Biological environmental survey in Cat Ba Island

Table 3 shows the seaweed species identified through the field
survey. Seventeen species belonging to 9 families were identified.
Chaetomorpha capillaris and Enteromorpha compressa were the most
common species. Some species such as Asparagopsis taxiformis,
Colpomenia sinuosa, and Cladophoropsis membrannacea were
identified at only specific sites. None of the identified species are
included in the Vietnam Red Book. Some species in the Ulvaceae

Table 2 List of hard coral species identified through the field survey (EIA, 201 )
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family are harvested for food stuffs in certain areas of Vietnam. Table
2 shows the seagrass species identified through the field survey. Only
two seagrass species Ruppia maritima and Halophila beccarii were
identified, which were found at sites AL10 and AL11 respectively.
Halophila beccarii was record for the first time in the surveyed area.
Although both species are not included in the Vietnam Red Book,
Halophila beccarii is classified as “Vulnerable” in [IUCN Red List.

Status in vietham

Survey site Family Genus/species red book
| Acroporidae Acropora pulchra Not listed
2 Porites lobata Vulnerable
3 Porites lutea Not listed

Poritidae
4 Goniopora columna Not listed
5 Goniopora lobata Not listed
6 Agariciidae Pavona decussata Not listed
7 Galaxea astreata Not listed
Oculinidae
8 Galaxea fascicularis Not listed
9 Pectinia lactuca Not listed
10 Pectiniidae Echinophyllia aspera Not listed
I Mpycedium elephantotus Not listed
12 Lithophyllon undulatum Not listed
Fungiidae
13 Sandalolitha robusta Not listed
14 Lobophyllia hattaii Not listed
15 AL Mussidae Lobophyllia hemprichii Not listed
16 Symphyllia. agaricia Not listed
17 Merulinidae Merulina ampliata Not listed
18 Favia maritime Not listed
19 Favia matthaii Not listed
20 Favia lizardensis Not listed
21 Favia maxima Not listed
22 Favites abdita Not listed
Faviidae
23 Goniastrea pectinata Not listed
24 Goniastrea favulus Not listed
25 Cyphastrea serailia Not listed
26 Echinopora lamellose Not listed
27 Platygyra daelalea Not listed
28 Dendrophylliidae Turbinaria peltata Not listed

Table 3 List of seaweed species identified through the field survey (EIA, 2011)

Status in vietham

Family Genus/species red book Identified survey sites
| Bostrychia binderi Not listed AL3,AL5,AL7,ALI0
Ceramiaceae
Polysiphonia sertularioides Not listed ALI,AL2,ALIO
3 Delesseriaceae Caloglosa ogasawaraensis Not listed AL2,AL3,AL7

Citation: Tri DQ, Thai TH. Biological environmental survey in Cat Ba Island. Biodiversity Int J. 2018;2(2):123—133. DOI: 10.15406/bij.2018.02.00054



Biological environmental survey in Cat Ba Island

Table Continued

502

Copyright:
©2018Tri etal. 126

Status in vietham

Family Genus/species red book Identified survey sites

4 Dictyotaceae Padina australis Not listed ALII

5 Chaetomorpha capillaris Not listed ALI,ALO3,AL5,AL7,ALI0,ALI |

6 Ch. linum Not listed ALI,ALIO

7 E. compressa Not listed ALI,AL3,AL5,AL7,ALIO,ALI I
Cladophoraceae

8 E. kylinii Not listed ALI,ALIO

9 E. flexuosa Not listed ALI

10 Ulva conglobata Not listed ALS

Il Ruppiaceae Ruppia maritima Not listed ALIO

12 Hydrocharitaceae Halophila beccarii Not listed ALl

Mangrove forest: The mangrove forest and the coral reefs are the
invaluable natural resources of the tropical countries in general and
Cat Ba in particular. They play as the sources of genetic reservation,
increasing of the natural biomass and stabilization for the shoreline.
Most of the mangrove forests maintain high cover in the western side
of Cat Ba Island (Phu Long Natural Reserve). In near future, the fight
campaign for climate change will lean much on these green corridors
(Figure 5).
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Figure 5 Distribution map of the mangrove area at Cat Ba islands.?

