. V&n dé bao vé méi trudng titng bude duge 18ng ghép
vio k& hoach phit trign kinh t&-x3 hdi.

Khé khin 18n nhit trong vige tham gia Céng udc khung cia LHQ vé Bién d&i khi hiu va Nghi dinh thu
Kyota la trinh d& nhan thifc cia cic ting Idp xa hoi vé vin dé niy con rit thip. Trinh d& nhan thic
thip vifa [ cin trd, vifa 1a thach thife trong vige tridn khai thyc hién cic didu khoan clia Céng Wac va
Nghi dinh thu & Viet Nam, dic bigt trong vigc xiy difng va thyc hign cic dif an co ché phit trién sach
(CDM) giam phidt thai khi nha kinh do cic nudc cong nghiép phat trién trg giip.

Trong théi gian tdi, B& Tai nguy2n va Mbi trudng nén ph&i hgp vdi cic b, nganh lién quan thyc hign
Ky dyng, bd sung, sita d8i cic chinh sich, van ban quy pham phip ludt, td chitc quan Iy, t6 chuc thifc
hign cho phi hgp Céng udc vé Bién déi khi hau, Nghj dinh thu Kyoto va CDM. Bién d&i khi hiu ngay
-¢ing lén din dén thién i ting, cho nén Viét Nam cin phai ting cudng hanh déng han nia trong Iink
wic ndy, cic cg quan chifc nang trong nudc phai phéi hop chit ché vdi nhau, vdi cic td chic quéc &
¢ thie hign tét nhitng bién phip 16ng ghép tng pho vdi dién bi&n ctia khi hiu, diy manh hon nifa céng
te quin Iy Nha nuéc lign quan dén bién déi khi hju, xay dung, b8 sung, sifa ddi cdc chinh sich, vin
bin quy pham phap luit, t8 chie quan Iy, t8 chic thyc hign cho phil hgp Céng udc vé Bién ddi khi
hu, Nghi dinh thu Kyoto va CDM; hoan thign cd sér vt chat ky thuit hé théng tram quan tric, ting
aking cong tic gidm sit bién d6i khi hdu; ting cudng cdng tic didu tra ca ban tinh hinh bién d&i khi
hiu, xdy dyng Kich ban Bign ddi khi hju thé ky 21 i Vigt Nam véi d& tin ciy cao, lam cd s& cho vigc
dinh gid thc ddng cia bién dai khi hiu va xiy dung Chuong trinh muc tidu quéc gia Ung pho vdi bién
#i khi haw; xay dyng, t8 chdc va didu phdi cic hoat dong thyc hién Céng ude Khi hiu, Nghi dinh thy
Kyoto vi CDM trong cdc nganh ning lugng, <8ng nghiép, giao théng vin i, xay dung, ndng nghiép,
lam nghidp, quin Iy chit thai phuc vy nhigm vy phit trién kinh t&-xa héi tai Vigt Nam; ciing ¢8 va hoan
thidn cd quan d4u mai thye hign Cang udc Khi hau, Nghi dinh thu Kyoto, Céng wdc Vién v8 vidc bao
vé tng 6z6n va Nghi dinh thy Montreal vé cic chit lam suy giam ting 6zon tai Viee MNam.

CHUONG TRINH MUC TIEU QUSC GIA UNG PHO YOI BDXH

Ngiy 2/12/2008, Thir tdng Chinh phi d3 ky Quyét dinh s& 158/QD-TTg phe duyét "Chuang trinh
muc tity quéc gia tng phd vdi bign dsi khi hiu". Chuong trinh duge thuc hign trén quan diém (ng phaé
v bign d&i khi hiu 1a nhigm vy cta toin hé théng chinh tri, todn xa hai. Cic hoat dong Ung pho duge
tién banh €6 trong tim, trong diém, Ung phé véi nhing tic dgng trudc mat vi ci nhilng tic déng tiém
ting vé |3u dii. Van dyng nguyén tc "Trach nhigm chung nhung c6 phin biét" dige xac dinh trong
Céng udc khung vé Bign ddi khi hiu (UNFCCC), Vigt Nam s& thyc hién higu qua chuong trinh giam
nhe bién A81 khi hiu véi sy hd trg ddy di v& vdn va cong ngh# el che nude phit trign va cic ngudn
quic té,

Chitgng trinh dugic thuc hign nhim dinh gia mifc d§ tic dgng cia BEKH ddi vai cic linh vife, nganh vi
fu phifong trong ting giai dogn. Trén co s& d6, xiy dung duge K2 hoach hanh dong ing pho higu qua,

Phin il M0 erudmg wi bulln i b hifur
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nhim dam bio sy phit trién bén ving, tin dyng i1 204! phit trién nén kinh té theo hudng cacben
thip v& hoa vio nhing n& Iuc chung cia cgng déng quéc € 32 bao ve hé théng khi hu Trai dit

Chin nhém nhigm vy va gial phap da duge xdc dinh, dé la: 1) ©dnh gia mifc 48 va tac dgng cliz BEOKH
& Viet Nam; 2) Xac dinh gial phap dng pho vdi BDKH; 3) Xay dyng chuang trinh khoa hot céng nghé
vé& BDKH; 4) Tang cudng ning lyc té chilc, thé ché, chinh sich vé BDKH; 5) Ning cao nhin thicv
phat trién ngudn nhan Iy 6) Tang cuang hop tie quic t& 7) Tich hop vin dé BEKH vio dic chin
luge, chuong trinh, quy hoach. ké hoach phat trién KT-XH, phat trién nganh va dia phuang 8) Xy
dung k& hoach hanh 3¢ng clia chc ba, nganh, dia phueng Ung phé val BDKH; 9) Xy dyng va trién khi
cac du in cua Chuong wrinh.

Nhigm vu trgng tim trude mit 4 phai danh gid dién bi&n khi hau, xiy dyng cac kich ban bién ddi khi
hau, dic biéc la nudc bidn ding. dinh gid tac dong ctia bign déi khi hju dén cic finh wifc, cc nginh vi
cic dia phuang,

Chugng trinh dugc xay dyng cho giai dogn tf 2009 dén 2016, voi kinh phi udc tinh khoang 1,963t
déng, khong bao gém vigc trién khai cac k& hoach hanh déng cia cac b, nganh, dia phuadng, Trong
d6, 50% vén huy déng o nude ngodi, 50% vén trong nudc (ngin sach trung Uang khoing 30%, ngin
sich dia phuong khoing 10%, con lai 10% la tif cic ngudn vén khic). Nhém nhigm vy "Xay dyng v

crién khai cic k& hoach hanh dong ing pho véi BEKH" chiém ty 18 Ion nhit (xdp xi 47%) trong W

hoach dy kign vé phan bé kinh phi.

Chinh phti théng nhit v& chi truong va chi dao vigc thic hign cdc hinh dong ting pho. Ban Chi g
Quéc gia, Ban Cha nhigm, vi Vian phang Chuong crinh s& chi dao, tién hanh thyc hién Chuang trinh
B Tai nguyén va Mol truang la diu méi, phéi hgp cung cic bd va ban nganh khic tién hinh thyc hign
va gidm sat

HOI NGHI LIEN HIEP Qudc VE BIEN o061 KHi HAU 2009 (COP 15)

Hai nghi vé Bign doi Khi hau dign ra tai Bella Center & Copenhagen. Dan Mach, tir 7 dén |8 thing 11

nam 2009. Hai nghj nay ctng bao gém Hai nghi cic bén Kn tha |5 (COP 15) trong khutn khé Chuang

erinh khung ctia LHQ vé Ri&n déi khi hau va cudce hop clia cic bén lin thi 5 (COP/MOP 5) vé N
dinh thi Kyoto. Theo |6 erinh Bali, Chuang trinh khung vé Giam chidu bign déi khi hju trudc nam 01
s& duge dua ra @ Hoi nghi nay.

Cic quan diém chinh cia nudc ta mang téi COP 15 nay la &t ch che nude cin chung tay, £Op s bia
v& ngdi nha chung Trii dc Trong do, cac qudc gia phat trién cin ¢é nhiing hé trd phit hop vé tal chinh,
chuyén giao céng nghé cho nhilng nudc chiuanh huéng ndng né cua BOKH, diic biét 1 nudc bién ding,
théng qua cic €0 ché& mdi vé& tai chinh, cong nghé va sif dyng Quy thich Ung cia LHQ.

Cécnm:dzngptﬁtm&dnﬁchcg:dmggﬁpvﬁGnﬁh.mmm i théng qua vigc xay dung va thyc hién
dchinhdwquﬁcglaphﬂh:;pr&ﬁrngﬁt‘nnhq khi nha thuﬁnw:&mngurh.ptﬂ?wﬂmuc&
phat trién bén viing va cac WU i v& vén, chuyén giao cong n@éﬂdcnx&ﬁcphﬁttﬁén.c'a:ngu&wﬂiw
quﬁnammmqudct&cﬁnmmchéprﬁthqpﬁphatmén mat chuong trinh h& trg dic bilt
nhiing nudc chiu anh hudng nang né cia BDKH (ing pho higu qua, dic bigt I4 tirth trang nudc bién ding .

NEu nhitng vin dé vé cd ché tai chinh, co ché phdi hep giai quyét thanh cdng tai COP 15 s& dam bao
sif céng bing gilfa cac quéc gia khi dong gop dé ung pho vai BEKH trén toan cdu. Khi do. nguai din
Vit Nam sé co diéu kign tiép cin véi cac quy @i chinh, chuyén giao cong nghe dé thich Ung vi gim
thidu tic déng BOKH dén cudc séng cla he.

Céng udc khung cia LHQ vé& BDKH vi Nghi dinh thu Kyoto i 13 tii lidu phap ly co ban cho cdng
déng quéc té dé déi pho vdi BOKH. Tuy nhién, Nghi dinh chif Kyoro c4n duoe sia d8i. Cac cam k&t

nay cin duge dinh lugng vi kiém chitng nhiim dat myc tiéu Trii dic ting khong qua 2'C vio cudi th
ky may.

Ky yéu H& chio Quidc gio Hn che! i

Quan diém
mdl vé cit
mijc nuae

mit cch |

KET LU

Tic dong
nhin gay
bi thn tf
hinh big
wrinh, ki
vin dé |
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Quan diém va hinh déng cla Vigr Nam cho thdy pht hop vdi cic quy dink vé thyc hign cic cam két
me vé cit giam phdt thai khi nha kinh cho chiing ta xem xét vin dé ting phd vdi BRKH, dic bide la
My nude bién ding cao nhu mée nhigm vy quan trong dé dat duge myc téy phat trién kinh t& xi hoi
mét cich bén vitng.

KET LUAN

Tic déng cla bién ddi khi hiu khang trir dit nude nao, dit cho nude dé khéng gop nhiéu vio nguyén
nhin gy bién déi khi hiu. Theo dinh gid, Viet Nam Ia nudc dang phat trién nim trong nhém nudc dé
bj tén thugng trutde myfc nudc bién ding cao. Thich thife ldn nhit hién nay clia Viét Nam trong tinh
hinh bién déi khi hiu ngly cang phifc tap 1 Vigt Nam cin dia ra cic chidin luge, chinh sich, chuong
trinh, ké hoach phit trién phu hgp vdi s tién trién nhanh chéng ctia bin déi khi hiu toin ciu, xem
vin dé bién d&i khi hau 1 mét nhan t& quan trong trong chién luge phit trién kinh t&-x3 hgi bén vitng,
Do viy, vigc sém trién khai thyc hign Chuong trinh muc tigu quéc gia tng phé vdi bién ddi khi hau la
hét sife cin thigt '

PHU LUC. CAC CHINH SACH VE BBKH CUA CHINH PHU VIET NAM
VA BO TAI NGUYEN YA MO!I TRUONG

|. Vin ban chi dao ctia Chinh phd Viét Nam vé BDKH

|} Céing van 56 357/CP-QHQT ngay 13 thang 11 nim 1998 ciia Thil tiéng Chinh phil giao cho Téng
~cue KTTV [am co quan ddu méi ciia Chinh phs Vigt Nam tham gia va thuc hién Nghi dinh thu Kyoto;

2) Chi thi s& 35/2005/CT. -TTg ngay 17 thiang 12 nam 2005 ela Thi wicng Chinh phi vé vige 8 chiic thyc
hién Ngti dinh thut Kyoto thuge Céng wée khung el Lign Higp Quéc vé Bién ddi khi hiu tai Vier Nam.
Trong Chi thi nay, Thi tdng Chinh phii da giao cho B& Taj nguyen va Méi truang - Co quan ddu méi
clia Chinh phi Viét Nam tham gia vi thuc hién Nghi dinh thu Kyoto, cé trich nhigm phéi hop vefi cie
bé, nganh lign quan xay diing ké hoach va thye hién noi dung Nghi dinh thu Kyoto tai Viét Nam;

3) Quyét dinh s& 47/2007/QB-TTg ngiy 06 thing 4 nim 2007 cia Thi) tucng Chinh phii vé vigc phe duyée
K€ hoach té chifc thye hign Nghi dinh thu Kyoto thuée Céng uéc khung cim Lign Higp Quéc vé Bign
déi khi hiu giai doan 2007-2010. Thi téng Chinh phi da giao cho B Tai nguyén va Mai truféing va cic
b&, nganh, dja phuong €6 lign quan thitc hign cic nhigm vu chinh sau: (1) Xay dyng va hoan thign khung
phip Iy, he théng vin bin quy pham phép ludt <6 lign quan dén Cong udc Khi hiu, Nghj dinh thy Kyoto
va Lo ché Phat trién sapeh (CDM); (2) Tuyén truyén, ndng cao nhin thife, dio tao nguéin nhan e, hoin
thign ed chue va ting cucng d sd viit cht thifc hign Céng ude Khi kiw, Nghi dinh thu Kyoto va COM;
(3) Bdy manh cic hoat déng diéy tra co bin, nghign ciiu khoa hoc nhim thue hign Céng wdc Khi hau,
Nehi dinh thu Kyoto va CDM; (4) Ning cao higu qud, ddy manh hop tie quic t& vé Cang udc Khi hau,
Nghi dinh thy Kyoro va CDM: (5) Xy dyng, t5 chifc cic hoat déng thife hign Céng ude Khi hiau, Nghi
dinh thit Kyoto vi CDM trong cic nginh nhim bio v khi hiiu, phat trién kinh t& - x3 hoi.

4) Céng vin s& 1754/VPCP-NN ngiy 03 thing 4 nim 2007 cta Vin phong Chinh phil théng bio Pho
Thil tténg Thuémg triic Chinh phd Nguy&n Sinh Hung glac B Tai nguyén va Méi trudng chii tri,
Phéi help vdi cc ca quan lién quan theo d&i, cip nhac va xu ly cdc théng tin vé BBKH, nudc bign
ding déng thei ting cudng hop tic véi cic 8 chile the gidi v& BEKH d& nghién cdu xiy dung
chieng trinh hinh déng thich tng vdi BDKH va nude bién ding tai Vier Nam:

5) Quyée dinh s 130/2007/QD-TTg ngay 02 thang 8 nim 2007 clia Thi: twéng Chink pht vé mét &
¢d ché, chinh sich tai chinh d6i vai dy &n d4u w theo CDmM;

61 Neghi quygt 58 60/2007/NQ-CP ngiy 03 thing 12 nim 2007 cia Chink #hi glao cho BY Thl nguyién
va Mol trudmg chi i, phél hop véi cac ba, nganh lign quan xay dyng Chuong trinh muc teu quc

Pliin 1, Mg ereng v b o8 khi biu
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2.

gia déi phé vdi vigc bién 481 khi hiu toan cdu, Kéu goi syt h& trg cua cgng déng quéc té cho Chuang
trinh nay va trinh Thi tudng Chinh pht trong qgljrzlb%im 2008.

Vin ban chi dao ctia Bé Tai nguyén va Mbi trudng vé BBKH

1) Téng cyc KTTV (trude diy) duge Chinh pht giao lim Ca quan ddu mé&i thye hign Cong udc Yienna

vé bao vé ting 6z6n va Nghj dinh thu Montreal vé cic chit lam suy gidm ting 626n. Téng cuc KTTV
da phéi hop vdi cic b, nganh va dia phudng lién quan xiy dung "Chuong trinh Quéc gia cla Vit
Nam nhém loai trir ddp céc chit lam suy gism ting 6zén” va trinh Thi tudng Chinh phi ban kinh
nam 1995. Téng cyc KTTV da thyc hién nhang vidte sau: (1) Thinh I3p Vin phong thi hianh cac Céng
udc quéc té trye thude Vy Hop tac Quéc t&. Van phoéng cé nhigm vy gitp Téng cuc KTTY phé
hgp vdi cic b, nganh, dja phuang co lign quan trién khai thuc hién Céng udc khung ela LHQ v
BEKH, Nghi dinh thu Kyoto va Céng Jdc Vienna vé bao vé ting &zon va Nghi dinh thy Montresl
vé cic chdt lam suy gidm ting 626n @i Viet Nam; (2) Thanh lp cic déi cong tc, déi chuyén gla k
thuit trong nudc vdi sy tham gia ciia cac dai dign, nhi khoa hoc, chuyén gia cia cic b, nginh, co
quan, trudng dai hoc, cic cd quan nghién clfu khoa hoc va cic hiép héi khoa hog; (3) Trién khal
thutc hién cic chuong trinh, dy én co lign quan dén BEKH va bao vé ting ozon;

2) Thing 3 nim 2003, B trutdng BO Tai nguyén va Mai truding €o cbng van giao Yy Hap tic Quéc

(HTQT), Bo Tai nguyén va Moi truding lam ca quan thim quyén quéc gia vé CDM (DNA) @ Vige

Nam. DNA ¢6 chifc nang: (1) Xay dung cic tigu chudn ddnh gi4, quy dinh va hudng din vé COM, '

(2) Thuc hign cac danh gia qudc gia ddi vai dyf dn CDM, (3) Cip thu xdc nhan hodc phé duyét cic
dyf in CDM; va (4) Quan Iy, diéu phéi cic hoat dong CDM va diu tuf CDM tai Vigt Nam. Vu HTQT
cng l4 co quan ddu méi giip BS truéng B Tai nguyén va Mo trudng quan ly va diéu phéi cac hoat
déng vé BEKH i Viér Nam hign nay,

3) Thing 4 nim 2003, B§ trudng BS Tai nguyén va Mai trudng ra quyét dinh thanh lp Ban Tu viln -

4)

3)

Chi dao v& CDM do Vy wudng Vy Hop tic Quéc t& - B Tai nguyén va Mai trudng lam Trudng
ban. Tham gia Ban gém dai dign cic bé: Tai nguyen va Mél trudng, Ngoai giao, Tai chinh, K& hoach
vi Bdu w, Khoa hoc va Coéng nghg, Céng nghiép (nay la Céng Thuong), Néng nghiép va Phat trién
néng thén, Gido dyc va Bao 1o, Thuang mai (nay la Céng Thuong) va Lign higp cic HEi Khoa hoe
vi Ky thudt Vige Nam;

Ngiy 12 thing 12 nim 2006, B truéng BS Tai nguyén va M&i truong 43 ban hinh Théng tf

10/2006/TT-BTNE&MT “Hudng din xiy dyng dy an Cg ché Phat trién sach trong khudn khé Nehi
dinh thu Kyoto™;

B& trudng Bé Tai nguyén va Mo trudmg di ban hanh Quyét dinh 56 |01 6/QD-BTNEMT ngiy 4
thing 7 nim 2007 vé viéc thanh lap Ban Chi dao thyc hign Céng udc Khi hiu va MNghi dinh thy
Kyoto do Thi trifgng B Tai nguyén vh Méi tritéing lam Trudng ban (thay th& Ban Tu vin - Chi dao
vé CDM). Tham gia Ban gém dai dign cic bé: BS Tai nguyén va Mai trudng, Ngogi giao, Tii chinh,
K& hoach va Pdu us, Khoa hoc va Cong nghé, Cong nghiép (nay la Céng Thuang), Nang nghiép vi
Phat trién Nang thén, Gido dyc va Bao rao, Thudng mal (nay la Cong Thuang), Tu phip, X3y dung,
Vin héa, Thé thao va Du lich, Giao thong Van ti, Lao déng - Thudng binh vi Xi hai, Lign higp cic
Hal Khoa hoc va Ky thuit Vige Nam. Ban 14 té chic lién bé, ¢d nhigm vy giup BO truding Bo Tal
nguyén vi Mai trudng va cac b, nganh lién quan chi dao. quan |y va diéu phéi cic hoat dang thife
hign Céng udc, Nghj dinh thu Kyoto va CDM tai Viét Nam.

6) Ngiy 30 thing 7 nam 2007, B9 trudng B Tai nguyén va Mal trifémg ra quy€t dinh thinh lip Vin

phéng thudng tryc cla Ban Chi dao thyc hign Cong o, Nghi dinh thu Kyoto trifc thutic Vy Hap
tic Quéc & (Bo Tal nguyén va Mai trudng) thay thé cho Vin phong thi hanh cic Céng udc quik
t& truc thude Vy Hop tic Quéc té (T dng cuc Khi wigng Thiy vin). Van phang thudng trye ¢d nhiém
vu gitp Ban Chi dao trong vigc soan thio, xay dyng viin ban, Qi ligu, chinh sach, bién phap thyc
hign Céng udc, Nghi dinh thu Kyoto, CDM v 15 ddu m6i lién hé gida Ban Chi dao vai cac b, nganh,
¢d quan, dja phuong J trong nude, cic nude va cic td chifc quic t& vé Céng udc, Nghi dinh th
Kyoto va CDM. BS Tai nguyén vi Mai trudng da cdp Thy phé duygt cho 25 Van kién Thigt k& Dy
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in (PDD) theo CDM vdi téng lugng gidm phit thii khodng 18 trigu tin,CO; miong duang trong

vong 10 nam va clp thy xdc nhin cho 15 Tl ligu Y tuéng Dy an (PIN) theo CDM vdi téng lugng
giam phit thai khoang |1 triéu tin CO, tuong duong trong vong |0 nam,

7) Ngiy 16/11/2007, B4 truéng B& Tai nguyén vi MBI trudng di ra Quyét dinh s5 1819/QD-BTNEMT
vé vigc "Ban hianh Chuang trinh hanh déng ciia B& Tai nguyén vi Mai trudng thic hign Churang trinh
hanh dgng cua Chinh phi v& mét 8 chi triang, chinh sich I6n dé nén kinh t€ phat trién nhanh va
bén vilng khi Vigt Nam la thanh vién cia T8 chite Thuong mai Thé gidi gial doan 2007-2010". Trong
quyét dinh &3 xdc dinh cic nhiém vy chi y&u, trong dé nhin manh viéc “Thyc hign cdc hoat déng
ién quan dén thich iing vai bién déi khi hau": (a) Ning cao nhan thife vi ning lyc cla cdc doanh
nghiép Viét Nam trong viée giam i ro ddu wf vao cic Iinh vue c6 nguy ca bj tic déng cao clia bién
déi khi hiu va phit huy cic ca héi ddu t vio finh vife budn bin phit thii théng qua co ché phit
trién sach (CDM); (b) Léng ghép vin dé bin ddi khi hiu va cie eic déng clia bign dbi khi hau vao
edng tac hoach dinh chinh sich, quy hoach phit trién vi bio vé mai trudng phuc vu hdi nhip kinh
té va phit tri€n bén vilng; (c) Xdy dung Khung Chién luoc quic gia vé thich tng vdi bign déi khi hau.

