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INTRODUCTION

(1) Project “Climate Change Impacts in Huong River Basin and Adptation in its
Coastal District Phu Vang, Thua Thien Hue province”

Is one of components in the Netherlands Climatastasce Program (NCAP),
formerly the Netherlands Climate Change Studies Assistance Program, phase 2
(NCAP2), which had been implemented in 14 develpmiountries on the world. This
is a pilot research on climate change impacts daralaenvironment, water resources,
socio-economic development and the most vulnenatyeilation communities; at the
same time it is a pilot case study on recommendatiad carrying out the policy and
measures to adapt to climate change.

The project regards the Huong River Basin in TRiken Hue Province in
general and its lagoon population in particulartuF@ impacts of climate change on
the water system and flows of the entire river tagil be projected in an integrated
way. The social-economic focus is on the coastsiridi of Phu Vang in order to
involve vulnerable stakeholders in preparing measuio adapt to the projected
climate change impacts in their local area.

(2) The project has the following objectives:
Development objectives:

The development objective of the project is temsfthen the capacity of the
sectors, institutions and people in province tgpa@ad respond to the climate change
impacts in order to reduce their vulnerability tonate change and disasters by raising
their understanding and preparedness, to foreseémipe the negative impacts and
losses.

Through this, the project may also contributeht® implementation of Vietnam
national strategy on poverty elimination and susthie development. The results and
findings of the project may be analyzed to devedoparticipatory climate change
adaptation and integrated water resources modethwdan be used in other basins
and areas nation-wide.

Project objectives:

To study existing and future climate change impawiswater resources in
Huong river basin and understand how people’s iheelds strongly depend on
climate and water resource changes.
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To improve awareness, a pro-active attitude andgreginess regarding climate
change and its impacts among all related staketmlde

To assess, prioritize and improve the existing tadegm measures with
stakeholders’ participation.

To prepare and develop, with stakeholders participathe adaptation plan and
policy at district and provincial levels.

Research, develop and propose the programs, meamualepolicies of feasible
adaptation in localities; replicate and apply ftrey provinces and regions.

(3) The project has applied successfully the modehethods of research in
combination with traditional ones and with stakehotler participation
approaches:

Combine the use of research method, mathematicdelrend participatory
tools:

The project combines the stakeholder approach widiter modeling. The
technical scientific tools were selected and emgdopn the basis of needs as by
IMHEN and will support local awareness raising addsigning of adaptation
measures.

Participatory tools facilitated the presentationl a@scussion of water modeling
results in the province as well the follow-up thall aim at demand driven needs and
timely adaptation to the benefit of the most vuaie people.

The process of exchange and discussion on thercesessults at localities can
determine the true requirements and adaptation unesmsvhich bring about benefits
for the most vulnerable objects.

Collect and inherit the results of other projectsich had been carried out in
area, including impact assessment, assessment icigetory capability of
stakeholder and the level of implementing adaptati@asures.

(4) From starting to ending, the project focuses othe following activity group:

a) Collect data on natural and social conditionglofia Thien Hue Province,
the Huong River basin and Phu Vang District, caisdysof project.

b) Analyze and evaluate the evolution of climatel &ydrological elements,
especially natural disasters in Thua Thien Huerdyitie last half century.

c) Research and develop scenarios of the main tinaad hydrological
elements: temperature, rainfall, potential evaponatrunoff, sea level rise, depth of
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flood, flooded area, salinity and salinity intrusiof Thua Thien Hue Province, depth
of flood and flooded area of Phu Vang Districthie toming decades.

d) Assess the impacts of climate change on theasing of intensiveness and
frequencies of climate and hydrological elementstigularly the extreme ones, the
degeneration of environmental and ecological cormptsand their negative effects
on economic and social sectors on the territoryflofia Thien Hue in the coming
decades.

e) Propose strategy and solutions to adapt to t#inchange and mitigate
climate change in the coastal zone in the sociahe@aic sectors and environment of
the Huong River basin, Thua Thien Hue Provinceiarféhu Vang District, Thuan An
Town and the Chan May — Lang Co Economic Zone.

g) Organize workshops to propagandize and diss¢enitiee knowledge on
climate change, especially its adverse impactstegy and solutions to adapt to
climate change in social-economic and environmetiviies of Thua Thien Hue,
particularly the coastal zone.

h) Organize investigation on awareness on climange and stakeholders’
opinions on the integration climate change infororatand adaptation measures into
socio-economic development strategy, particula@¥M strategy of Thua Thien Hue
Province.

Almost all results of the above-mentioned projesivities are summarized in
28reports of special subjects.

(5) The project was completed with the main contrilation from the following
organizations:

- IHMEN, the implementing agency which designated the Ministry of
Natural Resources and Environment (MONRE) as tlmalf@oint to develop and
implement the project.

- Department of Natural Resources and EnvironmB@NRE), Department of
Science and Technology (DST), Department of Agtisel and Rural Development
(DARD), Department of Industry (DI), Departmentdurism (DT), Hue University
of Sciences, Management Board for the Huong Rivwejept, Thua Thien Hue
Province.

- The People’s Committee and the Bureaus and Badrgbu Vang District.

- The Netherlands Climate Assistance Program (NCAP)
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(6) The Final report was prepared on the basis ofhie achievements of researches
of special subjects, the reports, documentation andiata of many sectors.

Moreover, this report has used some following intgrardocuments:

- Statistical Yearbook 2006 of Thua Thien Hue Dapant of Statistics,

- Natural disasters in Thua Thien Hue of Center Hydro-Meteorological
Forecasting of TTH Province.

- ICZM Strategy of Thua Thien Hue Province,

- Report to assess the works on directing the flmod typhoon prevention and
preparedness and mitigation of natural disast@006

- Direction and tasks of flood and typhoon prevamtand preparedness and
mitigation of natural disaster in 2007 of Thua Thidue Province of the Committee
for Flood and Storm Control, Search and Rescue 3R of Thua Thien Hue
Province,

- Report on damages and the overcoming of consegeef rainfall and floods
from October 13 to November 16, 2007 of the PegpgB®@mmittee of Thua Thien Hue
Province.

- Study results on climate change and its impactsdter resources, ecosystem,
and social economic activities of Thua Thien Huavprce

- Analyzing impacts of climate change on Huong Riffew-focusing on Phu
Vang district, result of the study, Oct. 2007

- Analyzing and processing the existing observatiata in Thua Thien Hue
province, result of the study, Oct. 2007

- Investigation and survey collection results akstholders

- Some suggested general adaptation measuresntatelichange impacts on
coastal and lagoon areas and message to policyrsnak€hua Thien Hue

- Supported information about climate change, diemesearch results about
climate change in Thua Thien Hue province and Plamgvdistrict and improve
knowledge and adapt with climate change for loealbe

- Meeting materials

- Stakeholder awareness raising on climate chandeadaptation measures in
Phu Vang district, Thua Thien Hue province

- Collected information about ICZM Revision Proceslu report on
investigation survey results.
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- Document explaining the backgrounds and ratiofaterevising the 1ICZM
Strategy and Action Plans (Report on branches: i$oyr Transportation,
Construction, Agriculture, Ecology)..

- Stakeholder Consultation Plan

- Stakeholder Consultation Report

- DONRE final report: Climate change integration 6®ZM strategy in
sustainable development

- Report on “Stakeholders consultation on integratof climate change to
social economic development program and ICZM ind hien Hue province”

(7) Final Report of the project is presented in 5 ltapters with the following main
contents:

Chapter 1: Natural and socio-economic characteristics of Thheen Hue Province
and Huong River basin. This chapter presents thmoitant natural characteristics:
topography, geology, soil, climate, hydrology andmgs main socio-economic
conditions: population, population growth, economgrowth, present conditions and
direction of development of agriculture — forestryfishery, industry — construction
and resettlement. Chapter 1 also preliminarily edskes biodiversity status in Thua
Thien Hue.

Chapter 2: Natural disasters and their impacts in Thua THire. This chapter
introduces the conditions for the formation andease of natural disasters, space and
time distribution and impacts of the main naturaadters: typhoon, thunderstorm,
drought, salinity intrusion, flood, flash flood,nidslide, erosion of river bank and
seashore.

Chapter 3: Overview on climate change in Viet Nam and ThuaemhHue. This
chapter presents the manifestations of climate ggnan many recent decades and
scenarios of climate change in the coming decadeglabal scale as well as in Viet
Nam and Thua Thien Hue Province.

Chapter 4: Climate change impacts in Thua Thien Hue. Climgtange impacts
mentioned in this chapter include the increase xifeeme hydro-meteorological
elements, the main natural disasters such as typheirlwind, sea level rise, and
their direct effects on ecological elements, cdastame, and the principle socio-
economic fields in Thua Thien Hue Province. Thiamer also presents Climate
change impacts on Phu Vang District, the pointrojgrt and the Chan May — Lang
Co economic zone.
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Chapter 5: Policy and solution to adapt to climate chang&ua Thien Hue. This
chapter presents the solutions to adapt to clirdaéage in the areas and sectors that
have had the climate change impacts assessmdm iHuong River, Thua Thien Hue
Province and especially Phu Vang District. The maa®ndations on integration of
adaptation to climate change into ICZM are alspoohiiced in the final part.

At the final of the report there are conclusiomgommendation and lessons-
experiences are withdrawn from project activities.

(8) Final report was prepared by a team of the pragct experts, including the
International Technical Advisor under the direction of the project Director and
Project Management Unit.

In its process of implementing of the project weédeeceived the wholehearted
assistance from the Leadership of IHMEN, leadershef People’s Committee, the
Departments and Boards of Thua Thien Hue Proviheaders of the People’s
Committee, Bureaus and Boards of Phu Vang Distaimad from CTA and NCAP
Experts. Sincere gratitude is expressed to allh@endccasion of completion of the
project.
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CHAPTER 1: NATURAL AND SOCIO-ECONOMIC CHARACTERISTI CS OF
THUA THIEN HUE PROVINCE AND THE HUONG RIVER CATCHME NT

1.1 Natural characteristics
1.1.1 Topography characteristics

Thua Thien Hue is a province in coastal area otidwn Central Vietnam, limited in
15059’ - 16048’'N and 106025’ - 107051'E, bordereithviQuang Tri Province to the North,
Da Nang City, Quang Nam Province to the South, Héeple’'s Democratic Republic of Laos
to the West and the East Sea to the East.

Lying on the East — West corridor connecting Myannidailand, Laos, Viet Nam
with the East Sea, Thua Thien Hue is one of foavipices of the key-point economic zone of

the Central and one of the big cultural and tourtemters of the country.

Thua Thien Hue has an area of 5054km2, includiris&icts: Phong Dien, Quang
Dien, Phu Vang, Huong Thuy, Huong Tra, Phu Loc, #oi. Nam Dong and Hue City with

relatively complicated topography.

Figure 1.1: Thua Thien Hue province location and geography

Huong River has a catchment area of about 3000 kmi2ed in 15059'-16036’N and
107009’ - 107051’E. Huong River Catchment is adpde the lagoon system Tam Giang—
Cau Hai to the North, Da Nang City, Quang Nam Rroeito the South, Asap—A Luoi River
Catchments and O Lau River Catchment to the WestNemg River Catchment to the East,
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including all or a part of districts: Nam Dong, HypThuy, Phu Vang, Phu Loc, Phong Dien,
Huong Tra and Hue City.

On the territory of Thua Thien Hue, all mountaimgas and stretches of plain have
the direction of Northwest - Southeast, parallethte coastline, therefore the topography is

gradually lower from the West to the East.

1.1.2 Areas of territory

On the territory of Thua Thien Hue and Huong Ri€atchment in particular, there is
the formation of areas in West — East directionuntainous area, hilly area, plain and coastal

lagoon and sand dunes.

Figure 1.2: Huong River

1.1.2.1 Mountainous area

Occupying 70% the West and South area of the pceyithe Western mountainous
area is a part of the Truong Son Mountain Rangke mi&ny high peaks, of which, Dong Ngai
peak is 1,774m and Dong Pho peak is 1,346m. Théh&oumountainous and hilly area is
Bach Ma Range starting from the Truong Son Moustarotruding to the sea with the peaks
higher than 1000m, separating Thua Thien Hue fraanNang: The distance from the high
mountainous area down to the coastal plain is @3y than 50km, creating a relatively great
slope for Huong River Catchment. The land with slgipove 250 making up 55.4% of the
area, so most of land in mountainous and hilly ésegioded and degenerated.
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1.1.2.2 The plain

The plain of Huong River has an area of about 5@kccounting for around 17%
catchment area divided into two parts: Northern itpRiver and Southern Huong River. On
the Northern Huong River, in the plain, the elematof rice field is from (-) 0.4—(+) 2.5m and
the large inland sand area has elevation from @+tpt(+)8.0m.

Figure 1.3: Huong River plain- rise paddy

The Southern Huong River is a hollow area and gaglsloping from Huong River
to Cau Hai Lagoon, with many small rivers and strealn comparison to Northern Huong
River, the Southern Huong River is more depresseth many “hollow areas” with the
bottoms having elevations from (+)1.0—(-)1.5)m.

1.1.2.3 The area of lagoon, inland and coastal sand dunes

This area has 3 lagoons linking together: Tam Gidang and Cau Hai (in some
localities, they are called Sam Swamp and Chuonng§yaOn the map, there are not any
signs to clearly differentiate 3 lagoons from adstmative borders. Tam Giang—Cau Hai
Lagoon has an area of 22,000ha, the widest plaBe &m, the narrowest 0.5 — 0.7km, it
connects to the sea mainly by Thuan An and Tu H&aries. In history, Thuan An, as well
as Tu Hien estuarine, is not stable, they are apéan¢his place or other from time to time,
the water depth in low flow season ranging betwk&nand—2m, and 3-5m in flood season,
respectively. All big rivers in the area such as.&y, Huong, Nong and Truoi Rivers pour
into Tam Giang Lagoon before going to the East Sea.

The coastal sand area is mainly a series of sandsdirom Huong Dien (the limit
between Quang Tri and Thua Thien Hue) to Tu Hietu&y (Phu Loc District) which is
71km long and about 2.5km wide. Adjacent to thesedsdune series to the Northeast is the
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East Sea, to the West are villages from Dien Huonginh Hien with 20 communes under 5
districts: Phong Dien, Quang Dien, Huong Tra, Plamy/and Phu Loc.

1.1.3 Characteristics of geology and soll

Soil and rock are mainly Paleozoic and Mesozoignsedt, widely distributed in the
area. Paleozoic sediment includes A Vuong formatdstributed on a limited area in the

Southeast of area, formatioril.ong distributed widely with two sub-formations.

- The upper sub-formation, with the main componehtmuch clay shale rock

alternated with aleurolite and sandstone.

- The lower sub-formation has bigger distributioithatwo components of sandstone

sediment, few minerals and few clay-with-flints.

Devon sediment creates long stretch along the ceohwith components changing
from grit pebble, clay-with-flints or sandstone lower layer, to aleurolite alternated with
sandstone in mid layer, gradually transferring teueolite, clay-with-flints, argillaceous

limestone and limestone in the upper layer.

Magma intrusions are distributed in many blockshwdtifferent dimensions. The
tertiary sediment is mainly in coastal plain inchgl pebbly sand, sand, clayey silt and

humus.

The land is mainly different kinds of light yelloferralite soil on the weathering
products of sandstone, schist or other stonesmergl poorly fertile, the layer of soil is often
thin; in many places, the process of lateritizatiappens quite strongly. However, a not large
area in the valley of Nam Dong District is the broved ferralite soil on limestone, yellow
red ferralite soil on clay-with-flints with the tker layer of soil and may be better used for
agriculture production; at the same time it makkeswater turn brown red — yellow colors,
especially during rainfall and flood period. The aneearth mixed with clay in Northern
Huong River and Southern Huong River is suitabtectdtivation, especially for rice the plant
requires a relatively high fertility. However, inamy places, the soil is impoverished due to
activities of exploitation and severe hydro-metéagal conditions. This kind of land is not
suitable for agriculture. Land in high area is abii¢ for vegetable, other crops and fruit trees.
The hilly area in the West and South and the juhgkethe kind of grey yellow soil created on
the eroded sandstone and ferralite, that is covieyeal thick vegetation. During the war, the
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toxic chemicals had destroyed a lot of plant makimg hilly area bare. In general, the land of
the Huong River Catchment belongs to poor nutridiod diversified.

Thua Thien Hue has 49,107ha agricultural land é&8@j4112ha forest land (Table 1.1).
Other districts in plain are often flooded except lam Dong. The plain of Huong River is
lower than the sea level and flood level so mostlinundated in the alert level 3 (the alert
level 3 is 3,00m in Hue), and up to 2/3 populataord 2/3 houses in the catchment are
inundated when big flood occurs.

Table 1.1:Distribution of land in Huong River Catchment (ha)

g:tst”a’ Total Of which
y natural land Not
Agricultural | Forestry Special Resident| Not  yet o
land land use land | ial land | used land
- Include
'ONg | 9537511 | 10,235.75 36,026.60 3,768.61 396.85 8432 16/16
Dien communes
Include
QE;‘.ang 16,307.70 | 6,64.32 1,326.70| 2,019.48 37589 59711 11/11
1en communes
Include
Hue 7,098.78 2,710.00 469.25 2,133.35 1,038/14 0a48. 25/25
communes
Phu Vang Include
19,433.80 | 8,063.21 598.20 298137 36095 7,439.37 13/20
communes
Include
H“hong 45,733.80 | 5,630.91 21,610.46 3,202.62 361.85 14827 12/12
Thuy communes
PhuLoc | 72,808.00 | 8,426.60 33,276.50 2,681.25 B21/927,902.25
Include
Huong | 54 14840 | 611927 5357.81| 244281 379.20 98890 18/18
Tra communes
Include
ALuoi | 122,901.18| 5,221.53 73,661.61 733.53 43,B85. 21/21
communes
Nam Include
Don 65.052,2 3.193,9 41.9359| 305,1 83,4 19.533|5 11/11
9 communes
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1.1.4 Characteristics of climate

1.1.4.1 General characteristics

Thua Thien Hue is totally located inside tropicatitbdes and is the transition area
from the Northern climate to the Southern one.

The most important role in the climate of Thua Thidue is played by the western
and southern mountain ranges. In winter, the mauntanges makes the Northeast wind
direction change into the Northwest direction, twd air mass stays in the East of the
Truong Son Range and North Hai Van Pass, causiagyh@in and flood by the end autumn-—
early winter, making the rainy season diphase mparison to general situation in the North,
Tay Nguyen, the South and creating one of the Isiggenfall centers of the entire country.

In summer, the mountain ranges cause the “ferrécefeading to extremely dry and
hot weather accompanied by drought.

The diversified and divided topography of Thua Thitue province are also the cause
of differentiating the climate in space that createany different sub-climatic areas. In
general, the climate conditions are very severeryeyear typhoon, sunshine, heat, drought

and flood cause many difficulties for all socio-eromic activities.

1.1.4.2 Wind characteristics

The prevailing wind direction in Thua Thien Hue wobas clearly according to
season. Due to mountains surround to the West,Stheh and many mountain ranges
protrude to the sea dividing the territory into mararts, the wind direction is significantly

dispersed.

Maximum wind speed is up to more or less 30m/syphoon, whirlwind and 15—
20m/s in some times of strong Northeast monsoon.

1.1.4.3 Temperature characteristics

Thua Thien Hue has relatively rich radiation ofearitory lying quite deeply in the
solstices of the Northern hemisphere. Annual awetamperature, including the mountainous
area which has a decrease in temperature with #hghth following the gradient of
0.50C/100m, is about 17-25.50C, achieves the tabicteria in general and temperature of
high mountain for the mountains with height morantifs00m.
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1.1.4.4 Rainfall characteristics

Thua Thien Hue is one of the provinces with thgéat amount of rainfall in the
country with annual average rainfall of 2800—3400Qnfime rainfall below 2800mm happens
in some Northeast plains in the districts HuongnD®@uang Dien, Phu Vang, and Hue City
(Table 1.2). The rainfall above 3400mm is in thedas rainfall center Bach Ma. According
to observation data of many recent years, theatiof Bach Ma is no less than 5000mm.

Table 1.2: Annual and monthly rainfall (mm)

Location I I M \Y; Vv VI VIl [Vl IX X X| X1 ear
Co Bi 100 | 50 | 43 66 163| 156 118 114 442 864 624 208959
Phu Oc 93 60| 35| 85 139 100 102 153 314 841 509 2721689
Hue 95 48 | 34 | 47 104 129 71 120 335 761 562 252 52,85
Phu Bai 170| 76 | 54| 59 77 97 11 121 413 778 515 303773
Loc Tri 187 | 53 | 20 63 189| 225 75 95 531 924 779 298,436
Binh Dien 95 22 | 19 | 49 133 204 79 146 410 767 617 4 222,765
Ta Lwong 65 50 | 11 148 | 146 250 72 105 305 1127 879 174 323,3
A Luoi 65 32 | 63 142 | 227\ 202 170 181 398 90(Q 611 253,242
Nam Dong 97 47 | 52 93 210 250 171 204 392 1044 6588 P 3,454
10001
900+
800
7001
6001
500 BLocTh
4001 B Ling Co
300
2001
1007
O_n

I 1l Vv il IX Xl

Figure 1.4: Monthly rainfall at Lang Co and Loc Tri station (lm

1.1.4.5 Number of rainy days

In general, the distribution of rainy days is shiéafor rainfall distribution. On
average every year there are about 200-220 raipy idamountainous area, 150-170 rainy
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days in the plain. In rainy season months, eachtimbas 16-24 rainy days, in dry season,
each month has 8-16 rainy days.

In Thua Thien Hue, two areas with different raieasons exist:

- In coastal plain the rainy season starts front&aper and ends in December, lasting
4 months and dry season from January to Augusin¢g8 months.

- In mountainous area, the rainy season starts fkd@y or June, and ends in

December, lasting 7-8 months, dry season from Jamnoi@pril or May, lasting 4-5 months.

Rainfall in Thua Thien Hue has considerably bigmsity, especially in rainy season.
The record of rainfall with the duration of 10 mies is 19-30mm, 30 minutes 32-54mm and
60 minutes 70-96mm, relatively low in the plain dngh in mountainous area. The record of
daily rainfall in Thua Thien Hue is 730.7mm, of thighest ones in our country.

Table 1.3: Some maximum rainfall characteristics (mm)

Location 10 minutes 30 minutes 60 minutes
Hue 19 32 70
Nam Dong 24 54 77
A Luoi 30 54 96

Rainfall in Thua Thien Hue highly concentratesamy season months; In the middle
of rainy season there may be the duration withawtall lasting 11-15 days (Table 1.4).

Table 1.4:Maximum time of no rainfall (day

Location | TR Y; vi vt Jvil TiIXx X Xl Xl [Year
Hue 8 | 24| 31| 21 26 20 17 10 18 7 @ 12 31
NamDong | 12| 11] 17 19 13 9 13 10 g g 11 9 19
A Luoi 10 | 23] 20| 15 9 11 12 18 13 11 15 12 2B

1.1.3.4 Potential evaporation

Annual average evaporation in the plain is abo@-8000 mm, in mountainous area
about 800-900mm, equal to 30-40% of annual rainfalhual variation of evaporation is
contrary to annual variation of rainfall: The leastaporation during the period of the biggest
rainfall and vice versa. In the months with thegeist rainfall (IX—X) the popular evaporation
iIs 40—70mm/month and in V=VII the popular evapamtis 100-150mm/month. Much
evaporation, little rainfall and high temperatuaeise a severe drought period in coastal plain.
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1.1.3.5 Some special weather phenomena

1) Typhoon: According to data of 35 years (1952-6)@8e annual average number of
typhoons landing on Binh Tri Thien (Quang Binh, @galri and Thua Thien Hue) is 0.63.
Typhoon only appears from May to November, at mo&eptember and October (Table 1.5).

Table 1.5:Number of typhoons landing on Binh Tri Thien duriri@p2-2006

Number V VI VI VI IX X Xl Total
Number of 3 4 3 4 10 8 3 35
typhoon
Proportion (%) 9 11 9 11 29 22 9 100

The number of typhoons and tropical depressiorectffig Thua Thien Hue is not big,
but their damages are very significant due to mghd speed and rainfall. The maximum
wind speed in the typhoon TILDA on 22 Sept 1964 eamp to 38m/s. When a typhoon lands
on Thua Thien Hue, the average rainfall is 200—300rhit is combined with a cold front, it
can be up to 500-600mm. Apart from that, the seal leses up very high, sometimes up to
1.9m as in Thuan An and 1.7m as in Lang Co.