Most of the mangrove areas distribute in Phu Long Commune with
high relative density. The total area is 775.98 ha of mangrove forest
is divided into two types: mangrove distribution outside the farming
area (224.74 ha), mangrove distribution in ponds (551.24 ha) (Figure
6). Because mangrove forests in farming systems are relatively large
so the long-term master plan and conservation of mangroves will be
difficult due to satisfactorily resolve the relationship of private-public
ownership. Table 4 shows the mangrove species identified through the
field survey. Eleven species belonging to 9 families were identified.
Rhizophora stylosa and Avicennia marina were the most common
species in the survey area. None of the identified species are included
in the Vietnam Red Book.?

Phytoplankton: Phytoplanktons are the keystone species in this
habitat type, providing basic food items for the zoobenthis and fish that
are the key targets of the capture fishery (Figure 7). Table 5 and Table
6 show the phytoplankton species identified through the dry and wet
season surveys respectively. In the dry season, a total of 134 species

were identified (Table 5). The genus Chaetoceros was found in many
survey sites, which play an important role as food sources for fish and
other marine species, in particular at the early stages of their life cycle.
Some of the identified dinoflagellate species such as Ceratium fusus,
Prorocentrum micans and Dinophysis caudate are known to cause
red tide and harmful algae bloom when at high density. In the rainy
season, a total of 136 species were identified (Table 6). The density of
the phytoplankton has been driven by some dominante species such
as Skeletonema costatum with the cell density is approximate 103 up
to 4,104 cell/L; next to the Chaetoceros spp. with the density from
103 - 56,103 cell/L; Ceratium furca has the density from 2.103 to
approximate of 104 cell/L (EC9 site); Oscillatoria sp.2 103 cell/L and
Bacteriastrum spp. reaches 47,103 cell/L.
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Figure 6 Mangrove distribution in Cat Ba Island.?
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Figure 7 Locations of the field survey sites (phytoplankton, zooplankton,
zoobenthos, demersal fish and other zoobenthos).?
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Table 5 to Table 6 shows the number of phytoplankton species and
cell density at each survey site. For the dry season, the number of
species ranged between 32 and 57 species. While there was no clear
spatial trend in the cell density, relatively high levels were recorded at
the EC4 and EC8 sites. The seasonal variation shows a clearly trend

of reduction both interm of species composition and cell density.
However, the number of species is slightly lower in rainy season while
the cell density rapidly reduces up to 98.42% at the EC8 site to 22.3%
at the EC11 site.

Table 4 List of mangrove species identified through the field survey

Status in vietham

No. Family Genus/species Identified survey sites

red book
| Sonneratiaceae Sonneratia caseolaris Not listed ALIO
2 Rhizophora stylosa Not listed ALI,AL2,AL3,AL5,AL7
3 Rhizophoraceae Kandelia obovata Not listed AL5,ALIO0
4 Bruguirea gymnorrhiza Not listed ALI,AL3,AL7
5 Aviceniaceae Avicennia marina Not listed ALI,AL2,AL3,AL5,AL7
6 Myrsinaceae Aegiceras corniculatum Not listed ALI,AL3
7 Pteridaceae Acrostichum aureumh Not listed ALIO
8 Verbenaceae Cleodendrum inerme Not listed AL2,ALIO
9 Euphorbiaceae Excoecaria agallocha Not listed AL3,AL5
10 Malvaceae Hibiscus tiliaceus Not listed ALS
Table 5 List of phytoplankton species identified through the field survey (in dry season)
No. of No. of No. of
No. Scientific identified No. Scientific name identified No.  Scientific name identified No. Scientific name
name survey survey survey
sites sites sites

Phylum- Bacillariophyceae

Phylum- Bacillariophyceae

Phylum - Dinophyceae

Phylum - Dinophyceae

| Paralia sulcata |

Hyalodiscus
2 ) |
stelliger
3 Cyclotella striata 3
4 Cyclotella comta 6
5 Cyclotella sp. |