8) Téng cyc Khi tigng Thiy van (trude diy) d3 thue hidgn Dy 4n "Théng bio quéc gia diu tién (TBQG-
) cla Viee Nam vé bi€n déi khi hiu cho Céng ude khung cia Lign Higp Quéc vé Bidn ddi khi hau"
(1999-2002). Dyt dn do Vién Khi tugng Thiy vin chi tri thyc hign vei sif G trg ol GEF. Muc tiéu
chinh cia Dy dn |2 gigp Vier Nam thige hién cic cam két va nghia vy cla minh theo Diéu 4.1 va 1 2.1
elia Cang uee khung clia LHQ vé Bign d8i khi hiu théng qua vic chudn b TRQG-| cho Ban thy ky
Céng ude khung clia LHQ vé& BOKH theo hudng din cia Hai nghi ln thi 2 cic bén tham gia Céng
Ude khung cia LHQ vé& BEKH (COP 2) danh cho cic Bén khong thuée Phu lyc I. Néi dung chinh
cia TBQG-| bao gém: (1) Kiém ké qudc gia cic KNK nim 1994 cho cic nganh cé ngudn phat thai
chinh 2 niing lueng, cic hoat déng céng nghigp, 1am nghigp va thay dai sir dung dit, néng nghigp va

+ chit thai vai nim co s¢-la nim 1994, Mér 56 co 50 58 ligu v& kinh t&-%3 héi, cdc nginh chi yéu, dic
diém dja Iy, khi tugng va méi truéng <6 lien quan ciing duge xdy dyng. Téng lugng phét thai cic khi
nhd kinh (KNK) nim 1994 a Viét Nam duge xédc dinh 3 103,8 trigu tin CO, twiong dueng. Lugng
phit thii cde KNK trong cdc thdi ky tdi ciing da duge dif tinh; (2) Xay diung cic phuong dn giam nhe
cic KNK trong cic finh vife ning lugng (9 phuong dn), 1im nghigp va thay ddi sir dung dit (6 phuong

] an), ndng nghigp (3 phuomg n); (3) Bdnh gid tic déng cla BOKH va dua ra cic bién phap dng phd

ddi vai ti nguy@n nudic, ndng nghigp, lam nghigp, nganh thiy sin, ving ven bé bién, nganh ning lugng,

gl20 théng vin tai, sifc khoe con ngudi; (4) Hé théng quan triic va theo dai khi hiu & Viét Nam (trén

cd 3 mang Iudi cram khi tong, khi hiu, thiy van va hai vin); (7) Céng tic gido duc, hudn luyén
nghiép vy va ning cao nhin thifc cdng chung vé BEKH; (6) Dinh huéng chil y8u nhim gidm nhe cic

KNK trong cic finh vifc chinh |3 nang lugng, néng nghigp va lam nghiép.

%) B3 Tal nguyin vi Mai trudng da thye hign Dy dn "Nghién ciiu chién luge quéc gia vé co ché phit
trién sach (CDM)". Dy 4n do Vién KTTVMT chil tri thuc hién vdi sif tii trg cia AusAlD va Waerld
Bank. Myc tigu chinh cta ctia Dy dn Ia phin tich tiém ning CDM ciia Viét Nam vi xiy difng chién
uge phit trién thi trudng CDM & Viér Nam. Bao cdo d3 dinh gl hign trang vé chinh sich CDM
tla Vigt Nam, tiém nang giam phat thai KNK, ca héi thi trucng CDM, dé xuft co ciu td chic va
cic ydu ciu, cdc quy tic trong qud trinh phé duyét, vi co héi CDM & Vier Nam. Két qua cla dy
dy dn da gép phin khing dinh I Vit Nam sin sang tin dung cing sdm cang tét cdc ¢ héi do CDM
dem lai trong béi canh céc qud trinh BEKH dang dién ra ngay cing ré réc

10) Bo Tai nguyén vi Mbi trudng 63 thyte hign Dy dn "Téng cudng ning Ifc thitc hign o ché phit tridn
sich i Vige Nam" (2004). Dy én do Vu Hop tic Quéc té cim B Tai nguyén va Mai trudmg chi tri
] ditu phéi thite hign. Myc tidu Dy an - (1) Tang cuding hiéu bige v phé hidn cic thdng tin, tai lidu
hudng din nang cao nhin thite vé BOKH, CDM vi cic ca hai, lefi ich do CDM mang kai; (2) Ting cuéng
ning luc can bg, hinh thanh khung phip Iy, tao digu kign thuln lgi cho vige thitc hign cic heoat déng
CDM & trong nuce; (3) Ning cao kj nang va niing lyc nhim xic dinh va xay dung danh muyc cic dy
in COM tiém nang tal Vit Nam va thige lip thd tyc thich hop xem wxét, phé duyét diyf an CDM tai
Vigt Nam: va (4) Chia sé kinh nghiém thife hign CDM v uic e wén thé gici va trong khu vise,

Firdin {1, 107 truitng vi bién &1 kA hdu
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11) B& Tai nguyén va M&i trudng da trién khai Dq] %Qﬁh&ng bioc Quéc gia lin thy hai (TEQG-!) cla
Viét Mam cho Céng ude Khung cta LHQ vé BEDKH™ (2006-2009). Dy an do Vu Hop tic Quéc i
ctia BS Tai nguyén vi Mai trudmg chu tri thyc hign vai sy i org cla GEF. Dy dn sé tign hinh kigm
k& quéc gia KNI, xiy dyng kich ban BBKH & Viét Nam dé&n nim 2100, dinh gia tac dong clia BEKH,
x4y dyng cic bién phdp thich tng véi BEKH va khung chién lugc doi phd vai BEKH tal Viér Nam.
Viéc ting cudmg hé thdng quan tric va theo déi khi hiu, BEKH tai Yiét Nam (wén cd sa mang lug

tram khi tgng thiy viin hign cé) ciing s@ dugc nghién cdu vA dua ra trong qud trinh xdy dung TEQG-
Il edia Viégr Nam.

12) B& Tai nguyén va M&i trudng di trién khal Dy dn "Tang cudng ning hic cho cd quan diu mai quic
gia v& bién déi khi hau" (2007-2008). Dy 4n do Vy Hop tic Quéc t& cla BS Tai nguyén vi Ma
trudng thife hign vai sy ti trg cda Ban Mach. Myc tiéu cda Dy dn la ting cudng ning lyfc vé nhin
Iue, t8 chire, kj ning nghiép vy cho Yy Hop tac Qudc t& thude BS Tai nguyén va Mai trudng dé
thuc hién tét chic ning cla ca quan diu méi qudc gia vé BBKH & Viét Nam va h trg co quan niy
ti€p tyc phit trién quan hé hgp tic trong va ngoai nudc trong vigc ISng ghep vin dé BEKH vao ki
hoach, chufang trinh phat trién bén vilng.

3. Cac nghién ciu vé BBKH ¢ Viét Nam

i c6 nhiéu nghign ciu vé BEKH & Vigt Nam va tic dong cia BEKH d8i vdi cic linh vye kinh @
héi va cic dja phudng. Nhilng nghién cifu niy do cic co quan Nha nude, cic vign nghién cuu, 3 chic
thudc Lién hiép cic héi khoa hoc va ki thuie Vige Nam, cic 18 chic quéc té va cic td chdc phi Chinh
phi thyc hién vdi cic mdc d& sdu va réng khic nhau. Trong bio cio nay chi mdi tip hgp bude diy
mdt 56 cic nghién cuu sau diy:

1) Dy dn “Bién ddi khi hiu & Chiu A: Vigt Nam" (1992-1994) do Vién Quy hoach Thiy Igi - B
Thiy Igi va Vién KTTV - Téng cuc KTTV phéi hgp vdi cic co quan khic thyc hign vdi sy i irg
clia ADB. NGi dung cta Dy dn Ja: (1) Kidm ké KNK dya theo s6 ligu 1990, (2) Banh gid tic déng
ddi véi cic linh viyc néng nghigp, tii nguyén nudc, ddi ba, 1am nghigp, sic khoe céng déng vi
thién tai; (3) D& xuit cic gidi phip gidm nhe déi vdi cic linh wyic ning lugng, xay dyng, giao théng,

néng nghiép, lim nghiép va st dung diy (4) D€ xuit chinh séch dng phd vai BEKH déi vdi cic

linh wyc néu wrén,

2) Dy dn “Banh gia tinh dé bj tén thitang clia dii ven bd Viér Nam - Giai dogn I do Trung eim KTTV
Bién - Téng cyc KTTV thyc hién véi sy h trg cda Chinh phi Ha Lan. Dif an d3 dinh gia tinh d&
t8n thugng clia todn b dai ven b Viér Nam ddi vdi tic déng cla muc nude bign ding v phic thio
cic bude ddu tign cho vide quan Iy téng hop dai ven ba ¢ Viér Nam. Cic dija phuong dugc chon dé
nghign ety thi diém | Nam Binh, TP. Hué va Ba Rja - Viing Tau. Trong gial doan tigp theo, cic
bién phip quan ly téng hgp gidi ven ba di dugc dé xuit, trong do ciing di d& cip dén khd ning cla
BEKH va nudc bién ding, .

3) Dy dn "UNDP/UNITAR/GEF - CC: TRAIN (gial doan 1)" (1994-1996) do Yién KTTV chi ti, phd
hgp véi cic b, et quan, té chite €6 lidn quan thye hign. Viet Nam 13 | trong 3 nudc tham gia dy
in khu vife nay. Myc tiéu clia Dy 4n I3 gitp cdc nudc xdy dung chinh sich vé& bign déi khi hiu &é
thuc hién Céng wdc khung clia LHQ vé BEKH. Mot sé chuong trinh quéc gia nham thye hign Cang
ude khung ciia LHQ vé BEKH da duge xdc dinh va nhing hoat déng cdn thigt, bign phap thyc hign
da dugc dufa ra.

4) Dy dn "Anh hudng tiém ting vé kinh t8-xa hai cla bién ddi khi hiu tai Vige Nam" (1994). Myc déy
clia Dy 4n 1A xem xét tic ddng cla cdc dao dong khi hiu hign tai déi vai méi trudng ty nhign vi
kinh t& & Vigt Nam, dinh gid cic bién d8i khi hdu do phdt thii cac khi nha kinh giy ra. Dy an bao
g6m mét s8 hoat déng nghign cudu dip trung vio viéc dinh gia tic déng tiém ting cua dao ddng kn
hiu d8i vdi néng nghidp, sifc khde con ngudi, san xudt va s dyng ning ligng, ritng ngip mén vi
dinh ¢ ving ven bién. Dy dn ciing d& c3p dén vin d& anh hudng tiém ting cua nhigt dd cao &l
vdi sau, bénh ciy trong,

Ky pfi HH chdo Qudt gia Mo thd |
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§) Dy dn “Chi€n luge gidm nhe khi nha kinh vdi chi phi thip nhit & Chiu A" (ALGAS) (1995-1997)
do Vign KTTV - Téng cuc KTTV thifc hign vdi sy hé trg cla UNDP va ADB. Vigr Nam 3 trong 12 -

nudc tham gia dif 4n khu vife nay. Myc tiéu cla Dy dn li ning cao nding e quic gia trong viée kidm
k& lvgng phat thai khi nha kinh, dinh gid cic phuong phap giam nhe, va buidc ddu xiy dung chién
Itge va k& hoach hanh déng giam khi nha kinh vdi chi phi thip nhit

€) Dy dn “Kinh t& trong han ch& phic thai khi nha kinh, pha |: Xiy ding phuong phip luin cho vide

dinh gia giim nhe bign dsi khi hiu" do Viégn KTTV - Téng cuc KTTV thic hign vdi syt h& trd clia
UNEP/GEF. Néi dung clia Dy @n la phan tich vigc gidm thiu KNK va cdc giai phip higu qua, chy
trong vao cdc vin dé chinh: (1) Kinh t& vi m& lign quan; (2) SU dyng dit va 1am nghiép; (3) Néng
nghiép va ning lugng.

T) Dy dn "H& trg thyc higén cic bién phip ting cudng ning lyc g phd vdi bién d8i khi hiu & nhitng

linh vife Wu tién (Giai doan Il)" do Vi Hap tic Quéc té - B& Tai nguydn va Mai truéing chi tri diéy
phdi cic hogt dgng thifc hign Dy dn. Dy dn ndy 13 budc tiép theo du dn xdy dung TBQG, gitp Viet
Nam ddy manh thém cic hoat déng da duge tién hanh trong giai doan chufin bj va thufe hign du 4n
xdy ding TBQG. Muyc tiéu chinh cla Dy dn i ding cudng ning lyc vi duy tri cic nd lyc dé tidp cin
vi ruyén ba théng tin lién quan dén céng nghé Ung phé vai BEKH. Muc tiéu cy thé clia Dy 4n [a:
(1) Tang cucng nang lfc dé xdc dinh va phin tich cic nhu cdu céng nghé ting phé véi BEKH: (2)
Tigp cin théng tin vé chuyén giao céng nghé va ning cao nhin thic cta céng ching vé BEKH; (3)
Ting cudng niing lifc chuin bj cic chuong trinh vé BEKH, khuy&n khich chuyén giao céing nghé g
phé vdi BEKH; (4) Tang cudng ning lyc ning cao chit lvgng cdc hoat déng lign quan dén BOKH,
Nhu cdu cdng nghe bao gém cic céng nghé vé& giam phit thai cic KNK vi cic céng nghé vé thich
Ung véi BDKH & Vigc Nam di duge xdc dinh va dinh gid. ©4 la nhu cdu céng ngh# trong cac Iinh
wc cong nghigp, san xuit dién, ning lugng, giao théng van i, ndng nghiép, 1Am nghiép, tii nguyén
mide, quin Iy ving ven bién,

§) Dyin do “Xay dung ning lifc thich ting vdi bign déi khi hiu & mién Trung Vigc Nam™ (2002 - 2005)

do CECI chyc hign. Myc tiéu cta Dy in 13 clng & ning liic dé lip, xay dung va thuc hign cic chign
ltge thich Ung cho céng déng théng qua viéc phong chdng thién tai, léng ghép viec phong va giam
thiéu rui ro, thigt hai vio k& hoach phat trién dia phuang.

%) Roger Few va nnk. (2006) d3 nghién cifu vé méi quan hé giita thich tng vdi BEKH, quan Iy rii ro thign

ti vi giam nghéo & Viét Nam trong bio cdo “Linking Climate Change Adaptation and Disaster Risk
Management for Sustainable Poverty Reduction Vietnam Country Study”. Bio cio di xét dén (1)
Nguy cdf ctia BEIKH, thién i va cic tic ddng tiém ning clia BDKH: (2) Céch ti€p cin trong quan Iy
ril ro thign tai; (3) Cach tiép cin trang thich ing véi BEKH; (4) Nghign ctu dién hinh & Nam Binh.

10) Peter Chaudhry va Greet Ruysschaert (2007) di tip hop cic két qua nghign cdu vé BBKH trong
TBQG- cda Vigr Nam dé& tong quan vé BDKH trong béo cdo dién hinh v& “Bién ddi khi hiu va phat
trign con nguei & Vige Nam”. Bio cdo da téng quan cic vin dé: (1) Nghéo, thién tai va BEKH; (2)
Cic xu thé va dyf bdo vé tinh d& tn thuong v& vit Iy trurde BEOKH nhu: it dai va khi hiu; Nhing
bién d&i vé nhigt d6 va lugng mua; Nhitng bién ddi v& I lut vi han han; Thay déi cic hinh thii bio;
Mye nudc bién ding cao; Cic tic ddng dén ndng nghidp; Nghé cd vA nudi tréng thiy sin; BEKH
vi sic khoé con ngudt; (3) Tinh d& tdn thuong cia BEKH trong béi cinh kinh tf-x3 hai dang thay
d8F; (4) Chinh sach dng phé vdi bign dai khi hiu nh: Cic Higp dinh quéc thé va Théng bio quéc
g2 ldn that nhit cho UNFCCC.

) Nguy&n Hdu Ninh (2007), dya vio cic 8 ligu hign cé, d3 téng quan vé BEKH & ddng biing séng
Ciu Long trong bdo cio “Flooding in Mekong River Delta”. Bio cio di tnf:-hg quan cdc vin d& nhut
BEKH vi 10 lut; Hign trang quan Iy thign tai va thich ting vai BDKH. Bdo cio cd nhin x4t 13 vé liu
6ii BOKH & tic déng dén ché dé thiy vin vi sy phat tridn kinh t2-x3 hai clia Déng bing séng
Clu Lun;. Mic da déng bing song Clu Long gidu vé tai nguyén va tiém ning phat tién nhung nghéo
déi & khu vue 14 rao can I8n nhit trong thich dng val BEKH. Cac linh vige d€ b tén thuang nhit 3
nGag nghigp, thily san va iam nghigp;

Phinm N, Mdi ervdmg vi Bidn &8 khi hiu
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12) Trung tim Khoa hoc Céng nghe Khi tud@@fy van va Msi truéng (2007) ds thye hign Dy in
“Ning cao nhin thifc va ting cudng ning lijfe cho dia phuong trong vige thich dng va gidam nhe bign
ddi khi hau, gép phin thyc hién Céng wde Khung clia LHQ va Nghi dinh thi Kyoto vé bign d4i ki
hiu" do Chuong trinh tai trg cic dy dn nho, Quy M&i trudng Toan cdu (GEF SGP) ti tro. Muc tidy
Dy dn la ning cao nhan thic va hi€u bigt vé& BDKH vi ting cudng ning e quan Iy cla cic d
phudng tham gia dy dn (Lao Cai, Ninh Thuin va B&n Tre) trong viéc xiy dung va thuc hign ké hoach
hanh déng thich Jhg va gidm nhe BBKH: tuyén truyén, phé bign kién thite vé& BDKH trong chng
ddng cic dja phuong tham gia dy in, £9p phin ning cao nhin thifc trong toan xi hai.

13) Dy én “Nghién ciu BDKH & Déng Nam A va dinh gid tic dong, tdn hai va bign phip thich dng
d6i vdi sin xudt lda vi tii nguyén nudc” (2007) do Vién KTTVMT hgp tic vdi SEA START thilc
hign. Myc tiéu cia Dy 4n 13 iy ding cic kich ban bién déi khi hiu cho khu vife Bidng Nam A vi
Vige Nam, ddnh gid nhilng tic déng ctia BDKH dén cic y€u 1S nhy nhigt 46, mua.

14) Dy dn “Nghién ctfu tic déng clia bign déi khi hiu & Iuu vifc séng Huong va chinh sich thich nghi
& huyén Phd Vang, tinh Thim Thién Hug" (2006-2008) do Vign KTTVMT thife hign véi sy i trg
cia Chudng trinh h& trg nghién ciu khi hiu Hi Lan (NCAP). Bay li mér nghign ciu thi diém ip
dung, I6ng ghép cic théng tin vé BBKH vao k& hoach phit trién kinh t8-xi héi cho mat ving cy
thé dé cé cdc giai phap thich nghi vdi BDKH,

I5) D dn “Lei ich clia thich nghi vdi BEKH tif cic nha mdy thiy dign vifa va nhé, déng ba vai phit tridn
néng thén" (2007-2008) do Vien KTTVMT thuc hién vdi sy tai trg cla DANIDA Ban Mach di trg.
Muyc tigu tdng quat ciia Dy an a xcée dinh nhing loi ich 15 rée va nhiéu mit e cdc nha mdy thiy dign
vifa va nho I phit trién néng thén, thich nghi vai BBKH va gidm nhe BEKH, Mue tigu ey thé fi (1)
Xac dinh dugc Igi ich ciia cic nha mdy thiy dién via va nho trong viéc thich nghi véi BEKH; (2) Phin
tich v xdc dinh dugc Igi ich cla thiy dign vita vi nho déi vai phat trién néng thén trong ving nghign
citu thi diém; (3) Kign nghi dugc cic bign phip gidm thidu tic dang dén mai trudng va dail séng el
NgUdH dan do cic nhd mdy thiy dign vifa vi nhd giy ra, dic biet d&i vei nhing céng déng dan nghéa,

16) Dyf dn “Tac déng cla nudce bién dang va cic bign phap thich tng & Vige Nam™ (2008-2009) do Vién
KTTVMT thyc hign vdi sy cii tro cia DANIDA - Ban Mach. Muc tidu téng quit cia Dy an t3p trung
chil y&u vio vigc giam thiéu cic tc déng do nudc bidn ding giy nén bai BDKH ¢ Vigt Nam théng
qua vige dé xudt cic bign phip thich ng. Nang cao hidu bigt vé cic phuong phip ddi phd vdi thign
@i do BEKH va nudce bién dang & Viér Nam. Muc tiéu cy thé cta Dy an l: (1) Ning cao hidu biée vé
cic phuong phip déi pho vdéi thign tal do BEKH va nufde bidn ding & Viét Nam; (2) Bao vé cic cong
déng ven bién, ma da s& thudc nhém ngudi nghio va d& bj tén thuong dai vai thién tai, cing nhu bio
v@ edc nginh kinh t& & ving ven bidn khoi tic déng tiéu cuc cia nude bidn ding; (3) D& xudc val Chinh
pht cic chién luge nhim hudng tdi vige sir dung hop I i nguyén ving ven bién phyc vy che phit
trién kinh t&, déng théi bio vé duge méi trudng uf nhign va kinh té-xa hdi trong viing,

17) Dy én "Tac déng cla BEKH dén tai nguyén nuce & Vige Nam va cic bign phap thich ing" (2008-2009)
do Vign KTTVMT thyc hién véi sy tii tro cim DANIDA Ban Mach. Muc tigu au dai cla Dy 4n | ting
cuding niang lvic cla cic ban nganh, t5 chic va cia ngudi din Vige Nam trong viec thich nghi vei Gic déng
clia BOKH dén tai nguyén nude, gitm thidu dén milc thip nhdt cic tic déng x3u cing nhu thiét hai do
EBKthrm:Idﬂphwcdﬁiuquid:ticdﬁngrﬁyhn;ct&ndgngcﬁctécd&gﬂ{hwcc{mEE}KH.
Muc tiéu cy thé clia dyfdn iz (1) Danh gid tic dong cla BDKH dén i nguyén nudc mit i mae s8 ki v
sbng clm Vie Nam; (2) D& xudit cic gial phap thich dng véi sy thay déi ti nguyén nude do BOKH giy .