2) Tropical convergence: As tropical convergenceucs, on the sky there is an area
of dense cloud of hundreds km wide, causing heauyfall on a large area. In Central
Vietnam in general and Thua Thien Hue in partigutllais kind of weather often happens in
September and October, sometimes in May and Jucivit) of tropical convergence in
early summer months (V, VI) in Central Vietham conga or not combined with cold front
by the end of season is the cause of grain fitifedii

3) Hot and dry Westerly: This is a special weatbaitern representing the weather
condition in the Middle of Vietnam. Hot and dry sterly appears from the last ten days of
February and ends in the first ten days of Septerntbelepressed valleys and plain. The
feature of hot and dry westerly is high temperatlow humidity, and wind of West direction.
At noon or afternoon, the highest air temperatiae be over 350C, sometimes over 38—
400C, the lowest humidity below 60% or less. Inrage every year Hue City has about 35
days and Nam Dong has 55 days with hot and dryheeatHot and dry Westerly has strong
activity in the plain from May to August, at mostJune (10 days) and in the depressed valley
Nam Dong from March to August, at most in July d&ys). On average each hot and dry
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Westerly happens from 3 to 5 days in mid season2a3ddays in early and end of season.
There are cases in which hot and dry Westerly lasise than one month leading to severe
drought.

1.1.5 Characteristics of hydrology and water resources

1.1.5.1 Characteristics of runoff

Runoff can be under many different forms: Annuakctiarge Q (m3/s); annual runoff
module M (I/s—km2); runoff depth Y (mm); annual afincoefficient @ = Y/x (x is annual
rainfall); total runoff W(m3).

Characteristics of runoff on the main river catchisan Thua Thien Hue are shown
in Tables 1.6 and 1.7.

a. Annual runoff

With area bigger than the ones of other riversRiBeer has the annual discharge up to
56.0m3/s. Huu Trach River also has annual dischaf@d.1m3/s, bigger than Ta Trach and
Truoi Rivers.

Between the rivers there are not significant ddferes in other characteristics of
annual runoff.

The runoff is not evenly distributed for various miws in a year. In Thua Thien Hue,
it is possible to differentiate two seasons: fle@hson from October to November and low
flow season from January to September.

b. Runoff of flood season

The proportion of flood season runoff over annwedoff comes up to 69.1% on the
Bo River, 66% on Huu Trach River and 64% on Ta fMrRiver. Flood season only lasts 3
months but flood can happen in many other montitduding:

Early flood: appears in September with frequencg@o, often lasts 1-3 days.

Late flood: appears by the end of December to elhuary, with small intensity and
amplitude.
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Grain fills flood: appears from the end of April éarly June, with small intensity in
alert level 1.

c. Low flow season runoff

The proportion of low flow season runoff over annumoff is about 30% in
Bo River, 34% in Huu Trach River and 36% in Ta Tr&uver.

Although in low flow season, the rainfall of abason also comes up to 800-
1000mm in mountainous area of Nam Dong—A Luoi a@8-d00mm in the plain due to
relatively big rainfall after the principal raingason (January) and rainy season of grain fills
(IV-VI).

Variation of low flow season runoff has the formf owo bottoms
corresponding to 2 dry periods: from March to Apbiéfore grain fills rainy season and from
July to August, when the hot and dry Westerly pils\@able 1.8)

Table 1.6:Characteristics of annual runoff of some main razar Thua Thien Hue

River Station Area of catchment Q (nt/s) Y(mm) | M(@/skmd) | @ =Y/IX Cv
calculated to
measurement
station (knd)
Ta Trach Thuong 186 15.2 2580 81.7 0.73 0.302
Nhat
Huu Trach Binh Dien 570 41.1 2274 72.1 0.73 0.317
Bo Co Bi 720 56.0 2453 77.8 0.78 0.302
Truoi Truoi 74 11.6 2613 82.8 0.309

Table 1.7:Distribution of runoff according to season of sostetions (average of many years)

Station Flood season Low flow season
Time Q(nm/s) W(10) o (%) Time Q(ni/s) W(10) o (%)
Tmong X-XII 36.6 291.1 63.6 I-IX 7.07 167 36.4
at
Co Bi X-XII 196.0 1.419.0 69.1 I-1X 27.3 637 30.9
Binh Pien | X-XIl 123.0 971.0 67.4 -1X 21.5 506 34.3

o: Seasonal runoff/ Annual runoff
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Table 1.8:Monthly discharge in low flow season

River Position of | Q month Il | Q month IV | Q month VII | Q month VIII Q of the
observation (m¥/s) (m®/s) (m¥/s) (m¥/s) driest month
(m’s)

Bo Co Bi 15.73 14.65 11.59 13.74 4.0

Ta Thuong Nhat
Trach 3.76 3.71 6.08 6.63 1.42

Huu Trach Binh Dien
15.04 13.40 14.30 14.90 4.53
1.1.5.2 Characteristics of water level

Water level of flood: Every year in Thua Thien Huweaverage there are at least 7
floods from alert level Il (Kim Long Station—Huomver). The average duration maintaining
the flood level on the river at alert level 1l inflaod in the plain is 3, in some floods up to 9

days. The variation of flood level every year imtigely big.

Water level of the rivers in low flow season: Eve®ar, on the rivers there are two
times of low flow: the period from February — Apaihd period from July — August In these
two periods, water level depends on the tidal regi@n the Bo River (Phu Oc Station) and
Huong River (Kim Long Station) water level of tidaak mainly depends on sea tide. While
the water level of tide foot depends on water les@iing from upstream. Due to flat
topography and the river bed deeper than sea ldeetide goes deeply into the land creating

two-direction flows in the river and salinity in&ion.

100

B -

1876 1978 1882 1685 1588 1681 1994 15997 2000 2003

Figure 1.5: Flood water level on Huong and Bo River
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1.1.5.3 Characteristics of tide

The coastline of Thua Thien Hue is only 120km inglé, but the tide has very
complicated evolution. To the North, from South Qudri to Thuan An Estuary, the tidal
regime is irregular semidiurnal form, almost alé tbays in month semidiurnal tide with
average magnitude of 1.2-1.6m, decreasing to thehSdhe coastal area, neighboring to
Thuan An Estuary, belongs to regular semidiurnglme, each day has two times the tide
goes up and two times goes down. Tide fluctuatiere is the smallest on the whole coastal
line of the country. Daily amplitude of water lewvatl Thuan An Estuary is only about 30—
50cm, at the area of Tu Hien it is bigger, but calbput 55-100cm. In the Southern area, the
tide changes into diurnal with 20-25 days of diliride/month, fluctuation amplitude in
springtide is 80cm. At Chan May area, average duog#i is 70cm, maximum 145cm and
minimum 20cm. Here, average tide level is 0.0cm arakimum is 126cm, minimum (-
)72cm.

The wave regime is affected by monsoon regimehdéninter, in the coastal area, the
wave of North and Northeast directions prevailsThuan An Estuary, the wave of Northeast
direction has frequency of 99% and the height 8663m. In summer the wave direction is
mainly Southwest and Southeast in the open sedhé&amst in coastal area. In Thuan An area,
the wave of East direction with the height of 0.2a1 has frequency of 99%.

The tidal current has irregular semidiurnal andutagdiurnal features, for the area
neighboring Thuan An Estuary, it is regular semidal. The tide current speed is quite
strong, in average 25-39cm/s, 10-15m in area qf deder and gradually decreases offshore.
The fully diurnal and semidiurnal tide currents @éahe same level in Thuan An Estuary,
achieve 15-20cm/s. Going further into Tam Giangdaag the fully diurnal is only 3cm/s,
while the semidiurnal tide current comes up to Z®A¥s. In Tu Hien Estuary, the
semidiurnal tide current achieves 35-40cm/s. AtrCNey Port, the maximum tide current
only achieves 12-22cm/s. The tide current plays phiecipal role in the process of
transporting sandy mud in the surf. The wave dinads relatively stable along the coast with
season. In summer, the wave current directs froenSbuth coast upward (SE-NW), in
winter, the direction is on the contrary (NW—-SEheTwave current speed fluctuates from 30—
100cm/s and achieves the greatest value in th@msedsNortheast monsoon. In Chan May
bay, the speed along the coast achieves maximurtodhe wave runs toward the West up to
57cm/s and toward the East at 31cm/s.
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1.1.5.4 Natural resources and present conditions of watefirenment of the Huong
River

Water resources of the Huong River catchment, dioly groundwater, and surface
water coming from tributaries with the amount defieg on season, play an important role in
the life of people in the province. The water seurom the Huong River supplies for 3 water
plants of Hue City: Van Nien, Quang Te and Gia Vien many areas of people living along
two riversides from upstream to downstream andins@any other purposes: agriculture,
industry, tourism and navigation... The groundwagikrys an important role in supplying
water for the living in many areas far from theeriv

The water source of the Huong River is mainly fribra rivers Ta Trach, Huu dch,
Bo, and Nong ... with discharge changing accordmgainfall. Every year, there are two
distinct seasons: In flood season, high flow oftanses inundation, in low flow season, low
flow leads to drought, lack of water and salinityrusion far into the land.

The flood season discharge is biggest at Tuan wemnde, up to 12,000m3/s. At Co Bi
this value is 4,500m3/s. During recent 50 yearstienHuong River there were many big
flood events. At Kim Long, the frequency of watevel over +4.5m has been on increase.

In comparison to the coastal rivers in Central Waenh, the system of Huong River has
the biggest content of low flow water. The low fl@gason discharge at Tuan confluence is
8-9m3/s. Total water volume of the Huong River Gatent during 8 months of dry season
only remains 400—600 million m3 occupying 18-20%ltannual amount.

According to data on water quality in 1996-1999 Department of Science and
Environment of Thua Thien Hue Province, the sajlimf Huong River is affected by the
irregular semidiurnal tide regime, with the biggade amplitude up to 60-80cm. Therefore,
salt water goes up to Thien Mu Pagoda, especialliyy years such as 1994, salt water can go
beyond the Gia Vien Water Plant. Presently, with dperation of Thao Long Dam, salinity
intrusion on Huong River has decreased signifigafgkline water does not intrude far
towards upstream Huong River and the duration bhisaintrusion does not last long as
formerly).

Average salinity in positions downstream (from f@n) increases gradually from
beginning of low flow season and achieves maximuibaut August In front of Thao Long
Dam, the average maximum salinity at two above-rmopat times is 6.55 and 6.74%o.

According to report of the Department of Sciencd &mvironment of Thua Thien
Hue Province, water quality of Huong River befol@ving through Hue and in tributaries
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such as Ta Trach, Huu Trach, Bo and Loi Nong Riigsdightly affected by wastewater from
production and domestic use so it is pretty goad,@n be used for purposes of drinking and
and production. However, water quality of Huong &iafter going through some places in
Hue City drops down quickly: COD gradually risesotigh locations of Van Nien—-Gia Vien—
Freeze Plant (from 3.6£2.8 to 6.1+3.2mg/l), totaliform also goes up, from 6860 to 1294
MNP/100ml. In this part of river, the water is sersly polluted due to domestic wastes,
human and animal manure, and industrial wastew@aigua-product processing, producing
beer, and mechanical manufacturing...)

Apart from the above-mentioned parameters, theecwrf NH4+, NO2-, PO43-, and
organic substances in the water of Huong Riverlss &igh, causing negative effects on
quality of water supply. In low flow season, thesahiarge of Huong River decreases
significantly, on many parts of Huong River, paustarly the one going through Hue City,
there is the phenomenon “blooming algae” leadinghto dark green color that features the
eutrophic water.

The heavy metal elements are only investigatechtBcand preliminary discovered at
low concentrations, not yet dangerous. It is neamgsto carry out further survey to have
accurate conclusion. The elements related to thetgbrotection chemicals, and organic
toxics have not been controlled so they have natbgen evaluated, but through the
inspection of local using of plant protection cheafs it is possible to conclude that the
pollution of Huong River water due to plant protentchemicals is inevitable.

Box 1.1 Biodiversity in Thua Thien Hue

Area of forest and agricultural land is 352,680mawhich there are 51,268ha pf
protection forest, 70,029ha special use forestZin@45ha production forest; forest cover is
up to 43%. Thua Thien Hue has a system of areaSidaliversity conservation and national
parks. Bach Ma National Park, Phong Dien NaturateRee, North Hai Van Landscape
Forest, and Southwest Thua Thien Hue Landscapest-oréloreover, there are also
landscape forests for protecting cultural and hisab relics, tombs and royal palaces and
forests of Truong Son Mountain Range, the habifatape and valuable species: tiger,
panther, gibbon, hylobatates concolor, white grégegsant and other newly discovered
species: Sao-la, big deer, Truong Son deer...

36



Thua Thien Hue has particular interesting and chaymatural landscape with many

famous sites: Huong River, Ngu Mountain, Hai VarsfeBach Ma Mountain, Thuan A

Estuary, Lang Co Beach, Canh Duong, and Cau Hai-G&mg Lagoon.

In biodiversity, Thua Thien Hue has 3 typical ardaseen belt, Cau Hai-Tam Giang

Lagoon and Son Tra—Hai Van.
The Green belt lies between Phong Dien Natural iessnd Bach Ma National Par
has 134000ha, belongs to three districts: A LuaimNDong and Huong Thuy.

The World Wild Life organization (WWF) considersigtplace as an area of vital

importance in the long term conservation of rard aaluable species such as Sao La, white

grey pheasant, Truong Son striped rabbit and banplaowidge of Central Vietnam, at the

same time it is an important habitat of many ottege and valuable species such as Asian

elephant and tiger...

The Green belt contains many important ecosysteémetyding lowland which the

International Bird Organization lists in the glol@portant bird regions, the distribution ar
of very precious bird species with special resfieettures, some of them only exist in the 3
of a province and not in any other areas of thddvor

The system of Tam Giang—Cau Hai Lagoon is an afeaastal flood land, brackis|

water, tropical monsoon area, having high valuesnatural resources and particular

biodiversity.

In Tam Giang—Cau Hai Lagoon, there are 947 bioklggpecies, including 250

phytoplankton, 66 zooplankton, 54 bottom plant® b@ttom animals, 46 sea weeds, 31 h

class plants, 18 water weeds, 230 fish specie§ anurd species.

This is the habitat of many migrating birds, inéhgl about 30 species under

protection: purple heron, kite-fisher, brown baekgwlegs...
The system of Tam Giang—Cau Hai Lagoon is als@@dfland with the biggest arg

and an area with the richest ecosystem and undstrcomplete evaluation in Viet Nam.
Son Tra—Hai Van has a marine ecosystem of the thiodiversity on the entirs
country. It has 140 coral species of 63 generaZdnthmilies. No other places in Viet Na
have coral growing densely along the coast witlh fiigquency like here.
Apart from coral reefs with beautiful structure atfick density, there are also 2
micro-algae species, more than 70 zooplankton epetB5 sea weeds with great covera
mollusks, crustaceans, echinoderms, sea turtlecesdly a lot of coral reefs.
Son Tra—Hai Van area plays an important role in redttgsources and ecology not only|
Thua Thien Hue but also in Mid Central Vietham.
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1.2 Some socio-economic conditions
1.2.1 Overview on population

Population of Thua Thien Hue in 2006 is 1,137,9é2pbe. The general population
density of the entire province is 225 persons/kralatively high in districts of the plain such
as Phu Vang (639 persons/km2), Quang Dien (564psr&m?2), the highest is in Hue (4,660
persons/km2), relatively low in mountainous dig&jche lowest in A Luoi (33 persons/kmz2)
and Nam Dong (35 persons/km?2) (Table 1.9)

Urban population is 357,682 people, accounting3ford%. In general, male occupies
49.2%, less than 50.8% for female. It is noted thdtue City and almost all other districts
male is less than female while in two mountainasgidts A Luoi and Nam Dong, it is on the
contrary, female is less than male. The differdmetsveen male and female in districts is only

about 1-2%, particularly in Quang Dien, Phong Caed Hue City, it is up to 3—4%.

The entire province has 779,510 people at labows, agcounting for 68.5%

population, mostly living in rural area, of whicid.8% participating in economic activities.

The rate of population growth in recent years, fr2004 to 2006, is only more or less
1.3% and it is encouraging that this rate has dweahsing tendency.

1.2.2 Gross product and economic development

Gross product in 2006 of Thua Thien Hue is 8,468hiVVND, in which agriculture—
forestry—fishery only occupy 20.1%, industry anchstouction 36.1% and services up to
43.8%.

In recent years, not only gross product increabet,product structure also moved
towards gradual increase in proportion of industpstruction and services, decrease in

proportion of agriculture—forestry—fishery (TabldQ).

Table 1.9:Area (knj), population (persons) and population density go@s/krf)

District/City Area Population Population density
Hue 70.99 330.836 4660.3
Phong Dien 953.75 106.737 111.9
Quang Dien 163.07 91.989 564.1
Huong Tra 520.89 117.255 225.1
Phu Vang 280.32 179.137 639.0
Huong Thuy 457.34 95.336 208.5
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Phu Loc 728.09 152.426 209.4

A Luoi 1229.02 41.129 33.5

Nam Dong 650.02 23.117 35.5

Total 5053.99 1137.962 225.2

Table 1.10:structure of gross product in some recent years

Year /Sector agriculture—forestry—fishery Industpnstruction Services
2002 22.9 33.0 44.1
2004 22.5 34.1 43.4
2006 20.1 36.1 43.8

The rate of economic growth in Thua Thien Hue i2%.in 2005 and 13.4% in 2006
significantly higher than 9.1-9.2% in 2002, 2008 2004.

Table 1.11:Some main socio-economic indices in recent years

Index Unit 2002 2003 2004 2005 2006
Average population Person 1091998 1103312 1117743126293 | 1137962
Growth rate % 14.5 14.0 13.6 13.3 12.8
Gross product “Q}','\;%” 4,439,587 4,971,644 5,854,373 7,131,194 8,469,042
Economic growth rate % 9.2 9.2 6.1 11.2 13.4
Value of agricultural production “Q}','\;‘[’)” 808,247 | 843,445 869,598 867,433 911,713
Yield of grain food Ton 214,806 239,46\ 250,737 254 259,857
Yield of husky rice Ton 210,829 235,736 246,490 038 252,604
Yield of husky rice per capita Kalpers. 193.1 213.f 2211 208.7 222.0
Value of forestry production I\<|/”|\“|(|)3n 101,538 108,831 110,762 117,792 119,508
grreeas‘t"f concentrated planted Ha 3554 3566 4,062 5,184 3,890
Area of scattering planted trees Ha 2312 1,963 21,6 2,106 1,507
Value of fishery production “Q}','\'l%” 330,233 | 413,280| 445468 461,195 533,581
Value of industrial production I\<|/”|\“|(|)3n 1852,817| 2,126,591 2,465,915 2,856,624 3,354,492
Total capital invested for basic | - Million |, 503 g61| 5717375| 3086919 3495534  4750,000
construction VND
Total export value 1000USD 40900 25745 37253 57119 200058
Total import value 1000USD 37429 33717 10327 58653 290570
Revenue from tourism - hotel “Q}','\;%” 302008 | 285090| 37556 393409 410000
Total tourist number person 65511(1 610565 7587198 50QR0 | 1165316
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1.2.3 Present situation of sectors
1.2.3.1 Agriculture-forestry-fishery

Total production value of Agriculture-forestry-festy in 2006 is 2645.402 billion
VND, in which agriculture occupies 61.1%, fishe.@&% and forestry only 8.2%.

Total value of agriculture production is 1,617.3illion VND, in which cultivation
occupies 67.6%, livestock 25.9%, the rest beloagstvices of cultivation and livestock.

Cultivation includes annual plants and perenniagdr In 2006, area of annual plants
was 64,498ha, including rice and other food crapd area of perennial trees is 13,262ha,
including industrial and fruit trees.

Rice production is always the first and foremogtvay in agricultural production in
general and cultivation in particular. In 2006 tiee area was 50,241ha, in which 25,661ha
winter spring crop; the rest is for summer-autunmad @utumn crops. The average rice
productivity of the entire province was 5.03 toms/lelatively high in districts Quang Dien,
Huong Tra, Phu Vang, Huong Thuy and relatively lavdistricts: A Luoi, Phu Loc and Nam
Dong. The rice yield of 2006 was 252,604 tons, 222&r capita.

Apart from rice, in Thua Thien Hue there are 1,807mize, 4,668ha sweet potato,
7,075ha cassava, 2,131ha bean, 4,276ha peanutedsraf ha sesame, sugarcane and nearly
44,000ha vegetable.

Livestock breeding has more and more importanttjposin agriculture in Thua Thien
Hue. In 2006, the value of livestock production wi&¥.431 billion VND, equal to 28.9%
value of agriculture production. Livestock breedatgmost is buffalo, cow, pig and poultry.
More than 36 thousand buffaloes and 28 thousand emd oxen were raised in districts and
Hue City, at most in Phong Dien and Phu Loc. Md@nt270 thousand pigs were raised in
districts, at most in Huong Tra, Phu Vang, PhongrDiThe entire province has a number of

nearly 1.4 million poultry.

In 2007 the value of forestry production was 217.1B8lion VND, a little bit more
than in previous years and still occupied less th@#o the value of agriculture-forestry-

fishery production.

Forestry activity is mainly planting and taking eaf forest, exploitation of wood and
forestry products. In 2006, 3,890ha of concentrdtedst and 1,507 ha of scattering trees
were planted. Nearly 78% value of forestry produttis from exploitation of wood and

forestry products.
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Value of fishery production in 2007 was 810.264idml VND, significantly more than
in 2004, 2005 and before, occupied 61.1% valuegntalture-forestry-fishery production.

Fishery activities are mainly catching on the sea@ avers, ponds, farming of shrimp,

fish and other aqua-products.

In 2006 the catching was more than 24 thousanddbaqua-products, more than half
of which was from Phu Vang District (52.6%), a sfgant part was from Phu Loc District
(21.9%), and Quang Dien District (8,2%). Shrimp waised on an area of 3,000ha with an
output of 3,800 tons. The area for raising fish waby half for shrimp with an output of
nearly 3,200 tons.

1.2.3.2 Industry — construction

In 2006, value of industry production came up @63, billion VND, nearly one and a

half of the value of agriculture-forestry-fishemoguction.

There are 36,686 workers working in local indudtsyndations, mainly in mineral
exploitation, food processing, construction, elettyr and water supply...

In 2006 Thua Thien Hue Province produced 76 thadigans of imenie ore, 27
thousand tons of Zincol Rutin ore; 10.2 million st®ne; 162 million pieces of bricks; 904
thousand tons of cement; 84 million liters of bekvarious kinds; 3.055 million liters of fish

sauce; 800 tons of exported sea products; 21.tomih3 of water....

In 2006 total capital invested for capital constimt of Thua Thien Hue was 450
billion VND for more than 20 branches: agricultuferestry, agua-products, processing,
mineral exploitation, hotel, credit, transport, dite, education, healthcare, culture and
sport...The branches attracting a great deal atatdpvested for construction are processing
industry (18.3%), transport and store houses (1p.2déctricity and water (11.7%), hotel
(10.1%), agriculture (8.7%), heath care and soeeiare activities (4.5%).

1.2.4 Orientation of socio-economic development

On the basis of advantages as well as restrictivas affect the process of
development in the coming time, the projection @jre@mic growth during 2006—2010 would
be 12-13%.
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Orientation of development of branches is as foflow

Industry has the role of motive forces to promateeo economic branches; average
growth rate in 2006—2010 is 18-19%; that to ther Y€H 0 it would achieve the proportion
49-50% of gross national product. In industry, d@wydranches with competition advantage
and attracting many labours; give priority to inwvesnt in agriculture, forestry and aqua-
product processing, construction materials and speve branches with high scientific and
technological content such as biological technolaggt new materials; promote the building
of industrial parks, encourage all economic comptseinvest to develop agriculture
production. Agriculture—forestry—fishery grow inexage 4-5% achieving the proportion of
9-10% of gross national product. Develop Agricudttforestry—fishery in combination with
social issues, guaranteeing the food security avenpy alleviation; increase the proportion
of branches of professions and services. In agull activities, step up the application of
scientific and technological progresses, contirmeenew the structure of crops, livestock,
crop pattern, stabilize the rice cultivation arda58,000ha/year, develop the short term
industrial trees, develop food trees, clean vedetdiuit trees, orchids and bonsai trees,

redistribute labours and move the people to hilgaasandy area and inside rice field....