Phylum- Bacillariophyceae

Coscinodiscus
6 12
asteromphalus

Coscinodiscus
oculus-iridis

Coscinodiscus
radiatus

Coscinodiscus
granii

Coscinodiscus cf.
subtilis

I Coscinodiscus sp. |

12 Lauderia borealis 5

Skeletonema
costatum

Chaetoceros
42 .
lorenzianus
Chaetoceros
43
paradoxus
44 Chaetoceros rostratus

45 Chaetoceros subtilis

46 Biddulphia regia

47 Biddulphia reticulum

48 Odontella mobiliensis

49 Hemiaulus sinensis
50 Cerataulina bergonii
51 Cerataulina compacta

52 Ditylum brightwellii

53 Eucampia zoodiacus

54 C.hmacodlum
biconcavum

55 Palmeria

hardmaniana

iy 83 Ceratium
macroceros

3 84 Ceraf:{um
massiliense

9 85 Ceratium .
asymmetricum

3 86 Ceratium tripos

2 a7 Ptiorocentrum
micans

3 88 Prorocentrum
rhathymum

| 89 Prorocentrum sp.

| 90 Dinophysis caudata

| 91 Dinophysis mitra

| 9 Dinophysis cf.
rotundata

| 93 Noctiluca scintillans

6 94 Gonyaulax sp.

3 95 Gonyaulax
polygramma

5 96 Gonyaulax spinifera

124 Pyropha‘cus
horologicum
Phylum -

Dictyochophyceae

125 Dictyocha fibula

126 Dictyocha speculum

Phylum - Cyanophyceae

Trichodesmium

127
erythraeum

128 Oscillatoria sp.

Phylum - Chlorophyceae

Pediastrum simplex v.

129 .
simplex

130 Pediastrum duplex v.
duplex

131 Pediastrum sp.

132 Scenedesmus sp.

133 Scenefiesmus
quadricauda

134 Staurastrum sp.
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No. of No. of No. of

No. Scientific identified No. Scientific name identified No.  Scientific name identified No. Scientific name
name survey survey survey

sites sites sites
Leptocylindrus Thalassionema .

14 danicus 3 56 frauenfeldii 12 97 Gonyaulax scrippsae 2

15 Guinardia flaccida 8 57 Navicula 7 98 Gonyaulax verior |

membranacea

16 Guinardia striata 12 58 Navicula cancellata 2 99 Gonyaulax rotundata 2

|7  Bacteriastrum 5 59  [ropidoneis | 100 Gonyaulax diegiensis 4
varians lepidoptera

1g  Bocteriastrum 5 60 Pleurosigma affine 4 o Frotoperidinium 5
hyalinum steinii

19 Thalass.loswa 2 6l Pleurosigma | 102 ProtAopendm:um 10
eccentrica angulatum conicum

20 Thalassrosrra 6 62 Pleurosigma sp. | 7 103 ProtoPendm:um 8
lineata crassipes

21 Thalassiosira sp. 2 63 Pleurosigma sp.2 | 104 Pfotopendm:um 6

divergens

2 ArthrosPlra 2 64 PIeL{rostgma 4 105 Protoperidinium |
platensis naviculaceum depressum

23 Rhizosolenia 3 65 Pleurc?s:gma 4 106 Protoperidinium 3
robusta pelagicum elegans

24 Rhl?osolenla 2 6 Amphiprora dlata | 107 ProtoPendm:um 3
setigera oceanicum

25 Rhl{osolenla 4 67 Nitzschia lorenziana 6 108 Protoperidinium 9
hyalina ovum

26 Proboscia alata 9 68 Nitzschia longissima 2 109 ProtoPendm:um I

pellucidum

27 Fro'bosc:a alata f. | 69 Nitzschia longissima | 1o Protoperidinium |
indica v. reversa pentagonum

28 Frobfzscta alata f. | 70 Nitzschia sigma 4 " Prot?perld:n:um 2
gracillima leonis

29 Proboscia alata f. | 71 Nitzschia sigma v. | 12 Protoperidinium |
genuina intercedens spinulosum

jo  Chaetoceros 12 72 Pseudonitzschiasp.I 8 113  Frotoperidinium 6
affinis sphaeroides
Chaetoceros . . s