18) Dy an *Tang cudng khi niing Ung phé vai BEKH cia TP. Quy Nhan va cde ving phy cin” do Vién
Khoa hec Khi tugng Thily vin va Mai trudng (IMHEN - Bd TN va MT) thuc hiégn vai su i tra cla
Chuang trinh Phdc trign LHQ (UNDP). Muc tiéu cda Oy dn l& xdc dinh nhing hiém hoa tidm n,
khu vife, nhém din cu va cdc finh wite chiju 4nh hudng ciia BEKH nhifu nhit; dinh gid khi ning
phong nglfa, dng phd vi nhing kinh nghigm thich tng voi BOKH & dia phuong; phin tich tinh trang
d&bj anh hudng clia BDKH: dua ra mé hinh thich tng; 13p ngudn diT lidu théng tn cobin cho vike
quéan Iy rii ro, tham hoa difa vao céng déng va lap k& hoach thich Ung léng ghép BEKH vis ké
hogch giim nhe thidn tai va phic rign kinh té-x3 héi cua dia phuang. =

Ky péu HEi thie Qude giy lEn thu il
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Chi dso cita Chinh phit va B Tal nguytn v& Mt trutng vé 481 phd vl BDKH

Ngh quyéc clia Chinh phii s& £0/2007/NQ-CF nghy 03 thing 12 nim 2007,

Quyét dinh s& 47/2007/QB-TTg ngiy 60472007 el Thi widhg Chinh phil.

Chi thl 56 35/2005/CT-TTg nghy |7/10/2005 cia Thi ridng Chinh phi

Céng vin 58 1754/VPCP-NN nghy 03/4/2007 cia Vin phang Chinh phil.

Théng tt 10/2006/TT-BTNMT ngiy 12/12/2006 Ciia BS Tal nguyén vi Mai crudng,

Quyke dinh 56 1819/QD-BTNMT ngay 14/1172007 ciia B trifing BS Tal nguytn va Méi truang.
Nhing dif dn, nghién ety li&n quan d&n BEKH & Vit Mam

Téng cyc KTTV. Nghin ciu chign luge giam khi nha kinh vei ehi phi thip nht cho Chiu A (ALGAS).
Téng cyc KTTY, 1997. Bénh gid tinh d&bj tén rJ1|.l|:;ng ciia dai ven b Viér Nam.

B4 T3l nguykn vi M6 rudng, 1003, Théng bio Quéc gia diu tén ctia Vist Nam cho UNFCCC vé bién didi khi hju.
B4 T3l nguyén vi Mal trudmg, Chién lugc Quc gia vé ca chi phit tri#n sach.

B4 Tii nguyén va Mdi trutng Théng bio Quéc gia lin chit hai cia Vige Mam cho Céing udc Khung cta LHQ v BEKH {dang
thye hign).

B3 Tal nguyén vi Méi trutng. 2007. Tang cuting niing i ciia cor quan-diu méi Vige Nam vé bign dei khi hiiu.

Vign KHKTTVAMT, BS Tal nguyén vi Méi truimg, 2007. Nghién cily BOKH & Déag Nam A va dinh g tie ddng, tin hi vi
bién phip thich ing, Hop tic gitla Vign EHKTTVAMT vai SEA START RC.

Vign KHKTTVAMT, g Tal nguyén vi Mai trudng, 2005. Nghién cilu tic dang ciia bi€n 981 khi hiu & luu vife séng Huong va
chinh sich thich righl & huyén Phil Vang, tinh Thila Thign Hué, Hop tic gida Vién KHKTTVAMT vi Chugng trinh h§ ue
nghién cilu khi hau H Lan (NCAF),

%K.HKTTV&HT.B&TMHQJM vh Mai rudmg, 2006, Lt ich cira thich ngh wdi BEKH tf cic nha miy thuy dign vifa i
nhé, déng b vél phit trifn ndng thén. Hep ric gida Vign KHKTTYAMT va DAMIDA

Vign KHKTTVAMT, B§ Tal nguyén vi Mt trueng, 2007, Tac dong ciia nidde bién ding va cic bidn phép thich Ung d Viat
Mam. Hop tic gifa Vién KHKTTYEMT vi DANIDA.

Vign KHKTTVAMT, B4 Tai nguydn v Mai truig, 2007, Tic dong cla BOKH dén til nguybn nude & Vige Marm v ¢de bign
ship thich Ung, Hp tic gita Vign KHKTTVEMT vi DANIDA.

Pacer Chaudhry and Greet Ruysschaert. 2007, Climate Change and Human Development in Viet Nam.

MWH, 2006. Linking Climate Change Adaptation and Disaster Risk Management for Sustalnable Poverty Reduction Vietnam
Country Study.

Huu Ninh Nguyen, 2007, Flooding in Mekang River Delta. Viet Nam, Fighting Climate Change: Human Slidarity in a Divided
World. '

Trin Thue, 2007. Bién @& khi hau & Vige Nam. Béo cio trinh by g Hi nghi Phit wrién Con ngudy do UNDP 8 chie tai
Ha Ngi. 1112007, :

Trdn Thye, 2007. Climate Change: Concerns and Views of Human Development. Paper Presented at YWorkshop on Climate
Charge and Humnan Development. tHe Chi Minh City, Dec. 2007

Mguyén Vin Thing vi Pham Thi Thanh Hueang, 2007. Using PRECIS Model to Develop the Climifte Change Scenarios for
Viethiam. Paper Presented at Waorkshop an Clirmate Change and Human Development, {Ho Chi Minh City, Dec. 2007.

Nigayen Thi Hign Thuin, 2007, Impact of Climate Change en Rice Production in Mekong River Delea. Paper Presented at
Waorkshop an Climate Change and Human Develapment, Ho Chi Minh City. Dec. 2007,

Bio Thanh, 2007, Siwh gii-thide kyl 2o myc mkdc bidn ding & khu vife ven bién déng bing séing Citu Long. Paper Presented
% Workshop on Climate Change and Human Development. Ho Chi Minh City, Dec. 2007,

Pdn Il Mdi prudng va bidn di khi bu
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L# Nguydn Tudng, 2007. Climate Change Adaptation wili2@@eholder Participation. Paper Presented 3z Workshop an
Climate Change and Human Developrment, Ho Chi Minh City, Dec. 2007,

CECE, 2005. Xi}' dyng ndng life thich dng voil bign A8i khi hiiu & mién Trung Wide Nam.
H#i Cha thip 45 Vigr Mam, 2006, Phang ngda thim hoa lién quan dén bidn d8i khi hiu.
Trung dim Khoa hpe Cong nghé Khi asigng Thiy vin va M6l trudmg, 2007, Ming cao nhin thiec v ting eudng ning fye the

dia phuong trong vige thich tng vh giim nhe BEKH, gép phin thyc hign Cang ude khung cla LHQ vi Nghi dinh thit Kyoe
vé Bidn d&i khi hju.
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Ap dung mé hinh MIKE11 tinh toan dw béo chét lrong nwée
cho ba luu vue song: Cau, Nhué-Diy, Sai Gon-Dong Nai

Tréin Hﬁng Thdi, L€ V@i Vi¢t Phong, Pham Vin Hai,
Nguyén Thanh Tang, Hoang Thj Thu Trang

Vién khoa hoc Khi tiegmg Thity vén va Moi trieong

Tom tdt: Bdo cdo nay gidi thiéu mot 50 két qua mé phong r:he dé thuy lue cho 3 hé
.'J':ar:g heu viec séng dang bj 6 nhiém & Vigr Ham hign nﬂ}' (Cau, Nhué-Bidy, Sai Gon-
Déng Nai) bang md hink MIKE1 1. Nhimg két qua mé phong, tinh todn thiy lue réiy
dicge sir dung ldm nén tang dé phiuc vu cho bai todn mé phong chdt lieong mede cde
lweu viee séng ké trén, Thei diém tink todn mé pha.rfg déng chay tdp trung vao mua kiét,
khi hién ticgng 6 nhiém xay ra manh mé va rd rét.

Abstract: Applying MIKE!l model to simulate hydrodynamic regimes in three
polluted river basins (Cau, Nhue-Day, Sai Gon-Dong Nai) in Vietnam is presented in
this paper. These results will be used for simulating water quality in aboved river
basins. Rivers are mainly poltuted in dry season, simulated time therefore is chosen in
this time period

1. Gii thiéu

Song ngdi dong mat vai trd quan trong | dbi véi cic hoat dong cta con ngudi. Ngudn
nude tir cac dong song duge sir dung vio nhiéu myc dich khéc nhau va lgi ich ching mang
1@1 la khéng thé phi nhédn. Nhung hién nay & Viét Nam, nguon nude cia cic luu vuc séng
Céu, Nhué - Pay va ha luu hé thung song Sai Gon - Déng Nai dang bj 6 nhiém nghiém
trong do cdc hoat dgng phat trién kinh té - x4 hdi ctia con ngudi gy ra. Diéu nay da va
dang anh hudng xéu dén mai trl.rbng song trong khu vye. Vén de csp béich dit ra hién nay
trude céc nha chuyén moén va quan 1y & lam thé ndo dé han ché va giam thiéu tinh trang 6
nhiém mbi trudmg nirde tai cc luu vire trén,

Mot trong nhimg phwong phip duge sit dung phé bién hién nay phuc vu cho viée
gidi quyét cdc vén dé 6 nhidm 1a phuong phap mé hinh toén. Tuy nhién, d¢ m6 phong va
tinh toan chinh xdc dién bién céc qué trinh héa-sinh-ly trong h¢ théng séng doi hdi viée
md phong va tinh todn ché do thiy vin thiy lyc trong h¢ thong song dé phai ¢6 d§ chinh
xac cao. Dy ciing chinh la nf,’u dung chinh trong nghién ctru ndy, Dya trén nhiéu tiéu chi,
cac tinh todn mé phong ché d§ thity vin thiy luwe phuc vu cho viéc tinh toan chit lwong
nude trén 3 Tuu vye séng duge xdy dyng trén md hinh MIKE1] cda Vién Thay lyc Pan
Mach (DHI).

Trong khudn khé bai bao nay, khéng thé trinh bay hét nhitng khia canh khéic nhau
ciia cée luu vire song trén ké trén, chi tiét cdc dac dlgm va khia canh nay dm;m trinh
bay trong [1]. Bai bdo chi yéu lﬁp trung vao phuong phdp ludn va cic két qua thu
duge nham dua ra mdt cai nhin khai quéat vé ché 49 dong chay mua kiét tai cic khu
vire trén.
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Day/Nhug Sub-basin Catchmen! Area
= ] 1 4 | '-:*-
(NIRRT
Hinh 1.1: Luu vire séng Nhug-Day Hinh 1.2: Luru vuc séng Cau
CHL Bisl q.J‘I,-.

o ]
Fim e o s
A grrted hune MG

Bim 1 g
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Hinh 1.3: Luu vue séng Sai Gon-Déng Nai
2. Phuong phap mé phong

2.1. Phiecong trinh co' ban

Dong chéy trong séng ngdi ty nhién duge mé phang trong md hinh MIKE11 bang hé
phuong trinh Saint-Venant [8], bao gom mot hé hai phuong trinh vi dao ham riéng phi
tuyén dang hypecbolic, di kém véi mot sb gia thiét [3,7],
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1. Phuong trinh lién tuc:
a0 o4
. LN
ox ot
2. Phuong trinh dong hrong:
QI

ot dx dx C°AR
Trong do:
(: Luru lugng (m'/s)
A: Dién tich mat ciit (m®)

q: Luu lrgmg nhép luu trén mot dom vi chiéu dai doc song (m'/s)

C: Hé sb Chezy [7].
a: Hé 56 sira chira dong lugng.
R: Ban kinh thuy lyc (m)

2.2. Phuong phdp giai hé phurong trinh Saine-Venant

al -
30 [“ A)+3Aaa—~h+gQ]Q]=D

Hign nay, vige tim nghi¢m giai tich cho hé phuong trinh Saint-Venant van chira thue
hién duge. Phuong phap pho bién nhét dé tim nghiém gan ding cho hé phuong trinh nay d6

la phuong phap sai phin hiru han.

Bing giai tich toan hoc, chimg minh dugc rang hé phuong trinh Saint-Venant s& cho
nghiém duy nhét [8] khi co ddy di chudi sb liu theo thii gian tai cic bién tinh todn va sb
ligu cho diéu kign ban ddu. Hon nira, nghiém thu dugc cia phuong trinh nay sé on dinh hon

khi sb liéu bién trén 14 luu lugng con bién dudi 14 mye nude,

MIKE 11 giai hé phuong trinh Saint-Venant dia trén lrge dé sai phan dn 6 diém
Abbott-lonescu dan xen giira cdc diém nat Q (lwu hrgng) v& H (myrc nuéce). Chi tiét van dé
sai phdn héa hé phuong trinh Saint-Venant c6 thé tham khao tai [2,4]. Sai phin hoa hé

phuong trinh Saint-Venant theo cong thirc:
Phuong trinh lién tuc:

::]I + :+I o Q::!I + Q;-l
0, 2 2
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5 prlid o L
2 o o
o [“7] {“?}
- 41 =1

ax A2x y

(st +h) (S +h)
Oh 2 2
ox A2x

!

Chuyén vé va rit gon thira s chung, thu duge phuong trinh viét dudi dang rit gon:

4l m+l .
@, J-l+ﬁ1h.: +¥) J+1""6j

r hJ'H'l + LEe| 4 n+]=§
Phuong trinh dong luong: 7 /™ ﬂJQJ :"Jhﬂl J

Phuwong trinh lién tuc:

Viét ddy di, xen k& cic phuong trinh trén tai céc vi tri khong gian va thoi gian lién
tiép nhau, ta thu duoc mdt hé phuong trinh ma trdn 3 duémg chéo voi s6 an va sb phurong
trinh béng nhau (tdy thude vao hé théng song va budc thi gian). H¢ phuong trinh duge
gidi trong MIKE! 1 bing thudt toan khir dudi (Double Sweep Algorithm) [5,6].

3. Ap dung md hinh MIKE11 mb phong thiy lwe 3 lru vye séng

3.1. 56 ligu yéu ciu

$6 liéu cin thiét ding cho mé phéng bao gém:

a. 84 liéu dia hinh: Dia hinh long séng duge da vio md hinh thong qua céc gia tri
mit cét ngang, doc theo cc doan séng va khoang cdch giita céc mat cit. Trong nghién ciru
ndy, sir dung mat ct nguyén ban dwge thu thip tir nguodn tin cdy la cic co quan chirc nang
thudc BO Tai nguyén va Mdi truémg va mdt sd b nganh khic.

Danh séch mat ¢t cic hé théng sdng duge néu trong bang 3.1:
Bang 3.1: Danh sich mat cit 3 h¢ thong song

| Song Chu | Song Nhug-Diy " Séng Si Gon-Ddng Nai |

| Tensong | Sm +_ Tensong | Some | Tensong | Some |
SongCau | 53 Sang Déy 67 Song Dang Nai | 26
Sbng Thuong | 32 . _éhngﬁﬁqe N 4 | _s;e.ng Séi Gon- J 16
Song LucNam | 15 Song Do Lo SongNhaBe 8
Song caLd : ‘| .éﬁng Hong 89 | Song L-qmg Téau 2

- |
| i
1 a

e e e AR R — I —t

Song Hoéing Long _} 14 T.
| Song Pudng | 3 i

b. Diéu kién ban déu: Didu kién ban du dugc thu thip tai cac tram do c6 s0 ligu, trén
cor s d6 duge ndi suy cho céc nit tinh todn con lai trong hé théng song. Diéu nay it nhigu
dén dén sy sai khdc trong tinh toan, tuy nhién &nh huong cia diéu kién ban dau s& duoc loai
trir sau mot so budce thai gian,
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¢. Dieu kién bién: Diéu kign bién bao gdm sd ligu luu lwgng ding lam bién trén, sb
liéu mue nrée (mbe quic gia) ding ldm bién dudi, hi¢u chinh, va ki€ém nghi¢ém mé hinh.
Danh sach cac tram thiy van co so liéu dugc sir dung trong bai bao néu trong bang 3.2

Bang 3.2: Danh sach cdc tram thiy viin sir dung

 Séng Chu Séng Nhug-Diy  SongSai Gon-Ddng Nai |
| Tentem | Sing | Tenvem [ Sing |  Temwam | Sing |
Thic Hubng (QH):  Cdu ~ SonTay(QH) | Héng |  Binh Phudc(Q) | Sai Gdni
Dip Cau(H) | Cdu  Lién Mac(QH) | Héng | PhiAn(QH) | Sai Gon |
Chil (Q) Luc Nam  HANGI (QH) | Hing | HéaAn(QH) ;Drﬁngh’_m,
Lyc Nam (H) | Lyc Nam Phi Ly (H) Dy CétLai (QH) | Déng Nai'
PhaLai(H) | ThdiBink BaTha(Q) | Dy Nha B (QH) ' Ding Nai
Chu Son (Q,H) - Thwong ~ Nhu Tén (H) | Dy ' Vam Sat (Q,H) Nh::iﬂé
Tii';“l‘:?i} Thuomg  Thugng Cit(QH)  Dudng : Tam Thon Higp (Q.H) | Long Tau,

i . | : i
- Hung Thi (Q.H) | Hodng Long | | _ 5

3 ! |
Gian Khiu (H) ' Hoang Long |
Nam Binh(H) | Hdo '

3.2, Tinh todn mé phong thuy luc

~ Ni dung tinh toan mé phong thily lre duge tién hanh sau khi di thu thap ddy di cic
s 1iéu cin thiét phye vu cho ndi dung nay. Muc tiéu chinh ciia cong téc nay la tim ra mt
bg théng sb thiy luc phil hop trén cdc lru vire sdng théng qua viée hiéu chinh va kiém
nghiém mo hinh tir cic s6 liéu thue do thu thip dugc.

Théi gian mé phong chii yéu tdp trung vao mua kiét, thb'_i diém muc nudc trong séz}g
ha thip. Do vdy, mirc dd phii hop ctia ndi dung higu chinh kiém nghiém mé hinh chi yéu
dirgre ddnh gia qua chi tiéu Nash-Sutcliffe [9]:

i:[thJ _Qmw ]1
Rl=]-

i[gﬂw-* it Qﬂh#]l

i=}

3.3. Két qua

Bang 3.3: Thi gian higu chinh va kiém nghigm md hinh thay lyc

L _E_Iﬂ.lwi e i Thii gian hiu chinh Théri gian kiém nghigm |
Séng Céu L 01/01/2003 - 31/12/2003 01/01/2005 - 31/12/2005 |

Song Nhué Day IF 011998~ 31/05/1999 |  O1/11/1999 - 31/05/2000 |

 Song Ski Gon-Ddng Nai | 010172005 - 31/052005 ihmm&_ -31/12/2004 .

Két qua tinh todn, md phéng ché do thity lwe dirge thye hién tai céc thi khodng nhu
néu trong bang 3.3. Thoi khodng trén duge lya chon duya trén nhimg tiéu chi so lidu (i) dong
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bo; (ii) lién tue; (iii) cép nhap nhat,...

Do khuén khé bai béo ¢6 han, nhém tac gi khong thé hign hét cac két qua tinh todn
bing hinh anh va db thj, chi dua ra mgt s6 hinh nh tiéu biéu. Chi tiét két qua nghién ciru
tham khao thém tai [1]. MGt s0 két qua tinh todn tai céc vj tri hi€u chinh ki'lm nghiém md
hinh thity lirc dwroc trinh bay trong hinh 3.1 va bang 3.4

s | O mmmERRSR | B0
' I i
E: ; ! !'gﬁ \ i
- : 'nd '1 H
f ';' " Nv 1U FL' 113
M Attt Wy
E | [N W
e i R A T ) e I O SO O 2. S B
Két qua hiéu chinh myc nuéc tgi Dap Ciu | Két qua kiEm nghigm mue nudéc tai Dép Céu
tir 01/2003 dén 12/2003 tir 01/2005 dén 12/2005 !
KT . o i .I. . JFE:E ! L ER . i .--.=T-—--.- ' ] i-.l.-'-"?z fin i

i : ,[ I-‘E’.‘ . . I.[*_;‘.::

; || I

|
|
c: /T At T . ¢
Ih " . A L] s - -
A A i Yok o M T\v:aiwsh,;\h_“_,w:d‘ AI’EI
! 1 h i : y ) ! ! ar i i ]
3 A W e AR izl il

e = -:-::.-

-[.m : P -Et_k-‘u“f i
L e e : e -
- Két qua higu chinh muyc nwde trén tai mt 56; Két qua kiém nghiém mue nudc trén tai mot
vj tri trén lru vire song Nhué Day 50 vi tri trén hru vire sdng Nhug Day
! tr 11/1998 dén 05/1999  tir 11/1998 dén 05/1999
5 " N | T
28 T
' | ! "1 o N 2 e
| el /Y v
f ll.! | l'll T | ‘ |
{f 'fl.:::hnt L
i \ |
V i J !
s i l: . — e

Két qua hiéu chinh myc nudc tai Phi An | Két qué kiém nghigm myc nudc tai Phi An
tir théng 01/2005 dén 05/2005 thang 12/2004

Hinh 3.1: Mét sb két qua hiéu chinh va kiém nghiém m6 hinh thuy lye
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Bang 3.4: Két qua higu chinh va kiém nghi¢m md hinh thiy lye

Hé sit Nash-Suteliffe Hé sb Nash-Sutcliffe

Liru vue | Tén tram "
higu chinh (%) kiém nghigm (%)
Pap Ciu 99.1 96,4
Song Ciu Pl Lang Thiduig 98.6 - 962
! ! l .
Lyc Nam ! 99.0 | 938
Ha Noi ’ 96.9 98.0
Phii Ly - 88.1 ! 84.0
Sing Nhug-Day |
Hi Bong 60.0 46.1
Gidn Khiu 95.2 96.1
Cat Lai 83 i 83
- |
' Sing Sai Gon-Ding Nai Nha Bé : 91 | 94
' PhiAn | 80 82

Két qua hé sb nhim thu dugc trén cic song nghién ciru c6 gid tri trung binh tir 0.03
dén 0.055, hé s6 nham néy néi chung twong ddi cao do thoi gian tinh toan trong mia Kigt.
Nhin chung, cdc gid trj tinh toan myc nudc thu duge trang khop khi tot voi céc gia tri thue
do phin bo doc cac hé théng séng. Tuy nhién, két qua tinh todn thu dugc con chua cao tai
mot sé tram hiéu chinh, dac biét la két qua tinh todn @i tram Ha Dong. Két qua nay cd thé
giai thich do tram Ha Dang khong nam trong Mang lusi tram quoc gia cia Bo Tai Nguyén
va Méi trudng nén sb ligu thu thap tai tram khong c6 durge d§ chinh xdc cao. Hon the nira,
mat cit sir dung rén sdng Nhugé do dac céch ddy da lau nén d§ chinh xac da giam di nhiéu,

4. Két luin

Song ngoi dong vai trd rit quan trong dbi vai phat trién kinh té xa hdi trong cdc luu
vire song. Hién nay, chét lugng nude trén nhing I vire song ké trén dang xudng cdp
nghiém trong do chiu nhiéu &p Iy tir cac hoat déng dan sinh kinh té. Nghién cu ndy dua
ra mdt cai nhin téng quat vé ché do, dién bién thily lyc trén cac dong sdng thudc cac luru
VUIC Nay nham lam co s6 cho vin dé mb phong tinh todn chét lugng nirde tai do.