In forestry activities, strengthen protection anev&lopment of forest, especially

riverhead protection forest, protection forestandy area and special use forest.

In fishery activities, give priority to investmemt farming and processing for export,
diversify various forms of farming in lagoon, oreteea, sandy area and rice cultivation with
low effectiveness, concentrate to develop aguaymtsdo become key economic branch.

Tourism—services grow in average 8-9% each yeattrgnid achieve the proportion

40-41% of gross national product in2010.

Develop in sustainable way tourism; bring tourisnbécome a key economic branch,
develop tourism in combination with protection, mpement and preservation of Hue

cultural character, and contribute to enhance duple’s life quality.

Activities to develop tourism include promoting thestoration and improvement of
the community of Hue old Capital relics, strengihgrinvestment into the group of national
tourism Bach Ma—Canh Duong-Lang Co—Hai Van, buidghlguality hotels, enlarge the form
of eco-tourism and build the strategy of internaglontegration....

Orientation of developing various sectors includ&svelop material basis and

infrastructure of transport, irrigation, post armhenunication, electricity, water supply and
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drainage; develop external economy, focus investmeto Phu Bai Industrial Park,
Encourage the development of Chan May economidraitid area and national tourist group
Bach Ma-Lang Co—Hai Van; re-arrange structure bbis following direction of gradually
increasing in areas of industry, construction aedvises, and decreasing in agriculture—
forestry—agriculture, continue to socialize theaaff on population with direction towards the
target of developing population in sustainable wagyelop education both in scale, quality,

form of training and material basis....
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CHAPTER 2: NATURAL DISASTERS AND THEIR IMPACTS IN T HUA
THIEN HUE

2.1 Typhoon, whirlwind, sea level rise and their imupac

Annually, Thua Thien Hue has to cope with varioatural hazards such as typhoons
and/or tropical cyclones (in brief typhoon) comiingm the Northwest Pacific and the East
Sea of Viet Nam.

Not all typhoons generating in the Northwest Pacénd the East Sea affect Thua
Thien Hue, but typhoon frequency as well as timeafurrence of typhoon in Thua Thien
Hue depends on the spatial and temporal rule ofitees of typhoons in the area where has
been considered as the number one typhoon dee efaHd.

According to the assessment of the study: “Typhaod typhoon prevention and
preparedness” published in 1998, Thua Thien Huenlgsl to area 3 among 4 typhoon areas
of Viet Nam. This area stretches from Quang TrKtlanh Hoa. Here, typhoons have rather
complicated evolution: they gradually increase friglarch to July, become fewer in August,
grow up in Sept, Oct. and last to Dec.

The above-mentioned estimation agrees with typhietta of the period 1952-2006
which had been studied by the IHMEN. According hcs tdata, typhoons often occur from
May to Sept. most frequent in Aug., Sept, and Oct..

Like other localities, Thua Thien Hue has to fattersy wind, heavy rain and storm
surge caused by typhoons.

Rainfall during typhoon does not only happen inhtypn days, but also 1-3 days
before or after typhoon. In Thua Thien Hue, rainfala typhoon on average is 150-200mm.
It is not much compared with heavy rainfalls caubgdother forms of weathers.Typhoon
rainfall is especially heavy when typhoon coincidggh cold airmass comming from the
north at the end of autumn — early winter.

Many typhoons cause storm surge. During typhoon ICEGe sea level rises by 3.1—
3.3m, overflowing sea dyke, going further into thied 2—3km.

Whirlwind has not large scope of influence as tyghdout it has very strong wind in
combination with heavy rainfall, causing very sigrant losses. Whirlwind occurs more and
more often, especially in El Nino years such as319997, 2002.
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From early 1993 up to now, on average every yearetthave been about 3—4
whirlwind in April, May or Sept., Oct., the transibh months from winter to summer and vice
versa. Some specific typhoon impacts were recorded:

The typhoon crossing Hue in October 19, 1903 matlapsed 4 spans of Trang Tien
Bridge, 22,207 houses, 529 boats and ships sudkdié@

Typhoon CECIL landing on Vinh Linh in October 1®8b with wind scale 13 caused
heavy losses for two provinces of Quang @&nd Thua Thien Hue, made collapsed 214
houses, 2 thousand class rooms, 200 healthcareddtians, 600 high tension poles,
thousands of boats and ships sunk, 840 people Hd€dmissing, 200 injured.

2.2 Drought, salinity intrusion and their effects

In order to summarize factors mainly related toudid as well as their changes by
time, we use the drought index of months and yé#rs Pt/Rt. It is a ratio between
Evapotranperation and rainfall amount

where:

Ht: drought index of month or year
Pt. Evaporation of month or year
Rt: rainfall of month or year

The ratio between Evapotranspiration and rairgfalbunt of year in Thua Thien Hue
is around 0.25-0.4 (Table 2.1).

This ratio is observed below 0.25 in high and medimountainous area where rainfall
is much in the West and South; and it is above l4&@me plains and low mountainous areas
in the North area close to Quang Tri. In Thua Thikre, due to the decrease of rainfall from
Southwest to Northeast and the evaporation alsdugtly increases in this direction, This
ratio is relatively low in the districts of Nam DgnA Luoi and rather high in Phu Vang
District...

Dry season, which is understood as the months suticessive drought index over 1,
i.e. from March to August in coastal plain distsictlecreasing gradually toward mountainous
district, only in few months in districts of A Luan the March and Nam Dong from the
February to April
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Table 2.1:Drought index in Thua Thien Hue

Station I I Il v V \i VIE (Vi IX X Xl XIIL N am

Dong Ha 124 151 248 159 128 235 3136 1.1890.0.10] 0.16] 0.36 0.63
Hue 0.36) 0.65 143 1.46. 1.13 1p0 170 1218 0.2D8D0.08| 0.13 0.34
A Luoi 0.59| 098] 1.04 045 0.60 0.62 0.p8 067 0.1B04| 0.04| 0.10 0.27
Nam Dong 044 100 16f 101 047 047 071 0.485p.0.04] 0.04] 0.10 0.24
Da Nang 083 27% 416 260 180 1,34 155 1.029p@12] 0.16] 0.32 0.51

In order to evaluate the magnitude of drought, we the criteria with the following

specific conditions:
Ht winter (XI — II): Rt< 10mm
Ht spring (11l = 1V): Rt< 30mm
Ht summer (V — VIII): R 50mm
Here Rt is monthly rainfall

According to these criteria, drought on differeréas of Thua Thien Hue and some

neighboring provinces is mainly summer drought (@&b2).

Table 2.2: Monthly drought frequency (%)

Station I 1l [l v V VI VII VIl IX X XI XIl
bong Ha 0 57 54 15 50 43 64 47 0 ( @ (
Hue 2 11 46 40 60 54 62 40 0 0 0 Q
A Luoi 0 31 31 7 0 7 29 14 0 0 0 0
Nambong 0 17 70 0 30 0 0 9 0 0 0 0
ba Nang 0 24 77 68 70 64 67 Y Q @ ( D

In the same way other provinces in Northern Centrainam, drought in Thua Thien
Hue is mainly accompanied by salinity intrusion @thhappens every year, particularly in El
Nino years. Although it does not cause loss of like typhoon and flood... drought has

serious effects on national economic being: aguce] industry, environment and health...
2.3 Flood and its impacts
According to data from 1977 to 2005, on the HuongeR on average every year

there are 3.5 floods with the threat magnitude etpuar over the warning level 2, in which
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36% are big floods or special bog floods. Floodseaais determined from Oct. to Dec. or
later, in Jan, however in some years it is earlerSept., or even May, June,. Therefore,
floods here include very early flood,, early flomdain season flood and late flood.

Table 2.3:Intensity of Rainfall at Hue Station

. Annual Month Daily Date
period mean Morth mex observed max observed
1911-1920 2817 1568 11.1917 283 13.10.1916
1921-1930 3008 1241 11.1930 360 13.11.1930
1931-1940 2631 1166 10.1932 433 25.10.1939
1941-1950 3230 1547 10.1949 440 23.10.1949
1951-1960 2751 1078 10.1960 277 27.11.1960
1961-1970 2824 1792 10.1969 550 05.10.1969
1971-1980 2666 1564 10.1973 470 23.10.1973
1981-1990 2575 1527 10.1983 582 10.10.1981
1991-2000 3093 2452 11.1999 978 02.11.1999
2001-2006 2827 1526 11.2004 682 26.11.2004

Very early flood Flood often occurs in the end qdrihor early June; it is small, only

at warning level I.

Early flood appears in July, Aug. with very lowdreency, in Sept. with frequency of
about 30%. Early flood is often small, with shoutration, only 1-3 days.

Main season flood appears in Oct., Nov., and fuaf of Dec. during the time of
strong activities of typhoon, tropical cyclone amapical convergence zone in combination
with the cold air mass that cause heavy rain ogelarea in the South of Northern Central
Vietnam and the North of South Central. Main sedbwod has high peak and often is double
floods.

Late flood appears by the end of Dec. early Jarnolias low intensity and small
amplitude.

Flood on the Huong River and other rivers of Thisem Hue is bigger than flood on
the basins in the North and South (Table 2.4). Aiggest runoff module of Ta Trach River at
Thuong Nhat station and Bo River at Co Bi statiaecessively are 3,849m3/skm2 and
3,958m3/skm2
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Table 2.4:The biggest flood runoff characteristics in somsibs

River Station Province Area afBiggest Runoff module
basin (kmf) | discharge (m®/sknf)
(m¥s)
Cai Thanh My Quang Nam 1.850 3,010 1.632
Thu Bon Nong Son Quang Nam 3.310 5,749 1.837
Ta Trach Thuong Nhat Thua Thien Hue 186 716 3.849
Bo Co Bi Thua Thien Hue 720 2,850 3.958

On Huong River, the record peak flood dischargélue in 1953 is 12500m3/s and
1999 is 14000m3/s; record water level at Kim Losi$.i81m, higher than the altitude of Hue
city about 2.5m.

The duration of occurrence of a flood is ofteneliéint between mountainous area and
the plain. At Thuong Nhat Station (mountainous prdae to big slope of the catchment and
slope of river bed, flood goes up very fast andsgdewn also very fast, lasting about 1-3
days. At Phu Oc Station (plain area), the slopewar bed is small, moreover it is affected
strongly by the tide, so flood often lasts aboth 8ays.

Depending on the rainfall, rainfall intensity and/er cross section, the flood
amplitude is small about 3-5m, flood intensity abbu2m/s in mountainous area and 0.5—
1.0m in plain.

Figure 2.1:Flood in Thua Thien Hue 2007

It is noted that, according to data from 1996 t@20n Thua Thien Hue annually,
there is a flood. On the Huong River and on theRBeer, on average, every year there are
more or less 7 flood from level | upward, but thesenot flood in May, June and July, and
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flood in Dec. is not so much as in Sept. (Tablg.ZParticularly in recent 10 years there have
been no flood of grain fills, no late flood in Jdout in every year there were flood over level
3 and particularly in 2007 there were 5 floodshi$ tevel.

Table 2.5: Average number of flood on the Huong and Bo Rivet996—2005

Month V \i VII VIl IX X XI XII Year
Huong 0.0 0.0 0.0 0.2 1.4 3.0 2.1 0.7 7.4
Bo 0.0 0.0 0.0 0.1 1.7 2.6 2.1 1.1 7.6

According to historical records, from 1801-1888 Huapital city and neighboring
areas had to endure 40 big floods, with the foltayypical floods:

- The flood of 1811 inundated the Royal Palace.a618, broke the main building of
the Palace.

- Flood in 1818 inundated Hue City at 4.2m.

- The successive floods in two years 1841-1842 @06 houses collapsed, the city
was heavily damaged, and many people died.

- The flood of Oct. 1844 killed more than 1000 pdep2000 houses were totally
destroyed, the flag pole at the flag platform waskbn, and Hue City was inundated at 4.2m.

To the 20-th century, Thua Thien Hue had been dgstk many times by floods, most
noted are the following floods:

- The flood from Sept. 20-26, 1953 killed more tB&®® people, 1290 houses washed
away, 300 cattle died or washed away, 80% areeopfwere completely lost.

The big flood from Oct. 15 to 20, 1975 caused l@agedges in life and property of the
people.

- From Oct. 28 to Nov. 1, 1983, a big flood kille®2 people, 115 injured, 2015
houses collapsed and washed away, 1.027 schotdpsed, 160,537 cattle, 880,000 poultry
died. Total losses were up to 1,761.82 bil. VND.

- The historical flood of Nov. 1999 killed 352 pdéep21 missing, 99 injured, 25,056
houses washed away, 1,027 schools collapsed, I60a8te died.
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2.4 Flash flood and its impacts

Flash flood in mountainous area often happens mlldmasins due to intensive rainfall
in a short time. The flood water concentrates Vasy, and has great content of solid matters,
big kinetic energy and strong washing force thathzapability of leveling all obstacles on its
way.

According to recent investigations and surveysTimua Thien Hue Province there
were 48 points in which flash flood happened widmgity of 0.01 points/km2, this value is
very high in our country. Actually, the flash floodensity was higher, but most of
mountainous areas have no inhabitants, as a résulphenomenon of flash flood was not
fully recorded.

Flash flood in Thua Thien Hue includes obstructlesif flood, slope flash flood,
mixed flash flood and rock mud flash flood.

In mountainous area, obstructed flash flood ofteppens in depressed area with
densely populated people such as A Luoi, Nam DBhg,Loc and Huong Tra.

Slope flash flood often happens in small catchmsuath as mountainous areas. Water
current from water catchments pours down the slaiffe very big velocity bringing with it a
lot of wastes, sandy mud after the showers witly Vegh intensity and lasted for hours on

steep rivers or streams...

Slope flash flood has broken small spillways oeatns, particularly the one close to
the foot of La Hy Pass (Nam Dong) and Ro Ho SpijwaA Luoi Town.

Mixed flash flood is the combination of obstructitash flood and slope flash flood
often appears on short rivers and streams flowitqplain. Heavy rain existed many days on
narrow and steep river valleys making the watex higih in mountainous area, then suddenly
pours down narrow rivers with very great potenéiakrgy, overflowing the plain. This kind
of flash flood has happened in Bang Lang —Minhnlyl Tomb (confluence of Ta Trach and
Huu Trach Rivers), 4 Bang-Co Bi (Bo River), Duong Hoa (Ta Trach) andiddg Ho
(Huong River) in the flood of 1999.

2.5 Landslide, erosion of river bank, seashore and ingos:

On National Highway 1A, landslide often happendhtioc Thuong Pass, Phu Gia
Pass and North Hai Van Pass.
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At the foot of Phuoc Thuong Pass (km 901) in tleodl of Nov. 1999, land slide
happened on cut-slope from mountain peak of 70rh,i2%0m long; a volume of nearly
10,000m3 rock soil filled up the railway tunnel. elltollapse developed on the granite

weathering crust.

At Hai Van Pass also in the flood of 1999, collaps@pens on both cut-slope and
filling-slope, washing away 70m of the road, andkimng a bridge of 15m long collapsed.

On the part of Ho Chi Minh Highway passing throufihua Thien Hue, landslide
develops very strongly, especially on the sectimmf A Roang to A Dot due to high

mountains, deep dividing, and very thick weatheangst.
Landslide is extremely serious in the township lofi Roc District.

Apart from landslide, in Thua Thien Hue there sodhe erosion of river bank, mainly

on big rivers of Huong, Bo and Truoi, the sea shafeThuan An and Hai Duong...

After flooding, on most river banks in middle smmeasuch as Xuoc Du (the main
current of Huong River), Phong Son, Phong An, HuBng (B River), appear many erosion
points and flood plains, affecting hundreds of riga households.

In recent years, flood with very high intensitydgambination with spring tide eroded
nearly 15,000m bank of the Huong River far to taed, in some places up to dozens of
meters, taking away a lot of areas of the fertipmanan gardens and rice field. Especially
erosion at Xuoc Du Groin in the flood of Nov. 198@ated many erosion holes, some of
them are 30-50m wide, deeply into the border rfeasltope of river bank.

Huong River has a large crookedness while the oumeflood season always has the
tendency to find the shortest way, so apart froenltink erosion there is also the possibility
of changing the current. Moreover, erosion ofteppeas on the section of the Huong river
from Tuan Confluence to Thuan An of 29km long wddmse population along two sides, and

flowing through Hue City, a world cultural heritage

Being contrary to erosion of river bank is theisgtof river mouth. By the end of
1994, the Tu Hien estuary was filled up, causinqhd@ation on many rice fields at the side of

lagoon and ecological changes in Cau Hai swamp.

Estimation by experts the impacts of the disasirrdifferent area and sectors in Thua
Thien Hue shown that main impacts would cause tgphsea level rise, flood, drought and
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salinity intrusion. And most effected are AgricuduAquaculture Forestry, Irrigation, Water
Resources and water suply. Table 2.7, 2.8
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Table 2.6:Disaster and disaster’s Impacts in Thua Thien Kaamnt.)

Sea Pre. Typhoon River Land- River Increase in| Flash drought
level change flow slide bank, tempera- flood and
rise change sea ture salinity
dyke intrusion
erosion
Infrastru | Transportation - +++ ++ ++ +++ - - ++ T+
cture Water drainage |  ++ +++ ++ ++ - - - - +
Water supply | - +++ ++ ++ - - ++ ++ 4
Electricity - ++ +++ - ++ - ++ - ++
Telecommunica| - ++ +++ - - - - - -
tions
Sector Agriculture ++ + ++ +++ - ++ ++ - ++
Forestry ++ - ++ ++ + - ++ ++ ++
Irrigation ++ ++ ++ +++ - - ++ +++ T+
Aguaculture +++ ++ ++ +++ - +++ ++ - +4++
Biodiversity +++ - - - - ++ +++ - +
Water +++ +++ + +++ - - ++ ++ ++
Resources

+++: Strong impact
++ : Medium impact
:Low impact

: Non-impact

+
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Table 2.7 Disaster and disaster’s Impacts in Chan May — L&wSEZ

Subject Sea level Pre. Typhoon River Land- River Increase Flash drought
rise change flow slide bank, in flood and
change sea temperatu salinity
dyke re intrusion
erosion
Land use| harbor +++ + +++ - ++ - B - T
planning | Coastal +++ ++ +++ + - ++ - - -
tourism area
Economic- | + ++ +++ - ++ - - - -
Trade area
Urban area ++ ++ +++ ++ - ++ - _ N
Lang Col| ++ ++ +++ ++ - ++ - R T+
town
Son Tra| +++ - +++ - + - +++ - +
peninsula
Voi stream - ++ + ++ ++ - - ++ T+
Hoi Dua, | - ++ ++ +++ ++ - - T+ ++
Hoi Mit
Bu Lu | +++ - ++ - - - T+ - T+
Mangrove
forest
Chuoi flood| +++ - +++ - + - - - I+
plain

+++: Strong impact
++ : Medium impact
+ :Low impact

- Non-impact
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CHAPTER 3: OVERVIEW ON CLIMATE CHANGE ON THE WORLD, IN
VIET NAM AND THUA THIEN HUE PROVINCE

3.1 Climate change on the world

In the process of formation and existence of thahkalimate has been always in
continuous changes. Whether in ancient geologi@ tomin contemporary historical time,

climate always has different warm, cold, dry and pexiods...

In recent more than 100 years, from 1906 to 205 gtobal average temperature has
increased by 0.740C with the speed of increasingegent 50 years double the one of
previous 50 years. Two years with the ever higlgkstal average temperature are 1998 and
2005.

Also in the last 100 years, rainfall has had thad@asing tendency in the North of
latitude 300 N, but decreasing tendency in mangi¢ad area; drought appeared more often in
tropical and sub-tropical area; activity of tropicyclone, especially strong typhoon have

increased and more and more typhoons with abndrajattories.

In the 20th century, together with the rise in tenapure, there was the reduction of
ice mass on global scale. The observations in 1@7® now have given the results that the
average annual ice mass in the Arctic Ocean demiedy 2.7% per decade. Ice on
mountainous areas on both hemispheres also mehssignificant volume. In the Arctic, the

range of ice cover dropped by 7% in comparisoro@0l

There are many changes in mechanism of atmospbiecidation on large scale on
both continents and oceans, leading to the riseimber and intensity of phenomena EI Nino

as well as La Nina.

Particularly the sea level rose by 1.8mm every yleaing the period 1961-2000 and
up to 3.2mm during 1993-2003.

From the end of 1980s, many international orgarinathad raised their voices to
warn about climate change, especially the temperaticreasing and sea level rise on global
scale. That is why the United Nations Framework\@ation on Climate Change (UNFCCC)
was signed in 1992 in Brazil with the aim to stileilthe concentrations of greenhouse gases
(GHGSs) in the atmosphere to prevent the dangerotisra@ogenic interventions into the

climate system.
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The cause of global climate change is the incessmnéase of the anthropogenic
GHGs emitted from 2 main sources of using fossédlduand deforestation. The GHGs
emissions are basically decided by population gnowiconomic growth and energy use.
Therefore the Third Assessment Report (TAR) andrthodissessment Report (FAR) of the
Intergovernmental Panel on Climate Change (IPCQ peesented scenarios on GHGs
emissions as well as scenarios on the rises ofdanpe and sea level for the time landmarks
in the 21st century. IPCC has built a Special Repo Emission Scenarios (SRES), which
presented the following 4 “Storyline Scenarios” @&stenarios:

- “Storyline Scenarios”’Al: storyline and scenaramily describes a future world of
very rapid economic growth, global population thgaks in mid-century and declines
thereafter, and the rapid introduction of new araterefficient technologies.

Major underlying themes are convergence among megigapacity building and
increased cultural and social interactions, witkubstantial reduction in regional differences
in per capita income..

- The Al scenario family develops into three groupat describe alternative
directions of technological change in the energtey.

+ Scenario A1F: mainly fossil fuel
+ Scenario A1T: mainly non-fossil fuel
+ Scenario A1B: Balance of energy sources

- The A2 storyline and scenario family describegeay heterogeneous world. The
underlying theme is self-reliance and preservatiblocal identities. Fertility patterns across
regions converge very slowly, which results in amndusly increasing population. Economic
development is primarily regionally oriented andr peapita economic growth and
technological change more fragmented and slower dkfzer storylines.

- The B1 storyline and scenario family describesoavergent world with the same
global population, that peaks in mid-century andlides thereafter, as in the Al storyline,
but with rapid change in economic structures towaaservice and information economy, with
reductions in material intensity and the introdoictiof clean and resource efficient
technologies. The emphasis is on global solutiangdonomic, social and environmental
sustainability, including improved equity, but wetlit additional climate initiatives.
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- The B2 storyline and scenario family describegoald in which the emphasis is on
local solutions to economic, social and environrakrsustainability. It is a world with
continuously increasing global population, at e rlmwer than A2, intermediate levels of
economic development, and less rapid and more siviexchnological change than in the B1
and A1l storylines. While the scenario is also dedrtowards environmental protection and

social equity, it focuses on local and regionaklsy

Table 3.1: Amount of C emission (billion tons) and £&ncentration in the atmosphere

(ppb) in different scenarios

Amount of C emission CQ concentration
Scenario

2020 2040 2060 2080 2100 2050 2100

AlB 12.2 15.0 15.1 14.9 134 510 730
A1T 10.0 12.4 11.8 8.0 5.0 500 580
AlF1 12.2 19.5 26.0 29.5 29.1 610 970
A2 12.1 15.7 19.2 235 30.0 590 850
B1 8.0 8.2 8.0 7.0 5.2 470 550
B2 8.2 10.6 11.9 12.3 13.2 480 620
IS92A 11.5 13.0 15.0 16.9 20.2 510 740

IPCC also mentioned that, if all C generated framdluse change is recovered in the
soil ecosphere, GHGs concentrations in the atmasphlieuld decrease down to from 40 to
70 ppm.

Table 3.2:Spans of temperature rise in accordance with tee af CQ
content projection for 2100.