31 offinis v. willei | 73 Pseudonitzschia sp.2 2 Phylum - Dinophyceae
Chaetoceros . . L

32 ) 5 74 Surirella ovalis 5 114 Protoperidinium sp. 8
abnormis

33 Chaetoceros 4 75 Surirella gemma 2 |15 Peridinium 2
curvisetus quinquecorne

h lodi

34  Chaetoceros 3 76 Combylodiscus 3 116 Scrippsiella sp. |
compactus echeneis

35 Chaetoceros 7 77 Campylodiscus | 117 Alexandrium sp. )
compressus undulatus

36 Chaetoceros 12 Phylum - Dinophyceae 11g Alexandrium 4
constrictus pseudogonyaulax

37 Chaetoceros | 78 Ceratium breve 3 119 ~ Goniodoma 5
decipiens polyedricum
Chaetoceros ) ) )

38 denticulatus 3 79 Ceratium furca I 120 Diplopsalis sp. 5
39 Chaetoceros 2 80  Ceratium deflexum 2 121 Diplopsalopsis s 2
distans plopsalopss sp-

40  Chaetoceros | 81 Ceratium fusus " 122 Zygabikodinium s |
dydimus Y8 p-
Chaetoceros ) )

41 . | 82 Ceratium trichoceros 10 123 Oblea sp. 2
lauderii
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Table 6 List of phytoplankton species identified through the field survey (in rainy season)

No. of No. of No. of
No. Scientific name identified No. Scientific name identified No. Scientific name identified
survey survey survey
sites sites sites
Bacillariophyceae (Diatoms) Bacillariophyceae (Diatoms) Bacillariophyceae (Diatoms)
| Paralia sulcata 2 46 Eucampia cornuta | 91 Protoperidinium pellucidum 6
2 Melosira granulata 2 47 Eucampia zoodiacus 2 92 Protoperidinium pentagonum 2
3 MEIOS’TU granulata e 48 Climacodium biconcavum | 93 Protoperidinium punctulatum |
angustissima
4 Cyclotella comta Il 49 Palmeria hardmaniana 4 94 Protoperidinium spinulosum 6
5 Coscnodiscus I 5o  [Ihalassionema 5 95 Protoperidinium sphaeroides |
asteromphalus nitzschioides
¢  Coscinodiscus 4 51 Thalassionema fravenfeldii 11 9% Protoperidinium sp. |
oculus-iridis
7 .COSC'.nOd'scus | 52 Pleurosigma dffine 2 97 Protoperidinium sp. | 2
jonesianus
Coscinodiscus
8 jonesianus v. 12 53 Pleurosigma sp. 2 98 Peridinium sp. |
commutata
Bacillariophyceae (Diatoms) 54 Pleurosigma sp. | | 99 Alexandrium sp. |
9 Cosc:r.mdlscus | 55 Nitzschia lorenziana 3 100 Goniodoma polyedricum |
marginatus
Coscinodiscus cf-. . . . . -
10 o | 56 Nitzschia longissima | 101 Lingulodinium polyedra 5
subtilis
¥ Asteromphalus | 57 Pseudo-nitzschia sp. | (P.cf. 3 102 Diplopsalis sp. 2
cleveanus pungens )
12 Thalassiosira 3 58 Campylodiscus echeneis | 103 Diplopsalopsis s 2
eccentrica Py plopsalopsis sp.
13 Thalassiosira lineata 12 59 Ceratium breve 2 104 Zygabikodinium sp. |
14 Thalassiosira sp. 2 60 Ceratium deflexum | 105 Pyrophacus horologium |
15 Lauderia borealis Il 6l Ceratium extensum | 106 Pyrophacus sp. 7
Skeletonema . .
16 Il 62 Ceratium falcatum I 107 Podolampas bipes |
costatum
17 Guinardia flaccida 5 63 Ceratium furca 11 Cyanophyceae (Cyanobacteria)
18 Guinardia striata 2 64 Ceratium fusus 4 108 Trichodesmium erythraeum 2
19 Dact-y liosolen 2 65 Ceratium trichoceros 6 109 Oscillatoria limosa 3
mediterraneus
20 Bac‘terlastrum 8 66 Ceratium massiliense | 110 Oscillatoria raciborskii 3
varians
21 Bact.enastrum | 67 Ceratium tripos 3 Il Oscillatoria sp. | 6
hyalinum
Pseudosolenia . : .
22 3 68 Ceratium sp. | 112 Oscillatoria sp.2 2