Tir nhimg két qua nghién ciru trén, ¢ thé thiy ring m6 hinh MIKE11 c6 kha ning md
phong kha tét dong chay khong én dinh trong song, thim chi cd khu vire anh hudng tricu.
Bén canh nghién ctru ndy, cin nhin rgng viée (mg dung md hinh MIKE! | trén cdc song
khac nira.
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MOT SO PHUONG PHAP PIfU HANH HO THUY DPIEN HOA BINH
VI MUC TIEU CHONG LU HIEU QUA CHO HA LUU SONG HONG

TS Trian Hong Thai
Vién Khi wong Thuy van

Tdém tdt
Véi tdi hwgng 115-117 1 m hang ndm, séng Héng déng mdt vai 1ré rdt lon
trong cudc séng cua 20 triéu ngudi dan song trén khu vic ha hac séng Héng ké ca vé
madt tich cuc, ciing nhw mdr tiéu cic. Trong nhiing ndm gdn ddy (1971, 1996, 2000,
2005) ching ta lién tuc ghi nhén duge nhitng con lii gdy hdu qud nghiém trong vé
con nguai va vét chat. Chinh vi vdy, viéc chong lii cho song Héng la mét nhiém vu
vé cilng quan trong. Trong bai bdo nay, chiing téi dé xudt moét phweng phdp tiém
can méi dé tim ra co ché diéu hanh hd thuy dién Hoa Binh mdt cdch hiéu qud voi

muc tiéu chéng lii cho ving ha lhuu séng Hong.

1. Gidi thiéu chung
Trong bai bdo nay, véi muc tiéu cubi cing 1a fim ra duoe phuong phép diéu

hanh hé thuy dién Hoa Binh dé ch6ng 10 cho ha luu song Héng mot cich hiéu qua,
nhiing cong viéc cu thé sau di duge thyc hign:

1. Thiét lap mot bo phan mém mo hinh hé thong song Héng thoa man cic yéu
ciu: chinh xdc, 6n dinh, chay nhanh, va c6 thé két ndi than thién dugc véi cdc
bo phin mém khéc.

2. Xay dung bo phin mém uéc lugng cdc thong st con thi€u clia hé thong song
Héng (do khé hodc tham chi khong thé do dac chinh xde, vi du nhu d6 nhdm
long song, do doc ddy song, v.v.).

3. Dua trén mo hinh hé thong song Hong méi xay dung v6i nhilng thong sé cla
16, chiing t6i thiét 1p b todn diéu khién 16i tu v6i ham muc tiéu 1a chéing
16 & lwu vie song Hong. Bai todn ndy duge gidi mot cdch hiéu quéd bing
phuong phédp “Ban nhiéu ldn tryc dién™ (Direct Multiple Shooting Method)
duge hién thuc trong bo mi nguén md MUSCOD-II (IWR, Heidelberg).
Chiing t6i dé xufit phuong én diéu hanh tryc tuyén (Online Control) hé chia
Hok Binh v6i k¥ thuat diéu khién bing mo hinh du bédo phi tuyén (Nonlinear
Model Predictive Control), d€ gidm thiéu dinh Iii tai HA Noi bdng céch diéu
khién luu luong nudc tai ddu ra cba hé chira Hod Binh.

Hiu qua va tiém ning clia phuong phdp diéu hinh hé chita Hoa Binh trinh
bay & trén duge thé hién khi dp dung cho mdt vi du cu thé véi s6 liéu thuc do ciia
mua 18 nim 2000.
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Héi nghi bhoa hoe Cong nghé dir bdo v phaee vi
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2. Mo hinh hé thong séng Hong

Trong phén ddu tién cba bdo cdo nay, ching 16i x&y dung mod hinh cla hé
thdng sbng Héng v tigu chi 1a mé phong duge méi quan hé todn hoc gifta luu
lugng nude tir cita ra hé Hoa Binh chiy vao hé théng séng Héng vA muc nude tai cic
diém doc theo song Héng, vi du nhrr mue nude tai Ha Noi. Chiing toi khong quan
tam nhiu dén sir thay d6i muc nude wén song Hong theo céc phuong khic. Chinh vi
viy, hé phuong trinh Saint-Venant mot chiéu di duge lua chon dé mod phéng he
théing song Héng.
2.1. Hé phuong trinh Saint-Venant mét chiéu

He phuong trinh Saint-Venant mot chiéu bao gém hai phuong trinh vi phan
dao him riéng phi tuyén bic mot dang Hyperbolic sau:

Phicong trink bdo toan khot liomg:
Q=0 _ . q

A(x p(x1)) A (x Mx1)) (1)

¥ (x,0) =

Phuomg trinh bdo déng lugng:
| (x,1 x,1
== Iiﬁflﬁ:r}l Relse [ A(E[ytn] m) i @
— gA(x, y(x. Oy, (x.0) + 5 ,) + qu
Trong do:
- X [m] va t [5] 1a cdc bi€n khong gian va thoi gian,
= QUx.t) [m’s™ Jva y(x,1) [m] la cdc bién trang thédi clia hé, & day 14 luu luong
vd mue nude tai diém X va thii gian t,
- A(x¥(x,0)) [ m*] 1a dién tich mat cét tai toa d6 x va théi gian t,
- u [ms™'] 1 vn t6c cha dong chiy,
S, - h¢ s6 nhdm léng soéng, duge tinh bing cong thic Manning:

- i’%ﬂg',vﬁ C, 14 hé 56 Manning va R 1a bén kinh thu3 luc.

- g 14 gia 16¢ roi tr do, phu thudc vao vi tri theo ddi. & trén soéng Héng, ching
ta thuémg chon g=9.8 ms~?,

- q [m*s™'] 1a lvong nuéc chiy tran vio lang song Héng trén 1 don vi chidu
dai va trong 1 don vi thii gian.

Dua vio cdc két qua nghién cifu cia Tveito [16], Morton [10], Ames [1], va
Sleigh et al. [14] ching ta thdy ring h¢ phuong trinh Saint-Venant trén c6 nghiém
duy nhdt khi va chi khi:

- Ciic thong s6 ctia hé duge xdc dinh,

Trung tam Dy bdo Khi twgmg Thuy vdn Trung wong 46



Hoi nghi khoa hoe Cang nyhé di bdo vd phuc va dy bdo KTTV dgn VI, 2005
- 1491

- Piéu kién ban ddu dugc cho trude, nghia la gid i cia bién trang thédi Q(x.1)
va y(x,0) tai thisi diém ban d4u img v6i moi gid tri cia toa do x phai duge cho trute,

- Diéu kién bién phdi duge xdc dinh hop 1y: d€ c6 nghiém va nghiém dé la
duy nhat, chiing ta cin | diéu kién bién trén (Q hodc y) va mét diéu kién bién dudi
(Q hodc y). Trong nghién ciu ndy, ching 10i ¢6 gid tri Q lam diéu ki¢n bién trén va
y lam diéu kién bién duéi,

- Diéu kién ban ddu phii twong thich véi diéu kién bién.

Céc thong s6 cdn xdc dinh clia h¢ phuong rinh Saint-Venant 1 chiéu 1a A, R,

gva C,:
- Vi cdc s0 litu dia hinh cba he thong song Héng dugc do dac nam 2000 , chung ta
¢6 thé xdc dinh dugc dién tich mét cit A cling nhy chiéu rong cia sOng wong tng
véi 40 cao y tai cdc diém toa do x khic nhau. Va nhu vay, cdc thong s6 dia hinh nhu
A, R duge xéc dinh.

Lugng nuéc chiy thém vio song q bao gém cdc nguén nudc sau: mua, bay
hoi, nuée sir dung, nude ngdm. Nghién ciru vé can bing nude tai Viét nam do Trinh
Quang Hoa vi nhém cong tdc vién thuc hién [] cho thay trén 1 don vi chiéu dai song,
g =6.10"[m's"], nghia la réit nho s véi luu lugng nude trén song Hong, vi du tai
Ha N6i @ =3.10" +9.10" [m’s™']. Chinh vi vay, trong khudn khd bdo cdo nay, ching

t61 bo qua dai luong q.
Heé s& nhdm Manning C, 1a mot thong s6 quan trong quyét dinh d¢ chinh xdc

clia m6 hinh ddng chiy trén song. Day la dai luong bién déi theo luu lugng nuée va
diéu kién dia hinh tai m&i doan song. Chinh vi vay tai méi diém toa do x, vio mbi
thisi diém thoi gian t ching ta lai ¢d nhitg gid tri C, khdc nhau. Viéc ude lugng C,

bing phuong phép thi cong dua vio kinh nghiém ctia cdc nha thuy vin hién nay
khong dua ra dugc két qua di do tin cdy. Trong chuong sau cia bdo cdo nay, ching
16i trinh bay mot cich 1i€p cin méi dé xdc dinh cic thong s6 chua bigt cia m6 hinh
mot cich hiéu qua v&i do tin ciy hop ly.

Trong muc sau clia bdo cdo, ching ta nghién ciru vé phuong phip giai hé
phuong trinh Saint-Venant.
2.2. Phuong phdp giai hé phwong trinh Saint-Venant

Trong trudng hop téng qudt, hé phuong trinh vi phin dao ham riéng dang
Hyperbolic néi chung va Saint-Venant néi riéng khong gidi duoc bing phuong phép
gidi tich. Chinh vi vy, phuong phdp s6 hod véi cdc luge d6 rii rac khic nhau
thudng duoge dp dung dé mo phong cdc dong chdy trén séng. Trén thyc 1€, da c6
nhiéu phin mém mo phong dong chiy trén song duge hién thuc dya trén co sd [a cdc
Trung tam Dy bdo Khi tiegng Thuy van Trung weng 47




Héi nghi khoa how Cong nghé dir hdo v [Jfriri1ﬁ'_232l&0 KTTV ldn thip VI, 2005

phuong phép s6, vi du nhu: VRSAP (Vietnam River System System and Plains)
dugc Gido su Nguyén Nhu Khué (1978); WENDY va RIBASIM duge xay dung 1ai
Delft Hydraulics, Ha Lan; MITSIM duge xdy dung tai Pai hoc Cong nghé
Massachusetts (1977-1978); MIKE dugc xiy dung DHI Water and Enviroment, Pan
Mach. Uu diém ciia cdc phin mém nay la: (1) da sin c6; (2) dua ra nhimg két qua
m6 phong dong chiy trén song v6i dd chinh xde chap nhan duge; c6 giao dién than
thién. Tuy nhién, bén canh nhimg wu diém, nhing phdn mém nay c6 nhing han ch&
sau: (1) nhimg phdn mém ci, vi du nhu VRSAP khong tinh duge nhimg doan sbng
16n do han ché vé cép phét bé nhd; (2) nhimg phin mém mdi duoge xiy dung, vi du
nhu MIKE. thi da bi thuong mai héa, va do viy khong c6 ma nguén md. Diéu nay
din dén viec kh6, tham chi khong thé lién két duge véi nhitng phdn mém khéc, vi du
nhit cde phdn mém 16i wu hay cc phin mém xéc dinh thong s6; (3) nhing phén
mém ndy dua trén phuong phép s6 v&i bude tinh theo thdi gian va khong gian c6
dinh. Cdc bude tinh nay duge chon trude khi qué trinh tinh todn bit ddu va bi gidi
han béi diéu kién én dinh CFL [1]. Chinh vi vay, budic tinh theo thai gian phai chon
Al nhé, v hé qua 1a thai gian tinh todn s& lon,

Véi mong muén khic phuc nhimg han ché trén va c6 duge mot bd phin mém
mo phong dong chdy trén séng mot céc higu qua, tudn thi nhing yéu cdu: (1) chora
két qui mo hinh véi do chinh xdc cao; (2) chay nhanh; (3) c6 thé d& dang két hop
véi cdc phdn mém khde, vi dy céc phin mém ti wu, x4c dinh thong s, ching 10
da dua ra mot gidi phép hiéu qud dé gidi hé phuong trinh Saint-Venant bang phuong
phdp s6 véi k¥ thudt diéu khién budc tinh tai cdc nit tinh todn. Céc budc co ban nhu
sau:

» Diing phwrong phép dudmg tuyén tinh (Method of Lines) dé roi rac hé phuong
trinh Saint-Venant theo truc khong gian. Nhu vay, h¢ phuong trinh gdc clia
ching ta s& bi€n déi thanh mdt hé gém nhidu phuong trinh vi phin thuimg
véi céc rang budc dai s6 (chiing ta s& goi la h¢ phuong trinh vi phan dai s6 -
Differential Algebraic Equation (DAE)).

» Ding phuong phép tich phan da bude tinh (Multistep method), cu thé 1a
phuong phip Cong thic tinh dao hiam ngugc (Backward Differentiation
Formulae -BDF method) d€ rési rac hé DAE theo truc th¥i gian. Qud trinh nay
s& bién d6i hé phuong trinh clia ching ta thinh mét hé phuong trinh dai s6
phi tuyén. Phuong phdp niy duge hién thuc trong mé nguén md DAESOL,
dugc phit trién tai Trung tim tinh todn khoa hoc lién nganh IWR, thanh pho
Heidelberg.

» Dung phuong phip Newton dé giai he phuong trinh dai s6.

Céc nghién ciru cla chiing 16i va ctia cdc nha khoa hoc di truée  [2.3,15]
di chi ra ring phuong phép do ching t6i dua ra dé gidi h¢ phuong trinh Saint-
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Venant sé cho két qua 6n dinh vi hoi w dén nghiém thuc cia h¢ phuong trinh.
Trong khuon khé bio céo niy, ching 161 s& khong dé cap chi ti€t dén cdc chimg
minh nay, ma chi ©6m luge céch hi¢n thye chiing trong thyc €.

a. Phutong phdp dwomg tuyén tinh

¥ tuomg chinh ciia phuong phép dudmg dinh hutng 4p dung trong bdo cdo
nay la chia doan song cdn tinh todn ra thanh nhing phdn nho va tinh xdp xi dao
ham riéng cila bién trang théi d6i véi x tai cdc diém roi rac, Két qué cha cdc nghén
ctfu ciia Schiesser [11,12] chi ra ring c6 nhidu lrge dé x&p xi dao ham cla bién
trang théi ddi véi x phi hop véi timg loai phuong trinh khéc nhau, cdc tinh chit vat
1y chia cdc d6i tuong mo phong khdc nhau. Schiesser ciing dd hién thuc céc Routine
bing ngon ngi lap trinh Fortran c6 thé 4p dung cho hé phuong trinh vi phan dao
ham riéng dang hyperbolic, vi du nhu:

Routine DSS002 dya trén luge d6 x&p xi trung tam ciia 2 diém tinh,

Routine DSS004 dua trén luge do xdp xi trung tAm cua 4 diém tinh,

Routine DSS020 dufa trén luge d6 xép chi ¢6 tinh d&n hudng dong chay,
etc.

Céc thue nghiém trén mo hinh chi ra ring v6i viéc ting s6 diém tinh khi xdp
xi dao ham bac 1 theo phuong X, chiing ta sé gidm duge hi¢u tng bt én dinh cua
nghiém s6 khi bién trang théi thay déi dot bién. Tuy nhién, d6i véi mod hinh dong
chiy trong dong song, cic bién trang thai 12 lwu lugng va muc nuée thuimg khong
bign i dot ngot. Do dé khong c6 su khéc biét 16n & k€t qua mo hinh khi dp dung
cic lwoe d6 xdp xi khdc nhau (xem [15]). Dé dat yéu céu vé téc do tinh todn cua md
hinh, chiing t0i chon luge do don giin nhét 12 Routine DSS002.

b. Plucong phdp tich phan da budc rinh

Sau khi duge roi rac theo phuong X, phuong iinh Saint-Venant véi cdc diéu
kien bién va diéu kign ban ddu tong (ng bién déi thanh hé phuong trinh vi phan dai
56 va c6 thé bifu dién dudi dang tdng quat sau:

Y VvV VY Y

At y,z,p)y = ft,32,p), (3)
0=g(t,y,z.p), (4)
Y{Iq} = Yo+ z(t,) =2, (5)

a day:
o telt,t,] labién thoi gian,
o ye®R’vazeR"Iacic bién trang thai,
e pe@R™Ilathéng s0,
o ARxA"xR” > KD, L RxRT KR — R, g RxR" xR oy, T
| cdc him sé véi mzd >0, n, 20,
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Chiing ta gia thiét ring cdc diéu kién sau duoc tuin thu:
e Ham s6 A, f, vi g ¢6 dao ham lién tuc déi véi bién théi gian, ciing nhu d&:
v bién trang théi va cdc théng sd,
e Ava g lacédc matrin thudng va cé dinh thire khic khong,
¢ Diéu kign bién va diéu kién ban ddu phai wong thich véi nhau.
Khi dé, h¢ phuong trinh (3)-(5) ¢6 thé gidi duge bing phuong phdp BDF véi

k budc tinh. ¥ tuémg chinh ctia phwong phép nay 1a x&p xi y bing cdch noi suy y,,,
y tai budc tinh (n+1) dua trén gid tri coa k, gid tri di tinh dugc clia y:

]
A{ln-l l-vrl-ri |z,.+|- P}*zaiynl--i g f(‘fﬂl‘ymi’ In-tlpj
fuill

Bllasis YarisZp0s P) =0,
h 1a bude tinh.

He phuong trinh dai s6 nay c6 thé gidi duge bing phuong phip Newton, &
day, chiing t6i chi so luge nhimg ¥ chinh cia phuong phép s6 dé gidi mot hé phuong
trinh vi phin dai s6 v s6 chiéu 16n, Nhimg thong tin chi ti€t hon ¢é thé tim duce
trong cac k€t qua nghién ciru cia ching t6i da duoc cong bd trude day nhu [2,15].
¢. Ky thudt di¢u khién buge tinh va bdc cia phuong phap BDF

Doi véi phuong phip BDF bic k, sai s& tinh todn tai m&i bude tinh 6 thé xdp
xi theo cong thirc sau:

'El- [H‘} = p{'tpu-l = ru }1 ["# = "nu—.' ]"'(‘rm-l == r|u1—.l )b{flﬁl 1“"}{“‘—3 ]|
Vai p <1 va khong phu thude vio bude tinh.

¢ nuit tinh ti€p theo n+1, bude tinh duge tinh theo cong thire
1

-

— B T N i
R & 1 (s ey s ¢

o day I=k-l1kk+l, I1<6, vi T{a‘L <TOL, vGi TOLla sai s6 cho phép do
ching ta dat ra.

Né&u budc tinh méi duge xdce dinh nho hon hodc 1én hon bude tinh & ndt tinh
trirdic moOt cdch ro rét thi ching ta sé tang hodc gidm béc cia phuong phdp BDF. Néu
khéng, phuong phép BDF sé€ gilt nguyén bic cil.

V@i bude tinh méi duge xdc dinh, ching ta tinh sai s6 E, (n+1). Néu sai s6
nay nhd hon sai s6 cho phép TOLthl buée tinh méi ndy duge chdp nhan. Trong
trudmg hop nguge lai, chiing ta sé phai giam budc tinh thém.
 Ghi chu: K5 thudt diéu khién bude tinh va bdc ciia phuong phép tich phan cho
phép cliing ta giol han dige sai 56 1ai méi niit tinh todn. D6 1a mér wu diém ndi bét
ciia phuong phdp ndy trude ede phiong phdp véi budce tinh ¢d dinh. Chinh vi diéu
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dé, phuong phap BDF dicge thuc hién (rong md nguén mad DAESOL vdi ky thudt
diéu khién béc va buic tinh ld mét cong cit rdt higu qud dé mé phong hé phuong
trinh Saint-Venant.
2.3. Xdc dinh cdc thong 50 cia hé thong song Hing

Nhu chiing 10i di trinh bdy trén, gid tri cha céc thong s6 ciia hé thong song,
ma vi du cu thé & day 1a he <& phim Manning, anh huing 14t 16n dén két qua tinh
todn. Do gi6i han va muc dich cia bdo cdo nay, ching 61 chi trinh bay so luge ¥
wémg ciia phuong phdp chung dé xéc dinh thong s& bing phuong phép 16i W,
Nhimg thong tin chi {iét va cdc (mg dung cu thé vao cho hé théng song Héng c6 thé
tham khao trong céc cong b6 trude day cha ching 101 [15].

Chiing ta ky hiéu bién trang théi clia mo hinh 12 w Va 2, la s6 litu do dac

ciia céc bién trang théi k, véi ke M™ (M~ la tap hop clia céc bién trang thal mi chc -
két qui do dac dugc ding 1am s liéu diu vao cho bii todn xdc dinh thong s@) tai
theri diém £, = Lot ) - 03 day, n,, 1as6 diém do theo thin gian.

Néu chiing ta k¢ higu «"' (1w p)la mo hinh phan héi ctia phép do z,,. Khi
dd:
z, =u'"'(t, W p) + 8y =hently
3 day, z,1a sai s do dac, thutmg dugc gid thiét 1a phan b6 chudn véi 40 sal
lech chudn oy, . Khi dé, bai todn cua ching ta la xdc dinh théng 56 p dé ket quimbd -
hinh tring sét vdi két qua do dac:
. % 2
D

T
le *EM“"-—.LHH i

Sao cho hé phuong trinh mo hinh duoe thoa man, Trong bii todn cia ching 12,
phuong trinh Saint-Venant phii dugc thoa min cing cdc diéu ki¢n bién va diu kién
ban ddu twong Ung.