Compared to mean temperature Compared to temperature of
IPCC Scenario of period pare pet
1980 - 1999°C) pre-industry period

Levels of concentrations in 2000 0.6 (0.3-0.9) 11
Scenario B1 1.8(1.1-2.9) 2.3

Scenario A1T 24(1.4-3.8) 2.9
Scenario B2 24 (1.4-3.8) 2.9

Scenario A1B 28 (1.7-4.4) 3.3
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Scenario A2 3.4(2.0-5.4) 3.9

Scenario A1F1 4.0 (2.4-6.4) 4.5

Apart from building scientific basis of climate ciige, the reports of IPCC also bring
forth the assessments on climate change impactprapdse strategy to respond to climate
change. According to the fourth report, there hasnbenough evidence on climate change
impacts on all continents and almost all the ocenatural and continental ecosystems that

typically were:
- The time of growth season of cultivated cropighhatitudes came earlier;

- The season of growth of cultivated crop in Saka$ shortened due to the weather

has become warmer and drier;

- Many low lands disappeared and mangroves wereusty damaged due to flooding

in coastal zone;
- Epidemics developed in many areas, especialigvinatitudes;

Also in the fourth report, there would be many @ts change impacts in almost all

fields in the 21st century:

- In the middle of the 21st century, the runoffsigérs would increase by 10—-40% in
high latitudes and wet tropical area and decregs&0s-30% in middle latitudes and dry

tropical area.

- Around 20-30% cultivated crop and livestock wopldse to more risks due to

temperature rise.

- The productivity of crop would have minor increas high and medium latitudes

but decrease in low latitudes.
- Flood and erosion would increase obviously instalazones.

- The balance between profit and expenditure ofymiadustrial branches would tend

toward negative effect.

- The proportion of death due to typhoon, flood aught would raise and

proportion of sickness and diseases would be higher
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With the above-mentioned reasons, IPCC recommemdsitry out climate change
impacts assessment for all fields, sectors andaees, particularly 5 following fields: Water,
ecosystems, food, coastal zones and health.

At present, all countries over the world have pdcial attention to the development
of strategies and setting up solutions to respondimate change. Strategies to respond to
climate change include two main parts: mitigatiéiclonate change and adaptation to climate

change.

3.2 Climate change in Viet Nam

Viet Nam has the tropical monsoon climate of a psuiar in Southeast Asia,
stretching over 15 latitudes, fully lying insideettropics of northern hemisphere and is deeply
influenced by the West Pacific and the East Sea.

The atmospheric circulation in Viet Nam is the camation of the Northeast Asia
monsoon and the South Asia monsoon. Under the impdche Northeast Asia monsoon,

every year there are 26 cold front intrusions th®North.

From the West Pacific and the East Sea, in avezagey year there are more than 8
tropical cyclones, including typhoons and tropidapressions landing on coastal areas.

3.2.1 Changes of some typical climate elements

3.2.1.1 Changes of tropical cyclone frequency

During 40 years (1961- 2000), changes of tropigalanes on the East Sea have the
following noted points:

(1) Tropical cyclones on the East Sea have thalatdrdeviation of 2.93 and variance
of 27%

(2) There were 15 years (37.5%) in which tropigallanes are more than average and

16 years (40%) in which tropical cyclones are tbss average.

(3) Tropical cyclones have the biggest number i811@0) and smallest in 1969 (5).

3.2.1.2 Changes of temperature
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Yearly changes of average temperature have somosviny characteristics:

1) Changes of average temperature are relativelyhnmuthe most in winter months
(Dec-Feb.) and relatively little in summer monttige least in months of mid summer (Jun-
Aug.)

2) Changes of average temperature in May and @gpical for the transition period

between seasons, not so much as in Jan. andsaditin July

3) Changes of annual average temperature areHaassany months, including mid-

summer.

3.2.1.3 Changes in rainfall
Changes in rainfall have some following charactiess

1) On the same location, standard deviation of ahmainfall is bigger than the
monthly one and of the month with much rainfalbigger than the one with little rainfall. On
the contrary, variance of annual rainfall is snatlean the one of monthly rainfall and of
months in rainy season smaller than in dry season

2) Rainy season also varies strongly from yearetr yn starting time, the peak month
as well as the ending time. In general, rainy seasm fluctuate in 3—4 months or more,

depending on rainfall variation of the area.

3.2.2 Tendency of climate change in Viet Nam

3.2.2.1 Overview on tendency of climate change in the regio

Climate change has a clear regional charactertd€teta climate change in Viet Nam
are some characteristics of climate change in¢eb@irea and the Asia — Pacific Ocean.

In general, tropical area is not the place of tlilengest increase in temperature in
present-day global warming tendency. However, oa titopical sea, rainfall and also

evaporation have obviously increasing tendency riwe in other areas.
In the tropical Pacific Ocean, climate change nestf in two main characteristics:
(1) Average temperature increases, but not so rasith other areas.

(2) Rainfall increases in many places, but decieassome other places.
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3.2.2.2 Trend of climate change in Viet Nam

By analyzing the Standard Deviation (SD) and ValigbRate (VR) of the main
parameters, we can assess magnitude and interfsitye cchanges in every stations and
locations. By processing the graphs of detailedabdity by time, moving average and linear
trend line, we can find the trends and charactesistf changes by time. In the tables below,
we can see some qualitative and quantitative ctersiics of temperature and rainfall
changes at A Luoi. The same change characteristies been observed at Nam Dong and
Hue stations in different time periods.

Table 3.3:Characteristics of temperature changéG)at A Luoi station
Time scale: 1974-2004

Categories January April July October Annual
Average 17.4 22.9 24.9 215 21.9
Standard Deviation 1.05 0.78 0.55 0.74 0.35

Table 3.4:Characteristics of rainfall changes (mm) at A Latation
Time scale: 1974-2004

Categories Jan_Mar Apr_May Jun_Jul Aug_Dec Annual
Average 170.5 396.1 357.6 2496.0 3464.1
Standard Deviation 84.0 106.1 165.4 876.4 988.5
Variability Rate (%) 49.3 26.8 46.2 35.1 28.5
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Trends and tendency of changes:
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Figure 3.1: Variability (1), climatological average (2), movimmyerage (time
step - 11 year) (3) and linear trend (4) of anntahfall at A Luoi station.
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Figure 3.2 - Variability (1), climatological average (2), moviayerage (time step
- 11 year) (3) and linear trend (4) of August-Debemrainfall at A Luoi station
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700, Rainfall of Jun.-Jul.
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Figure 3.3: Variability (1), climatological average (2), movimyerage (time step
- 11 year) (3) and linear trend (4) of June-Julynfall at A Luoi station.

230 - °C Annual Temperature
22.5

I W= N = VAN
\

21.5 \&//

1

Year
210 T T T T T T

1974 1979 1984 1989 1994 1999 2004

Figure 3.4: Variability (1), climatological average (2), movimyerage (time step -
11 years) (3) and linear trend (4) of annual avesdgmperature at A Luoi station.
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In general, Thua Thien Hue’s climate has been &agmitly influenced by monsoon
with subsequent characteristics, so theoreticattpuld be divided into two main seasons: dry
and rainy (or hotter and cooler) seasons. Howehaside the influences of cold fronts from
the North and North-East monsoon which may starnfApril-May, creating first “summer”
rainy period, there is also dry and hot South-Weshsoon from Cambodia and Laos, going
through Truong Son high mountains and creatingefiofption” of summer rains. This period
of year (Jun-July) is usually dry with low rainfabbut then, from August to December, the

“real rainy season” will start rapidly with verydti rainfall and continuing precipitation.

By the above reasons, we study the rainfall offfedint periods of the year: January-
March; April-May; June-July and August-December aedpectively, the temperature of
January, April, July and October, typically for bgmeriod. The July is typical for hot season,
the January is typical for cooler season, and thel And October are typical for transitional

seasons or “interchange”.

Annual rainfall of A Luoi and Nam Dong stations arery high in absolute value
(about 3500 mm in average and up to 6000 mm inp#ak years), and have significantly
increased in the period from 1974-2004 for alm@&r8m and 600mm respectively

The biggest change of rainfall with highest inceeas occurring in rainy season
(August to December), which contribute very higinceatage to the annual rainfall.

June-July’s rainfall at both stations has obvigesd to decrease, which indicate high
risk of drought for important growth period of agrtural plants and crops, and water
shortage for electricity generation, higher muratipeeds at the hottest period of the year.

Temperature of all typical months and mean anreraperature at A Luoi and Nam
Dong stations in the studied period (1974-2004 ehaend to increase.

Changes of typhoon

In this paper, changes of typhoon frequency andaseare analyzed following the
data in the report “Natural disasters in Thua Thi¢éme” which the Center for Hydro-
Meteorological Forecasting of Thua Thien Hue Progircarried out and published in 2006.
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Figure 3.5: Typhoon impact to Thua Thien Hue

From 1952 to 2006, Thua Thien Hue had been affeloye@5 typhoons; in average
every year has 0.63 typhoons. Typhoon season, vigichderstood as the time with no less
0.05 typhoons/month is from May to November.

During the above 55 years, changes of typhoon &eqy and season have the
following noted points:

(1) Annual typhoon frequency has the standard tieviaof 0.63 and relative variance
of 99%. The standard deviation of monthly typhorgtiency is very low, only from 0.11 to
0.39, but relative variance is very high, approxeha200% or more.

(2) For each decade, typhoon has the biggest numii&71-1980 and the smallest in
1991-2000. In the first half of 2001-2010 thereevenly 2-3 typhoons in Oct. and Nov., the
second half of typhoon season.

3.2.3 Scenarios of climate change in Viet Nam

Climate change scenarios in Viet Nam which preskimténitial Communication have
been built for three main elements: temperaturefath sea level and the main time
landmark are 2010, 2050 and 2070.
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The simulations of temperature, rainfall and se@llehanges in

shown in table 3.5 below:

Table 3.5:Climate change simulations in Viet Nam

various regions are

Factors Region Season 2010 2050 2070
Northwest, Northern of North 0.5 1.8 25
Northern plain 0.3 1.1 1.5
North of Central 0.3 1.1 15
Temperature is -
i i Middle of Central 0.3 1.1 15
increasing {C)
South of Central 0.3 1.1 15
High land 0.5 1.8 2.5
South 0.3 1.1 15
Rainy 0 0-+5 0-+5
Northwest, Northern of North
Dry 0 -5-+5 -5-+5
) Rainy 0 0-+5 0-+5
Northern plain
Dry 0 -5-+5 -5-+5
Rainy 0 0-+10 0-+10
North of Central
Dry 0 0-+5 0-+5
i ' Rain 0 0-+10 0-+10
Rainfall amount is Middle of Central y
increasing (+) Dry 0 0-+5 0-+5
or decreasing (-) Northern part of Rainy 0 0-+10 0-+10
(9%0) South Central Dry 0 0-+5 0-+5
Southern part of Rainy 0 0-+5 0-+5
South Central Dry 0 -5-+5 -5-+5
) Rainy 0 0-+5 0-+5
Central High land
Dry 0 -5-+5 -5-+5
Rainy 0 0-+5 0-+5
South
Dry 0 -5-+5 -5-+5
Sea level rise (cm) All coastal line - 9 33 45

3.2.4 Future climate change in Thua Thien Hue:

3.2.4.1 Methodology

The methodology applied in this study is based lw Guidelines on the Use of
Scenario Data for Climate Impact and Adaptatione&sment published by IPCC (Carter et
al. 1999).The main steps in the study shown in

66



Basic sources of input, information, and margirethdare:

() Results of global and regional (South-East Asimate scenarios using Global
Circulation Model (GCM) and Ocean-Atmospheric GloBGaculation Model (OAGCM);

(i) IPCC’s global emission scenarios (according ttee guidance of the Third
Assessment Report of IPCC for regional scenarind)ragional climate scenarios for South-
East Asia;

(iif) Trend observed from monitoring meteorologickdta for the last 30-40 year in
Vietnam and Thua Thien Hue province;

(iv) Experts’ opinions, conclusions and relatecerbtures, including influences of
regional factors and ENSO on climate of Vietnam;

(v) Observed data on sea levels at stations andyssmafrom Marine Hydro-
Meteorological Center.

1. Selection of emission scenarios and gettingatknaata of
selected GCM model from IPCC Data Distribution Cent
v

2. Downscaling GCM climate data to sub-basin level.

Y

3. Comparing simulated baseline data (1977-20@8) {I6CM
model with observed data to determine the necesshmgtments
in GCM baseline data and generate adjusted GCMibaskata.

v

4. Applying adjustments in step 3 for the GCM daftéuture
scenarios (2010-2039, 2070-2099) to generate a&dj ECM

data.
v

5. Running the NAM model with adjusted GCM databiaseline
and future scenarios and comparing model resulsaébyse the
impact of climate chanae on river flc

Figure 3.6: Process of climate change study
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3.2.4.2 Changes in temperature and rainfall

There are 6 different emission options (2 High-M2dium- and 2 Low-

emission) for Thua Thien Hue province selected.l8albrom 3.7 to 3.12 present the changes
of rainfall and temperature in TT Hue over the peér2010 — 2100 with different emission

scenarios in comparison to 1990. Figure 3.7 shbeslownscaling results of temperature and

rainfall for Huong river basin with the scenario.B2

However, in this research we only focus on twohef Emissions Scenarios B2 and

A1F1 of the IPCC Special Report (IPCC, 2001) ond$&ioins Scenarios (SRES).

Monthly Rainfall and Temperature downscaled for Huong river
Basin-Scenario B2
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Table 3.6: Increase in annual and seasonal temperatd@ {(n TT Hue by decades of 2010-

2100, comparing with 1990, respectively to 2 Higtission scenarios (A1Fl and A2)

Scenario | Period 2010 | 2020 | 2030 | 2040| 2050] 206d 2070 20d0 2000 2100
Year 0.2 0.3 0.6 0.9 14 2.0 2.6 3.1 35 3.9
Dec-Feb 0.2 0.3 0.6 0.9 15 2.1 2.7 3.2 3.7 4.0
ALFT Mar-May 0.2 0.4 0.7 1.1 1.7 2.4 3.1 3.7 43 4.7
Jun-Aug 0.2 0.3 0.6 0.9 15 2.1 2.7 3.2 3.7 4.1
Sep-Nov 0.2 0.3 0.6 0.9 14 2.0 2.6 3.2 3.6 4.0
Year 0.2 0.3 0.4 0.6 0.8 1.0 1.2 1.6 2.1 2.6
Dec-Feb 0.2 0.3 0.4 0.6 0.8 1.0 1.2 15 2.0 2.5
A2 Mar-May 0.2 0.4 0.5 0.7 0.9 1.2 1.4 1.8 2.4 3.0
Jun-Aug 0.2 0.3 0.4 0.6 0.8 1.0 1.2 16 2.1 2.6
Sep-Nov 0.2 0.3 0.4 0.6 0.8 1.0 1.2 15 2.0 2.5
Table 3.7:Change in annual and seasonal rainfall (%) in TTethy decades of 2010-2100,
comparing with 1990, respectively to 2 High emissioenarios (A1FI and A2)
Scenario | Period 2010 | 2020 | 2030 | 2040| 2050| 2060 2070 2080 2090 2100
Year 0.5 0.9 15 2.5 4.0 5.7 7.3 8.7 104  11.0
Dec-Feb 10 | 20 | 33 | 54| 85| -120Q -154 -185212 | -234
AL Mar-May 0.4 0.8 1.3 3.1 3.4 4.8 6.1 7.4 8.4 9.3
Jun-Aug 0.7 1.1 2.2 3.6 5.6 8.0 103 123 142 15k
Sep-Nov 1.1 2.1 3.5 5.7 8.9 127 | 16.3| 19.6] 224 247
Year 0.4 0.9 1.2 17 2.2 2.7 33 42 5.6 7.0
Dec-Feb 09 | -18 | 24 | 36| 46| 57| -69| -89 .8ll-148
A2 Mar-May 0.4 0.7 1.0 1.4 1.8 2.3 2.8 36 47 5.9
Jun-Aug 0.6 1.2 1.6 2.4 3.1 38 4.6 6.0 7.9 9.8
Sep-Nov 1.0 1.9 2.6 3.8 4.9 6.1 73 9.4 125 158
Table 3.8:Change in annual and seasonal temperatd@ (n TT Hue by decades of 2010-
2100, comparing with 1990, respectively to 2 Medamssion scenarios (A1B and B2)
Scenario | Period 2010 | 2020 | 2030 | 2040| 2050| 2060 2070 2080 2090 2100
Year 0.3 0.5 0.8 1.1 1.4 1.8 2.1 2.3 25 2.6
Dec-Feb 0.3 05 0.7 1.1 14 1.7 2.0 2.2 2.4 2.5
Al Mar-May | 0.3 05 0.8 12 15 1.9 2.2 25 2.7 2.8
Jun-Aug 0.3 05 0.8 1.1 1.4 1.7 2.0 2.2 2.4 2.5
Sep-Nov | 025 | 04 0.7 1.1 14 1.7 2.0 2.2 2.4 2.6
Year 0.3 05 0.8 1.1 14 17 2.0 2.2 2.4 2.6
Dec-Feb 0.3 05 0.8 1.1 14 1.6 1.9 2.1 2.3 2.5
B2 Mar-May | 0.3 0.6 0.9 1.2 15 1.8 2.1 2.4 2.6 2.8
Jun-Aug 0.3 05 0.8 1.1 1.4 1.7 1.9 2.1 2.3 2.5
Sep-Nov | 0.3 0.5 0.7 1.1 1.4 1.6 1.9 2.1 2.3 2.5

69



Table 3.9:Change in annual and seasonal rainfall (%) in TTethy decades of 2010-2100,
comparing with 1990, respectively to 2 Medium elmisscenarios (A1B and B2)

Scenario Period 2010 | 2020 | 2030 | 2040| 2050 2060 2070 2080 2090 2100
Year 0.7 1.2 2.0 3.0 3.7 4.6 5.5 6.1 6.5 7.0
Dec-Feb 08 | 13 | 22 | 34| 43| 53| 61| 68 57.]-7.9
Al Mar-May 08 | -18 | 22 | 33 | 42| 53| 62| -69| 47.|-79
Jun-Aug 1.0 1.7 2.7 4.0 5.0 6.2 7.2 8.0 8.7 9.3
Sep-Nov | 1.3 2.2 3.7 5.3 6.8 8.4 9.8 11.0] 119 121
Year 0.8 1.4 2.1 2.9 3.7 45 5.2 5.8 6.3 6.8
Dec-Feb 14 | 15 | 23| 33| 42| 50| 59/ 66 6-7.]-7.8
B2 Mar-May 09 | 15 | 18 | 33 | 42| 50| 59| 66| 77 |-78
Jun-Aug 1.0 18 2.7 3.8 4.7 5.9 6.9 7.7 8.4 9.1
Sep-Nov | 1.8 2.4 3.7 5.2 6.7 8.1 9.8 105 11.4] 124
Table 3.10:Change in annual and seasonal temperatd@ {(n TT Hue by decades of 2010-
2100, comparing with 1990, respectively to 2 Lovissian scenarios (A1T and B1)
Scenario | Period 2010 | 2020 | 2030 | 2040 | 2050| 2060 2070 2080 2090  21DO
Year 0.3 0.6 0.9 1.2 15 1.7 1.9 2.0 2.1 2.2
Dec-Feb | 0.4 0.6 0.9 1.2 15 1.7 1.9 2.0 2.1 2.2
AIT Mar-May | 0.3 0.6 0.9 12 1.4 17 19 2.0 2.0 2.1
Jun-Aug 0.3 0.6 0.9 1.2 1.4 17 1.9 2.0 2.0 2.1
Sep-Nov | 0.4 0.6 0.9 1.2 15 1.7 1.9 2.0 2.1 2.2
Year 0.3 0.5 0.7 1.0 13 15 1.7 1.9 2.0 2.1
Dec-Feb | 0.3 0.5 0.6 0.9 1.2 15 17 1.9 2.0 2.1
Bl Mar-May | 0.3 05 0.7 1.0 13 15 1.7 1.9 2.0 2.1
Jun-Aug 0.3 0.5 0.7 1.0 1.3 15 1.7 1.9 2.0 2.1
Sep-Nov | 0.3 0.5 0.6 0.9 1.2 15 1.7 1.9 2.0 2.1
Table 3.11:Change in annual and seasonal rainfall (%) in TTeHwy decades of 2010-2100,
comparing with 1990, respectively to 2 Low emissiognarios (A1T and B1)
Scenario | Period 2010 | 2020 | 2030 | 2040| 2050 2060 2070 2080 2090 2100
Year 1.0 1.7 2.4 3.3 4.1 4.8 5.4 5.8 6.0 6.1
Dec-Feb 01 | 01 | 02 | 03] 03| -04| -04] -05 5-0.|-06
AIT Mar-May | 0.8 1.4 2.0 2.8 3.5 4.1 45 4.8 5.0 5.2
Jun-Aug 1.1 2.0 2.9 3.9 4.9 5.7 6.3 6.8 7.1 7.2
Sep-Nov | 1.3 2.2 3.2 4.3 5.4 6.3 7.0 75 7.8 8.0
Bl Year 0.8 1.2 18 2.6 35 4.2 4.8 5.2 55 5.7
Dec-Feb 01 | 01 | 02 | 03] -03| -04| -04] -05 5-0.|-06
Mar-May | 0.7 1.0 15 2.3 3.0 3.6 4.1 4.4 4.6 4.8
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Jun-Aug 1.0 15 21 3.2 4.3 51 5.8 6.2 6.5 6.7

Sep-Nov 1.0 1.6 2.3 3.5 4.7 5.6 6.3 6.8 7.2 7.4

3.2.4.3 Sealevelrise

The sea level rise scenarios of Thua Thien Huebeaestimated by taking average
values of Hon Dau Station, representing the coastaé of North Viet Nam and Vung Tau
Station, representing the coastal zone in the Safuitiet Nam (Table 3.12)

Table 3.12: Sea level rise in decades of century 21 in Hon Maung Tau and Thua Thien
Hue (cm)

Station 2010| 2020| 2030| 2040/ 2050| 2060| 2070| 2080| 2090| 2100
Hon Dau 13.4| 18.0| 22.6| 27.2| 31.8| 36.4| 41.0| 45.6/ 50.2| 54.8
Vung Tau 10.7| 16.2| 21.7| 27.2| 32.7| 38.2| 43.7| 49.2| 54.7| 60.2
Lﬁ‘éa Thien | 15 0| 17.0| 22.0| 27.0| 32.0| 37.0| 42.0| 47.0| 52.0| 57.0

With almost the same trend as in all over couratyhe end of this century, in case of
best estimation, the annual mean temperature woatdase for 2.5-2.60C, but the increase is
more significant in January and February (2.6-2)AD@n in hot months June and July (2.4-
2.50C)

Obviously that in the high emission case (A1FIg tmperature would increase most:
3.90C, and in the Mar-May period even up to 4.780ch a high temperature increase itself
may cause very serious consequences for socio-etorend eco-systems, especially for
people health, but in combination with subsequeatenextreme events (droughts, floods,
storms etc.) it may lead to catastrophy in the Thii@n Hue province.

The best estimation’s annual rainfall of Thua Thitre is also increase for about 7%,
but in dry season, it would decrease down to 10-{Bébruary to May). In the other hand, it
would increase significantly in rainy season ud®24% (September to November). Rainfall
in August — the first month of rainy season - isrgased much less (2.5-3%).

In “worst” case of high emission (A1Fl), the railhfaf rainy season would increase
until 25%, but the first dry months Dec-Feb deceets-23%. The interesting fact is that the
rainfall of dry season’s month (Dec-Feb and Mar-Mdgcrease, which may cause very
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severe droughts. At that case, the worst thingsémio-economic and eco- systems in Thua
Thien Hue province is not only flood or typhoon b adverse droughts too.

The sea level rise in Thua Thien Hue would be akdutm in 2100 (with certain
uncertainty as explained earlier), much less tmaNarthern and Southern part, but still have
to be taken into account.

In general, those results show that the very haghfall which concentrates in some
rainy months would increase the already high flos@ of this area, with all the adverse
consequences, unless the comprehensive complextatidap measures would be
implemented.

However, the dry season would be longer and mareregwhich would increase risk
of droughts. The longer, severe droughts may adiyelspact the energy generation in
number of hydropower plants (under construction mewill be built soon) in Huong and
other river of Thua Thien Hue, may threaten the igipal water supply for Hue city,
irrigation for agriculture, cause fresh water shge for down stream socio-economical and
ecological systems. The salinizations of surfacé ground water and soil at coastal areas
may adversely impact the agriculture, aquaculturé aco-tourism, as well as the unique
ecosystems of wetlands, Tam Giang - Cau Hai lagoons

We can see that both the flood and the droughtafisiture climate change impacts is
very high for Thua Thien Hue.