calcar-avis
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No. of No. of No. of
No. Scientific name identified No. Scientific name identified No. Scientific name identified
survey survey survey
sites sites sites
Rhizosolenia . . . -
23 cylindrus | 69 Dinophysis miles 3 113 Oscillatori princeps 2
24 Rhizosolenia robusta | 70 Dinophysis caudata I 114 Lyngbya sp. |
25 Chaetoceros dffinis 8 71 Dinophysis hastata | 115 Arthrospira platensis 9
2 Chaetoceros 5 72 Dinophysis doryphorum | 16 Anabaena s 4
abnormis phy P P
27 Chaetoceros 10 73 Dinophysis s | 117 Anabaena f. viguieri |
curvisetus Physis sp- V8
28 Chaetoceros 2 74 Ornithocercus magnificus | 118 Microcystis cf. wesenbergii 7
coarctatus
Chaetoceros T . .
29 3 75 Histioneis costata | 119 Microcystis sp. 7
compressus
Chaetoceros . Lo
30 constrictus 2 76 Amphisolenia bidentata 3 Chlorophyceae (Chlorophyte)
31 Chaetoceros crinitus | 77 Gymnodinium sanguineum | 120 Pediastrum simplex v. simplex 9
3 Chaetoceros 3 78 Gonyaulax sp. 3 121 Pediastrum boryanum v. |
diversus boryanum
33 Chaetoceros distans | 79 Gonyaulax polygramma 3 122 Pediastrum duplex v. duplex 8
34 Chaetc?ceros 7 80 Gonyaulax rotundata 5 123 Pediastrum sp. 3
lorenzianus
35 Chaetoceros subtilis 9 8l Protoperidinium abei | 124 Pediastrum tetras 4
36 Biddulphia regia I 82 Protoperidinium cf. brochii 3 125 Scenedesmus sp. 3
37 Biddulphia dubia | Bacillariophyceae (Diatoms) 126 Scenedesmus quadricauda 6
38 Biddulphia reticulum | 83 Protoperidinium conicum I 127 Scenedesmus carinatus |
39 Odo::l?ella. 4 84 Protoperidinium claudicans 4 128 Scene.d esmus acuminats var. |
mobiliensis acumin
Bellerochea - . . .
40 . | 85 Protoperidinium crassipes 3 129 Scenedesmus javanensis 2
horologicalis
41 Hemiaulus sinensis 3 86 Protoperidinium divergens | 130 Staurastrum sp. 8
42 Hemiaulus indicus | 87 Protoperidinium elegans | 131 Palmella sp. |
43 Cerataulina bergonii | 88 Protoperidinium oceanicum 6 132 Eudorina elegans |
44 Cerataulina | 89 Protoperidinium ovum | 133 Eudorina sp. 4
compacta
45 Ditylum sol I 90 Protoperidinium thorianum |
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Demersal fish: Table 7 shows the demersal fish species identified
through the dry and rainy season surveys respectively. In the dry
season, in general, fish diversity and abundance were significantly
higher in the shallow coastal survey sites (e.g. EC1, EC2, EC4,
and EC7) compared to the deeper offshore survey sites. Within the
identified species, two species are listed in Vietnam Red Book namely,
Bostrichthys sinensis and Anodontostoma chacunda, which were
found in the shallow coastal survey sites EC1 and EC2 respectively.
Bostrichthys sinensis and Anodontostoma chacunda are classified
as “Critical” and “Vulnerable” respectively. In the wet season, the
similar trend in term of fish diversity and abundance has been found
among sampling sites (shallow sites are more abundance than the off
shore sites). However there are differences in the species composition
of the economic species with the distribution of the family Sciaenidae
to occur in 9/11 sampling sites. This family also contributes for higher
biomass of the total catch at the sampling sites of EC8, EC9 in the
rainy survey.