Pay la bai todn binh phuong (6i thi€u c6 rang budc Vi s6 chiéu rdt lén do
k&t qui ciia vigc rii rac phuong trinh md hinh theo truc khong gian va thiri gian.
Theo ghi nhan ciia ching 161 khi mo hinh hé thong song Héng, s6 phuong trinh rang
budc 1&n 161 hang nghin (xem [15])- Bii todn xdc dinh thong s6 cho hé thong sOng
Héng c6 thé dugc giai bang phuong phip Gauss-Newton mé& rong do Bock [3,4] va
Schloeder [13] gidi thidu va hién thye trong bo phdn mém ma nguén md PARFIT
bAng ngoén ngit Fortran (Ca s¢ todn hoe ciia phuong phép nay xem tai [3,4.5,13.15].
Phuong phdp Gauss-Newton mé rong c6 ciic dac tinh:

+ Dang d¢ giai bai todn xdc dinh thong s6 cho mo6 hinh ¢6 rang bubc béi bai

todn c6 diéu kién bién,
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¢ dp dung ky thuat ban nhiéu ldn (Multiple Shooting Method) dé gidi bai
todn c6 diéu kién bién nham tang khi nang hoi tu t6i nghiém thue va tinh én
dinh cia két qua tinh todn,
¢ C6 nhiing k¥ thuat bién déi ma trén hop 1§ nhim giim déng ké thi gian
tinh toén,
¢ Tinh chét bit bi€n diéu kién ban ddu ctia mé hinh dong chdy trén séng (hé
Saint-Venant) duge khai théc d€ c6 nhimg bién déi phti hop trong viéc bién dédi
cdc ma trén xudt hién trong viéc gidi bai todn binh phuong t6i thiu. Viéc nay
gitip giam yéu cdu vé truy xuflt bd nhé dong va ting tdc d6 tinh todn nhidu 14n
(xem [13,15]). |
Phin mém PARFIT duge ing dung dé xdc dinh théng s6, cu thé 13 hé s6 nhim
Manning, cho hé théng séng Héng. Cac két qua cu thé ¢6 thé tham khio tai cic
cong b cilia ching 16i di c6 nhu [5,15]. Th&i gian tinh todn khong nhiéu, cu thé
Ia dé xdc dinh thong s6 cho todn bg hé théng song Héng v6i téng chiu dii x4p
xi 500 km v&i s6 liéu do dac tai 7 tram do dac trong khoéng théi gian tir 1h00
ngay 15.7.2000 dén 1h00 ngay 15.8.2000, thi cén théi gian 12 51 phat 30.44 giay
(chay trén P-IV, 2500 MHz, 2 G RAM). Gi4 tri ciia cdc thong s6 méi duge xéc
dinh duge thay vio m6 hinh va ching ta chay mé hinh véi cdc théng s6 ddu vio
sau:
+ Diéu kién bién trén: ltu lugng nudc tai cdc tram Hoa Binh, Phi Tho vﬁ
Vu Quang,
¢ Dicu kién bién duéi: muc nude tai Thugng Cat, Triéu Duong, Nam
Dinh, Phii Lé, Ba Lat, va Dinh Cu,
+ Diéu kién ban ddu 13 gid tri muc nuée va vy lugng doc theo song (cdch
xéc dinh xem trong [15]) tai th&i diém 1h00 ngay 15.7.2000
¢ Thoi gian mo6 phong tir 1h00 ngay 15.7.2000 dén 1h00 ngay 15.8.2000
Mo hinh duge chay trén méy tinh cdu hinh P IV, 2500 MHz, 2 G RAM. Thoi
gian cdn dé chay mo hinh 12 30 gi2y (bude tinh theo khéng gian 12 1000 m). Két
qua chay mé hinh dugc so sinh véi két qua do dac tai cdc tram do tuong tng trén
hinh 1.
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Hinh I: Kiém dinh mé hinh véi edc théng s moi duge xdc dinh (mé hinh vs. do dac)

Chiing ta nhin thiy c6 sy tring khdp rét 16t gifra thuc do va két qua tinh todn
bing mo hinh. Thdi gian tinh todn rét {t. Diéu d6 cho thdy phuong phdp s6 duge dp
dung & day cho mo hinh va dp dung thong s6 ciia hé thong song Héng hoat dong rit
hi¢u qud. Mo hinh ndy c6 thé 4p dung trong viéc gidi bai todn diéu khién 16i v,
nhim fim ra phuong phép diéu hanh hé chita Hoa Binh véi muc titu chéng 18. Vén
dé nay s& dugc xem xét & phén 1i€p theo cha bai bdo ndy.

3. Phuong phip diéu hanh hé chira Hoa Binh

Trong chirong muc ndy, ching ta xem xét dé tim ra phuong phép diéu khién
hé Hod Binh mot céch t6i wu véi muc tiéu chéng 10 & ha lvu song Héng. Cic bude
sau duoe tign hinh: (1) trinh bdy mé hinh hé théng diéu hanh hé Hoa Binh; (2) thi€t
14p bii todn diéu khién t6i wu; (3) sof luge vé phuong phép gidi bai todn diéu khién
toi wu; (4) dé dat mot s6 gidi phdp di€u hanh hd Hod Binh.
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3.1 Md hinh hé thong diéu hanh ho chica Hoé Binh
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Hinh 2: Hé théng diéu hanh ho Hoa Binh

Dong chiy trén hé théng song Héng duge diéu khién bdi luu lugng nudc tir
hé Hoa Binh dé viio hé théng song Héng (bién difu khién u). Cdc théng s6 k¥ thuit
ciia hé Hod Binh duoc trinh bay trong bing 1

Number Data Values umit
1 Normal water level 17 m
2 Maximal water level 120 m
3 Flood waiting level B8 m
4 MNormal volume 6.65 billion m3
5 Minimal volume 3.80 billion m3
6 Maximal volume .45 billion m3
7 Number of turbines B
8 Discharge of a turbine 300 m3/s
g Number of upper tunnels 6
10 Discharge of an upper tunnel 2250 mi/s
I Number of upper tunnels 12
12 Discharge of an upper tunnel 1825 m3/s
13 maximal discharge in output 37800 m3/s

Béng I: Cdc thong s6 ky thudt hé Hoa Binh
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Nhiém vu cba viéc diéu hanh hd Ho Binh Ia xdc dinh mot loat hoat déng cho
hé Hoa Binh khi ching ta c6 duge thong tin vé trang théi cla hé, cliia hé théng séng
Héng. thong tin vé cdc dong chdy dén hé trong thin diém hién tai ciing nhy du bio
vé dong chiy dén hé trong 1 khoing thin gian trong twong lai.

C6 2 titu chi diéu hanh hé Hod Binh:
1. Giim 1@ & ha luu sdng Héng,
2. Tang sin lugng dién clia nhd mdy thuy dién Hoa Binh.

Trong khutn khé bio cdo ndy, ching 16 tdp trung vao nhiém vu chéng lil,
nghia 12 tién chi thi nhét duge wu tien. M6 hinh ciia hé thong song Hong di duge
xdy dung & phén trén ciia bai bdo, mo hinh ciia hé chia Hoa Binh va clia bi€n diéu
khién u dugc mé 1 chi 1iét trong tai lidu [15).

3.2. Bai todn diéu khién toi uu

He théng song Héng rdt rong 16n, do d6 viec thiét lap v giai bai todn dléu
khifn 181 wu véi him muc tiéu chdng 11 trén toan heé thong 1i nhiém vu khong kha
thi. D€ gidi quyél khé khan nay, chiing ta s& xdc dinh ti¢u chi ch6ng ld tai mt sO
dia diém quan trong, vi du nhu thanh phé 16n, trung tam kinh t€, vin hod, v.v. Trong
nghién ciu nay, ching 10i tap trung vao nhiém vu chéng 10 tai thit d6 Ha Néi.

Chiing ta goi H 12 muc nudc tai Hi Noi va [rc.,r J,] 14 khodng thii gian xem xét.

Khi d6. tiéu chi dé chéng 1d & Ha Noi trong khodng thdsi gian [r,,f, ] 12
minimize maxH (6)

Mo SUSU IE{I,}JI.i

Véi H thoa min rang budc cia he phuong trinh Saint-Venant véi cic diéu
kién bién va diéu kién ban ddu tuong tng
3.3, Phuong phdp giai

Bai todn t8i 1 (6) véi nhimg rang budc, gidi han wong @ng c6 thé gidi duge
bing phuong phdp bin nhiéu lin do Bock va Leineweber [8,9] xay dung vi hién
thire trong ma nguén md MUSCOD-II - phdn mém d€ giai bai todn 61 wu. Co s
todn hoc vid mo 1 chi ti€t dp dung dé gidi bai todn diéu khién 161 wu cho hé thong
song Héng c6 thé xem trong cdc ti ligu [15]. & day chung 161 s khong di vao chi
ti€t cdch gidi bai todn 181 wu, mh sé di thing vio trinh bay cdc phuong phip diéu
hanh hé chita Hoa Binh, véi gid thiét 1a bai todn 161 wu da duge gial.
3.4. Mot sé phuong phdp diéu hanh ho thuy dién Hoa Binh dé chdéng lit hiéu qud

Ap dung gii bai todn t6i wu (6) cho céc kich ban khédc nhau chiing ta s& cé

nhimg phuong 4n khdc nhau dé diéu hinh hé chia Hoa Binh. Ching 101 s& nghién
ciu 2 phuong an:
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¢ Diéu khién hé Hoa Binh khi du bdo trude duge todn bo thong tin vé
dot 10 dang dén (offline control),
+ Diéu khién hé Hoa Binh tnrc tuyén.

Ching ta s& xem xét hiéu qué va tinh kha thi chia ¢a 2 phuong én trong viée
chéng dot 1 chia néim 2000 véi the ky dinh 10 bat ddu tir ThOO ngay 15.7.2004 va
kéo dai trong 18 ngdy. Muyc nude tai Ha Noi trong thoi gian dinh 18 duge biéu dién
trén d6 thi (4). Myc nudc tai Ha N6i tai thoi gian cye diém 12 11.3 m.
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Hinh 3: Muc nude Ha N§i trong dinh li

Nhu chiing t6i dd trinh bay & trén, muc nuée tai Ha Noi duge diéu khién bai
ham di€u khién u 13 Itu Iuong nude tir hé Hoa Binh d6 vio hé thong séng Héng,

Theo bang théng s6 k¥ thuat ciia hé Hoa Binh, ching ta cé cdc cong cu sau
dé diéu ti€t ham diéu khién u:

¢ 8 tudc bin véi téng luu lugng 2400 m3/s
¢ 12 cira xa ddy v6i téng luu lugng 21900 m3/s
¢ 6 cita xa mat véi téng luu lugng 13500 m3/s.

Tuy nhién, theo co ch& hoat déng cha hé Hoa Binh, cdc cira xa mat chi sir
dung trong c4c trudng hop khin cép, khi ching ta cdn xa nude dé bao vé s an toan
cho chinh hé Hoa Binh. Trong nghién ciru ndy, vdi tidu chi chéng I nhung vin duy
tri san lugng dién, ching t6i gia thiét ring 3 tudc bin véi téng lru lugng 900 m¥/s
luon luén hoat dong. Cong cu d& diéu khién hé Hoa Binh 1a s6 cim x4 ddy, giao
déng tir 0 dén 5, nghia 13 ham diéu khién u s& nam trong gi6i han 900 < u <10025
m’/s.
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3.4.1. Diéu khién 16i wu

&) day, ching ta gid thiét 1a cé duge thong tin vié luomg nurde d6 vé hé théng
song Héng trong todn bo dot 10. Nghia la ching ta 6 ddy dil cdc diéu kién bién va
di#u kién ban ddu ctia mo hinh hé théng song Héng nhu mo té & muc 1.3.

Giii bai todn diéu khién 181 wu v&i ham muyc tiéu (6) va gi6i han clia ham diéu
khién u diroe mo ta trén, ching ta cé duge phuong an didu khién h6 Hoa Binh nhu
mo ta trong hinh 5.
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Hinh 4: Diéu khién 181 wu hé Hoa Binh
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Trong hinh 5, ching ta thdy duge néu ching ta van hanh hé Hoa Binh sao cho
ham diéu khién u bién déi nhu dé thi "Control function”, thi muc nude & Ha Noi
trong mia 10 s& bién déi nhu & dé thi "Level Ha Noi". Ching ta thdy ring, dinh 1@
tai Ha Noi giam tir 11.3 m xudng con 8.9 m. Nghia la li & Ha Noi da dugc gidm it
hiéu qua. Tuy nhién, trong thuc €, véi phuong tign k¥ thuat hién tai, ching ta khong
(hé 6 duge thong tin vé todn bo dot 1 nhy trong kich bin trén. Binh thuémg, ching
ta cé thé du bdo tuong d6i chinh xdc trudc 2 ngdy, vé du bio tho trudic 4 ngay. Do
dé phuong dn diéu khi€n h6 Hoa Binh nhir trinh bay & day khong kha thi. Pé khic
phuc khé khin nay, chiing 16i dé nghi gidi phip didu khién truc tuyén h6 Hoa Binh,
hu s& trinh bay & phin sau clia bai bdo.

3.4.2. Diéu khién truc tuyén
Chiing 16i s& 4p dung K¥ thual diéu khién truc tuyén, cu thé 1a phuong phép
mé hinh di béo phi tuyén (Nonlinear Model Predictive Control - NMPC). Céc budc
chinh nhu sau:
| Tai thisi diém 1 =1,ching ta 4p dung phuong phép da dugc trinh bay trén dé
im ra luoc dé diéu khién 16i wu ho Hoa Binh cho khoang thbi gian [fo,fe +T]

véi céc thong tin dd c6 clia h¢ théng sOng Héng, cy thé 1 diéu kién ban ddu
va diéu kién bien cha hé thong, thé tich hé Hoa Binh va mic nude Ha Noi .
trong thoi diém hién 1ai.
2. 4p dung kich ban diéu khién c6 duge tr bude 1 vio diéu hanh hé Hoa Binh.
3. Tai thisi diém =1, + Al chiing ta cap nhat cdc thong tin méi ¢6 clia hé thong
song Hong, dat 1, =f, + & va lap lai bude 1. o diy A1 < T 12 khoiing théi gian
chiing 1a ¢é duge thong tin du bdo chinh xdc vé dot 1 dang 16i.
4p dung phuong phip diéu khién truc tuyén hé Hoa Binh dé chong dot 10 nam
2000 nhu d& mo ta trén véi T=4 ngdy va Ar = 2ngay, chiing ta c6 duge luge dé diéu
khién hé Hoa Binh nhu trén hinh 6.

Vi quy trinh diéu hiinh hé Hoa Binh nhu vy, muc nude tai Ha Noi s& bién
48i nhy trén hinh v& 7. Nhy ching ta nhin thdy, dinh 18 tir Ha Noi gidm tir 11.3 m
1 9.6 m. Diéu d6 cho thay phuong 4n diéu hanh hé Hoa Binh truc uyén gidp
chiing ta chong 1@ rt hiéu qué, va hon thé nifa, day 1a mot phuong 4n kha thi, phi
hap v6i tinh hinh du bdo khi hau-khi tuong & Viét Nam.
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4. KET LUAN
Trong bao bdo nay, chiing 16i da trinh bay co s& khoa hoc va céc bude céin

thiét 4é c6 duge mot bd cong cy todn hoc phuc vy cho xdc lap mé hinh, Xdc dinh
thong §6, diéu khién t6i uu hé thong song Héng. K& qua cudi ciing cia ching 10i 12
dé xuft mot céch ti€p cin méi dé tim ra phuong an diéu hanh hé Hoa Binh véi muc
tiéu choing 10. Hidu qua clia cdc phuong 4n diéu hanh nay dugc thé hién trong kich
ban chong 18 nam 2000.
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IMPACTS OF CLIMATE{284NGES ON THE POOR IN VIETNAM

Thai Tran Hong, Trung Nguyen Thanh, Tu Pham Minh

Center for Meteorology, Hydrology and Environment Consultancy
Vietnam Istitute of Meteorology Hydrology and Environment

ABSTRACT

Climate change (CC) is a serious risk 1o poverty reduction and threatens to undo decades of development
efforts CC is likely to increase the freguency and magnitude of extreme weather events such as droughts, floods,
and storms affecting environment and livelihood of poor people. The poor is the most vulnerable object 1o the
changes of environment and climate. CC also weakens their resistance to such changes

In this article, we will mention to qualirative impacts of CC o the Pour in Vietnam through some model
researches in some locations where suffered dumages by natural disasters. Some gquolitative assessment tools
are used to ({) show the inter- relation berween CC and the Poor. (i) compare spheres of influence of CC to
different kinds of livelihood in the same research location; (iii) define the mos! effected areas in order 1o support
administrators and policy makers for decision on investment and restoration after happening of natural
disasters.

1. INTRODUCTION

Climate is an important component constitutes globally and regionally environment.
Climate has close relation with nature, socio-economy and environment and directly effected
on global ocean and continent hydrology, edaphology and eco- system. As a result, CC causes
the changes of environment and natural disasters.

According to the report “Poverty and Climate change™ prepared by many organizations,
the Poor is the most vulnerable ohject to the changes of environment and climate.[1]0 Recent
statistic surveys show that Vietnam population is constituted by nearly 22% of the poor
(statistic data in 2006). They mainly locates in highland, remote arcas where have limited
conditions of infrastructure and economic development. Their livelihoods mostly depend on
local and regional eco-systems such as agriculture (70% of population), aquiculture (29
coastal cities and provinces), forest, marsh-land... which are also the most vulnerable subjects
to CC. So, focusing on assessment of CC impacts on livelihood activities of poor people is an
effective approach to assess CC impacts on the poor. The research results not only make
clearly the relation between CC and the Poor, but also are grassroots supporting policy
makers to invest and restore damages [2] caused by natural disasters.

2. PROVERTY IN VIETNAM AND TRENDS OF CLIMATE CHANGE IN
RECENT YEARS
2.1. Poverty in Vietnam
Vietnam is one of the poorest countries in the world. Poverty rate of Vietnam is
significanly high. The poor mainly concentrated in remote areas, high mountain areas and
midland where have limited conditions of infrastructure and health. The distribution of
poverty in Vietnam is shown through the map below. (Figure 1)

As 1t is illustrated, the poor mainly located in the North-West, North-East and Southem
coastal central. The highest poverty rates are presented in the high mountains of North-West
areas such as Lai Chau, Son La, Dien Bien provinces and the provinces of Ha Giang, Cao
Bang, Lang Son in the North-East and provinces of Ha Tinh, Quang Binh, Quang Tri, Thua
Thien Hue in the Southern coastal central. Provinces in the red river delta and the Mekong
delta, where have its lowest poverty rate, especially provinces in the Southem key economic
region such as Ho Chi Minh city, Binh Duong, Dong Nai, Binh Phuoc, Tay Ninh, Long An,
Tien Giang. Ba Ria- Vung Tau provinces.
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Figure 1. Poverty map of Vietnam

(Source. Information Center- Agriculture and Rural Development)
Table 1. The national poverty rate in period 1992- 2007

Number of poor | Rate of poor Number of poor | Rate of poor
Year households households Year households households
L (1000) (%) _ (1000) . (%)
1992 | 38107 30,01 2000 1615,0 10,00
| 1993 34460 26,00 2001 2800, 1 17,18
1994 3208,8 23,14 2002 25000 14,30
1995 29439 2037 | 2003 1700,0 1,00 |
1996 | 2857, 1923 | 2004 1440,0 830 |
1997 26332 17,70 2005 1898,6 21,85
1998 | 2387,1 15,66 2006 3568,5 18,00
[ 1999 2056,7 13,00 | 2007 3229,0 1470 |

(Source. Information Center- Agr:’r:uﬁura and Rural !.}E"I-‘P.E':me ent)
In the last years, the poverty alleviation of Vietnam attains the important achievements.
The poverty alleviation rate decreases quickly from more than 30% in 1992 down to 14,7% in
2007 (Table 1)
Vietnam target of poverty alleviation in the period 2006- 2010 is decrease of poverty
rate from nearly 22% in 2005 to 10- 11% in 2010 (decrease approximately 50% of the number
of poor households in 5 years).

The Fifth APHW Conference "Hydrological Regime and Waier Rescurces in the Context of Climate E:erngu T 585



However. due to CC that Vietnam is one of five the countries suffered greatest CC
impacts so the poverty alleviation w'& counter difficulties and affect directly to the
objectives. Vietnam is agricultural n:nuni 3 gﬁth over more 70% population lives in rural areas
and depends on nature. Therefore. to achieve guick ly poverty reduction target, administrators
and policy planners need to have a master plan for adaptation to CC to minimize CC damages.
2.2. Trends of climate change in recent years

Vietnam is one of five countries suffered the most influence by CC. It is considered the
cause 1o increase frequently and intension of natural disasters in the last decade, especially the
phenomena such as temperature rising, droughts, storms, floods.

According to the “First report of Vietnam to the United Nations Framework Convention
on Climate Change”. monthly average temperature increased about 0.07- 0.150C per decade.
State of temperature increase in different regions in Vietnam over the past 50 years shown in
the figure 2[4], [5]

Going together with heating is drought, especially, dramatic droughts happened in 1998,
2004, 2005. South and Highland are arcas in which have frequently droughts. (IMHEN). State
of droughts in different regions in 1998-1999 in Vietnam shown in the figure 3 [4]

Rainfall increases in rainy season and decreases in dry season, the maps of rainfall in
some stations in Vietnam is shown in the figure 4 [5] '

Sea level continued to increases in several decades. According data in the Hon Dau
station, sea level increases about 20 cm in the past fifty years (figure 5) [5]

Vietnam locates in monsoon tropical, is one of five storm centers in Asia- Pacific. From
1954, there are more 212 storms landed or impacted on Vietnam. Every year, Vietnam has
averagely about 4 to 6 storms from May to November, mainly landed to coastal provinces.
We got 18 storms in 1964, 12 storms in 1973, 12 storm1978, 10 storms in 1989.[6]. State of
storms landed on the regions from Quang Ninh to Thanh Hoa provinces shown in figure 6. [4]

Besides, other extreme weather phenomena such as rainstorms, whirlwinds,...trend to

— e me == e

Figurc2. Map show the temperature increase in Viet  Figure 3. Drought map of Viet Nam in 1998- 1999
Mam over the pasi 50 years (Source: www.thoitietnguyhiem. net
(Source: Institute of Meteorology Hydrology and
Envirorment)
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Figure 4. Map of rainfall in some stations of Vietnam
(Source: Institute of Meteorvlogy Hydrology and Environment)
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Figure 5. Map of sea level at Hon Dau Station has risen about 20 cm
in the past fifty years
(Source: Institute of Meteoralogy Hydrology and Environment)
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Figure 6. The Storms landed on regions from Quang Ninh to Thanh Hoa (1961-2007)
Source: www thaitiemzuyhiem.net

The Fifth APHW Conference “Hydrological Regime and Water Resowrces in the Contest of Climate Change”

587



According of Central Steering Committee for Flood and Storm Prevention and Control.
typical disasters often occur in areas in diffeggt parts of Vietnam shown in the table below:

Table 2. Typical natural disasiers affecting different parts of Vietnam
{Peter Chaudhry and Greet Ruysshaert 2007)

Part ~ Areas subject to natural disasters Types of natural disasters
Morthern | Mountainous areas Flash floods, landslide, earthquake
Vietnam Red River Delta — Seasonal floods, storms, storm SUTEES

Storms, storm surges, flash floods, droughts,

tral | areas Aot ;
Central | Central coasta salinity intrusion

Viet
M Central Highlands Flash floods, landslide
| Southern : Seasonal floods, storms, rising tides and storm
Vietnam . o b surges, salinity intrusion

{Source: the Ceniral Steering Committee for Flood and Starm Prevention and Control)

3. MEASUREMENTS OF IMPACT ASSESSMENT OF CLIMATE CHANGE ON
THE POOR

3.1. Using of Assessment ranking band 0

This measurement is used to evaluate spreads of CC impacts on local resources. The
ranking band was selected for assessment in this report included 4 scales ranked from 0 to 5;
0 —no influence; 1 - light influence; 3 — average influence; 5 —significant influence
3.2. DPSIR [8]

DPSIR model has been developed from the simple one, Pressure, Impact, Response
(PSR), which has been used to examine the relation between Poverty, Environment and
Livelihood. Driving force causes a change in environment and then creates a pressure on the

state of people living environment, to protect and ameliorate their living environment, people
have to respond to this pressure.

3.3. Maps and GIS

Using AcrGIS for zoning of poverty areas and of damaged spheres of natural disasters
to specific locations on maps, then integrating these maps to attain the one showing the
relation between poverty and CC impacts.