3.2.4.4 Estimation of the potential evaporation in Huonger basin

In this study, the Thornthwaite's formula is apgli®o estimate ETo in order to
simplify the calculation.

Applying Thornthwaite's formula to calculate montlTo for baseline, 2020 — 2049
and 2071 — 2100 scenarios at A Luoi and Hue statidhen, gage weights calculated by
Thiessen method and ETo values at meteorologiaibes, ETo for the stations and lateral
sub-basins can be estimated. Figure 3.9 and T8d8s 3.14 shown the computational results
of monthly average ETo over periods.
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Figure 3.9: Change in evaporation in different years at Ta Tratation

Table 3.13: Monthly potential evaporation (ETo) of sub-basind 990 (unitmm)

Month A Luoi Ta Trach (L ATHEUR? AL) Huu Trach Bo
I 38.2 40.5 46.9 41.6 39.8
I 44.2 47.1 50.6 475 454
Il 67.1 76.4 74.4 74.7 68.4
\Y 75.0 88.9 94.4 88.2 78.5
\YJ 82.7 101.7 124.1 103.9 90|2
VI 83.7 102.7 127.2 105.4 91|5
Vi 92.4 110.1 137.1 113.6 1005
VIII 81.4 97.7 120.5 100.4 88/5
IX 57.6 72.3 88.7 73.8 63.2
X 46.0 52.1 66.6 54.4 497
XI 28.4 33.0 46.5 35.3 316
Xl 245 245 38.5 27.6 270
Sum 721.3 846.8 1015.9 866.4 774.3

Table 3.14: Monthly potential evaporation (ETo) of sub-basim&i100 (unit mm)

Month A Luoi Ta Trach Hue (LATERAL) Huu Trach Bo
I 39.6 41.9 48.3 43.0 41.2
Il 45.7 48.6 52.0 48.9 46.9
11 69.0 78.4 76.2 76.6 70.3
v 76.9 90.9 96.6 90.2 80.4
\Y 84.6 103.8 126.4 106.1 92.2
VI 85.6 104.7 129.5 107.5 93.5
Vi 94.5 112.4 139.5 115.9 102.6
VI 83.3 99.7 122.7 102.5 90.4
IX 59.1 74.0 90.5 75.5 64.8
X 47.4 53.5 68.1 55.8 51.1
73



Xl 29.4 34.1 47.7 36.4 32.7
Xl 25.5 25.5 39.6 28.6 28.1
Sum 740.6 867.5 1037.2 887.0 794.0

3.2.5 Conclusion

In Thua Thien Hue’s climate has been significantifluenced by monsoon with
subsequent characteristics, so it divided intoveon seasons: dry and rainy seasons

The biggest change of rainfall with highest ims® is occurring in
rainy season (August to December), which contribedgey high percentage to the annual
rainfall. Meanwhile June-July’s rainfall has obwsotrend to decrease, which indicate high
risk of drought.

Temperature of all typical months and mean anreraperature in the studied period
(1974-2004) have trend to increase.

In case of best estimation of projection, the ahman temperature would increase
for 2.5-2.60C, but the increase is more signifigantanuary and February (2.6-2.70C) then in
hot months June and July (2.4-2.50C)

Obviously that in the high emission case (A1FIg tbmperature would increase most:
3.90C, and in the Mar-May period even up to 4.70@dar 2100.

The best estimation’s annual rainfall of Thua Thitre is also increase for about 7%,
but in dry season, it would decrease down to 10-{Bébruary to May). In the other hand, it
would increase significantly in rainy season uf®24% (September to November).

In “worst” case of high emission (A1Fl), the railhfaf rainy season would increase
until 25%, but the first dry months Dec-Feb deceets-23%. The interesting fact is that the
rainfall of dry season’s month (Dec-Feb and Mar-Mdgcrease, which may cause very
severe droughts.

The sea level rise in Thua Thien Hue would be akdutm in 2100 (with certain
uncertainty as explained earlier), much less tmaNarthern and Southern part, but still have
to be taken into account.

Due to increasing of temperature, the potentiapexation will increase respectively.

In general, those results show that the very haghfall which concentrates in some
rainy months would increase the already high flosé of this area, with all the adverse
consequences, unless the comprehensive complextaddap measures would be
implemented.
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The dry season would be longer and more severechwivould increase risk of
droughts. The longer, severe droughts may advensglgct the energy generation in number
of hydropower plants (under construction now oil ¥ built soon) in Huong and other river
of Thua Thien Hue, may threaten the municipal watgpply for Hue city, irrigation for
agriculture, cause fresh water shortage for doweast socio-economical and ecological
systems. The salinizations of surface and grourtérveand soil at coastal areas may adversely
impact the agriculture, aquaculture and eco-touriamwell as the unique ecosystems of

wetlands, Tam Giang Cau Hai lagoons.

We can see that both the flood and the droughtofisuture climate change impacts

are very high for Thua Thien Hue.
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CHAPTER 4: CLIMATE CHANGE IMPACTS IN THUA THIEN HUE

4.1 Introduction
4.1.1 Impacts of global warming and climate change

Increasing temperature has potential impacts oaralaecosystems. It would cause
shifts in thermo-border of continental ecosystent faesh water ecosystems as well as shifts
in flora and fauna structure in certain regionsgiadation of biodiversity would accelerate
due to loss of some temperate and sub-tropicalespec

For agricultural production, cropping pattern anegdtock may be changed in some
regions, e.g. winter crop would be shortened onewe longer exist, whereas the main crop
would prolong. Temperature rise with higher vari&pi(both maximum and minimum
temperatures) will combine with other climatic extres and natural disasters to induce
pestilent insects and diseases to wide spread.egaastly, agricultural production and food

security would be seriously threatened.

High temperature and humidity would elevate presswn human health, especially
for old people and children, and cause diseasescydarly tropical and infectious diseases

by favouring growing condition of bacteria, inseatsl diseases vectors.

Temperature rise would also badly affect such sec&s energy, transportation, industry,
construction, tourism, trade, etc. due to the fhat higher cost would be spent for cooling,

ventilation, and maintenance.

4.1.2 Impacts of climatic extremes

The increase of climatic extremes in both freqyeand intensity due to climate
change is a frequent risks, both short-term ang-tenm, to all sectors and communities.
Storms, floods, droughts, heavy rains, and highpeature are annual disaster in province,
causing large damages for production and life.

Climate change would make those natural disasteish more fierce, even become
catastrophes, posing risks to socio-economic dewaémt and clear up achievements of many
years of development, including achievements ofemilium development goals. Thua Thien
Hue is expected to suffer biggest impacts of tleodeemes.
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4.2 Study on impacts of climate change on Water Resas ¢ Thua Thien Hue

Water resources are put under additional riskstdugver increasing droughts. This
will directly affect agriculture, water supply foural and urban areas as well as electricity

generation.

Water resource is one of the most vulnerable factorthe change of weather and
climate, the variation of these phenomena nearlyacts directly on water resources. Some
recent research show that global climate changaséruence of the accumulation of
greenhouse air in the atmosphere) will influencaratteristics of flow including total flow
volume, frequency of the extreme events (drought #Hood), seasonal regime, salinity
intrusion and water quality in the ongoing decadéss leads to have the plans and measures
to adapt effectively with the climate change in ethithe determination of the impact of

climate change on water resources has a very iapamle.

Huong River is a main source of water for agriotdf aquaculture, supply for industry
and energy generation, municipal and civil use, dgistence of aquatic and water related
environment, ecosystems and wild life on the laagea. The most of people living in the
Huong River basin strongly depend on its wated(blpgical) regime. In Huong River basin
there is a unique ecological and economical sifam Giang — Cau Hai lagoons - the largest
and most complicated lagoon system in Vietnam, wigosery sensitive to climate change.

Huong River is a huge water source but the watstridution in different times of
year is very unequal. Very high discharge in raseason causes flood and inundation, low
flow in long dry season often causes water supgbis; increases water pollution, salinity
intrusion, ecological and wild life degradation.

4.2.1 Methodology and data

Meteorological data in the form of precipitationgximum, minimum and mean air
temperatures on land, river runoff were requiretde Taily records of the maximum and
minimum air temperatures, precipitation from 19@®D2, their projections for 2020-2100 and
various climatic scenarios were obtained from sttaliynate scenarios development” in this
project.

For calculation of runoff flow caused by rainfalh dhe basin the Rainfall-runoff
model was used. When rainfall, rain distributiorarmpe and rain amount lost by evapo-

transpiration and temperature increase, the riaraffdischarge will change.
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Hydrodynamic model used to calculate and simulagefiood regime, the inundation
areas, the salinity intrusion for the downstreamimphwith the context of water resources

changing and sea level rise.

In this study, the MIKE11 and MIKEBASIN are usedhel computer software for
these models and skills to handle this softwareasedlable at IMHEN. Also the data for the

Huong River Basin are available.

4.2.2 Introduction to NAM model

NAM model is a hydrological model which simulatde trainfall — runoff process
occurring at the catchments scale. NAM is the edinf runoff (RR) module — a part of the
MIKE 11 River modeling system. Being a lump modeAM treats each catchments as a
single unit. The parameters and variables, thezefare average values for the entire
catchments. As a result, some of the model parame@n be evaluated from physical
catchments data but the final parameters estimatiost be performed by calibration against

time series of hydrological observations.

The model simulates the rainfall — runoff procbgscontinuously accounting for the
water content in four different and mutually inedated storages that represent different
physical elements of the catchments. These stoerges

* Snow storage

» Surface storage

» Lower or root zone storage

« Ground water storage

4.2.3 Calibration and verification of NAM model for Huongiver

The NAM model was calibrated using a set of obsgrdischarge data. As a
consequence, it can accurately simulate monthlyatian in discharge and total runoff.
Subsequently, the model was used to simulate digeHar different time period. The results
were compared to observed values in order to intgrely assess the ability of the model to
make simulations more reliable (model verificatiorfjor the purpose of estimating impacts
of climate change on runoff, the study focuses lo& tiwo objectives: total amount and

seasonal distribution of runoff.

78



Table 4.2: List of sub-basins and rainfall gauges for raihfakunoff routing by NAM model

Sub-basin Main river Area (km?) Rainfall Gauge

Duong Hoa Ta Trach 775 Thuong Nhat, Nam Dong
Binh Dien Huu Trach 707 Binh Dien, Ta Luong

Co Bi Bo 872 A Luoi, Ta Luong, Co Bi
Lateral Huong 708 Nam Dong, Hue, Binh Dien

Measured discharge data coming from 2 discharggigg stations along the
tributaries of the Huong River (Binh Dien, Co Bieaused for calibrating and validating
rainfall — runoff NAM model. The set of data fror881 to 1982 and from 1983 to 1985 were
used for calibration and verification, respectivdlirese results are presented in

Figure 4.1 and Figure 4.2:
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Figure 4.1: Observed (blue line) and simulated (black line)afiirat Binh Dien station for
calibration and verification periods

79



(mrafs] Time Series Discharge
2000.0 ‘
19000 ———— - — ——— — - ——————————— - -~
1800.0 ]
1700.0
1600.0
|

4000+ " —————— - ————~4-"4—-—— =4 - — - — - = - — - — - 7 - — - — - - - — - - - -

+ -

1300.0 7

1200.0 7

-4

1000+ - - 4-}4--—-"—-""—"F-"—"—"—"—"—"\-—"——"—"———¥ - — - — — — = — — — — — =/ — — — — — — - — — — — — — — = |

w0000tH+H """+~ - [

-

900.0 T

800.0 T

-4

wwO~-— """~~~ ~"~—~—"~"YHYr——" "7 """V - -~ —~"""797 -~~~ - - -, -7

eco0Of-—~——~—>—F—~—~—~—~—~~~~~~+«wwy--———————"—"H7>"~—————"~"41""""~"°"~"~"~"~"—~"—~—"/-~"—~"—~"—-~"—— -~ — = - ==

-

500.0 T

400.0 77

-+

300.0 T T | [ A R R

200.0 H ck------ - - -\-"-----4

100.0

0.0

L e L L e e L. s
11-4-1981 20-7-1981 28-10-1981 5-2-1982 16-5-1982 24-8-1982 2-12-1982 12-3-1983 20-6-1983 28-9-1983

Figure 4.2: Observed (blue line) and simulated (black line)afirat Co Bi station for
calibration and verification periods

The performance of the model was assessed by asingdel efficiency coefficient.
The model coefficient R2 from Nash and Sutcliff@{Q@) where 1 presents the perfect match
and the smaller values represents worse matcheslcislated the following equation:
F2 _ F2
RR=-0__—
F;

The initial varianceF, in the equation is calculated by following formula:

Fo = Z(qi _a)z
Whereq is the mean observed runoff andsjthe observed runoff at time step i. The
index of disagreement is calculated as follow:
FP=Y(a-a)
In which @', is the estimated runoff at time step i anescpbserved runoff at time step
i. The model parameters are selected so thaa&the possible highest value.
The results from calibration and verification al®wn in

Figure 4.1 and Figure 4.2. There are some diffegnd the peak flow between computation
and observation, the model efficiency coefficientstill over 80% for both calibration and

verification. Model parameters after calibratiordarerification steps proved its fithess and
stability so that these parameters can be reliapplied for assessing the impact of climate

change on catchments runoff.
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Table 4.3:Calibration and verification results

Nash — Sutcliffe criterion
Sub-basin Station
Calibration Verification
Duong Hoa Duong Hoa 87% 80%
Binh Dien Binh Dien 90% 87%
Co Bi Co Bi 88% 87%

4.2.4 Flow simulation for climate change scenarios B2 adlF1

The adjusted CC data of the scenarios were siedilay hydrological NAM model.
As examples of outputs from NAM model in the scem@?2 for baseline 1977-2006 and
future 2010-2039 and 2070-2099 are compared ifritdhere 4.3. Due to the above method of
adjustment, the distribution pattern within theSey8ars is similar. The comparison results of
the runoff changes between different periods usdenario B2 are presented in Table 4.4 and

Figures from 4.4. Likewise, the computation resuhider scenario A1F1 are shown in figures

from 4.5.

14 KA
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alzn

1677 - 2006 2020 -2049

2071 <100

Comparision of fow af Co Bi subbasin in different pedods under cdimate change scenario B2

Figure 4.3: The example of change in stream flow at differabtisasins in the Huong river

basin under the scenario B2

81




Table 4.4:Changes in total amount of annual runoff at différeub-basins in the Perfume
basin under the scenarios B2

Baseline
Sub-basin Duong Hoa Binh Dien Co Bi Lateral
Average Discharge (ifs) 49.0 44.6 61.7 37.8
Total runoff (mm/year) 2147.4 1782.4 2189.3 1652.4
Period 2020 -2049
Sub-basin Duong Hoa Binh Dien Co Bi Lateral
Average Discharge (ifs) 52.9 47.6 65.1 38.8
Change (%) 8.1 6.7 5.5 2.7
Total runoff (mm/year) 2324.3 1905.3 2317.0 1700.4
Change (%) 8.2 6.9 5.8 2.9
Period 2071 -2100
Sub-basin Duong Hoa Binh Dien Co Bi Lateral
Average Discharge (ifs) 53.4 48.2 67.1 39.8
Change (%) 9.0 8.0 8.7 5.4
Total runoff (mm/year) 2345.6 1928.9 2388.3 1745.4
Change (%) 9.2 8.2 9.1 5.6

Yearly average runoff change

Change (%)
(6]

1977 - 2006

2020 - 2049

Period

2071 - 2100

—e— Ta Trach
—=&— Huu Trach
——Bo

—e— Ha luu

Figure 4.4: The average change in yearly runoff under scen@flo

- Scenario B2increasing annual rainfall leads to higher runofthe future about 3-
8% between the years 2020 and 2049 and 5 - 9% bet@@71-2100 in different sub-basins.
This increase is caused by the rise of runoff inygeason from September to December. In
this period, the amount of runoff goes up from 3% in the period 2020 — 2049 to 7 — 10%
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and in the period 2071 — 2100. In contrast, stréamniih 3 the driest months from February to
April reduces significantly. The change ranges frmmus 8-13% for the period 2020 — 2049
to minus 9— 15% for the period 2071 — 2100, caus@gous water shortage in low flow

season.
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Figure 4.5: The average change in yearly runoff under scenafisl

- Scenario A1F1Similar to scenario B2, the total annual runoffreeses but more quickly.
This value increases by from 6 to 8% for the pef680 — 2049 and from 10 to 13% for the
period 2071 — 2100. This increase caused mainthéyontribution of the runoff in rainy
season (from September to December). In the p@0@O — 2049, the runoff rise by in the
region of 4 — 5 %, while this value in the perid¥2 — 2100 varies in the range of 18 — 19%.
Due to the fall of rainfall and eva-transpiratiomdry season, the runoff reduces
considerably. This value is about -19 to (-)13%th& period 2020 — 2049 and -20 to (-)16%
for the period 2071 - 2100.

Table 4.4:Change in yearly runoff in Thua Thien Hue compasgti 1990 (%)

Basin

Season

2030

2050

2070

2090

2010

Huu Trach

Year

2,02

3,94

5,39

6,14

6,81

Dec.- Feb.

-0,99

-0,53

-0,92

-1,47

-1,89
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Mar. - May -3,59 5,92 9,64 12,14 12,24
June — Aug. 173 4,13 4,42 5,22 7,31

Sep. — Nov. 343 6,38 9,14 10,64 11,52
Year 2,06 3,98 5,48 6,26 6,94

Dec.- Feb. 0,41 -0,54 -0,94 151 -1,85

TaTrach | Mar.- May -3,56 6,08 9,94 -12,50 12,67
June — Aug. 1,92 4,17 4,89 5,83 7,58

Sep. — Nov. 3,46 6,43 9,24 10,76 11,65
Year 187 3,68 4,98 5,65 6,28

Dec.- Feb. 0,31 -0,36 -0,66 1,15 -1,48

Bo Mar. - May -3,59 6,06 9,98 -12,60 12,74
June — Aug. 1,62 4,13 4,14 4,88 5,81

Sep. — Nov. 3,26 6,09 8,71 10,13 10,13

4.2.5 Impact of climate change on inundation

4.2.5.1 Methodology

To assess impact of CC on inundation, the studyieppydrologic, hydraulic and
GIS based models. By comparing computational reswith actual data, the change will be
recognized.

In this paper, the hydraulic (HD) and rainfall -noff (NAM) modules of Mike 11
model were chosen to simulate the evolution otlias scenario (flood event 11/1999) as
well as climate change scenarios in different yé2080, 2050, 2070, 2090 and 2100). Output
of MIKE 11 model (water level), then, will be used an input for MIKE 11 GIS model in
order to develop flooded maps for Huong river baaimd do some tasks of statistics
calculation on inundation for Thua Thien Hue ashmb and Phu Vang district.

In this research, hydraulic computation used ftbed event of 1999 as a baseline
year. The other years based on this baseline ygarassumption that upstream and lateral
boundaries were changed comparing to the baset®easo, downstream boundaries were
sea levels corresponding with different sea leishg scenarios respect to the years 2030,
2050, 2070, 2090 and 2100.

Table 4.5 shows the computational water level tsedes with different sea level
scenarios by applying MIKE 11 model. The changenakimum water level in years under

climate change scenarios is also estimated. Thitseswe illustrated in Figure 4.6.
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Table 4.5:Change in maximum water level at Kim Long statiah @ifferent scenarios

Water level (m) Change (%)

Year B2 AlF1 B2 AlF1
Baseline 5.81 5.81 0 0
2030 5.85 5.96 0.87 2.08
2050 5.87 6.08 1.56 3.82
2070 5.88 6.16 2.78 4.86
2090 5.90 6.27 3.82 5.73
2100 6.12 6.44 451 6.25
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Figure 4.6: Changes in the maximum water level at Kim Longastawith different scenarios
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Figure 4.7: Water level hydrograph at Kim Long station withfeliént years respect to
scenario B2

460.0

Change (%)

380.0 - Baseline| 2030 2050 2070 2090 2100
Baseline| 2030 2050 2070 2090 2100 2 0 209 209 619 1192 308
——AIF1| 384 4045 4192 4385 44838 4537 —=—AlF1 0 415 7.93 12.90 15.55 16.81
B 3884 3%.5 4043 420.2 4347 439.2
Year
Year

Figure 4.8: Change in inundated extent of Thua Thien Hue po®vin years corresponding with
different scenarios

4.2.5.2 Flood Mapping

Basing on MIKE 11 output, MIKE 11 GIS interpolateater level at all cross-sections
to construct grid-or TIN-base water surfaces. Thetew surfaces are then automatically
compared with DEM ground elevation to produce floegith maps. Types of maps produced
by MIKE 11 GIS include:

- Flood Depth Map: Maps illustrate the flood deptleach point of the grid
- Comparison Map: Maps illustrate the differencenaen two flood depth maps.

- Flood Duration Map: Maps indicate in each pofot, how long the area has been

inundated.

In this research, Flood Depth Map was developedlififerent scenarios. Figure 4.10

shows an examples of the maps corresponding with fidr the scenario B2.
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Figure 4.9: Change in inundated extent of Phu Vang distrigtears corresponding with
different scenarios

Inundation map for Huong river corresponding with scenario 2100
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Figure 4.10- Inundation map corresponding with the year 2100

4.2.5.3 Increase of flooded area

In 1999, with the depth of 5.81m, the flooded avess 388.4krh accounting for
7.69% area of territory. To the year 2030, with tlepth no more than 6m, the flooded area
would be already over 400KmTo the year 2050, with the depth of flooding @38, the
flooded area would be 419.2km

87



In the following decades, the depth of flooding thames to increase, to the year 2100
it is 6.44m and therefore the flooded area wouldupeo 453.7krfy accounting for 8.98%

natural area.

Table 4.6:Flooded area in Thua Thien Hue following scenarid-A

Characteristics 1999 2030 2050 2070 2090 2100
Max. depth (m) 5.81 5.96 6.08 6.16 6.27 6.44
Flooding depth (km2)

388.4 404.5 419.2 439.5 448.8 453.7
Flood proportion (%)

7.69 8.01 8.29 8.68 8.88 8.98

4.2.6 Assessment of impact of climate change on salimiyusion
4.2.6.1 Introduction to MIKE 11 AD module

To calculate salt profile, together with hydrodynammodule (MIKE 11 HD), the AD
module of MIKE 11 model is applied. This model &sbd on solving the one-dimensional
advection-dispersion equation which is used fordmeservation of mass of a substance in a

solution:

6AC+6QC_1( 0C
0x

—_— AD—j =-AKC+C,q
ot ox  OX

where, C: concentration
D: Dispersion coefficient
A: cross-sectional area
K: Linear decay coefficient
C,: source/sink concentration
g: lateral inflow
X: space coordinate
t: time coordinate
The equation reflects two transport mechanisms:
- Adjective transport with the mean flow

- Dispersive transport due to concentration gradients
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The main assumptions underlying the advection-dsspe equation are:

- The considered substance is completely mixed dwerctoss-section, implying
that a source/sink term is considered to mix instagously over the cross-section;

- The substance is conservative or subject to adidgr reaction (linear decay);

- Fick's diffusion law applies; the dispersive traodpis proportional to the
concentration gradient.

4.2.6.2 Input

For salinity intrusion computation by MIKE 11 modeising HD and AD modules),
the hydraulic scheme is the same as that for floagping but not include the Tam Giang
lagoon. Moreover, at the present, in Huong rivdrad Long was constructed in the Huong
river's mouth to prevent the mainstream of Huomgirifrom the impact of salinity intrusion.
With this structure, the impact of climate changearms of salinity intrusion on Huong river
system is effaced. Therefore, in order to assassype of impact, the research studied only
the concurrent of salinity intrusion in natural dd@gion which did not include Thao Long dam
in hydraulic scheme

4.2.6.3 Output

After calibration and verification, HD and AD moeslof MIKE 11 have been used to
estimate the salt profile. Scenarios for salinittyusion simulation develop basing on change
in sea level (sea level rise as above-mentiondwrelare six scenarios for salinity intrusion
corresponding with scenarios for sea level riseeKpeound, 2030, 2050, 2070, 2090, and
2100). The year 2002 is selected as a baselin@asodrecause the observed data in this year
were the most sufficient among available ones. Resi salinity intrusion computation for
scenarios are shown for some cross-sections inmina rivers. The computational results
show that there is an increase in salt concentratio/ears together with sea level rise. This
reflects an issue that there is a positive colimabetween rise of sea level and salt
concentration. Tables 4.7 and 4.8 and show the uotatipn results an increase in salt
concentration of Huong river.