Table 7 Results of demersal fish survey
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Diversity of terrestrial animals

Cat Ba National Park is tropical moist forest on limestone,
which harbors a number of endemic and rare species, foremost of
which is the endemic Cat Ba Langur Trachypithecus poliocephalus
poliocephalus.!®'? These led to the discovery of new species of
Goniurosaurus® (Figure 8) and Sphenomorphus.’> Among the 40
reptile species recorded from Cat Ba Island, two species are listed in
the [TUCN Red List (2008), seven species are listed in the Vietnam Red
Data Book,' four in the CITES appendices (2008), and five species
are protected by governmental law (Decree No. 32/2006/ND-CP)
(Table 8).

Notes: IUCN: IUCN Red List, VNRB: Vietnam Red Data
Book: CR: critically endangered, EN: endangered, VU: vulnerable,
LR/nt: near threatened; CITES: I, II = Appendix I and II; Dec.
32: Governmental Decree No. 32/2006/ND-CP: IB = Group IB
(prohibited exploitation and use for commercial purpose), IIB =
Group IIB (limited exploitation and use for commercial purpose); []:
Only photographic record or observation.

Survey . . No. of Total and ave. Average S.t atus in
R Family Genus/species P . vietnam red
site individuals wet weight (g) length (cm) book
In dry season
Sparidae Sparus latus | 6 6.5 Not listed
Trypauchen Total: 12.97 Not listed
Taenioididae 2
vagina Ave.: 6.5
Bostrichthys
Eleotridae | 23 13 Critical
sinensis
Sillaginidae Sillago sihama | 15.4 12.5 Not listed
ECI
Eleotridae Butis butis | 4.5 5 Not listed
Platycephalidae Rogadus asper | 12.5 Il Not listed
Cociella
Platycephalidae | 5 55 Not listed
crocodila
Symphurus
Cynoglossidae | 4.5 35 Not listed
orientalis
Symphurus
Cynoglossidae | I 9.5 Not listed
orientalis
Heteromycterus
Soleidae | 13 8 Not listed
japonica
EC2
Sillaginidae Sillago sihama | 12.5 14.9 Not listed
Anodontostoma Total: 60
Clupeidae 5 15.3 Vulnerable
chacunda Ave: 12
Sciaenidae Nibea albiflora | 26 23.5 Not listed

In rainy season
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Table Continued
Survey . . No. of Total and ave. Average S't atus in
R Family Genus/species P . vietnam red
site individuals wet weight (g) length (cm) book
Muraenesox
Muraenesocidae | 36 25 Not listed
cinereus
Trybauchen Total: 25.4
Taenioididae 2 13 Not listed
vagina Ave.:12.7
ECI Bostrichthys Total: 42
Eleotridae | 12.5 Critical
sinensis Ave: 14
Sciaenidae Nibea soldado 26 Total: 93.37 7.2 Not listed
Ave: 3.59
Siganus
Siganidae | 75 8 Not listed
fuscescens
Cranoglanis Total: 400
Bagridae 9 22.3 Not listed
sinensis Ave:44.4
Arnoglossus Total: 3.13
Bothidae 3 5 Not listed
EC2 tenuis Ave: .04
Anodontostoma Total: 30
Clupeidae 2 16.7 Vulnerable
chacunda Ave: |5
N . . Total: 17.04 .
Sciaenidae Nibea albiflora 3 Ave: 5.68 35 Not listed
Table 8 List of threatened reptile species recorded from Cat Ba Island'®
IUCN VNRB CITES Dec.32
Scientific name
2008 2007 2008 2006
Physignathus cocincinus VU
Gekko gecko '
[Varanus salvator] EN Il 1B
[Python molurus] LR/nt CR | 1B
Coelognathus radiatus EN 1B
Ptyas korros EN
Bungarus multicinctus B
Naja atra EN Il 1B
Cuora mouhotii EN 1l
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Figure 8 (1) Cuora mouhotii. (2) Acanthosaura lepidogaster. (3) Pseudocalotes
brevipes. (4) Goniurosaurus catbaensis. (5) Gekko gecko. (6) Gekko palmatus. (7)
Hemidactylus frenatus. (8) H garnotii. (9) Eutropis multifasciatus. (10) Plestiodon
quadrilineatus. (11) Scincella reevesii. (12) Sphenomorphus tonkinensis.'?