3.4. Livelihood sensitivity matrix [9]

Livelihood sensitivity matrix defines which kinds of poverty livelihoods will be the
most vulnerable subject to CC impact and influence spheres of climate hazards on different
kinds of hivelihood. This measurement is a component of training conference for ACCCA
team (Advancing Capacity to Support CC Adaptation) carried out by Stockholm Environment
Institute in June 2007 for “Determining which livelihoods are vulnerable to different types of
climatic hazards and adaptation to CC”

4, ASSESSMENT OF CC IMPACTS ON THE POOR
4.1. The relation between CC and the poor

Using DPSIR for analysis of the relation between CC and the Poor. The research result
shows that CC has close interrelation with poverty, living environment and livelihood. (Figure
7 and 8).

A pressure of Sea level rise caused by CC leads to state of rising of affected areas and
impacts of decrease of local biodiversity, unsustainable livelihood, increase of poor
households. To response these impacts, human has to integrate regulation into Socio-
economic master plans, strategies for CC impact mitigation.
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Response State
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{mpact mitigation

Impact
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Unsustainable livelihood, Increass
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Figure 7. Example of analyzing the impact of CC to the Poor using the DPSIR Model (1)
(Source: Linkage between climate change and Poverty-Environment-Livelihood)

Driving Force Pressure
Increase of the frequency of Incrense of damnge 1o fishery,
storm agriculture, infrastrocture eic.
Response ~ State
Policy! Strategy for preventing Increasing in unemployment
and mitigating the impact of rate; Unsustainable
storm, development

Impact
Inerease of poor househald,
poverty rate

Figure 8. Example of analyzing the impact of CC to the Poor using the DPSIR Model (2)
(Source: Linkage between climate change and Poverty-Enviranment-Livelihood).

The most obvious CC impacts are rise of sca level and increasing of storm spells
intensity and frequency. Almost relevant researches show that the main reason of these
negative impacts is increasing of Green House Gases concentration in the atmosphere caused
by human activities. Other impacts are recognized as decreasing of biodiversity, increasing of
unemployment rate, increasing of poverty rate and generating of unsustainable livelihood. To
response these impacts, society have to establish policies/strategies tending sustainable
economic development in the future. All of these demonstrate since results of analysis of CC
impacts on the Poor attained by using the DPSIR model, it can support administrators and
policy makers for effective planning of investment policies and economic development and
poverty alleviation.

4.2. CC impacts on local resources

Measurement of assessment ranking band can define influence spheres of natural
disasters, CC on local resources by ranking points

According to the practical survey carried out by Instititute of Meteorology, Hydrology
and Environment in 4/2008, :Locations selected for evaluation of influence spheres of natural
disasters on different local resources were Ky Loi and Ky Ninh commune, Ky Anh district,
Ha Tinh province. The ranking band used to evaluate included 4 scales ranked from 0 to 5; 0
—no influence; 1 — Light influence; 3 — average influence; 5 — significant influence

Evaluating results of showed on the table below (table 3).

From the above table, we can sec that floods and its associated disasters have dramatic
influence on both of man-made and natural resources (31 points). Flash floods also have a
significant impact on resources (28 points). These impacts only on man-made resources as
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houses, infrastructure, not on the naturgbgppurces. Ranking behind these are Dry winds (10
points) and Damaging and severe cold (7 points). Impacts of natural disasters on forest
resource are considered as the most influence (16 points), followed by man-made resources
Table 3. Assessment of Livelihood state and CC influence

(CRISTAL guidance)

Influence spheres of natural disasters on local resopurces: 0 —no influence; | — Light influence; 3 — average influence;
5 — significant influence
Storms and Damaging Flash floods | Dry winds
Re " If;';:;;“'ml its associated | and severe (Laos winds) Point
i disasters * cold
Levelofimpacts |0 [1[3[S[0[1]3|5]0j1}1313 D It |3]5
t;'rdscultuml W g . 5 0
Forest x X X X 16
Coastal aqua-
Matural resources products X X x X 6
Tidal basin, 5
beack X X % x
Fresh water X X x x |5
Road system x| x xlx 10
Imlg,m:n . x| x [ ' | X X 11
Electric system | '
o | oIx x| | x| x Lo
Man-made communication - L | {1 | f
Tesources network ' | . LI
Houses and |
other structures ol il s 10
Point 31 7 28 10

% Storm associated disasters include siorm waves, storm surges, heavy rain and inundation.
4.3. CC impacts on types of livelihood

The survey results also show that there is a change in occupational pattern in Ky Ninh
and Ky Loi commune in the last 10 years. The reasons can be considered that CC decreases
fishing productivity, sea level rise causes moving of aquiculture breeding areas, increasing of
salinity intrusion decreases mangrove forest arcas so decreases biological productivity of
animal and plant ecosystems
Table 4. Changes in occupational pattern as a result of CC and exhausted coastal resources during the last

10 year
T Income source Lonitinet vis(h)
10 years ago Present
1 Near shore fishing 60 40
2 Agricultural production 30 40
3 Labour export 10 20

(Source: Report of Climate Change Adaptation and the Poor)

* Livelihood sensitivity matrix compares influenced spheres and abilities of CC and
natural disasters on different types of local livelikood. (Table 3).

Compare of exposure index: Agriculture is the most affected by natural disasters
(4.05), followed by off-shore fishing (3.22) and labour export (1.88).

Compare of weighted impacts index: Storms caused the greatest damages to local
livelihoods (4.8), ranked close behind by whirlwinds (3.8), flash floods (2.6), Lao winds (2.5)
and damaging and severe colds (2.5).
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Table 5. Influence spheres and abilities of CC on types of local livelihoods (10 years ago)

Occupation/  [Natural disasters due 0 CC_4 50 tWeight ”
Hvslinoed o ?:;:itg Flash ELaus Whirlwi f:.;ﬁwm ExpOsuUne
id floods  jwinds |nds index

Frequency |25 5 20 30 10 90 515 |

Offshore |65 5 2 2 2 4 60 322

fishing

Agricultural

nroduction 30 5 4 4 4 2 76 4.05

Labour export |10 3 | 2 1 2 36 1.58

impacts score | 100 86 46 53 46 53

Weighted |45 480  [2.50 260 [2.50 [3.80 9.15

impacts index

changing of occupational pattern (T able 6)
Table 6 indicates that when frequency of natural disasters has no change, the influenced

ahility on local sectors also have no any chang
decreasing of overall Weighted impacts index (
better adaptation to CC when compared with that 10 years ago

Table 6. Influence spheres and abilities of CC on types of local livelihoods (present)

* Influence spheres and abilities of CC on different types of local livelihoods when

es. A change of occupational pattern leads to
from 16.2 to 15.4), that means the local have

Climatic natural disasters Weighted
Occupation/ Damaging . Exposure
i Flash |Laos  |Whirl exposure
livelihood Storms ::ilidmrc ficds: Modnds: |winds SCOMe fiiaic
Frequency |25 5 20 30 10 50 [9.15
Off-shore fishing |40 5 2 2 2 4 60 32
Agricultural
production 40 3 4 4 4 2 76 4.05
Labour expori 20 3 [ 2 | 2 36 1.88
Impacts score 1 0} R 46 53 46 33
Weighted impacts |, ¢ 4 160 |60 180 260 28 9.15
index ]

4.4. Climate Change impacts on poverty state

In order to present impacts of CC on poverty, a poverty map and a natural disaster
were established from statistic data of poverty and damages of the Lekima

damaged map

storm in Ha Tinh province in 2007 (Storm No5). After that, integration ©

map presents the relation between poverty and storm damages. (Figure 9)

Figure 9 indicates that the
Cam Xuyen, Nghi Xuan are also
conclude that there is an interrelat

f two maps to form a

provinces where have high rate of poverty such as Ky Anh,
suffered dramatic damages caused by this storm. So, we can
ion between poverty and CC, the poorer locations, the more

damaged this locations suffer from CC. These are grassroots 1o administrators and policy
makers have reasonable and effective investment and restoration.

45 Climate Change impacts on community health

The impacts of CC on community health are very v
general and simultaneous impacts caused by many factors. Especially,

suffered the most damaged to such changes. Health impacts including:
The decreasing of Ozone concentration in the stratosphere increases skin cancers,
cataract diseases and decreasing of immune ability
According 1o researches declared by WHO, 30 new diseases appeared in the last three
decades. In Vietnam new diseases are discovered in people and animals as cholera, avian
influenza, blue ear, ... these diseases are complex, unusual and significantly damaged.
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arious and complicated. Its shows
the poor is the subject
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Increasing of Green House Gases emission causes increasing of air pollution (802, 8O3,
SO4H2, CO, N20, 03,...) 1262
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Figure 9. Map of Poverty and damages of Lekima storm
(Source: Report of Climate Change Adaptation and the Poor)

5. CONCLUSION

CC has been being global hazard, threatens human kind and asks urgently for our
responses in the global scale. CC impacts more and more intensive on poor people in Vietnam
and their resistance to the changes of climate and environment.

The report has analyzed the interrelation between CC and the Poor, has compared
influence spheres of CC to different kinds of livelihood in some areas in Vietnam, as well as
has defined the most effected areas by natural disasters. These results will contribute to
support administrators and policy makers for decision on investment and restoration in
damaged locations.
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CHALLENGES OF CLIMATE CHANGE TO SURFACE WATER QUALITY IN
VIETNAM

1273
Thai Tran Hong, Thang Nguyen Manh, Hoa Nguyen Thi Phuong, Van Tran Thi

Centre for Hydromet and Environment Consultancy
Vietnam Institute of Meteorology, Hydrology and Environment

ABSTRACT

As reported by the United Nations, Vietnam is one of five countries prajected (o suffer
the heaviest impacts of climate change (CC). The country has many river systems, rich water
resource, impacts of climate change on water resources 'in general and surface water quality
in particular is very serious. Identifying the challenges of CC on surface water quality in
Vietnam, therefore, are indispensable.

1 INTRODUCTION

Climate change (CC) is one of the biggest challenges to human in 2lst century. IPCC
(Intergovernmental Panel on Climate change) Fourth Assessment Report emphasized that. global
warming and climate change were an unavoidable phenomenon. The rapid increase in mean global
temperature and sea level was considered unprecedented and alarming issue in many countries.
Natural calamity and other extreme climatic phenomena are increasing in most areas of the warld
(IPCC, 2007).

Climate change in the world

According to many scientific reports, global warming phenomenon that we experience now is
considered unprecedented, Average temperature in the past 100 years has increased 0.740C (from
1906 to 2003), especially this rising trend has become more significant since 1970 and reached the rate
of 0.130C per decade since 50 years ago [16]. Average temperature in North Pole increased about
1.50C, and that of permanent iceberg in the Northern hemisphere increased 30C since 1980. A
scenario shows that average temperature would increase about 2-30C annually by 2080s; precipitation
would rise by 20% in rainy season and decrease by 50% in dry season. In the period of 1962 to 2003,
mean sea level rose 1.8 mm per year; however, since 1993 — 2003, the rising rate was 3.1 mm per year.
It is estimated that, in the end of 21st century, average temperature will increase nearly 2.0 - 4.50C,
global sea level will rise about 0.18m - 0.59m.

Climate change in Vietnam

A study by Vietnam Institute of Meteorology, Hydrology and Environment shows that Vietnam
is now already suffering from climate change with annual average temperature increase of around 0.
deg per decade, in some mouths up to 0,1-0,30C. Annually average temperaturc in the last four
decades (1961 - 2000) was higher than that of the previous three decades (1931- 1960). Annually
mean temperatures from 1991 - 2000 in Hanoi, Danang. Ho Chi Minh city increased 0.8; 0.4 and
0.60C respectively from 1931 — 1940. In 2007, annually mean temperature in the above cities were
about 0.8 to 1.30C higher than that in 1931 — 1940, and 0.4 to 0.50C higher than in 1991 - 2000.

As reported by the World Bank (WB, 2007), Vietnam is one of five countries projected to suffer
the heaviest impacts of CC and sea level rise, especially Red and MeKong delta is the most vulnerable
area. Over 50 years in Vietnam, the mean temperature has increased 0.70C and sea level has risen by
20 cm. Moreover, Vietnam at the moment has to bear more burdens from El Nino and La Nina
phenomena, which is proved through quickly-grown frequency of storms, floods and droughts.
According to the Vietnam Institute of Meteorology, Hydrology and Environment, the mean
temperature in Vietnam will continue to go up about 30C and sea level rise will reach | m by the end
of 2100. As estimated, around 40,000 km2 arca of coastal plains will be flooded each year, in which
90% belongs 1o Mekong Delta will be totally inundated.
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Viet Nam possesses 2.360 rivers which are over 10 km long. There are 13 main river and branch
basin whose basin area is over 10,000 k&2 74 out of these 13 rivers are international rivers, 3 rivers
headwater belong to Vietnam and downstream belong to neighboring, 7 rivers headwater belong to
neighboring and downstream belong to Vietnam. Viet Nam has many natural lakes, ponds, lagoons
and pools which the total area is merely 150,000 ha, there are some major lakes such as Lak (with an
area of about 10 km2), Ba Be (5 km2), Ho Tay (West Lake - 4.46 km’) and Bien Ho (22 km’) [12],

therefore, Vietnam water resources are quite rich.

Moreover, at present data on surface water quality has signs of being polluted. Trends indicate
that the levels of two primary pollution indicators, Ammonia-nitrogen (NH4-N) and Biochemical
Oxygen Demand (BODS) vary considerably and exceed national WQ class A standard. Most of basins
were highly polluted, especially Nhue-Day and Dong Nai river basins,

Increasing water quality degradation depends largely on human development activities such as
water exploration, utilization and uncontrolled waste water discharge, €tc. However, climate change
impacts also need to be taken into consideration. Climate change may not an important cause at
present; however, given the speed of changes in climate in Vietnam as well as expected changes in the
next coming years, it is likely that in the very near future, climate change will have adverse impacts on
water quality in particular and other natural resources in general, This can be seen as a greal challenge
that climate change poses to water resources management in Vietnam.

2 CURRENT STATUS OF WATER QUALITY IN VIETNAM

In general, surface water quality (SWQ) in most river basin has signs of being polluted;
especially water quality in Cau river, Nhue river, Dong Nai river, Thi Vai river; BODS, COD,NH4, N
total, P total indicators exceed the water quality standard up to many times.

Dong Nai river: downstream (from Tri An reservoir to confluence with Sai Gon river), organic
pollution (DO = 4-6 mg/l, BOD = 4-8 mg/l) is quite stable but most of monitoring points exceed the
class A standard (TCVN 5942-1995). Oil and bacterium pollution is obvious; heavy metal pollution,
phenol, PCD... met the standard: there is no saltwater intrusion form Long An up to headwater. Water
quality in the headwater section is quite good, except the section through Da Lat polluted with organic,
malignant bacterium.

Sai Gon river: there are serious pollutions in organic (DO = 1,5-5,5 mg/l; BOD = 10-30 mg/l),
oil, bacterium, all of indicators exceed the class A standard (TCVN 5942-1995), the most polluted

section runs through Ho Chi Minh city. In addition. Sai Gon river is acidified by alum water in Hoc
Mon — Cu Chi section (pH = 4,0-5,5).
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Cau river: water quality river in Cau basin has rapid decrease. especially water quality in some
section polluted in alarming way, The most polluted section runs through Thai Nguyen city runs
through Thai Nguyen city-downstream of Hoppg an Thu paper mill and section through Bac Ninh
and Bac Giang - in territory of Van An commune in Bac Ninh with DO content from 2- 4 mg/l; BOD
exceed class A standard by 4 times.Value of some variables such as turbidity, suspended solid in
locations on Cau river, Ca Lo river and mid-stream of Cong river exceeds class A standards from 1.2
to 1.5 times. Concentration of oil in the water is rather high and does not meet Class A water quality
criteria. Average content of oil varies from 3 to 12 mg/l, exceed Class B standards by 10 to 40 imes.
The highest value in observed data varies from 16 to 20.6 mg/l, exceeds Class B standards by 53 times.

Nhue-Day basin: the water quality of the Nhue - Day basin was seriously polluted, especially
Nhue river. Nhue river is heavily polluted after receiving wastewater from To Lich river. At the
confluence with the Red river, water quality is quite good. However, in river section from Ha Dong
town ( Phuc La) to the junction with To Lich river, the water shows evidence of pollution. COD and
BODS contents exceed class B (TCVN 5942-1995) by 1,5 — 2,5 times. DO is very low, under 4 mg/l.
The water has black colour, scum, residue and fishy odour,

In addition, there are heavy pollution of lakes and channcls in inner Hanoi, Ho Chi Minh city,
more indicators exceed the WQ standard by several times, even hundred ones. In Hai Phong city, Hue,
Da Nang, Nam Dinh, Hai Duong... channel systems have alarming signs of being polluted by SS,
BOD, COD indicators.

3 CHALLENGE OF CLIMATE CHANGE TO SURFACE WATER QUALITY IN VIETNAM

Climate change can affect the qualitative status of water resources by altering temperature,
frequency and intensity rainfall, floods and increase drought and rising saltwater intrusion.

3.1 Temperature rising

In five recent decades (1951 - 2000), annual average temperature in Vietnam rose by 0,70C, and
there are different temperature rising in Ha Noi, Da Nang, and Ho Chi Minh, 0,80C, 0,40C, 0,60C
respectively from 1991 to 2000. According to the most likely estimate, annual temperatures in the
arca of Vietnam may rise by just over 1-20C by the year 2050 and by close to va 2-30C by the year
2070.

The increase in water temperature will lead to the change in temperature layers vertically which
will strongly affect the living environment of aguatic ecosystem. Increasc in water temperature in
coastal zone will cause mineral and organic sedimentation, and therefore could have impact on food
chain.

On the other hand, higher temperature leads to the increase of pollutant concentration in water
accumulation bodies (lake, lagoon, river, stream, etc.) due to the rising evaporation. A scenario shows
that by 2070, temperature in coastal zone might increase 1.50C, that in inland area would rise by
7 50C. This will lead to the increase by 7,7-8,4% in eva-transpiration. Rising temperature could cause
adverse changes in chemical composition and property and make them harmful to the environment. In
addition, increase in temperature would enable the pathogenic mic roorganism development rapidly.

Higher water temperature lead to many environmental problem such as concentration of
pollutants because of faster evaporation, lowers the dissolved oxygen concentration, change in
chemical properties that make badly impact on environment, etc. For instance, many rivers and
channels in Hanoi and Ho Chi Minh City are polluted seriously: black water, stench, highly nutriment
concentration, rising malignant bacterium. Monitoring result in Nhue river shows that when only
rising about 0.90C is equivalent concentration BODS5 exceed by 2.2-2.4 times; COD 3.3-3.7 times for
5 years. According to a study for Huong river, potentiality of evaporation increase 3.2% in rising up
10C and 8.1% in rising up 2.50C.

32 Change in frequency and intensity rainfall, floods and increase drought

In three recent decades, Vietnam has experienced the significant increase in number as well as
intensification of the typhoons, Frequency of large flood tends to be on the rise, from once in eight/ten
years to once in three/four years (1961, 1966, 1978, 1991). Flood occurred consecutively in three
years (1994-1996), especially in 2000, there was an extremely large flood. In addition, large floods in
Central provinces and Cuu Long river delta tend to increase compared with the early 21st century.
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Flash floods happen more frequently in the mountainous areas as a result of deforestation. Due to the
impact of climate change, the number of @6ns in East sea which affects our country decreases but
the number of extreme typhoons seems 1o increase; typhoon season now ends later; the trajectory of
typhoon becomes extraordinary; the number of typhoons hits Southern Central provinces and Southern
provinces are rising. The year of 2007 has seen natural disasters happen throughout the nation;
especially the fifth storm (Lekima storm) caused a historical flood within the past 45 years in many
provinces in Red river delta, Northern Central provinces and Central provinces.

The rainfall amount vary differently among arcas; in the North, annual average precipitation
increases by 0.7 to 15% in both rainy and dry seasons, river flows rise by 3-28% in both seasons;
annual average precipitation increases by 0.5-10% in central provinces and 0.3-7% in Southern
provinces, the rain fall increases in rainy season and decrease in dry season, river flow increases by 3-
18% in rainy season and decrease by 5-34%.

The main reason for water pollution is pollutants in rain water which come from solid dispose
sites; waste water treatment plants, damaged waste water culverts; waste matter from sanitation
construction and breeding places; the dead body of plants or animals in water: chemistry and pesticide
depot.

Analyzing and comparing water quality in Hoang Long river after and before flood (10/2007),
water polluted by organic parameters, some indicators exceeded the national class B standard (TCVN
5042-200); BODS exceed the permitted standards by 1.55 times; NO2- 1.4 — 1.7 times; NO3- 1.05 -
1.09 times; COD 1.1 — 1.3 times; TSS 1.2 — 1.3 times; Coliform 1.2 - 1,25 times.

On the other hand, rainfall data in 215t century shows that, annual rainfall changes every decade,
but in the two last decades of this period, annual rainfall in Hanoi and Ho Chi Minh insignificantly
decreased. In 21st century rainfall scenarios, precipitation of rain season changes a bit of 0-5%, but
precipitation in dry season has a great change, in Red river delta, south of central, the north decrease
0-5% of total rainfall, Therefore, lack of water in dry season is really serious. In the 44 years from
1960 to 2004, droughts occurred in 32 of these years, accounting for 73%. This caused increase
salinity intrusion and degradation of water quality,

3.3 Rising salinity intrusion (SI)

According to an assessment of World Bank (WB, 2/2007), Vietnam with a coast line
approximately 3.260 km and 1 million km? sea surface, is ranked in the list of most severely countries
hit by CC. Vietnam is one of two countries (with Bangladesh) projected to suffer the heaviest impacts
sea level rise 1 m by the end of 2100, and the top in East Asia (WB, 2/2007). According to the
Ministry of Natural Resources and Environment, sea level in Vietmam will rise 33em in 2050; 45 cm
in 2070 and 1m in 2100, around 40,000 km2 (12.2%) area of coastal will be inundated. In addition, the
coastal of Central will suffer the heaviest effects of climate change and sea level rise, especially Cuu
Long river Delta, about 45% total arcas are estimated extreme salinity intrusion.

Along with land loss, sea level rising in accompany with SI directly affect water supply for
domestic and other using purposes. Saline water cannot be used for any human activities and therefore
it will lead 1o a short of clean water. In addition, high concentration of salt will block the chemical
transformation process and reduce the development of aquatic ecosystem; it also cause the weak
assimilation of the water accumulation body. Climate change increases the risk of salinization in
Vietnam in two ways. Firstly, low river discharges, in combination with strong winds from the East,
‘ncrease the intrusion of sea water through river mouths. Secondly, the ongoing increase in sea level
leads to upcoming of salt water from deeper marine aquifers.

Currently, many areas in Vietnam have effected by salinity intrusion, Mekong River Delta
suffers the heaviest impacts. It is estimated that, about 1.8 million was salinized, and 90% amount of
Mekong Delta area will be inundated by 1m sea level rise. However, saltwater intrusion in Mekong
River Delta occurs intricately and specifically in each region.