Table 4.7: Change in salt concentration at Pho Nam and Phu Gaoss-sections with
scenario A1F1

Cross-section Parameter 2002 2030 2050 2070 2090 O0@1
Average salt concentration
Phu Cam (%0) 2 2.1 2.17 2.33 2.41 2.47
Percentage (%)
0 5 8.5 16.5 20.5 23.5
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Average salt concentration
(%) 2.45 2.65 2.84 3.05 3.24 3.39

Pho Nam Percentage (%0)

0.00 8.16 15.92 24.49 32.24 38.37

Table 4.8:Change in salt concentration at Pho Nam and Phu €eres-sections with
scenario B2

Cross-section Parameter 2002 2030 2050 2070 2090 o1

Average salt concentration (%) 2.00 2.09 2.15 2.29 2.34 2.37
Phu Cam Percentage (%)

0.00 4.34 7.55 14.53 17.25 18.44

Average salt concentration (%) 2.45 2.62 2.82 3.01] 3.19 3.35
Pho Nam Percentage (%0)

0.00 6.86 15.04 22.90 30.05 36.65

Table 4.9:Change in distance (m) of salinity intrusion of lHgdRiver with the concentration
of 1%0 and 4%o0 (m)

B2 A1F1
Year
4%o0 1%o0 4%0 1%o0

2002 14.799 | 28.632 | 14.799| 28.632
2030 15.258 | 29.217 | 15.408| 29.327
2050 15.814 | 29.366 | 15.927| 29.626
2070 16.136 | 29.565 | 16.338| 29.855
2090 16.261 | 29.739 | 16.618| 30.133
2100 16.286 | 29.788 | 16.786| 30.335

The results of salinity intrusion calculated bydabhave clearly shown that due to
effect of sea rise, shortage of water and increasater utilization in dry season, salt in most
rivers in the Huong river system increases conalalgr For example, with scenario A1F1,
the situation seem to be serious, salt concentraid®hu Cam increase by 23.5% from 2 in
2002 to 2.47 %o in 2100; at Pho Nam this valuesi8 3%.

The distance of salinity intrusion, the sea leve will make salt intrudes further into
the river system. As the estimate, until 2100 tlsadce of salt concentration of 1 %0 and
4%0 increase approximately 1.2 km to 2.0 km dep®&ndn scenarios.
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4.3 Climate change impacts on biodiversity

Climate change impacts on biodiversity are the gharof environment and habitats
of creatures, seriously affecting their lives adlvas the activities to protect natural world,

including the conservation of biodiversity.
Climate change impacts on biodiversity closely ahejpen specific conditions:

- For coastal zone, climate change can affect ffloet® to build the conservation areas
of flood land in lagoons and ecosystems that astngao threats such as the bird flood land

O Lau, the mangrove Ru Cha in lagoon Tam Giangu Ida;

- Sea level rise contributes to speed up the salfnihe coastal blackish lagoons,
typically the lagoon Tam Giang - Cau Hai, affectsigicture of the existing creatures;

- Sea level rise promotes the agriculture to catymany and thoroughly solutions to
prevent salinity, especially construction solutiotierefore affecting migratory animals,
particularly the emigrant for reproduction suctlawer eel, ebony eel and spotted sardine;

- The saline preventing solutions also restrict ¢iesystem transiting between the
fresh water ecosystem and sea ecosystem, leadiingitdhe adaptation to the ambience of
many domestic animals and crops ... as well as wiichals;

- The increase of frequency and intensity of typhoflood, drought and hot
sunshine... contributes to the process of changing ¢cological environment and
desertification on sandy area, therefore causeicudifes for the conservation of gene

sources...

- The rise of sea temperature also creates a ldtfidulties for the conservation of
the coastal coral reefs...

4.4 Climate change impacts on coastal zone

Coastal zone accounts for 30% area and more th@n@pulation of the province.
On the coastal zone, successively from North totts@uthe Tam Giang - Cau Hai Lagoon,
downstream the Bu Lu River, Chan May Bay and tlea @f Lang Co—Son Tra.

Climate change impacts on socio-economic and emwviemtal activities on the coastal
zone include:
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(1) Enlarge the flood land on Tam Giang - Cau Hagton and stretches of coastal plain,
increase the effects of flood on the downstreath@®MHuong River;

(2) Affect the flood land ecosystems; make many gnave forests disappear;

(3) Erode seashore, restrict cultivated area ahdhiing land, affect negatively the life of
local people, including fishermen, farmers and eteurism, particularly in lagoons and
downstream Huong River,

(4) Threaten the coastal zone and lowland, indalsemterprises, construction and transport
works, waterworks especially sea dyke;

(5) Indirectly increase expenditures for constictand protection of the works in lowland

and seaports;

(6) Increase the pollution of water environmentaastal zone, saline intrusion of the Huong
River, leading to the scarcity of water;

(7) Indirectly contribute to the increase of unmreable exploitation of natural resources,
dispute, even conflict between branches in exgloieof natural resources in lagoon.

4.5 Climate change impacts on Sectors
4.5.1 Impacts on agriculture

- Almost all rice production areas would be floddand saline, especially the
depression and lagoon. The aftermath is the dexrgmdood yield and food security is
threatened. Therefore, agriculture is consideredniditional economic branch which is most
affected by climate change;

- Some riparian protective forests are flooded salthe, vegetation cover and forest
ecosystem change, leading to disappearance of symand valuable gene sources;

- Rice, the short-term and long-term planted traed long-term, newly developed
industrial trees such as rubber, may endure momgadas when natural disasters increase.
The crop pattern, season and even productivitplseaffected by climate change;

- The health of domestic animals declines, leadmthe rise of animal and poultry

diseases;
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- Increase the erosion and washing away of dwl,nutrition in the earth goes down,
the land becomes arid, decreasing significantlp gnoductivity;

- Many new pests appear, many plant protectioomateds are used, increasing the

danger of environment pollution.

4.5.2 Impacts of climate change on Forestry
Due to climate change, forest ecosystems wouldfbetad in different ways:
- Sea level rise can make the existing mangrowesterprovince shrunken;

- Some tropical forest plants can move northwaul @mward to the higher belts while

ddeciduous forest with high percentage of droughistant trees may growing strongly;

- High temperature combined with rich sunlight miagost photosynthesis, thus
enhance tree assimilation process as well. Howghergrowth rate of forest plants, in terms

of biomass, could be reduced due to lower humidity;

- Plants and animals are at higher risk of extomgtparticularly some valuable species
could become over-exhausted,

- Increase of temperature and drought may causstfdire, pests outspread and
diseases, etc.

4.5.3 Impacts on aquaculture

- Mix up the activity plan of fishery due to chasgm season of aquatic farming,
shortening and changing some farming objects;

- Change the current in some river mouths, affective itinerary of fishing boats and
ships and the route of migration for reproductidfigh;

- Change natural environment, leading to changdsarfiversity, the living behavior

of aguatic animals and changes of gene sourcestume)

- Especially when temperature over 400C, the graefthnimals in farming pools is
slow, they even die, affecting the farming produtyi the species of bacteria and fungus

develop strongly, causing epidemics and entroggriming pools at lagoon ...;
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- The works serving fishery (electricity, roadsydes and canals inside the field...)
degrade quickly.

4.5.4 Impacts on industry — energy

Climate change with the increase of typhoon intgnsiay cause the following
impacts:

- Affect the progress of planning and developmehtindustry, the system of
conduction and distribution of electricity, systesh high voltage and low voltage grids,
transformer stations, hydroelectric plants andrtfeaiectric plants...;

- Disrupt the process of production and trade otqmy the time of producing finished
products and the time of keeping in store houses;

- Affect the process of regulating the reservoiriyroelectric plants, increase flood
that threaten the safety of downstream areas lgadimlisruption of production in industrial
enterprises and thy have to find the ways of préeen

- Increase the expenditures for maintenance arairrepirrigation and hydroelectric
works;

- Increase the danger for technical infrastructwerks in industrial parks and
handicraft villages...

Temperature rise leads to:
- Increase the expenditures for ventilation andingmf factories and enterprises;

- Breakdown of electric grid and transformer stasioncrease, the electricity demand
increases and exceeds the load...

Moreover, the increasing of sea level may leasdliowing consequences:

- Power grid and transformer stations in lowland anastal zone have to face more
frequent danger of flood;

- Changes of big river currents affect the mechara$ regulating the water for some
hydroelectric works;

- Some areas specialized in cultivation of indastmaterials become narrower;
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- Threaten the existing industrial works or produttbases that have been designed
and built according to water level which has né&etainto account climate change effects.

4.5.5 Impacts of climate change on Industry and Constriart

Thua Thien Hue has Special Economic Industrial gdblean May Lang Co, which is
serving as the province’s important economic centoeated in low-lying in seashore. It is
facing with increased challenges in floods fromerss and rising sea level. This requires
thorough assessment and more costs for the cotistriand design of industrial zone and it
IS necessary that mitigation measures are taken;

Climate change would cause difficulties in wated anaterial supply for industries
and construction such as textile, manufacturingplatation and processing of agricultural
products, forest product and aquaculture produretiystrial and domestic construction, and
communication. More frequent extreme climate phesmemand natural disasters would
reduce life span of materials, equipment, machiaed,buildings, whereas maintenance costs
would be higher;

These sectors need to review and renovate the atahgechnical standards to respond
to climate change.

4.5.6 Impacts of climate change on Culture, Sport, Toums Trade and Service

Climate change can directly affect the activitieghe field of culture, sport, tourism,
trade and services etc. of the Thua Thien Hue poayi

Sea level rise affects coastal beaches of the meeyisome of them can be
disappeared, the others have to move into inlartl exploitation of the beaches may be
negatively affected. Sea level rise can damageutiare and historical heritage, preservation
areas and related infrastructures of the anciehiuef city and province;

Due to increasing temperature and shorter coldoseas attraction of the well known
tourism areas and resorts in province can be reglumeanwhile summer tourism season can
be longer;

Caused difficulties for developing tourism by skipich has had increasing tendency
due to expenditures to reform the works designédviing present sea level;
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Restrict the areas of concentrated population amhruareas that are places for

activities of many forms of tourism;

Increase of epidemics and poverty; therefore déstalthe society, the first and

foremost important element in the development ofism;

Also due to global climate change, the tourist etk Thua Thien Hue has variation

in negative direction with the decrease of tourdstd their spending of money.

4.6 Climate change impacts on Phu Vang District
4.6.1 Socio-economic characteristics

Phu Vang District has an area of 280.3kmear half of which is agricultural land, a
remarkable part is special use land which has ettbgen used while forestry land and

residential land occupy less than 1000ha.

Population of Phu Vang District is 179,137 peopte2006) living in 19 communes
and Thuan An Town.

Phu Vang is a coastal district with many lagoonsgainding in the lower part of
Huong river. In the whole 21 communes of the disti7 ones depending on agriculture, the
other seven in the east sea with lagoons surrogrith@ on many careers, like fishery mainly
depending on sea and lagoon economy; and the etwem in the east, which source of
income is from lagoon. In the recent years, resglen Thua Thien-Hue in general and Phu
Vang in particular have been facing with many diffties by bad weather and climate
change. Extreme weather events like hurricane,dyps, floods, drought happens more

regularly and powerfully resulting in great locat®-economic and environmental loss.

4.6.2 Climate change impacts on the economic and soceelopment of Phu
Vang district
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46.2.1 Coastal zone

Thua Thien Hue and Phu Vang experience high floodsiny season and droughts
and salt intrusion in dry season for the coastakz&limate change and sea level rise would
make these risks more serious, increase floodeasambstruct water drainage, intensify
coastal line erosion and salt intrusion which cawud#ficulties for agricultural production and
domestic water usage, and create critical riskscaastal infrastructures such as sea
malnutrition, road, docks, and factories and cdastenmunities. Sea level and sea water
temperature rising have potential adverse effectscoral reefs and mangrove forests,
biological foundations which are bases for coastquaculture and fishery. Therefore,
significant investments should be attracted inta-ggke construction and consolidation,
infrastructure development, resettlement of coastaimunities.

- Erosion along the shore and estuaries;
- Gradually lose cultivated land by the side oflax;
- Saline flooding increases, especially in dry seas

4.6.2.2 Water resources

The fresh water sources become scarcer and wadétygpecomes worse due to many

reasons, including salinity intrusion;
Flood runoff in rainy season increases while laawflrunoff in dry season falls down;

Increase of inundation frequency due to typhoaie tises up and heavy rainfall on
large area.

4.6.2.3  Agriculture
Cultivated land becomes more and more narrow;
Food productivity changes toward worsening tendgncy

Food security faces many challenges before theaser of typhoon, flood and other
natural disasters.

4.6.2.4 Fishery and aqua-product

Flood land and saline flooded ecosystems have nwranges in degenerating
direction;

Hydro-physical and hydro-chemical environmentsstifir salinity, change, leading to
fish migration or contraction of diseases;
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Productivity and quality of farming and catchinguaeproducts decline.

4.6.2.5 Energy, industry and transport

Increase the demand of electricity for domestic aspecially in Thuan An Town and

requirement of cooling in aqua-product processmmtlations;

The existing infrastructure in the sea port posea tot of threats before the rise of
typhoon and flood.

4.6.2.6 Health and tourism
Incomes meet with more difficulties; living envinment becomes more serious;

Tourist activities meet with more difficulties dae more costly in investment for
construction and improvement of infrastructure.

4.6.3 Impacts of natural disasters are increasing

With the main income based on cultivation, catchamgl farming aqua-products on
the large sea and lagoon, Phu Vang faces manyhidss of vulnerability before the

increasing natural disasters at the same timeaiiitate change.

The most noted damages may happen in the folloaanglitions:

4.6.3.1 Typhoon and whirlwind
- Ships and boats sink, houses collapse or the @refblown up...;
- Crops are damaged, sometimes failure;
- Cattle, poultry, breeding fish and fish for meaten fishermen are washed away;

- Seashore and saline preventing dyke are collagpsdly and in many places eroded
dozens of meters.

46.3.2 Flood

- Erosion on many parts of seashore with hundrédseters long... sometimes create
new estuaries as in the case of Hoa Duan Gated@; 19

- Infrastructures of electricity, transport, schgotourism and recreation ... are
seriously damaged

- Flood increases
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The flooded area rises up due to climate changeptbportion of flooded area from
36.4% in 1999 comes up to 40.4% in the same abimelandmarks (Table 4.10).

The increase of flood seriously threatens the difel property of Phu Vang People,
particularly in coastal zone and lagoon.

Table 4.10:Area and proportion of flood in Phu Vang Districtcarding to scenario A1F1

Characteristics 1999 2030 2050 2070 2090 2100
Depth of flood (m) 5.81 5.96 6.08 6.16 6.27 6.44
Area of flood (m) 102.1 105.8 109.4 111.2 113.0 114.4
Proportion of flood (%) 36.4 37.2 39.0 39.2 40.3 40.8

Drought and salinity intrusion increase

As mentioned in paragraph 4.1, drought would celfancrease on Thua Thien Hue
territory, including Phu Vang. By the end of thenwey, salinity in river mouths also
increases by 20 — 40%, salinity intrusion also gieeper of about 2km over early period.

4.7 Vulnerability of Thuan An Town

Thuan An Town of Phu Vang District is a depresskghgn the Huong River
Delta, beside Thuan An Estuary, at a distance &Mml8astern Hue City. At present, Thuan
An Town has 12 villages, in which 7 ones are climss&am Giang — Cau Hai Lagoon (Dien
Truong, Tan Duong, Tan An, Tan My, Tan Binh, TampL&an Cang) and 5 ones close to the
sea (Hai Thanh, Minh Hai, An Hai, Hai Binh and Han)
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Figure 4.11: Thuan An commune map

Through many generations, Thuan An as well as aheais of Thua Thien Hue has

been affected by serious weather both in winteriarshimmer, both in rainy season and dry
season. Particularly in recent years, weather inthtie have had many abnormal changes.
Dry season often lasts long with very high tempertbase; in some years (2006) even
rainfall only happens by the end of Aug. and e&#pt. Winter is still affected by typhoon
and tropical depression in combination with thetNeast monsoon...

On the area of Thuan An, often happen various abhtisasters: typhoon, flood,

drought, salinity intrusion, erosion and saliniaati Only during the time from 1983 up to
now, there were less than 10 times in which natdisédsters caused serious damages for

production and life of the people (Table 4.11).

Thuan An Town also has always had to face the tesub closing and opening of the
sea-gates after floods. From 1976 up to now, tlaehs&l eroded deeply into the land 300

400m. The flood of 1999 caused serious erosioh@teashore.

The rise of spring tide is also an aftermath ohtygns and floods in Thuan An.

Table 4.11:Some natural disasters in recent years in Thuaid éwn

Natural disasters

Year

Month

Seriously affected
village

Damage

Big flood
accompanied by
whirlwind (locally
called Ong Lu
(Mr. Flood))

1983

Many houses damaged and people died

Big flood

1991

A lot of damages

The flood of 99 —
a deluge (0.5-2m

1999

Lunar Oct,

- Tan My
- Dien Truong

- Hai Thanh: 22 people died, 64 houses washed a
6 houses collapsed, 3 rest houses collapsed, 1

way,

00%
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Natural disasters

Year

Month

Seriously affected
village

Damage

- Hai Thanh
- Minh Hai
- Hai Tien
- Tan Duong

property damaged.

- Minh Hai: 8 people died, 4 houses washed away/
houses collapsed, 50% property damaged.

- Tan My: 3 people died 4 houses washed away
houses collapsed, 50% property damaged.

- Dien Truong: 2 people died

- Hai Tien: 7 houses collapsed, 13 houses wa
away, 30% property damaged.

- Tan Duong: 8 houses collapsed, 7 houses wa
away, 50% property, fish nets and instrume
damaged and lost.

Total damages of whole town

Whole town had 35 people died, 5 injured, 212 hst

more than 5000 people endured hungry and coldr
lack of food, 1 km of Hoa Duan Strait broken cregt
new estuary. The entire infrastructures of eleityrig
roads, schools and stations were seriously dama
the dyke of Quy Lai Tan My collapsed and broken
many parts, nearly 317 aqua-product farm

damages up to 9 bil. VND.

Flood (1-2m)

2004

11

Depressed villag
by the lagoon

esTotal damage values: 500 million VND

- Collapse on National Highway 49A from Dig
Truong Bridge to Tan My electricity station

- Dyke of Quy Lai TanMy collapsed of 750 m3,
houses collapsed, 15 houses damaged

- Agqua-product farming: washed away 750,d
breams, 250,000 tilapias, 10 cages of chainman
and hinds

- Collapses and deep erosions in 10 — 15 part
seashore from Hai Tien to Hai Binh of 500 m Ig
(Report 113/BCUB, Thuan An)

, 30

11
shed
shed

nts

Ise

collapsed and washed away, 617 houses damaged,

N1ESS,

1ged,
in
ng

households lost all of their properties, estimated

5

00
fish

5 of

Big flood

2005

Month 10

Hai Binh

Collapse of 50m

Flood of grain
fills (0,5 -1m)

Every
year

Month 5 -
6

Typhoon No. 8

1985

Month 10

Tan Binh, T
Duong (2 villages
living on water
surface), Hai Tien
Tan My

an Tan Binh: 21 people died, 16 boats washed awhy
the rest fishing instruments were seriously damage
- Tan Duong: 4 people died, 6 houses washed a
fishing instruments lost 100%
- Hai Tien: 3 people died, 60% houses and 30 — 4
ships damaged
- Tan My: 5 people died, 8 houses washed away,
bamboo baskets for catching fish damaged
- Total number of people died in the whole commu
60 people died and missing

way,

10%

50%

Typhoon No. 8
combined  with
spring tide

2001

Month 11

Losses i
agriculture and
aqua-product
farming in Minh
Hai, Hai Thanh

nSeashore erosion into the land 4 — 10 m deep, 5(
long
2 rest houses collapsed, 6 houses of level 4 «Eth
(Report 114/UB — CB, Thuan An)
Some parts of saline prevention dyke of Quy Lai T
My collapsed

Om

p

ran

Typhoon No. 8

2005

Month 11

Hai Tien

- Area for tudting vegetable and other cro
damaged by 100%, rice wet, cattle and poultry weg
away, breed fish and fish for meat, fish net astifig

DS
he

instruments washed away
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AS

o5

Natural disasters | Year Month Serlou_sly affected Damage
village
- Many parts greatly collapsed, particularly thetg
from villages Hai Tien to Hai Binh of 700m long w.
eroded of about 20m
- 9 houses collapsed, 42 houses with roofs blowr?2
fishing ships sunk and protection forest washedyaw
Salinity intrusion | 1998 Dien TruongAgricultural field was affected by salinity, croailure
Village

In the past years, Thuan An has experienced marmciap extreme climate

phenomena. Many of them have affected the localossmnomic development. Many

projects, infrastructure, and potential policiesl@veloping the local economy has been built

up and deployed. Other changes in power resourggpl@enomena relating to local weather

regulation have been getting complex and more gified, which affecting local residents’

livelihood

DIEN TRUONG

VULNERABILITY MAP

3 households

NOTE

w2 Ricefield

# Houss
Agquaculnme MW Srore
Garbage - ichvay 49
V uloerability area— Fighway 49

Residental atea =~ Cement road

Aguaculiire
area

]
“ 4& Mulperabiliny area

4 housebold

Figure 4.12:- Map on vulnerability in Dien Truong village, Tém An town,
Phu Vang district, Thua Thien Hue province

4.8 Climate change impacts on Chan May Lang Co area

According to the direction of economic developmenthe year 2020, the economic

zone Chan May Lang Co is a great international econ and transport center of Central

Vietnam. Landscape of Chan May Lang Co economiezsncreated by Chan May Bay,
Thua Luu - Nuoc Ngot Plain and Lang Co Town, inghgdLap An Swamp. On the area of
Chan May- Lang Co there is a free duty trade afé&6® ha, industry park of 560ha, Chan
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May Port with total land and water area of 684kdan May Town of 1650ha, and the tourist
Lang Co - Canh Bong - Lap An Swamp area of 3700ha.

In recent years, the area Chan May- Lang Co kas laffected by many
typhoons, mainly of wind force scale from 9 - 1@rm surge up to 1.5m in typhoon No. 6 in
2006 and 1.7 m in typhoon CECIL in 1985. Moreovere there have happened many other
natural disasters: flood, flash flood, whirlwindantdslide, collapse of river bank and
seashore...
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Figure 4.13:Vulnerability Map by flood of Chan May Lang Co Eoonc Zone

4.9 Conclusion

Global warming lead to increasing temperature dmahge in precipitation pattern in
the Vietnam and Thua Thien Hue. Increasing annaialfall leads to higher runoff in the
future in different sub-basins. This increaseamy season leading to increase the number
and intensiveness of flood.

In dry season climate change causes serious watetage and low flow and due to
effect of sea rise, the salinity increases comalalg in most rivers in the Huong river system.
Climate change and sea level rise have seriouscisea coastal zone and different areas of
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the province especially coastal districts as Phagvdistrict and Thuan An Town, Chan May
Lang Co economic zone.

Temperature rise would also badly affect such se@se energy, transportation,
industry, construction, tourism, trade, etc. Higimperature and humidity would
elevate pressures on human health, especiallylfop@&ople and children, and cause
diseases, particularly tropical and infectious asss by favouring growing condition
of bacteria, insects and diseases vectors

The climate change has potential impacts on natw@dystems. It would cause
shifts in thermo-border of continental ecosystemd fresh water ecosystems as well
as shifts in flora and fauna structure in certagions. Degradation of biodiversity
would accelerate due to loss of some temperatsandropical species.

For agricultural production, cropping pattern divdstock may be changed in
some regions. Temperature rise with higher vaiighjboth maximum and minimum
temperatures) will combine with other climatic extres and natural disasters to
induce pestilent insects and diseases to wide @dpr€ansequently, agricultural
production and food security would be seriouslgétened.
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CHAPTER 5

ADAPTATION MEASURES TO CLIMATE CHANGE IN THUA THIEN HUE
PROVINCE

5.1 Introduction

In global context, the climate change issues,nifgacts and adaptation became a hot
pot for policy making process in most countriesbécame a part of the compliance of
international agreements on global climate and renmental problems. This is an actual
global trend and all countries including Viet Naavha to comply.