Conclusion

In this study, there are occurrences of three main key habitats:
mangrove, coral reefs, and seaweeds/seagrass. These contribute for
species diversity and abundance of the natural marine resources
available for the local people to exploit. The distribution trends of the
living resources are higher abundance in the near shore sites, lower
abundance at the offshore sites. These may relate to the biological/
physical driven factors such as the available of substrate/habitat,
natural food resources or water current. The coastal sites provide the
nursery grounds for the economic species where the mangrove forests
remain as the shelters.
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ARTICLE INFO ABSTRACT

The objective of this study is to investigate the effects of river vegetation and timber piling on the attenuation of
ship-generated waves that cause erosion at river bank. A numerical model based on two-dimensional
Boussinesq-type equations was developed to predict the ship wave prorogation through river vegetation and
timber piling. The model was validated with the field data and found that the model can reproduce well the field
data when the disturbances from tides and winds were minimal. The numerical model was then used to simulate
ship wave propagation through a belt of river vegetation consist of Rhizophora apiculata, a dominant type of
mangroves planted in the Ca Mau River in the south Vietnam, and a timber piling. A 200 m long timber piling,
parallel to the river bank, at 10 m from the bank reduced 51% and 89% of run-up height and wave force at the
bank, respectively. If the timber piling combined with 20 m width of the vegetation the run-up height and wave
force were reduced further 61% and 95%, respectively.

Keywords:

Ship wave
Timber piling
River vegetation
Erosion

1. Introduction

Ship-generated waves (ship waves) have been researched for a long
time in both theoretical and practical aspects with different aims. Since
the middle of the nineteenth century, many scientists and engineers
had studied about waves generated by ships (Rankine, 1868; Froude,
1877; Kelvin, 1887a, 1887b). After that, Havelock (1908), Johnson
(1958), Sorensen (1969), Kofoed-Hansen et al. (1999), and Whittaker
et al. (2001) developed ship wave theory and also conducted model
experiments to validate their theories. A number of scientists have been
using Boussinesq-type models for simulating ship waves in shallow
water. Tanimoto et al. (2000) developed a simulation method to
calculate ship waves in shallow water and studied ship waves in a
channel restricted by vertical walls. Dam et al. (2006) investigated the
transformation of ship waves on sloping bottom by a Boussinesq model
and suggested that the refraction on slope is similar to the ordinary
wind waves have. Dam et al. (2008) discussed the effect of Froude
number on the characteristics of ship waves in a narrow channel
restricted by vertical walls, based on observed data and the results

* Corresponding author.
E-mail address: thuybanguyen@gmail.com (N.B. Thuy).

http://dx.doi.org/10.1016/j.0oceaneng.2016.11.004

computed by a two-dimensional model in which wave breaking was
considered.

Ship waves, depending mainly on their energy possessed, have been
recognized as a threat to the environment. Kirkegaard et al. (1998)
reported that a large number of vessels moving at high speed caused a
danger to recreational use of beaches. Regarding environmental
aspects, Nakase et al. (1999) concluded that the ship waves have a
great impact on the activities in aquaculture. By using Michell's thin-
ship theory, Dong et al. (2009) studied the impact of ship waves on
marine structures and pointed out that the forces induced by ship
waves are an important factor contributing to the damage to coastal
structures and offshore structures as well.