In the river mouth, salinity reaches maximum value in March and April, for instance, in Binh
Dai, salinity varies from 17.8 to 27.4 mg/l and in Ben Trai, from 23.5 to 29.1 mg/l in the period of
1991 to 2004. Salinity intrusion in rivers, channels varies differently in Mekong Delta. In Vam Co Tay
(VCT) river, saltwater penetrated to Tuyen Nhon which is 5 km far from the sea, and to Vinh Hung in
1993, In the last six years, from 1999 to 2004, salinity of VCT river decreased significantly,
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meanwhile. that of VCT river increased rapidly in 1ast decade. Sal inity in Vam Co Dong river, from
Ben Luc to the upstream get stabilized, salty boundary 2.0 g/l came far to Xuan Khanh, salty boundary
4.0 g/l up to An Ha. In the peried of three obsequgeywrars, maximum salinity value occurred frequently
from January to May. In dry season, maximum sa inity value can be seen at Duc Hoa, with 335/l

It is estimated that sea level in Vietnam will rise to 33em by 2050, saltwater intrusion will occur
seriously, especially in Mekong river Delta, saltwater will penetrate far from the coastal line. Salinity
value of 4 g/l will oceur frequently (Figue 3).

ol A TR s b :
Figue 3. Map of amount of days salinity exceeds >4g/l in dry season in Sai Gon-Dong Nai
River basin, according to Climate Change scenario A2
4 ADAPTAION AND COPING SOLUTIONS FOR CLIMATE CHANGE

Facing with challenges of CC to SWQ, Vietnam needs to have sectoral action plan for adapting
and coping. This work is appropriate to orientation of the Government which was approvad such as:

—  Planning water use: define the proposal of using water, create and upgrade water quality
standards suitable for specific water sector;

_  Assess variability and characteristics of climatic elements and phenomena, particularly
temperature, rainfall, natural disasters and climatic cxtreme; assess tendency of climatic
elements: temperature, rainfall, sea level, natural disasters {typhoons, floods, droughts, etc.)

—  Develop climate change and sea level rise scenarios in the period of 2010-2100 for each region
of Vietnam;

—  Consider mainstreaming climate change issuse into environmental protection programs,
reasonable use of natural resources programs, natural disaster prevention programs, and marine
change monitoring system;

—  Promote international cooperation in scientific and technological activites, effectively apply and
transfer climate friendly technologies

—  Treating and reusing water resource (desalination...);
~  Improve, upgrade and expand infrastructure in flood prone areas
~  Awareness enhancement and human resources training.
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CLIMATE CHANGE AND SUSTAINABLE DEVELOPMENT:
CLIMATE CHANGE IMPACTS ON NATURE AND SOCIETY LIFE

"Truong Quang Hoc, *Tran Hong Thai
"Wietnam National University, Hanoi; Vietnam — Sweden Cooperation SEMLA Programme;
Ministry of Natural Resources and Environment
Vietnam Institute of Meteorology, Hydrology and Environment;
Ministry of Natural Resources and Environment

ABSTRACT: Climate change with its global warming and sea level rising is seen as one of the biggest challenges for
mankind during the 21" century. Climate change impacts on all areas of namral resources, environment, socio-
economic conditions, and human health on a global scale. However, the extent of impact may differ depending on
geological conditions, level of development, and adaptation measures taken by specific regions and countries.

Vietnam is expected to be one of the countries to experience the most severe impacts from climate change. Sea level
rising will take away a large part of the lowlands, which shelter many wetland ecosystems and human population, are
the centre of the water rice farming population and the area of the biggest agricultural production and natural habilats
for many local species, including natural reserves and biosphere reserves.

Climate change also affects inland water areas (rivers, lakes, swamps etc.) and the change in water temperature and
water level can cause big changes in weather conditions (rain, typhoon, draught, forest fire, EI Nifio efc.) and in the
flow, frequency and timing of severe floods and draughts which will cause a decrease in biological production of
agricultural crops, forestry plants and cash plants and extinction of many local species, leading to SETIOUS CONSSqUEnces
to the economy.

Typhoons, heat waves, floods, fires, and other changes in the biglogical conditions will lead to deadly consequences
like illness, injuries, malnutrition and new diseases, particularly vector spread discases of high deadliness...

Climate change is a complex issue, which is of both immediate urgency and long term significance, with impacts on all
domains ranging from natural to socio-economic and on a global scale. Climate change is in essence the matter of
sustainable development. Thus, climate change adaptation must be addressed in an aligned national program/plan and in
close cooperation with the global community so as to protect our common shelter — the Earth, on which the most
valuable resource — human beings - is living.

INTRODUCTION

We are confronting a series of urgent global
environmental problems, including climate change,
biodiversity degradation, fresh water degradation, ozone
layer depletion, land degradation and desertification,
pollution of toxic and persistent organic pollutants.

These problems are inter-related and have direct
impacts on humnan life and social development. Climate
change is one of the most urgent on either a national or
international scale and is seen as affecting the global
process of sustainable development.

Climate change with its global warming and sea lev.!
rising is seen as one of the biggest chalienges for mankind
during the 21" century. For that reason, the UN in recent
decades has paid this topic much atenses and been
directly involved in launching many climate change
oriented activities,

The message of the last two years' World
Environmental Day has all been related to climate change,

i.e. “lce melting — a hot issue™ (2007) and “Kick the habit
— towards a low carbon economy” (2008).

A number of international conferences on climate
change have been organized to secure the greenhouse gas
reduction targets and climate change adaptation on a
global scale; many countries have developed their
national action plans for adaptation to climate change
(NAPA).

Vietnamn has entered into the UNFCCC (192), Kyoto
Protocol (KP 1998), and participated in the Bali summit
2007. MONRE has been assigned to act as Vietnam's
coordinator in entering and implementing UNFCCC and
KP. The Government of Vietnam has issued various
directives and decisions assigning MONRE and relevant
ministries and local authorities to implement those
commitments.

So far, Vietnam has participated in many regional and
international climate change activities and has maintained
frequent contact with the UNFCCC Secretaniat, with the
CDM Intemational Executive Board (KP), with the inter-
government panel on climate change, with other countries
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and intermnational organizations to resolve relevant issues.
Vietnam has also carried out research and a number of
projects with regard o climate change and CDM with
good resulis,

As mandated in accordance to Government Resolution
602007/MNQ-CP dated 03 December 2007, MONRE has
submitted for approval by the Government the National
Targeted Program on Climate Change Adaptation. Once
approved, the program will be a Government strategic
framework for climate change adaptation, upon which the
ministries and local authorities will build their action
plans for concented performance.

For such action plans 1o be developed, there are two
matters that need lo be addressed as a priority, (i)
developing climate change scenarios for specific regions
for specific periods of time, and (ii) assessing the impacts
under each of the scenarios for specific regions, sectors,
areas,

This article is focused on the second, providing some
summarized information on climate change impacts on
the nature and society by working on available national
and international material,

OVERVIEW OF CLIMATE CHANGE

Climate change concept

After more than thirty years of debate, high consensus
now prevails among scientists that the increasing socio-
economic development in the recent decades in such
sectors as energy, industry, transport, agriculture, forestry,
and domestic activities has increased the content of
greenhouse gases (N,O, CHy, H;S, especially CO;) in the
atmosphere, causing the global warming, changing the
climate and affecting global environment (Al Gore,
2006).

The average earth temperature has increased by
0,74°C from that in 1850 and it is projected to increase by
1.4 (B1) - 4.0°C (A1F1) by 2100. Rainfall has increased
by 5 — 10%. As a result, the ice on the two poles and high
mountains will melt and cause the sea level o rise at a
speed of 70 — 100 cm/100 years, which means an increase
of 0.18-038m (B1) and 0.26-0.59 (A1F1), event to Im or
higher by 2100. Extreme climate phenomenon such as
tsunami, typhoon, flood, draught will occur at higher
levels of strength, frequency, and abnormality (MONRE,
2007, 2008).

In Viemam, the climate situation has largely agreed
with the global climate changes. The average yearly
temperature has increased at 0,1°C/ decade; for Hanoi
particularly, the average yearly temperature this decade is
0.7"C higher than that during 1961 — 1990. The sea level
(observation over 50 years at Cua Ong and Hon Dau
stations) has risen, for each decade, by 2.5 - 3.0 cm.
which 13 in common with the global trend (1.8 - 3.1

S F IR T ol T T

First-instance scenarios of climate change in Vietnam
are as follows:

- Temperature: In all areas except for the Northern
mountainous and Tay Nguyen Central Highlands, the
average yearly temperature for 2010, 2050, 2070 will
increase by 0.3, 1.1, and 15°C respectively. For the
Northern  mountzinous and Tay Nguyen Ceniral
Highlands, that will be 0.5, 1 8, and 2.5°C.

- Sea level: Over the whole coastline of Vietnam, the
sea level will increase by 9, 33, 45, and 68 cm in 2010,
2050, 2070, and 2100 respectively (MONRE, 2008).

Signs of Climate Change

From a general perspective, climate change comes
with the following three fundamental characteristics:

a. Increased average temperature; increased change
and abnormality of weather and climate conditions;

b. Sea level rising due to ice melting from the poles
and high mountains,

c. Extreme weather conditions and calamities (hat
weather, cold weather, typhoon, flood, draught...) with
higher levels of frequency, abnormality and strength.

CLIMATE CHANGE IMPACTS

Climate change impacts on all areas of natural
resources, environment, socio-economic conditions, and
human health on & global scale. However, the extent of
impact may differ depending on geological conditions,
level of development, and adaptation measures taken by
specific regions and countries.

The global paramount

As forecast, many coastal cities are facing the risk of
being sunk as a result of sea level rising, which is the
direct consequence from ice melting from the north and
south poles. Among 33 cities of 8 million population in
2015, at least 21 are with a high risk of being sunk for
part or all of their land and 332 million people living in
coastal areas and lowlands will lose their home because of
flooding.

The rate of territorial shrinkage as a result of sea level
rising in order is: China, India, Bangladesh, Vietmam,
Indonesia, Japan, Egypt, the USA, Thailand, and the
Philippines.

Sea level rising is also associated with an inland
intrusion of salinity and salted ground water, which badly
affects agricultural production and freshwater resources.

It is forccast that by 2080 there will have been 1.8
millions new people joining the water-thirsty group and
600 million people facing mal-nutrition problems due to
decreased agricultural produciivity.

In addition, what is likely to eccur is a decrease in
water guality, biglogical production and number of
Froaho ater evosastvints os well as Ge indrease
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(IPCC 1998). Over the past 20 - 25 vears, there have
come 30 new diseases. There has been an increase in the
ratic of patients, and rate of deaths from mnfectious
diseases, there will also be some 400 mullion new

The number of cases and size of damage caused by
natural calamities has continuously increased over the last
decades. Statistic figures indicate a ten-fold size of
economic damage due to weather change and flooding
over the last 50 years. The number of climate change
related flood victims was 31 million during 1983 - 1987,
which increased to 130 million during 1993 - 1997
(WWC, 2003; Hotz, 2006). The typhoon Mitch (1999)
alone caused 11,000 deaths in central America; the
Katrina (2005) accounted for 1,800 deaths in the two
southern coastal states of the USA, with a total cost of
damage of USD 300 billion.

The most recent typhoon of 2008 — the Nargis - from
the North Indian Sea has caused over 60,000 deaths in
Irrawaddy, Myanmar (could be 100,000), 1,400 injuries,
37,000 missing (evening news release, 11 May 2008,
Myanmar TV).

According to Mr. Nicolas Stern (2007) - the former
WB leading economist, the cost of climate change related
damage over the globe will be about USD 7,000 billion if
na adaptation measure is taken, which accounts for 5 -
20% of GDP;, however if adaptation is applied,
greenhouse gases are maintained at 550 ppm by 2030, and
the cost will be just around 1% of GDP,

An important sign of the climate change consequences
is the inertia of the climate system, i.e. once the climate
system has passed the threshold of a considerable amount
of sccumulated changes, it will be difficult to restore.
Therefore, even when the content of greenhouse gases is
maintained, the global warming process will still go on
for decades and sea level rising remains for centuries
afterwards,

FPositive impacts from climate change
To certain extent and in certain areas, climate change
does have certain positive impacts:

LU

Brings in an opporunity for technologieal
innovation, development of clean and environmentally
friendly technology and relevant R&D activities

- Urges up forestation for absorption of COy/ reduces
greenhouse gas emissian, eic.

- In temperate countries, increased temperature will be
a good condition for agricultural production and saving of
energy for heating eic.

Climate change impacts are not equal over the globe,
i.e. more severe in areas closer to the poles and less in
others, bigger in tropical countries, particularly in fast
developing industrialised countries in Asia. The poor,
who contribute the least amount of greenhouse gases to
climate change, will be the firt to experience affects the
and will ...the greatest impacts in terms of human
development (Crutzen, 2005).

Climate change impacts in Vietnam

General impact .
Vietnam is cxpected to be one of the countries

(Vietnam and Bangladesh) to experience the most severe

impacts from climate change (Dasgupta etal,, 2007).

Sea level rising will tak¢ away a large part of the
lowlands, which shelter many wetland ecosystems and
human population, are the cenre of the water rice farming
population and the area of the biggest agricultural
production and natural habitats for many local species,
including natural reserves and biosphere reserves.

An increase of 2°C and a | m sea level rise may take
away 12.2% of the land where 23% of the population live
{about 17 million people). For the Mekong river delta, if
the sea level forecast for 2030 is correct, about 45% of the
area of the dela will probably be extremely salted and
severe crop damage will come as a result of flooding and
inundation. For a 1 m sea level rise without adaptation
measure taken, most of the Mckong delta will be
inundated for long periods of the year, which will be
associated with a3 damage cost of USD 17 billion (Van
Urk and Misdorp, 1996; Pilgrim, 2007).



Fig. |. Inundated arcas under | m sea level rise (dark), and 5 m rise (light) scenarios (Pilgrim, 2007)

Climate change also affects inland water areas (rivers,
lakes, swamps etc.) and the change in water temperature
and water level can cause big changes in weather
conditions (rain, typhoon, draught, forest fire, El Nifo
etc) and in the flow, frequency and timing of severe
floods and draughts which will cause a decrease in
biclogical production of agricultural crops, forestry plants
and cash plants and extinction of many local species,
leading to serious consequences to the economy,

Typhoons, heat waves, floods, fires, and other changes
in the biological conditions will lead to deadly
consequences like illness, injuries, malnutrition and new
diseases, particularly wector spread diseases of high
deadliness (Truong Quang Hoc, Tran Duc Hinh, 2008).

CC impacts on sensitive seciors and areas

Just like how it happens around the globe, in Viemam,
climate change lays impacts on all areas and sectors,
ranging from natural resources, environment, to socio-
economic sectors. However, the sectors that are most
seriously affected are water resources, agriculture and
rural development, healthcare, and the coastal areas,

a. CC impacts on water resources

Vietnam is one of the water-poor countrics, with the
total average per capita resources (both surface and
ground water) of 4400 m3fvear (while the worldwide one
is 7400 mi/year). The use of water resources in Vietnam
15 not sustainable,

The climate change derivedly increases in the average
temperatired. the abnnrmalitv of the weather amed climate

o 1 B T QW S il calamininds will

largely affect fresh water resources in the following
aspects:

- Water demand for domestic use, agricultural,
industrial production, energy, transport efc. is increasing,
Evaporation from water bodies (ponds, lakes, rivers eic.)
is also increasing, As a result, the degradation of water
resources will become more serious in both quantitative
and qualitative terms.

- Changes in rainfall will lead to the decrese in water
flow of rivers, sirength of floods, frequency of draughts,
and reserve of ground water. As forecast, climate change
will remarkably reduce the water volume of rivers in
many regions in the world including Vietnam.

- When the ice from the poles and high mountains
melts off, the river flow will increase leading to an
increase in floods. When the melting is over, flooding will
decrease and so will the river flow; rivers even exhaust.
The water shortage will become even more serious. Such
situation is typical of Asia, where rivers largely depend an
upstream water (Nguyen Due Ngu, 2007).

The situation may become even worse when it comes
to conflicts that may arise from sharing water resources
with upstream countries,

- Another serious consequence from climate change is
the increase in droughts, which do not only do harm to
productivity but may also cause desertification and forest
fire threats as well as other potential damage in many

aspecls.

Water is essential for life (for human beings and
biological beings). for  agricultural and industrial
desclopment, oie. This, deermlabon ol witler resgurecs



will lay direct impacts on human life and socio-economic
development in general terms.
b OC impacts on agriculiure

s¢ havoc 1o biological resources and increase the

greenhouse gas emission.
According 10 the CBD Secretariat, by the end of the

Vietnam is an agricultural country with 75% ofl 200 century, many species will have to struggle to adapt to

population being farmers and 70% of the territory is rural

area, where people’s life still depends very much on

natural resources. Agricultural production in Vietnam is
still small-scaled with little involvement of scientific and
technical inputs. That is a big challenge in view of climate
change impacts.

Agricultural production is heavily subject to weather
conditions. Any increase in ternperature, changeability
and abnormality of the weather and climate conditions
will largely impact agricultural production, particularly
crop cultivation. Abnormality in the agro-climate cycles
will lead to not only an increase in crop diseases but also
a decrease in crop yield and other unforeseeable
disadvantages.

The increase in natural calamities and extreme
weather and climate conditions such as typhoons, floods,
draughts, and coldness will have direct and strong impacts
on agro-forestry-aquatic and fishery production. A lot of
crop losses have occurred in many areas of Vietnam so far
(due to floods and droughts).

The recent extreme cold period of 33 days (2007-
2008) is evidence. Statistical data say 33,000 deaths of
buffaloes and bulls, loss of 34,000 hectares of planted
rice, loss of tens of thousands of hectares of young rice,
loss of many shrimp farms in the North and North
Central, amounting to thousands of billions dongs. That 15
exclusive of the wildlife in remote areas, whose survival
and extent of damage is still unidentified.

e. CC impacis on forest biodiversity and land
resources

Vietnam possesses a high level of bio-diversity
(ranked 16" in world, WCMC 1992) and with varied
ecosystems. One of the achievements Vietnam has
obtained so far as part of the National Action Plan on
Biodiversity (1995 — 2005) is to have established 128
reserves  including many internationally important
biotopes. For a | m sea level rise, there will probably be
78 (27%) important biotopes, 46 reserves (33%), 9 other
areas with important biodiversity {23%4) seriously affected
(Pilgrim, 2007).

Average temperature will change the geographic
distribution and pattern of biological papulation of many
ecosystems. The temperature zones for of wetland and
continental ecosystem will tend 1o shift further up,
Tropical species will also reduce from coastal ecosysterns
and tend to move upwar! - higher zones in inland
eccosystems; temperate specics (which often give high
biological productivity) wili reduce: the pattern of tood
chnins and foad webs will also change.

Temperature increase will also increase forest fire
threats, particularly those on pit coal reserves, which will

changes of weather and climate and the rate of extinction
will increase (CBD COP 9 formal documents, 2008).

d. CC impacis on land resources

Vietnam is a land-pocr country, standing 159" in the
world in terms of per capita land rate, which is only one-
sixths of the average intemational mnte (Vietnam
Association for Conservation of Nature and Environment,
2004).

Climate change, particularly sea level rising, will take
away residential space and farming land, which will be a
very big challenge for the agriculture and rural
development sector.

Natural calamities will add to the problem of land
erosion, land slide, sedimentation, leading 1o serious
impacts on the land resources.

Water shortage and droughts will lead to the problem
of desertification, particularly for the provinces in the
Central region of Viet Nam.

e. CC impacts on health

The latest report of the Inter-governmental Panel on
Climate Change (IPCC, 2007 b) confirms that climate
change causes deaths and diseases by ways of:

- Natural calamities like heat waves, typhoons, floods,
and draughts.

- Increased diseases as a result of the change in
temperature and living conditions, particularly vector
spread diseases like malaria (mosquitoes), dengue fever
(mosquitoes), encephalitis (mosquitoes), or other water
related diseases (diarrhoea) and others (malnutrition,
respiratory  discases etc.). Those diseases will do
especially large harm in undeveloped areas, densely
populated areas, and areas of high poverty.

Recent research has also proven that climate change
and diseases and deaths are correlative via various
mechanisms where the outputs from the end of the pipe
are the causes for health problems.

In Vietnam, there have appeared a number of new
diseases for man and animals (diarrhea, bird flu, Porcine
Reproductive and Respiratory Syndrome - PRRS (lon tai
xanh) etc) and common diseases but with more
complicatedness abnormality (dengue fever) that have
cost remarkable damage,

[, CC impacts on coastal zones

The coastal zones (CZ) of Vietnam stretch over 15
degrees of latitudes from the North to the South with a
crast line of 3,260 kilometwes running through the
wrritory of 29 out of 64 provinces. CZ is of great
sienificance in terms of socic-economic development,
onoronmental  protection and national security and
v iuer. CZ has great potentials for development,
b vower, it also encounters & lot of changes and

¢b apes, and is heavily suffered from  natural



conditions, particularly from climate change 1291
human activities (Per Bertilsson and Truong Quang Hoe,
2007; Truong Quang Hoc and Per Bertilsson, 2008).

There are also incidents at sea such as oil spills,
chemical spills, red tides. The coastal zones are also
environmenially affected by discharges from river basins
Untreated wastes, especially hazardous ones (heavy
metals, pesticides) are directly discharged into rivers and
finally to the sea. Across the coastal zones, there are over
100 estuaries.

Fig. 2. Increased natural calamities (floods, tsunami...)
due 1o climate change

All climate change impacts are most visible in coastal
Zones,

Coastal zones will also be the landing place of the
strongest  hits of natural calamities, particularly
typhoons, tsunamis, floods. Since 2006, the typhoon
related damage in Vietnam has amounted to USD 1.2
billion.

Main impacts from sea level rising on coastal zones:

- Flooding; loss of residential space and production
land (crop famming, aquatic farming, and salt production);
chaos in traditional ecosystems.

- Increased intrusion of salinity; shrinkage of coasial

wetland ecosvalemse

particularly PP

AR ey e

—= the habitat of aquatic species and provide food for
local people and at the same time serve as the protection
wall,

- Infrastructures, particularly ports, industrial zones,
transport works, will be sirongly impacted, even up to the
extent where renovation or removal is required.

Sea level rising and increased temperaiure will
strongly impact the coral reefs — the highly varied
ecosystems that play an imporiant role to natwre and
human life — which serve as the shield against erosion of
shores and mangrove forests. Coral is very sensitive 1o
ecological factors, particularly temperature and water
quality. Just a several degree increase in temperature will
cause massive death to it. About 30 countries have
reported their risks of losing their coral resources.

g. CC impacts on the environment / national security

Climate change may impact the environmental
security and national security in the following aspects:

- Shared water resources: Around two-thirds of
Vietnam's water resources are from beyond the national
boundary. The use of water upstream and the imigational
works and hydropower plants upstream of big rivers (Red
river, Mekong river) (there are currently some 30
hydropower dams — Nguyen Dinh Hoe and Nguyen Ngoc
Sinh, 2008, Fig. 3) will pose big challenge for water use
and environmental protection, Climate change will reduce
water resources while water demand by all countries is
imcreasing and that may worsen conflicts among the
countries with regard to shared water resources.