Thus, taking into account a climate change problatasmpacts, future trends and
uncertainty factor as well as mitigation and adémtamechanisms in the policy making
process could open new opportunities, financiathméecal and technological support for
Vietnam from all over the world. That would alsgnlg into the policy development and
implementation process the new scientifically badewwledge and arguments, new
approaches of pro-active preparedness and prewerdiber than passive response to the
problems or recovery aftermath, with the view ttufa scenarios and trends. In the future,
when the adverse impacts, extreme events or disast@ly occur, it will help in coping and
relief activities, mitigating the damages and Igsskeproperty and human lives.

Until certain extent, people have always been trymrespond and adapt themselves
to the climate variability’s and changes, the exieeweather events and disasters. However,
in case of stronger, larger or more severe disgsteey would usually expose their lives and
properties to high risks and dangerous impacts; tegponses may become chaotic, scattered
and inefficient.

The most vulnerable to all types of impacts andgdas are always the poor people
and special sensitive contingents: the elderswibreen and children. That why many disaster
casualties, especially the floods and storms it Wiam belong to the elders, women and
children. In that case, they need very much walboized help and guidance, concrete and
urgent measures from local, provincial and cendnathorities in relief and rescue works,
after-disaster aid and recovery. Moreover, theydrteebe informed, early warned about the
events, and good trainings for different typesnapacts.

The policies need to be made for the people interesafety and prosperity, but at
present are not yet in such condition so far. Winiely need quality intervention in the

policy making, planning and managing processesi@ Nam at all levels of authority.
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In practice, Viet Nam governments and communitieslat help offset the costs by
undertaking adaptation measures. The questiontésndming which adaptation measures are
best in the face of uncertain future impacts. Ad thme, adapting to climate change may soon

become an economic and political imperative.

In such a highly disaster-prone province like Thilden Hue of a disaster-prone
country like Viet Nam, people always have expergsnand empirical knowledge for hundred
years in adapting to and coping with climate relat®@pacts and “usual’” extreme events
(typhoons, storms, flood and drought), in theirtigatar locations and they obviously have
very good ideas. By these reasons, the adaptatimess has to be done with local knowledge
and local characteristics.

5.2 Climate change adaptation options in Huong river drirhua Thien Hue
province

The Vietnamese as well as Thua Thien Hue people hatousand year long tradition
of confronting and fighting natural disasters. Bigntifying adaptation options to long-term
human-induced climate change is new concept, bes dwt come from a scratch. The
traditional measures taken to adapt to climateabdity such as dyke system building, flood
diversion and retardation structures, weather tsewill still be exploited intensively.

However, future human-induced climate change wilbose not only on the change in
climatic variability, but also the frequency andeinsity of extreme events that definitely will
harm the long-term sustainable development of thentty. The most focus of adaptation
options is aimed at the country’s most suscepsbleors to future climate change, including
water resources, agriculture, forestry, aquacult@ed coastal zones, energy and
transportation, and health.

One of the most compelling arguments for acting mowhe rising impact of extreme
weather events in Viet Nam and Thua Thien Hue. Bliese who argue that climate change
may never happen cannot dispute the urgency ofcieglithe coastal zone vulnerability
against severe climate events. The recent droflghtls and the sequence of cyclones which
affected Thua Thien Hue province during the 199€@sstito an increasing exposure that will,
sooner or later, put mounting public pressure oveguments and politicians to act. No less
compelling is the fact that under an increasingoglze economy, those countries which
invest early on adaptation and in the process ingtbe quality of life and reduce investment
risks are likely to hold a competitive advantageftweign investment. As measures to reduce
vulnerability are also among the most effectivadapting to climate change, acting now to
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reduce current vulnerability will also prepare Vidam government in general and Thua

Thien Hue province in particular for the long-teefifiects of climate change.

Another reason for acting now is that failure to slm may result in a loss of

opportunities that may not exist in the future.

Finally, adaptation strategies may require sevelatades to be discussed and
implemented. Communities living in low-lying aredsy example, may need to relocate
further inland into other communities’ customaryida This will require extensive public
debates on how to place the common good of all eltbg good of the clan or immediate
family, a process that cannot and should not bleels

A development path that takes adaptation into agicought sacrifice some potential
short-term gains in favor of more diversificatiamdea reduction in vulnerability. But it would
vastly decrease the downside costs should climange scenarios materialize. The
challenge will be to find an acceptable level afkri- an intermediate solution between
investing in high cost solutions and doing nothirgand start adapting long before the

expected impacts occur.
5.2.1 Climate change adaptation for coastal zone

A coastal zone management framework that is talltwethe socio cultural conditions
of each island should be used for adaptation ptapnrhis framework should have three
major goals: preventing loss of lives and propeatygiding development in inundation-prone
areas, and ensuring that critical coastal ecosystanch as coral reefs, are protected and

remain functional.

In Thua Thien Hue province, adaptation to climdtarmge in the coastal zone is
expected to be at highest priority. Main impactsildaause sea level rise, flood, drought and

salinity intrusion.

Basic principle for climate change adaptation iastal zones is to ensure integrated
management and sustainable development, food sgquepple safety, and maintain cultural
assets under serious impacts of climate changsemtkvel rise.

The provincial authority has constructed a numbedikes and dams to contain the
flood waters and prevent salt water intrusion. Y, devastating floods of 1999, indicate the
shortcomings of this structural approach to flooahagement and mitigation. An alternative
solution that is based on an integrated manageapgbach of the basin is being considered.
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Such an integrated approach can also address ttetaver-exploitation of resources in the
basin and the lagoon.

At local levels, very few activities are carriedt@an flood vulnerability reduction,
water resources protection or resource rehabdiiafost local work has been disaster relief.
Other investments, for example in water supply,itadon and pollution mitigation and
preventionhave been extremely small or absent. Huong rivasirbshould be managed
sustainably to reduce flood vulnerability and imyahe livelihoods and quality of nature.

Lagoons, small bays, deltas, sand beaches, islauds and hard sea beds, and
brackish aqua-cultural ponds have varying strustamed functions. There are many fishery
and farming activities along the lagoons. More tB80,000 people, mostly poor, are living
along the lagoon. The problem of managing of the#erystem needs deep analysis.

Hue and Huong River are World Heritage sites andist places. Protection and
adaptation for Huong river system to any chaisgeery important for these activities.

The coastal zone of the river basin, including Rlang district, is a very complicated
combination of downstream flows and the unique Taiang - Cau Hai lagoon system with
some poorest, most vulnerable communities of fisblerand peasant households.

Specific adaptation options could include:

* Protection of towns and population are&onstruction of sea dyke is likely to be
the measure of choice to prevent erosion in denpejyulated coastal areas.
However, sea dyke do not resolve the underlyingseanf erosion, and they can
promote offshore movement of beach sediments. &heylso costly to build and
maintain, and they will need to be extended as#zlevel rises. Sea dyke should
be used only to protect valuable property and Ingisl that cannot be relocated.
For new infrastructure, the use of setbacks aratagion could be considered.

» Land use policied.and use policies should encourage settlements &waylow-
lying and high-risk coastal areas through, for epl@nthe use of coastal hazard

mapping.

* Prevention of erosionDepending on the infrastructure and population igns
adaptation options to prevent coastal erosion afaThhien Hue may include (i)
accommodation, where property is replaced as daimaged; and (ii) shoreline
protection, in areas with large populations andifitant infrastructure. In low
lands, where it is essential to retain over-wastiinsents, and other coastal
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vegetation to promote shoreline accretion, clogsingarrowing selected passages
between the lagoon and the ocean, and the strategicof groynes to help
minimize the transfer of sediments from the ocedde $ the lagoons. Groynes,
however, should be used only in key locations, agthe passage edges, as they
tend to cause downstream erosion and require eongnmaintenance. In less
developed areas the use of setbacks to controlrefutevelopment, beach

nourishment and relocation of infrastructure migétpreferable.

* Protection against inundationOn areas with little infrastructure, the costs of
protection are likely to be prohibitive, and relboa or modification of structures
to accommodate surface flooding could be conside@d the more populated
strategies to allow over-wash sediment to naturiaityease the elevation of the
coastal may help offset the impacts of inundatidimere land ownership disputes
are not an issue, new structures should be setfb@mkthe shoreline and elevated

to allow for periodic flooding.

* Population relocationlf all other measures fail, population relocatioaymeed to
be considered. While some communities may opt tovemon their own,
population relocation would pose immense social potitical risks for Thua
Thien Hue governments, as nearly all inhabitabled [&s under some form of

customary ownership.

According to these options, pay attention to bo#itural adaptation and organized

adaptation measures, including the following:
a) Protection:

v' Build sea dyke and dam from Thuan An Estuary toHien Estuary to prevent

salinity
v" Build new dyke for Huong River
v' Consolidate and raise the existing dykes and dams
v Raise the foundations of coastal structures
v Establish non-structural areas and put forward cemstruction practice

v' Protect and enlarge flood plain forest/mangroveesrnew belts of forests to
protect sea dyke such as casuarinas forest antyptusaforest...

v/ Strengthen integrated management of coastal zatehroents and lagoons.
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b) accommodation

Following this option, accept some losses followitlte direction to regulate

infrastructure and living habit of coastal resigent

v

Build infrastructures adapting to climate changereform these foundations

following the direction to adapt to climate change.

Step by step transfer to sustainable techniquesagyculture cultivation-

aquaculture

Organize communication and warning on climate ckang

Raise awareness and build capacity of adaptatiolod¢al officers and people
Train key officers participating in activities tdapt to climate change

Invest into scientific research, especially methtmlorecast climate using the

numerical models

Integrate climate change policy consideration ithi® planning and development
of strategy and actions of province to respond da kvel rise and extreme

phenomena.

c) Evacuation

v

v

Organize resettlement or move infrastructure ouhefthreatened areas

Evacuate people from flooded areas

5.2.2 Adaptation option to climate change in water resces

a) Constructional solution

v

Build dams and reservoirs to store water, confmd and regulate water in dry

season

Upgrade and enlarge system of irrigation and dgenia order to protect and

exploit the cultivate areas effectively

Upgrade the existing sea dyke and river dyke, gabiyllbuild sea dyke from
Thuan An to Tu Hien Estuaries
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v

Maximum protection for reservoirs, which has mgstaal importance in Huong
river system.

b) Non- constructional solution

v

Water resources management and access considénrajecchange impact and
increasing of water demand

Develop and improve the mechanism in integratecemvagsources management
(IWRM) on catchments scale, particularly the adeamh@ractice to operate
reservoir and hydroelectric system

Decrease the rate of population growth

Organize agricultural production on waste land,tipalarly the hilly midland;

improve the techniques of agricultural cultivatemd aquaculture
Protect and develop riverhead forest in A Luoi &taan Dong
Perfect the efficiency of water use; regulate drgson runoff through reservoir

Promote public awareness on safe and reasonablef sseface and underground
water

Conduct researches into long-term forecasting demhpng of water use by model

5.2.3 Adaptation to climate change in agriculture

v

Build dams and reservoirs to store water, confcmd and regulate water in dry
season

Upgrade the canals for flood discharge, irrigation drainage system, and pump
stations to serve agriculture. Use water more g¥fely for irrigation.

Develop crop pattern suitable for climate changeddon; plant new breeds that
can endure severe weather such as flood and draught

Change the crop pattern, domestic livestock at hglhareas, focusing on the area
with low effectiveness of rice production to aquiate.

Conserve and maintain local species, establishdahk of cereal breeds.

Research and apply high technology in agriculterehigh quality and quantity
production and protect the environment and suitédylelimate change conditions.
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Test and experiment on crop varieties which overovaterlogged, drought and
other disasters.

Raise awareness and disseminate knowledge on elichainge and adaptation to

climate change for farmers
Develop and upgrade the model of garden-pool-csitigel production (VAC)

Create jobs and increase income for farmer in fleedson and when free from

agricultural work

5.2.4 Aquaculture

5.2.5

v

Revert to the original state of lagoons, low effetteeding areas. Focus on high

tide feeding areas, pool on sand. Develop mordrigathge model.
Offshore fishing management.

Plan the aquiculture processing, materials produgiply in climate change
condition.

Climate change adaptation options in forestry

v

Step up reforestation, firstly in riverhead, re-®&gion of waste land and bare hills
in mountainous area such as A Luoi and Nam Dongtept catchments through
forest development.

Protect the existing mangrove forest and newly dame of them. Manage flood
land forest and mangrove forest, new protectioredipr casuarinas forest and
eucalyptus forest...

Protect natural forest and advance towards entihestorest

Prevent forest fire in dry season, educate and agngor stopping the burning of
forest; strictly control and severely punish thod® deforest

Establish the bank of natural forest tree breedprtect the rare and precious

species
Upgrade the technique of processing wood and cesiie use of wood

Select and develop the breeds of trees that atabsiifor conditions of climate

change and severe natural conditions
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v

Develop and implement the forestation program ajguts to green bald land
area, forestation on sand dunes along seashorepahgrove forest areas in and

lagoons, protect from erosion and improve the epold system of sub-areas.

5.2.6 Adaptation options for Industry

v

Apply the advance of new technologies not onlydam with climate change but
also take a part in greenhouse gases emissionti@auc

The design project of titanium exploitation and sglasand shops need to be
carefully considered climate change informationontler to against with huge
storms, whirlwind or sand storm. The areas, whéeady been exploited, must be

return to the first status and grow trees to agarssion and flying sand.

Upgrade infrastructure investment (for example:dsaelectric network, water
supply system...), by the way, business processirgf tvelimproved to cope with
disasters, which caused by climate change.

Plan industrial groups or industrial points, indiastcenter focus on coastal zone,
where have no effected by erosion and link to otéehnnical infrastructures,

Research and assess the exploitation potentiatapalcity of geothermal energy
of hot water mines in A-roan (A Luoi district) aildn My (Phu Vang district).

5.2.7 Adaptation options for Construction and Transportah

v

Projection the urban areas, rural areas must bsidened location, geography
using climate change information.

Revision and renovation the design standards fddihg, transportation, water
conservation construction, hydropower under themaie change impact
assessment, which will be used as criteria for asnable social economic
development plan

Develop and expand the ecological commune modeleantbgical urban centre,
including using renewable energy, clean energyettuce the greenhouse gases
emission.

Plan for resettlement; stabilize the living in mwhore, hydro powers.

Re-projection the urban centre development planth welimate change
consideration.
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v' Assessment of climate change impact to reservgiltdpower construction before
execute.

5.2.8 Adaptation options for Public Health

v' Adaptation strategies to minimize public health @&ois do not require extensive
new interventions. Rather, existing initiativesttheduce the vulnerability of the
population, and particularly the poor, should baated. Actions should include
not only improving public health but also strengtimg the resilience of the
ecosystems on which the population depends for fand income. Specific
measures could include:

v Integrated adaptation strategies: Adaptation gjr@seshould include a range of
interventions to reduce the vulnerability of thepplation, such as improved
sanitation and water supply, management of soldl lmuid waste, protection of
groundwater, reduction of poverty (particularly algaurban squatter settlements),
increased access to primary health care, and piaieof subsistence food
supplies. Many of these measures would also helgralothe incidence of
diseases.

v" Control of dengue fever. Adaptation strategies &hdinclude further support to
vector control programs that collaborate with comities to reduce mosquito
breeding sites. They should also improve epidemaéparedness through vector
monitoring, early warning systems, and better prapan of primary health care
facilities to treat dengue hemorrhagic fever anagde shock syndrome.

v" Improve the socio-economic conditions and livingnstard of the people,
particularly poor people and evacuated people; ptymmplement the program

on poverty alleviation in local level

v Establish criteria on building houses for everyaldy with the considering of the
possibility of climate change and natural disasters

v Seriously quarantine the border areas and airponsevent the dissemination of

epidemics from other areas.
5.2.9 Adaptation options for Tourism

v Fulfill the detail planning of the key tourist aseas the basis for projects of

investment and development in these areas. Patalf@hnning, strengthen invest
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into infrastructure of tourism services suitable policy of adaptation to climate
change

v' Continue the research into promulgate the stipuiatiand regulations on
management of the key tourism areas and environangatia...of tourism points

in compliance with climate change adaptation policy

v' Have the policy to encourage investment into exjplgithe potential of natural
tourism to serve the development of sustainabléoecsm

v' Conduct specialized research into market of ecaouin the context of having to
implement the solutions of adaptation to climatarge

v' Train and build the staff of ecotourism guides,amige workshops, meetings to
exchange experience on development of tourism tsvaiendly to environment
and adapting to climate change

5.2.10Adaptation options for Biodiversity

v' Continue a research, basic investigation and etiatuaof the values of
biodiversity in different ecosystems: forest, sahde, lagoon and sea. To do
research into feasible solutions to rehabilitatesgstems, especially the coastal

ones such as mangrove forest, aquatic weed in fagooal reef and sand dune.

v Focus on establishing the conserves of biotopebéodiversity which have been
included in the development strategy of province.

v' Forest fire management strategy, preserve stringertective forest. Forestation
prefers use local plant which adapt to extreme atém

v" Prepare plan and measures to prevent and anniléataful creatures. Firstly,
focus species that adapt to damp and wet lands.

5.3 Solutions of climate change adaptation option in €V ang District
5.3.1 Water resources

v" Review the planning of irrigation and drainage arddually consolidate and

repair canals to ensure the efficiency of reas@abgation and drainage
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v" Build new sea dyke Thuan An-Tu Hien according tovprcial strategy of

adaptation to climate change

v' Consolidate the system of boundary dyke to prevmdd and saline flood
according to provincial strategy of adaptationltmate change

v' Step by step perfect the mechanism of water ressuntegrated management in

the district area.
5.3.2 Agriculture-Forestry-Aquaculture production

v" Review and adjust the planning of crops and cr@s@es to be suitable for the

context of climate change

v' Pay attention to improve cultivation technique nsuge stable productivity of crop

in the condition of more severe weather and moterabdisasters

v' Pay attention to improve technique of aquacultuitable for the hydro-chemical
and hydro-physical changes

v" Have long-term plan to guarantee food security fgefor situation of typhoon,

flood and other natural disasters

v' Care for, protect and develop mangrove forest amdegption forest along the

coastal areas
v Develop planting of scattered trees among houssterid on unused land.
5.3.3 Industry, energy and transport

v" Develop and implement projects on: Use solar enelggrease the consumption
of wood for energy in domestic use and use windrgndor irrigation and
drainage to minimize the electric power for agrictdl production.

v' Adjust or change some criteria of designing theucstmes of transport,
architecture, aqua-product processing industry,foi@dations of education and
health care... to respond to sea level rise and aseref flooded area.

5.3.4 Public health

v Raise the public awareness on climate change aodl&dge on climate change
adaptation, since create the flexible changes eénpttotection of environment of

the community
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v' Organize the effective prevention of epidemic, ipafarly the tropical diseases.
5.4 Solutions for climate change adaptation option fa@ihuan An Town
5.4.1 Constructional solutions

v In order to minimize the effects of natural disesteand climate change
phenomena, the local authority and people haveelffadts in consolidating and

newly building structures in the town including:

v' Thao Long Dam was built in Dien Truong Village witie aim to prevent saline
from lagoon coming to rice field and going upstretli Huong River as well as
flood in flood season.

v" In 2003, additional Dien Truong boundary dyke catimg National Highway
49A to Quy Lai dyke to prevent salinity from shrirppols in Tan My and Dien
Truong coming to the entire agricultural area iuHianh and Dien Truong was
built. Up to now, only about 400m of this dyke waslt.

v' At about early XIX century, the H character dam hwmebn built at Thuan An
Estuary to prevent salinity and flood. At presenpart of this structure has been
submerged due to some people took away a partsahdterials; the rest part
creates Hai Tien Bay for fishermen mooring theiatisaand ships to avoid typhoon
and for preventing the runoff flood pouring outrfrdhe Huong River. This part is
about 500m long in Hai Tien Village, and called H&n Stone Road. Presently,

some households live along this part.

v' Beside Thuan An Estuary is Hoa Duan Strait of Mitdi and Hai Thanh. In the
food of 1999, this strait was broken and the setemypenetrated into lagoon,
causing damages to houses of 64 households. Thaseholds had to evacuate to
resettle in Lanh Rong. After that Hoa Duan strasMilled up, now it is the part of
national Highway 49B going through villages Minh iHend Hai Thanh. At
present, the residents in villages Minh Hai and Ha&anh had returned to settle
down and this area has been built to become astobeach with verdant

eucalyptus forest which was planted five years diftang up Hoa Duan Dam.

v' The typhoon warning station at Thuan An Estuary tvai#t in 2000. Thuan An
border guard post sends typhoon warning to fisherore the sea by signal fire
and also by portable radiotelephone. At about 3®@m the typhoon warning
station is the lighthouse of 12-13m high in Hai Bga&Commune (near Thuan

117



An), built in 2001. When there was not yet the figiuse, the people use the flag
pole in Tan Lap Village of about 5-6 m high to hanflashing red light for both
typhoon warning and guiding fishing boats. These structures are under the
control of the Thuan An border guard post.

Thuan An fish port, Bau Sen Dock in An Hai, TanlBend Tan Lap Docks as the
shelters for boats and punts of Tan Binh and Tap Vdlages should been
upgraded.

5.4.2 Non-constructional solutions

5.4.2.1

5.4.2.2

5.4.2.3

Make use of local knowledge on weather and climate

v Almost all local knowledge is experience which theople has drawn from

activities of production and living and dissemimtafeom generation to generation.
The people of Thuan An makes use of local knowlaaly¢he coming changes of
weather and the repetition of the extreme phenonm@sérengthen the capability
of adaptation in the process of responding to aatlisasters.

Strengthen the capability of enduring

In activities of production and living, Thuan Ansidents create by themselves
various measures to adapt and prevent againstahdisasters.

Houses in depressed areas or near to lagoon,barde and seashore often have
high and solid foundations; the temporary housesangas for fishing aqua-

products are only made of cheap materials for easyguation to higher areas.
Almost all families have boats and life buoys iseaf flood.

The netting activities of fisherman are in accomamith seasons and periods,
suitable for climate seasons and changes of tible.fiEhing on the sea is mainly
from March to July and on lagoon is often at nighe most active activities are
from March to May...

Almost all people in the area should be trainedwimming; children of 10 year
old should swim well already

Organization for natural disaster prevention aneéparedness
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v

Thuan An Town has a flood and storm control conemritthaired by the Town
Chairperson with representatives from all sectagsfaur committees of wards for
flood and storm control which are under the leddpref a commune officer or

head of village.

The members of associations, organizations and wiithe armed forces are
taking part in flood and storm control.

The Town People’s Committee is the focal point ativaties of natural disaster

management.

5.5 Solutions of climate change adaptation in Chan Mayang Co area

5.5.1 Planning of reasonable land use

5.5.2

5.5.3

v

It is necessary to have measures for protectioth@fseashore, plant protection
forest; maintain sand dunes and coastal vegetatmrerage; conserve the

mangrove forest of the Bu Lu River.

Stipulate separate area between coastal zone arsfrwction area to be secure
against sea level rise and natural calamity cabgedimate change.

Research into design criteria

v

Appropriate design criteria should be used, pddrty foundation and roof for
structures, pay attention to water drainage, eapygen urban and industrial areas.

Development and application new criteria of desagnl construction of coastal
structures, sea dyke and sea port to take precautigainst the sea level rise of
1m to the year 2100.

Other solutions

v

Protection coastal forest and mangrove forestpaoptifor effective prevention of
forest fire.

Protect Lang Co and Canh Duong beaches before ahgeds of collapse and

erosion...
Enlarge Lang Co Estuary; dredge narrow passagearbors

Build planning of typhoon shelters for boats, shapsl for coastal residents. The

fishing on the sea will be reorganized.
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v' Raise public awareness and capacity in adaptiefin@te change

v' Develop and operate the climate change observatmmitoring system in the

area.
5.6 Integration climate change consideration into ICZM
5.6.1 ICZM strategy

The ICZM strategy for Thua Thien Hue province refte the willingness and
commitment of the provincial authorities and peopde carefully balance interests with
respect to the protection and the use of coastaurees and environment for the sustainable

development of the coastal zone.
5.6.1.1 Scope of the strategy

Scope of the strategy: In compliance with the camgeand capacity of the
stakeholders in Thua Thien Hue, the strategy facuse the coastal part of the province,
which includes the strip of coastal plain and saladyg, the Tam Giang — Cau Hai lagoon and
coastal water of the province up to 40m deep, ohsricts, including Phong Dien, Quang
Dien, Huong Tra, Huong Thuy, Phu Vang, Phu Loc ldoé city.

5.6.1.2 Objectives of strategy

- Minimize environmental pollution and degeneratafmatural resources, especially

aquatic natural resources and biodiversity

- Prevent natural disasters; minimize natural déesaseffects, support poverty

alleviation, improve material and spiritual liferficesident community.
5.6.1.3 Content of the Strategy

1. ICZM capacity building

2. Common resources and environment protection

3. Mitigation of impacts from and damages by naturshsters

4. Sustainable use of the coastal natural resources

5.6.2 Integration climate change consideration into ICZM

The document of strategy for ICZM was promulgatedhe National wide level in
2003. The strategy of ICZM agrees with the stratefjpdaptation to climate change in the
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approach, methods of implementation and objectieésenvironment protection for
sustainable development.

However, in process of the preparing of the sgwtof ICZM, it has not yet
considered the changes in climate as well as thggacts on natural conditions of this area.
Therefore by provincial stakeholder opinion, itnecessary to integrate some solutions of
adaptation to climate change into important costenstrategy of ICZM including:

- Raising management capacity for ICZM in affectsdclimate change condition.
Raising awareness and knowledge on disaster inefeausing by climate change and
adaptive measures for ICZM to respond to climatange for community, local

government authority and policy makers.

- Re-development the coastal zone management frarkgwotocol and action plan in
administrative system of Thua Thien Hue towards dinection of sustainable

development, harmonious sector benefits and adafiiclimate change.

- Re-recognize the areas, fields and communitiest malinerable by climate change
impact, identify effective measures to maintain shistainable development for these

specific zones.

- Re-assess the bearing capacity of coastal zoddagoons and potential adaptive
capacity of the sectors: agriculture, aquicultuoeyrist and industrial development in
the coastal zone.

5.6.3 Activities to be taken:

5.6.3.1 At the provincial level:

- Provide updated information of climate change actpon human and socio —
economic development in coastal zone.

- Measures for Thua Thien Hue province to mitigatpacts of climate change when
implementing ICZM strategy:

(1) Good knowledge on climate change,
(2) Promulgate adaptation policy,

(3) Promulgate policy for sustainable exploitatiamd usage natural resources
considering climate change disasters,

(4) Setup climate change adaptation plan of actions
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(5) Encourage investment in low GHG emission indugprevent deforestation for
GHG reduction.

5.6.3.2 Atdistricts and commune level:
- Awareness raising on the harmful effect of clienelhange.
- Protect dike to avoid land slide, overflow.

- Implement climate change mitigation policy andtainable exploitation and usage

of natural resources policy.
- Development and implementation commune plan easder protection
5.7 Implementing Adaptation

How should these be implemented in practice? Roavican not do it alone.
Adaptation measures to climate change are anccaiitinue to be implemented primarily by
communities, the private sector, and individualst 8e role of provincial Authority will be
essential in mainstreaming adaptation into poliog @levelopment planning, in creating
partnerships with communities, non-governmentalanizations (NGOs) and the private
sector, and in dealing with problems only the gowsent can handle (such as disaster

management, ICZM strategy).

These messages that could be rise in discussomgelh as in workshops/interviews
meetings with local policy makers. They were in€lddin some awareness-raising or

training/recommendation booklets for this group.

To the question “Why we have to take into accatlimate change issues in policies
and decision making? Why policy level interventismmportant?”

e This is an actual global trend that all countriagénto comply

Climate change could “bring” the money and oppadties
e It could bring new knowledge and technology
e It could help reduce the losses

 People may know better how to adapt, but they needguidance and good

organization
* The poor, the elders, women and children are memsisve

« Knowledge and experiences are power
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* From micro- to macro-adaptation, from local to oaél and regional
* We need quality intervention in policy making andnming
* Combination of top-down an bottom-up approach ésliast way.

In global context, the climate change issues,nifgacts and adaptation became a hot
pot for policy making process in most developingeesally in Vietham now. It became a part
of the compliance of international Conventions agteements on global climate and
environmental problems as UNFCCC, Kyoto Protocat Wiet Nam has ratified and signed.

Thus, taking into account a climate change probjatasmpacts, future trends and
uncertainty factor as well as mitigation and adémtamechanisms in the policy making
process could open new opportunities, financiathméecal and technological support for
Vietnam from all over the world.

That would also bring into the policy developmend implementation process the
new scientifically based knowledge and argumentew napproaches of pro-active
preparedness and prevention rather than passiymnes to the problems or recovery
aftermath, with the view to future scenarios arehdis. In the future, when the adverse
impacts, extreme events or disasters really ogtwill help in coping and relief activities,
mitigating the damages and losses of property anaaln lives.

Until certain extent, people have always been trymrespond and adapt themselves
to the climate variability and changes, the extremeather events and disasters. However, in
case of stronger, larger or more severe disadtegy, would usually expose their lives and
properties to high risks and dangerous impacts; tegponses may become chaotic, scattered
and inefficient.

The most vulnerable to all types of impacts andgdas are always the poor people
and special sensitive contingents: the elderswibimen and children. In critical or disaster
time, they may some time be paid less attentioaven forgotten. That why many disaster
casualties (especially the floods and storms) iet Wam belong to the elders, women and
children. In that case, they need very much wedkaoized help and guidance, concrete and
urgent measures from local, provincial and cenarahorities in relief and rescue works,
after-disaster aid and recovery. Moreover, theydrieebe informed, early warned about the
events, and good trainings for different typesngpacts.

Needless to say how important are awareness, kdgelend capacity of policy
makers, authorities and managers at all levels in:
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» Rising awareness and understanding the presenfutur@é problems and impacts
for the local people;

e Leading, guiding and helping them to deepen ints¢hproblems, to take actions

for coping with and adapting to climate change iotpand disasters;

» Good theoretical and practical training for locairanunities for proper and timely
preparing to all kind of different disasters aném\particular event.

The policies need to be made for the people interesafety and prosperity, but at
present are not yet in such condition so far. Winidely need quality intervention in the
policy making, planning and managing processef kvals of authority.

In the other hand, in such a highly disaster-prprevince like Thua Thien Hue of a
disaster-prone country like Viet Nam, people alwdysve experiences and empirical
knowledge for hundred years in adapting to and rgppiith climate related impacts and
“usual” extreme events (typhoons, storms, flood drmlight), in their particular locations and
they obviously have very good ideas. By these megsine adaptation processing has to be
done firstly at local levels as “micro-adaptationjith local knowledge and special

characteristics, only then at broader, “macro” ecptovincial, national levels.

International experiences show that good combinatb top-down an bottom-up
approach of decision making, where local peopleiswedge, opinions and experiences is
discussed and considered, is the best way to eieatlaptation to climate change. this is
achieved in this study in Thua Thien Hue.

The results of stakeholder participation in procagsgiven in box 5.1.

Box 5.1

Summary results of investigation and stakeholdi&runew on “Integration of climate change

D
=

consideration into social-economic development glastrategy as ICZM”; Total numb
stakeholders-representatives for different sectoosymunes: 50 (43 males and 7 females
Findings:

1. Almost all interviewees think that climate chariges led to phenomena such as sea |evel
rise (88%), and more natural disasters: whirlwiftdod, more frequent heavy rainfall and
drought (98%), collapse and erosion (96%), lackwaiter (84%) and the silting up |of
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riverbank and seashore (75%). While the phenomdrielvmany people consider the m
frequent ones caused by climate change are typhebiniwind and flood. However, on
2/50 number of people find that the collapse arabien of seashore are the phenon
which they most frequently meet with among the arassed by climate change.

Apart from that, according to several people, ctenehange can also lead to the follow

phenomena:

- Abnormal weather, temperature goes down in wiatet goes up in summer,
- Changes of flow, weaker runoff

- Forest fire,

- Desertification,

- Snowstorm,

- Extinction of some living creatures,

- More occurrences of epidemics,

2. Information on climate change comes from varioosrees including radio, TV, trainir
courses, workshops and self recognition. Some pdamw about them by other sources 3
as internet, specialized magazines, newspaper®rpbsoks and local circular letters or fr

their research results.

3. More than 88% of interviewees said that climatenge has led to more inundation in rg
season, and more lacking of water in dry seasoa.€ftects of climate change caused n
difficulties for agricultural production, so thewdhto change crop season. There were fro
to 37 people thought that the productivity of fislpiand cultivating aqua-products decred

ost

y
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19
uch
DM
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due to climate change effects and led to the ldd¢&an. Houses and resident areas were more

threatened. Moreover, many people found that huarah animal health were also my
affected by climate change. In the above-menticféztts, the inundation in rainy seaso

the most obvious one.
4. All sectors are affected by climate change butntiost seriously affected is agriculture.

5. Climate change has impacts on weather leadindgpdoappearance of many viruses
bacteria that cause new and more complicated infectdiseases which happen m

frequent on large area as follows:

ich

N is

and
ore

- Diarrhea, digestion disease
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- Flue and respiratory diseases

- Diseases of ear, nose and throat such as sBusiti
- Skin disease

- Cardiovascular disease, high tension.

Especially the infectious diseases are more comtelitand happen on large scale, mainly
old people and children. They also lead to tiredraexl decrease of the resistance.

Only one among 50 people has not yet found thetedfieclimate change on health.
6. There were 47 among 50 persons thought that hin@iags can mitigate climate change

7. In order to mitigate climate change, the necessmgsures are: reduce GHGs emissio
production, save fuel and electricity, plant forast do not burn forest.

Some other measures were also mentioned:

- Educate awareness to adjust human behavior

- Use clean energy, use biogas

- Re-planning of the professions of productionaasonable way

- Use the easily decomposed products that aredisiele environment, apply techniques
recycle wastewater

- Exploit minerals in scientific ways with inhermt@estoration
- Environment protection.

Among the above-mentioned measures, the measuf€dH@s emissions reduction” and “
not burn and destroy forest” are considered thet raffsctive ones in mitigation of clima
change.

8. In order to respond to climate change, the ineaveies have chosen various methods
as construction of waterworks, structures to ptafee seashore, evacuation, consolidatig
public works, use and dissemination of local knalgke in natural disaster prevention

preparedness. Among them, the method which are wswistted by people is use 4

dissemination of local knowledge in natural disagtevention and preparedness (more

for

NS in

to

do

such
n of
and
and
than

50% interviewees).
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Many other interviewees thought that it was neagstsadisseminate and raise the knowle
on climate change for all people.

9. In order to adapt to climate change in Thua Thitre, many people agreed with

measures:
- Climate change knowledge and awareness raising,
- Development of plan for adaptation, deploy th&NCstrategy,
- Hydropower projection,

- Development of integrated action plan for natudibaster prevention a

preparedness,
- Effective management and use of water resources,
- Strengthen health and capability of preventirgpdses.

10. More than 80% of the interviewees agreed withlGtgms for provincial level to mitigat
climate change. These are the understanding abiowhte change, promulgate policy
mitigation, promulgate policy on exploitation anskewof natural resources in sustainable
development of plan for implementation the measwfeprevention and preparedness
raise the commune awareness on climate change.oMEresome other proposals

provincial level are following:

- Encourage investment for industry with less GH@gssions

- Have policy to control GHGs emissions

- Educate the people do not destroy the protedticast

- Invest for building stone embankment to prevertiapse and erosion
- Organize awareness workshops on climate change.

The solutions put forwards to district, communesl drouseholds are agreed upon

majority, particularly for households, every citiz&as advised that:
- It is needed to have consciousness in using matr@sources
- Take part in planting coastal forest, protecfimgst and waterworks

- Restrict the use of various kinds of fossil fust&l products that emit GHGs

dge

on
vay,
and
for

by

- Find the suitable practice of production to adaptlimate change,
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- And self protect family health.

11. There were more than 44 people agreed to supperintegration of the adaptation
climate change into the mentioned fields. But thestrpriority is given to integration in
local plan of socio-economic development.

12. The ICZM strategy is well known for most staketeslthterviewees. They knew
through various sources of information, but maihisough the project document, worksh
and training courses. They are good aware of tlectibes of the strategy and they sho

good position on supporting of integration of climachange consideration i

implementation of ICZM.

13. Some advantages of the sectors in the processpiémenting ICZM strategy include:

to

t

DpS
v a

—+

o

- Awareness, capacity and qualification of officemdrking on natural resources and

environment are good

- There are modern equipment and technology foragement

- Having a good experiences to work with fisherraad aquaculture people

- There is good data base of the data and infoomaitn the coastal zone and lagoon

- The high agreement from stakeholders

- There is a good coordination in activities of thierent sectors and local authorities

- Good experiences the in implementation of previpliase of ICZM.

14. There were 43/50 interviewees fully supported ititegration of climate change into

ICZM and 6 people partly supported. Almost stakdbrd support to integrate climate change

consideration and adjustment the ICZM strategyeogiihg the climate change conditions
impacts.

There are many ways of supporting the integration, the most obvious ones

and

are

taking part in contribution of opinions and campaigr raising awareness. Many pedgple

think that these are necessary so they willinglyrtigpate in. Moreover, some

individuals/units may mobilize the support from @thpeople such as family, friend,

colleagues, the Youth Union and households. Soropleesupport the integration with the

following conditions:

- Reasonable contents and plans of integration
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- Equipped with complete knowledge
- Can participate in programs and projects
- Get the financial support.

15. The departments, boards and individuals that ansidered as those would support
integration of climate change information into aedision of ICZM are comprised of:

Provincial level:

- Provincial People’s Committee

- Department of Agriculture and Rural Development

- Department of Natural Resources and Environment.

District level:

- District People’s Committee

- Section of Natural Resources and Environment

- Section of Agriculture and Rural Development

- Department of Science and Technology

- Department of Tourism

- Center for Meteorology and Hydrology

- Branch Department of Flood and Storm Control Blashagement of Dyke.
Commune level: All officers and Boards of communes.

16. Organizations/individuals that may protest agatinstintegration include:
- Industries, construction

- Economic units

- Titan ore companies

- Cement production Company

- Wood exploitation Company

- Individuals who are working and earning by prefess of forest and coastal sa

the

and

exploitation.
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The reasons of their protest are:
- The integration may affect their profit in bussse
- The integration may restrict their exploitatiohnatural resources
- May make them pose to the danger of violatingakes due to the pollutants to environment
- May cost money and time

In order to respond to climate change, every byl
- Provide and update climate change informatiolodality from the mass media

- Regularly consider whether their activities obguction have effects on environment and

climate,

- Have attitude of cooperation with local autharibarry out the common regulations |on
protection of environment and weather

- Prepare necessary conditions to deal with diffetgpes of national disasters in order to
protect the life and property of oneself and family

- Implement ICZM with integration of climate chanigéormation

- Mobilize and remind one another and together gmtot natural ecological systems and
environment

- Reasonable use and saving of natural resourcksrargy
- Reasonable exploitation and use of natural resswvithout polluting the environment
- Plant forest on the coastal area and bare pilés;ent forest from fires

- Find the way and measures to live together wiittnate change and measures of natural

disaster prevention and preparedness
- Promote health and capability of preventing diesa

- Use local knowledge in natural disaster prevendioa preparedness

Compiler of the report

MSc. Lam Thi Thu Suu
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CHAPTER 6
LESSONS LEARNED AND RECOMMENDATIONS

6.1 Cost-effective use of local and existing resoureesl decentralization

Maximal and creative using of all possible locadagrces and existing results of the
past or on-going studies and projects was a pyidoitus of this project. Although the time
frame was prolonged, with such a limited budgeg, pinoject implementer — the IMHEN —
could have implemented a variety of tasks: conthetlimate change impacts assessment for
water resources at river basin scale, downscateatdi change scenarios for a limited area,
conduct climate projection and hydrological modglicarry out the participatory studies,
assess the local adaptive capacity, consider thptaiion measures for different levels: the
province, the district and a concrete communeoAthe initial targets were reached to varied
but certain extent.

Such results could be achieved only with the prapebilization of local sources,
including information and data, technical, finahcéad human resources, especially the
results and collaboration from other activities gndjects. Last point will be considered
further in the second lesson.

6.2 Cost-effective collaboration

Closed collaboration of relevant development pitsjéc the same area/sector or with
the similar goal/targets should be encouraged todasverlapping works and maximize the

use of information, technical sources, connectimo rretwork, financial and human resources.

In the first phase, two meetings were organizech wédpresentatives of different
projects in Thua Thien Hue and especially in Phagv/district (including IMOLA, ICZM,
FAO, CECI, PVC, Kyoto University and ABD, etc.) wkethe participants have shared
information and experiences, connection and netsvorRll the participants have
acknowledged the importance of such sharing anthtmmiating mechanism. However, as
they also recognized, most of the projects wetkevatirking separately, almost no budget and
resource allocated to the collaboration. Besidesiet are many constraints for the effective
collaboration, such as lack of concrete mechanischrasources, bureaucracy of some local
structures etc.
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There must be established a special unit for coatitin of those activities with small
but certain budget allocation, possibly independemn the local government. Up to now,
such a body was not established yet, so one ofeitanmendations is to encourage all the
projects’ donors/investors to allocate certain amidtom the project budget to the so called

“collaborative fund” for this important and possiblery cost effective mechanism

6.3 Use both top-down and bottom-up styles in partiapgy approach

The local people, especially the poor are mostenalple who will immediately and
fully bear the impacts but also the beneficiarietha same time, so they need to be involved
in the process of adaptation at all stages, froenvéery beginning of project development to
the monitoring and evaluation of the project ousputherefore, the bottom-up approach is
essential in designing practical adaptive measwittslocal context and specificities, and in

small scale adaptation and intervention projects.

However, this approach could not fully work witretimore strategic project aiming to
policy making and intervention. In this case therapch should be combined to ensure

effectiveness and benefits

6.4 Need for transiation of the scientific studies régsito the language of the
end-users

One of the most difficult but important tasks isttanslate the scientific results to the
easy-to-understand language for the different taggaups: the provincial leaders and policy
makers, the sectoral managers and local authégytocal communities and poor people.

The local people would not talk in the same languag the experts, and they don’t
like complicated scientific issues, so all the tesshould be simplified and correlated with

local/regional customs and problems.

In the other side, the policy makers and authowtyuld need concrete reliable
evidence and numbers, data and facts which shoeldelated with their political or
economical interest, with shorter term decisiond ptans and they would not like to talk
about abstract idea or long term issue.

The long term climate change can usually be miststoled by the local community
and authority, they may not know that what they dwoang every day may already be the so
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called autonomous adaptation measures. The tasle @xpert and project team is to improve

their awareness and knowledge, which may leadriorete positive actions

6.5 Wise use of indigenous knowledge and expert opinion

The local people know better regarding their needsd fear, where are more
vulnerable areas, economic or livelihood sectorthair location but they need the technical

support and objective view from-outside of the eige

The local people may sometime get confused in thecept, knowledge or even
measures, for example between mitigation and atlaptao some clarification and capacity
building is usually needed.

In the process of project implementation, many ikas and facts could be explored
and disclosed while working with local people, otheority. Sometime the experts may not
right if they didn’t in prior consulted with thedal communities, but while they get the full
picture, some creative and innovative solutionsiccdae provided, which may change even
the implementation direction or outputs. In thiseahe purpose and overall objectives of the
project should remain but some of the concreteablbg or outputs could be changed or re-
orientated in the process of project developmefit the practical reality.

6.6 Think globally, act locally

Adaptation to climate change should be linked witie global context and trend,
knowledge, technologies and financial support, @epees and know-how from the
international community can bring benefits and aopputies to the local people, like in the
case of NCAP project for Thua Thien Hue province.

However, adaptation to climate change should beestafrom the everyday life
activities and measures, from changes in knowledtigyude and behavior and must focus
more on near-term target to adapt to climate vdiyaland disasters, address concrete local

development problems.

6.7 Recommendations

Despite its priority to achieve accelerated ecomognowth, the Vietnam Government

acknowledges that controlling and reducing the equences of climate change and disasters
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are also key priorities. Activities to respond tonate change would have to be carried out
systematically and in consistence with other atitisistrategies of sectors and regions,
especially in economic development plan of the wiaauntry as well as within one province
like Thua Thien Hue.

The results of the project should be used in magasting climate change adaptation
into the provincial socio-economic development plas well as to the ICZM action plan of
Thua Thien Hue province which should be revise@009. Some difficulties were appeared
in the policy making mechanism and administrativecpsses during efforts of the project
team to word this integration. However, with thergmasing awareness of the Government of
Vietnam about climate change impacts and risksthadn-going process of preparation of
the National Target Program to Respond to Climatar@e (NTP), which is also led by the
IMHEN and MONRE, the integration process will cotoghe provincial level very soon.

Bellow are proposed some specific recommendationthé most vulnerable sectors —

agriculture, water resources and coastal areabud Thien Hue.

6.7.1 Adaptations options for agriculture and rural deveggdment

* Change the crop pattern, domestic livestock at higlhareas, switch the area
with low effectiveness of rice production into aquiture; Define and re-
arrange crop season, implement the suitable teghpractices for each crop

plants.

» Use of crop varieties which could overcome wategémy drought and extreme

weather condition.

» Reorient the 5 millions hectare forestation progtamards focus on upstream
protective forest, coastal protective green bett amangrove, to develop win-

win solution.

6.7.2 Adaptations options for water resources, disastezyention

» Develop and implement the integrated water ressunsanagement plan for

the province considering climate change impactsiacr@asing water demand

* Improve the water regulation, flood protection eyst dyke, irrigation, dams
and reservoirs in order to protect and exploitdhkivate areas effectively.
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Develop and improve the disasters management, rs@and rescue plan for
vulnerable locations;

6.7.3 Adaptation options for coastal and lagoon area

A adaptation framework should be established ferabastal zone and lagoon
area which should have purpose to: preventing tdsBves and property;
avoiding development in disasters-prone areas, emslring that critical
coastal ecosystems, such as wetland ecosystemabreefs, are protected and
remain functional. Specific adaptation options dauaklude:

Good practical management of ICZM strategy withstderation on climate
change information and it's impacts on sustainaleleclopment of the coastal

zone

Protection populated areas: Construction of se@ dykhe measure of choice
to prevent erosion in densely populated coastasargdowever, sea dyke do
not resolve the underlying cause of erosion, amy #tan promote offshore

movement of beach sediments. They are also castiyitd and maintain, and

they will need to be extended as the sea leves.riSeawalls should be used
only to protect valuable property and buildingsttbannot be relocated. For
new infrastructure, the use of setbacks and retmtabuld be considered.

Land use policies: Land use policies should engmisettlements away from
low-lying and high-risk coastal areas through, éaample, the use of coastal

hazard mapping.

Prevention of erosion: Depending on the infrastiecind population density,
adaptation options to prevent coastal erosion del(i) no response, where
there is little habitation or infrastructure; (@ccommodation, where property
is replaced as it is damaged; and (iii) shorelir®gztion, in areas with large
populations and significant infrastructure. In l@mds, where it is essential to
retain over-wash sediments, and other coastal aggetto promote shoreline
accretion, closing or narrowing selected passagésden the lagoon and the
ocean, and the strategic use of groynes to helgmmze the transfer of

sediments from the ocean side to the lagoons. $ea tiowever, should be
used only in key locations, such as the passagesedg they tend to cause
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downstream erosion and require continuing maintemain less developed
areas the use of setbacks to control future dewsdop beach nourishment and
relocation of infrastructure might be preferable.

Protection against inundation: On areas with littigastructure, the costs of
protection are likely to be prohibitive, and relboa or modification of

structures to accommodate surface flooding coulddmsidered. On the more
populated strategies to allow over-wash sedimennhdturally increase the
elevation of the coastal may help offset the impaétinundation. Where land
ownership disputes are not an issue, new strucsin@sld be set back from the

shoreline and elevated to allow for periodic flougli

Population relocation: If all other measures faibpulation relocation may
need to be considered. While some communities npayta move on their
own, population relocation would pose immense $aua political risks for
Thua Thien Hue governments, as nearly all inhaldtddnd is under some

form of customary ownership.
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