- Environmentaliclimate related migration (national
and international) due to loss of residential space or
diseases and poverty. It has been wamned that climate
migration is not just 8 socic-cconomic matter but may
also be a political and even a warring issue (Nobber,
2007).

- Threatened ecological secunity due to the chaos of
ecosystems and the invasion of foreign organisms and
genetically modified organisms (Nguyen Dinh Hoe and
Mguyen Ngoc Sinh, 2008}
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Fig. 3. Hydropower plants along Red nver and Mekong river

k. CC impacts on infrastructures

These include all construction works in all domains of
life and sectors of the economy such as construction,
energy, ftransport, industry, agriculture, tourism and
services. A characteristic of those works is that they are
often permanent and bearing direct and continuous
impacts from climate and weather conditions and
currently from the increasing climate change (Tran Viet
Lien, 2007).

From a2 general perspective, climate change impacts
on infrastructures fall into two groups, i.e. construction
planning and engineering design.

- Construction planning: includ’'ng not only planning
of urban areas, rural areas, resid:ntial areas, industrial
parks, but also transport works, irrigational works,
healthcare works, educational we. ks, tourism and service
works. Construction planning is always made in
accordance to spatial and climate conditions in each
region and for specific types «f works. Thus, climate
change will have direct impacts on these plans,
particularly in the context of sea level rising and increase
natural calamities,

- Engineering design: Eapiveering design is always
made in consideration of meteorological parameters,
where wind bearing and temperature bearing are the most
important for tropical countries like Vietnam.

Climale change, primarily increased temperature,
climale abnormality and increase natural calamitics, will

id impacts on the convenience, usefulness, bearing
capacity, durability, safety of the works that were
designed earlier when climate change was not considered.

1292  Thus, it is essential to assess climate change impacts

far each tyne of existing infrastructures in each loca! srea
in order to take appropriate adaptation measures.

The SEMLA Programme, MONRE, have
recommended procedures for integrating environmental
and climate change aspects in land usc planning and
strategic environmental assessment. That is the scientific
and practical approach for ministries and sectors to adjust
and develop their plans in an appropriate way, particularly
when it comes to climate change.

CONCLUSION

“The most serious crisis ever confronting human
civilization is this climate crisis® “We have spent thirty
years to debate over the question of global warming. If we
had taken action then, the price of the 30-year debate
would have not been as high as it is. Time for debate is
over now. We must not irresponsibly pass the matier on o
the pext generations to decide”. “Climate change is
causing environmental degradation on a global scale,
which requests the world to take the fastest ever action";
*... the most fundamental matter now is that the world has
to take immediate action without any further delay™

Climate change is a complex issue, which is of both
immediate urgency and long term significance, with
impacts on all domains ranging from natural to socio-
economic and on a global scale. Climate change is in
essence the matter of sustainable development Thus,
climate change adaptation must be addressed in an
aligned national program/plan and in close cooperation
with the global community so as to protect our common
shelter - the Earth, on which the most valuable resource -
human beings - is living.
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High Performance Scientific Computing {(HPSC) is an interdisciplinary area that combines
many fields such as mathematics, computer science and scientific and engineering applica-
tions. it is 3 key high-technology for competitiveness in industrialized countries as well as
for speeding up development in emerging countries.

HPSC develops methods for computer aided simulation and optimization for systems and
processes. in practical applications in industry and commerce, science and engineering, it
helps to save resources, to avoid pollution, to reduce risks and c¢osts, to improve product
quality, to shorten development times or simply to operate systems better.

High performance in HPSC can mean highly efficient algorithms and software as well as high
computing power of the hardware, ¢.g. parallel systems.

Topics

+ mathematical modelling

¢ numerical simulation

» methods for optimization and control

o parallel computing: architectures, algorithms, tools and environment
¢ symbolic computing

+ software development

s apolications of scientific computing in

— physics, mechanics, chemistry, and biology

— environmental and hydrology probiems

transport, logistics and site location

— communication networks, production scheduling

industrial and commercial problems
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Parameter Estimation for River Flows

H. G. Bock!, H. X. Phu?, J. P. Schidder!, and T. H. Thai!

Abstract: Flows in open channels can be modeled by using the Saint-Venant equation under
the assumptions: the pressure in the water obeys the hydrostatic pressure law, the bed stope
is small, the effects of friction and turbulence can be characterized by a friction slope, and
the course of a river should be straight enough to be transformed into a straight line. For
a large river, some of those requirements cannot be satisfied, especially if the system has
confluent (bifurcation) nodes. Hence, we have to divide the considered river system into
a large number of sections so that the above assumptions can be considered as fulfilled,
consequently, the Saint-Venant equation can be applied to each of them. We have to solve
the two following problems:

¢ Estimating unknown parameters for river systems. Every above menticned section
has local geometrical and hydraulic parameters. Hence, the number of parameters
for the whole system is very large, thus manual parameter estimation, as often done
by hydrologists, does not work effectively anymore. To avoid this problem and to
come up with accurate parameter values, we estimate these parameters by solving
a corresponding least squares problem. This high dimensional nonlinear constrained
optimization problemn is solved by applying the special reduced Gauss-Newton method
implementead in the software packages PARFIT and FIXFIT.

» Solving a system of Saint-Venant equations for the fixed parameters. We discretize
this system of PDEs in space by using the method of lines to obtain a large time
dependent systam of ODEs connected by algebraic constraints, which is solved by the
BOF methed implemented in the solver DAESOL.

Some computational results of parameter estimation for the Red river are presented as
concrete examples. These show that the software packages PARFIT, FIXFIT, and the solver
DAESOL developed at the IWR (University of Heidelberg) are stable, efficient and rabust
tools for modeling and parameter estimation.

! Interdisciplinary Center for Scientific Computing, University of Heidelberg
Im Neuenheimer Feld 368, 69120 Heidelberg, Germany
bock@iwr.uni-heidelberg.de, schiveder@iwr.uni-heidelberg.de, thai@iwr.uni-heidelberg.de

? Institute of Mathematics, National Center for Sciences and Technology
P.0. Box 631 - Bo Ho, Hanoi, Vietnan
Pxphu@thevinh.ac.vn
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Modelling and Parameter Estimation
for River Flows

H. G. Bock', H. X. Phu?, J. P. Schléder', and T. H. Thai’

Abstract: In this paper, the authors will outline the numerical methods applied to solve
two problems:

o Modelling of river flows: the process in open channel flows is modeled us-
ing Saint-Venant cquations which consist of two first order hyperbolic partial
differential equations. We can lead this PDE system to a large differential
algebraic equation system by using the method of lines.

o Parameter estimation: the modelling problem requires many hydraulic and
geometrical parameters. Because the river system is very large, in practice,
it is not possible or too expeusive W measure somne of those parameters, e.g.
friction coefficient ¢, channel width B, channel slope-bed Sp, water lateral in
flow g, ... In order to avoid this problem, we propose to estimate the unknown
parameters of the river system nunerically using experimental data of water
level h(t, z), water discharge Q(t, z) measured in previous time. This leads to
a high dimensional nonlinear constrained parameter estimation problem. To
solve them a special reduced Gauss-Newton method is applied.

Finally, some numerical results ol simulation and parameter estimation applied for the
channels of Red River system are preseuted.

' Interdisciplinary Center for Scientific Computing, University of [leidelberg
[m Neuenheimer Feld 368, 69120 Heidelberg, Gerinany
thai @iwr. uni-heidelberg. de

7 Department of Numerical Aualysis and Scientific Compuling
Institute of Mathmmatics, National Center for Seiences and Technoloy
P. O, Box G631 - Bo Ho, ITanol, Victuam
hephu@thevink, nise.ac.un
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1 Modelling

1.1 Saint-Venant Equations

In nature, water flow of the river is unstationary, i.e. it varies in time and space, and
hias free surface. The basic flow equations mathematically describing unsteady river flow
ure the continuily equation, derived from the principle of conservation of mass, and the
momentum equation from Newton's second law, the principle of conservation of linear
womentum. J.-C. Barre de Saint-Venant [Saintl] derived those equations more than a
ventury ago, long before the techniques Lo solve them became available. In this paper, we
will show those equations without their derivation which is recalled by e.g. Chow [Chol],

Maniak [Man], and Stoker [Stol].

Continuity Equation
In the one-dimensional case the mass conservation equation is as follows
aA aQ
— i ; 1
% = g 19 (1)
Momentum Equation
a0 a [Q*
1 b L C R R @)

where A(z,t) [m?] is the cross-section area, Q(z,t) [n¥s~"] is the flow discharge, g(z,t)
[m2s~] is the lateral in- or outflow per unit length, z [m), t [s] are the space and the time
variables: t > 0, zo < z < i, b, and I, arc respectively water level and its derivative
with respect to z, v [ms™'] is the flow velocity, S, Sy are the bottom slope and the
friction slope.

The ahove equation system (1) - (2) can be used to describe the river flows nnder the
ndldditional assumptions:

e the pressnre distribution is hydrostatic,
e the slope of the river bed is small,

o the effects of friction and turbulence can be modelled by a friction slope ;.

Equations (1) and (2) are not in a readily useful form for us, because in practical
application the state varianbles that we need are water discharge @, and water level k, so
first task is to rearrange them.

The cross-sectional area A is a function of & so we can rewrite cquations (1) and (2)
using h instead of A:

hy = “% L Y (3)
Q= —22.Q: +((%)" = Agha)Auhs + Ag(Sy — So) — qv, (4)

40
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where h4 is the partial derivative of i with respect to A

Remark 1.1: By using different forin of the river cross-section A(z,t) we can obtain
different special cases of the Saint-Venant cquations. In Table 1, the geometric functions
for some standard cross sections A are shown.

#W: — e
Seclion Rectangle Trapezoid Parabolic
- '_.J_-___-{f |
. ] - \ |
. ne |
Area A Bh (Bo + ah)h zﬁh:_g( ‘\/E :u,
Wet. per. P B +2h Bo+2h/14+a | L( i+ iny ')
i h
Hyd. radius 12 B‘i‘;u ME*'“:! .
h;{ B - % _Lﬁ; zﬁl ]

Table 1: Geometric functions for channel elements

In Table 1, B deuotes an upper bound of integration interval, and is defined by
B = arctan(2vah).

Friction slope

The friction slope S; represents the cffects of friction and turbulence. It can be
approximated by the empirical formula (Manning Strickler formula)

§p = —i—cﬂ"l"’, ®)

where C, is the Manning coefficient and dependls on the soil condition of the river bed.

1.2 Boundary and Initial Conditions

The solution of an unsteady river flow problemn depends ou the initial and boundary con-
ditions imposed on the river flow. In other words, when using the Saint-Venant equations
to model river fow, two initial conditions and Lwo boundary conditions must be specified
in oder to obtain a unique solution that deseribes the flow.

Initial conditions

The initial conditions specify the flow conditions at the initial time (¢ = 0) of compu-
tation of unsteady flow. The two initial conditions for the Saint-Venant equations are the
velocity v(z, 0), or discharge Q(z, 0), paired with the area, A(x,0), or water level h(z,0),

4]
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specified for the entire channel length at the initial time 2 = 0.

Boundary conditions

Mathematically, the Saint-Venant equations are a pair of first order partial differential
equations of hyperbalic type whose charateristics are defined by:

dx

5 = vy
& L —Jiiw
at 9y

where /g7 is the so-called wave speed and denoted by C.

In our case we always have: [v| < € (subcritical flow). It means that we need one
loft and one right boundary conditions to have the unique solution of the Saint-Venant

equations.

1.3 Channel Junctions

I is important to have a good model for the junction of two channels in order to connect
several single channels to a river network. In Figure I, the basic notations of two joint
river channels are shown: the channels 1 and 2 join to channel 3 al the location Z. z,
I3, Ty are respectively the Jocations of the begining points of the channels 1 and 2, and

the last point of the channel 3.

The precise hydraulic description of the flow at channel junctions is rather complicated
and difficult because of the hight degree of flow mixing, separation, turbulence, and en-
ergy loss... We assume that the energy losse are neglected, and the junction is point-type,
then the conditions for the water flow at the joint point are:

Qi(z 1)+ Qu(E, 1) = Qu(F,1) (6)
n(Z,1) = ha(Z,1) (7)
ha(E, t) = hylE,1) (8)

1.4 Numerical Method for Saint-Venant Equations

The equation system (3) — (4) is an implicit PDE system, and there are many methods
to solve them, e.g. method of lines, finite clement, finite volumes...

A7



Figure 1: Junction of two river channel

In this paper the method of lines (MOLs) introduced by Schiesser [Schi] will be con-
gidercd. The main idea of this method is:

e Step I: using the MOLs to transform the system PDE Lo a system of Odinary
Differential Equations (ODEs).

e Step 2 Solving the ODEs (in this project we will use BDF method imple-
mented in the solver DAESOL by 1. Bauer [BauBoc] to solve the system ODEs.

Spatial discretization
The considered PDE systein can be rewritten in general vector form as follows

w = Fli,zu,mu) (9)
where
to st <ty mlz <y,

u = (hQ),
_ 80,

W=\ a”
_ (@ 2,

Y« = \5a' 8"

F = {F[.F:]I.

We need one left (Q(x,¢), or h(z;,1)) , and one right (Q(zy,t), or h(zy,t)) boundary

condition.

The initial boundary condition wu(z,tg) must be consistent with the boundary condi-
tions.

In our approach the public domain spatial differentiation routines of order two, aud
order four introduced by Schiesser [Schi] are applicd.

Ezample Second order scheme:
Let u(z;, t) = u; and Az =44 = 3;, then x; = 20 + 1Az, where 1 = 1,2, ..n

4]
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To approximate the partial derivative u; from the two values of dependent variab
Wi_1, Uis1, We can apply the second order finite differences

1

ugfl) = mf—:ﬂﬂj + 4uz — 1), (1
1 :

ugi) = EE;["‘“{—: ), 1=1,2,.,n-1 (1
1

u(n) = m(*&-l — du,_y + 3u,), (1L

and substitute this into (9) gives an implicit ODE-system of dimension 2{n + 1):

dy _
i F(zg,..zn, t,7) (13

This ODE system is stiff [SteRenl], can be solved by BDF method, which is e.p
implemented by Bauer [BauBoc] in solver DAESOL.

1.5 Numerical Results of Mathematical Modelling for the Chan
nels of the Red River

Figure 2 shows the Red River network.
In Table 2, the notations for all single channels of the Red River system are shown.

rver from lo m'
Da River Hoa Binh | trung Ha
Yenbai River | Yen Bai | Trung Ha
Red River | Trung Ha | SonTay
Lo River Phu Ninh | Son tay
Red River Son Tay | Hanoi
Ben Ho Hanoi

| Red River | Hanoi Hung Yen

"-er.n-hum-—

Table 2: Notations lor river channels of Red river sysiem

Note: these channel numbers are only valid in this paper, as in practice there are
other numbers of channels for the completed river system in Vietnam which is very large,

In this section some results of simulation for some single river channels, and for some
joint river channels are presented. But this simulation is only preliminary, as some pa-
rameters (river bed- slope, coefficient Manning-Strickler, ...) are approximately chosen.
For the final solution of simulation for the Red River system, we liave to do parameters

estimation which will be discussed in the next chapter.
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L. Theo Chay river
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Da river E‘.
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[}r Thuong cat

Ho Mo
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Figure 2: The Red River network
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Modelling of the river flow in the channel ]
In Table 3, the hydraulic and geometrical cliarateristics for the channel 1 (from gauging
station Hoa binh to gauging station Trung Ha) are shown.

No | Notalions - unisl value
1 | river length L m 50000
2 | form of cross-section - " rectangular
3 | width of the channel m 450
4 | bed-slope S, - | 0.00001
5 | initial conditions - h(z,0), Q(z,0)
6 | boundary conditions . a(0,t), h(L,1)
7 | Manning coellicient C,, | - 0.3
8 | accelerationg | 3 0.8

Table 3: Geometrical and hydraulic data for channel 1

Figures 3, and 4 illustrate the simulation of river channel 1 in water level A [m] and
water discharge @ IE_'—:] using the quantities given in Table 3.

g e
- ey e - - 4

Amtemm G - -
e i L

Figure 3: Simulation for the water level h{x,t)[rn] in the channel 1

- " 4
-, - - - - - il . - s pand

- [———

Figure 4: Simulation for the waler discharge Q{m,i][m;} in the chaunel 1
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Modelling of the river flow in the channel 2

Figure 5 illustrates the simulation of river channel 2 for water level h [m] and waler
discharge @ [“:—:} using the data given in Table 4.

Na | Notations - unit ' value |
1 | river length L m 35000
9 | form of cross-section - ractnn_gula?
3 | width of the channel m ~ 300.
4 | bed-slope Sy E 0.00001
5 | inilial conditions . h{z,0),Q(z,0)
6 | boundary conditions - Q(0,t), h(L, 1)
7 | Manning coeflicient Cp, | - 0.2
8 | acceleration g a 9.8

Table 4: Geometrical and hydraunlic notations for channel 2

Figure 5: Simulation [or the water level Ai(x, t){m] and discharge Q[:,t}[“:—:] in the
channel 2
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1.6 Conclusion of the Section

The method of lines combined the DAESOL solver works to solve the Saint-Venant Equ&
tions. But it is only the first step of our work, In order to have a good model of the river

fiow, in next step we have to do the following works:

o Estimate neccessary parameters for our model: Sg, Cy, Bo, -

o Simulate again with the estimated parameters to get a realistic simulation of
the Red River.

4%
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2 Parameter Estimation

2.1 Formulation of the Problem

In practice, the situation is that the measurement data z,,; for one or more state variables
¥ (v = h,Q) is given at location z; (j = 1,...,m), and at the time ¢, (i = 1,..,n,), eg
the water level or water discharge at the gauging stations. Here n, and n,, are number of
spatial nodes and number of measurement points.

We denote u, is the model respons for the measurement z,,;, then the measurements
can be described as follows

Zyiy = 4y (ti, y(Liy %), P) + €45, (14)
where p is the parameters (By, Sy, Sy, ¢,...), and €, is an error that follows a normal
distribution €,;; ~ N(0,03;;), here o,;; denotes the standard deviation of the mesnarement
z,,-j.

The parameter estimation problem is to determine the unknown parameter vector p
that fit the model to the experimental data

s X T3 S eRs, (19
TN = Q=1 =l n3

such that the Saint-Venant equations and the initial and boundary conditions are
satisfied.

The problem (15) is a high-dimensional constrained parameter estimation problem,
as we transformed the PDE to a large ODE system which consists of up to thousands
equations. This is infinite dimensional problem, because we have to optimize in the
function space (for y = k, @). We can paramctrize this to a finite dimncnsional problem
by introducing new variable s € R™. This can be done e.g. by single shooting [StoBu],
or Multiple shooting [Bocl], [Boc2], or by collocation [Bocl). Here, can happen that
n, P ng, where n, is number of estimated parameters. We end up the problem with the
fullowing form

min [y, ) - (16)
ralpys) = 0. (1)

where p € A",

To solve this problem, the reduced Causs Newton method introduced by Schldder
[Schls1], [Bocel), [Boc2] is applied.

The main steps of Gauss Newton method are

&
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e Start with an initial guess gy = (po, 50).
» Improve the solutions iteratively by
Pesr = P + AeDP-

where 7 = (p,s), Afe is a solution of the constrained linear least squares
problem

min llr1 (B, 2) + Ji(Be, ) AR5 (18)
ra(fe + Ja(Pe) APk = 0. (19)

with the Jacobian J(§) = @r(p)/@5, Ja(p) = Ora(p)/p, A € (0,1] is a
relaxation factor of the globalization strategy, and can be determined by e.g.
the line search method.

As n, > 1y, the computation cost for Jacobian Ji, Jy is very high, Schloder [Schlol]
proposed to use the reduced Gauss Newton method. We then can formally eliminate the
variables using (19), and only have to compute directional derivatives with respect to the
free variables, namely the parameter p. This reduces the computational effort for the
Jacobian dramatically.

2.2 Numerical Result for Parameter Estimation

In this section we show some numerical results from using the reduced Gauss Newlon
method implemented in the parameter estimation tool FIXFIT [Bocl], [Schisl], [Die] to
estimate the unknown parameters for the single river channel 1 (from gauging station Tioa

Binh to gauging station Trung Ha).
Saint-Venant equations (3) - (4) are used to model the flow in this channel, with

» Geometrical and hydraulic data: look at Table 3.
e [nitial conditions:
Q(z,0) 1620 [m®s™"]

h(z,0) 16.5 [m]
with 0 <z < L = 50000 [m]

e Upper boundary: water discharge in the Gauging station Hoabinh is used as
upper boundary condition as shown in the Figure 7.

e Lower boundary: water level in the ganging station Trung a is used as lower
boundary condition as shown in the Figure 7.
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Figure 7: Upper and lower boudary conditions

The width of the channel at any location z is determined by linear interpolation
B(x)=Bo+ (B~ Bu)- 7
where By and By are the widths at the begining, and at the end of the channel. They are

treated as unknown parameters,

The measurement data is the water level at the gauging station Hoabinh, and the
unknown parameters to be estimated are: the channel width at begin of the channel By
[m},, the friction coefficient ¢, the river bed slope Sy, luteral inflow q.

Iy practice, we can introduce a variable Jtyonn of the water level in the river channel. If
~ the water level higher than hggem then lateral water is vutflow, clse, is inflow. The lateral
water the determined by

g=g(h = huorm)- (20)
Hore, hyorm Will be treated as unknown parameter.
In Table 6, the initial guess and the estimated purameters are shown. In Table 7, the

Bilm] [ [ s B __| Mnerm
Tnitial guesses | 100,00 | 0.36 | 0.0000 [ 0.0175 [ 225.00 | 18.
estimated value | 51.80 | 0.30 | 0.0078 | -0.12_[1299.6 | 20.10

Table 6: Estimated parameter values and initial guesses

CPU times, the number of f-calls, number of [, f; calls, and the number of iterations
required for parameter estimation are shown. In the Figure 8, the graphics of water level
computed with initial guesses of parameters, estimated parameters, and the experimental
data are illustrated.

Figure 9 shows the improvement of the objective function during the iterations of GN
method.
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CPU — times | J-calls | J~calls | Jy-calls

Table 7: Computation times
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3 Summary and Outlook

The process of water flows is modeled using Saint-Venant equations. These PDE equations
are transformed to a large system of ODEs by using method of lines. This is a stiff
system of ODEs, and to solve them, we apply the BDF method. The numerical results of
simulation for river flows are presented, but they are not reliable, because some parameters
of the river system, e.g. river slope-bed, channel widlits, friction coefficient, lateral water
are unknown. To avoid this problem, we have formulated a parameter estimation problem,
which is solved by using the reduced Gauss Newton Method with software FIXFIT, The
results show good coincidence between data and model response. We hope that now
we will have a good model for the Red River, but we still have many open works and

problems:

e Estimate parameters for all channels of Red River system, and for the whole
network together.

¢ Statistical analysis of the results.

¢ Visualize the results of simulation.
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