Both aquatic vegetation and timber piling have been shown to be
effective in minimizing wave energy. Coops et al. (1996) conducted an
experiment to investigate wave forces that affected by bank slope and
water depth, and that interfered with the emerged vegetation as well.
Their results showed that the waves transmitted through the vegetation
lose energy due to the resistance offered by the vegetation and bottom
surface. Although a 4 m wide-band of vegetation can be regarded as a

Received 10 June 2016; Received in revised form 17 October 2016; Accepted 11 November 2016

0029-8018/ © 2016 Elsevier Ltd. All rights reserved.
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strip, wave height measurements in did show wave attenuation t(5 1 36Qy

occur. Roo and Troch (2010) evaluated reduction in the force by ship
waves through the off-bank timber piling along the river Lys (Zulte,
Belgium) by field observation data. They showed that a single row of
off-bank piling cannot reduce the height of the primary wave system
but only 20% reduction in the secondary wave system. Based on field
data of river-bank erosion caused by boat-generated waves, Nanson
et al. (1994) reported that the major threshold in erosive energy of ship
waves is associated with the peak waves. Very recently, Trung et al.
(2015), based on the field investigation in the Ca Mau River, Vietnam,
pointed out that two types of vegetation Rhizophora apiculata (R.
apiculata) and Nypa fruticans (N. fruticans) are able to dissipate wave
energy and therefore have a high potential for riverbank protection.
They found further that R. apiculata is more effective than N. fruticans
in wave height reduction, although its porosity is greater. It is evident
that those studies have been based mainly on field surveys and/or
experimental studies. There is lack of numerical modeling studies
which may help explore this problem at prototype scale.

In this paper, the effect of river vegetation and timber pilling on the
reduction of ship wave-generated run-up height and force on the bank
of the Ca Mau River was analyzed by a new numerical model. The
numerical model was based on two-dimensional Boussinesq equations
(Dam et al., 2006), but was developed to simulate the wave run-up on
the bank, with the resistance by vegetation and timber piling. Field
surveys were conducted in a section of the Ca Mau River to measure the
characteristics of ship waves (water surface fluctuation, current velo-
city, and run-up on the bank) for different ship speeds and those were
used to validate the model. The numerical model then was applied to
another section of the Ca Mau River where river vegetation and timber
piling have been employed to minimize the bank erosion caused by ship
waves.

2. Numerical method
2.1. Governing equations

The new numerical model (Egs. (1)—(3)) to simulate ship wave run-
up through vegetation was based on Boussinesq-type equations
(Madsen and Segrensen, 1992; Dam et al., 2006). The coordinate
system O,,, such that the origin O lies on the immobilized water-plane
and the x-axis points in the direction of ship's forward motion while the
y-axis perpendicular to the bank. The moving ship boundary (Chen and
Sharma, 1995; Tanimoto et al., 2000; Dam et al., 2006, 2008) was
used. The governing equations are written as:

b2 4
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where 7 (x, y, t) is the water surface elevation, Q. (x, y, t) and Q,, (x, y,
t) the depth-integrated velocity components in x and y directions,
respectively, t the time, h (x, y) the still water depth, g the gravitational
acceleration, 8 the correction factor of the dispersion term ($=1/15),
d(x,y,t) the total water depth (d=n+h), and b(x,y,t) the slot width
parameter which was described in detail in the Section 2.2. Rp, and
Ry, are the eddy viscosity terms (Kennedy et al., 2000; Dam et al.,
2006) as:
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Where v is the kinematic viscosity.
F,, F,, the drag resistance due to the presence of vegetation in x and
y directions, respectively. Fy, F,, are written as:

[ A 0l +0;
x = 5}’ D—all Pref f (6)
F =1y bde o+
y = 27 D—all Oref p )

where, y is the tree density (number of trees/m?), and Cp_qz the
depth-averaged equivalent drag coefficient considering the vertical
stand structure of tree, which was defined by Tanaka et al. (2007) as:

1
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where b(zg) and Cp(zs) are the projected width (diameter) on a
vertical plane perpendicular to flow direction and drag coefficient of a
tree at the height zs from the ground surface, respectively, and b,.ef
and Cp_,.or are the reference projected width at z5=1.2m and
reference drag coefficient of the trunk (=1.0), respectively.
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¥

Fig. 1. A schematic view of a channel with the presence of a narrow slot (modified from
Kennedy et al., 2000).
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Fig. 4. High-speed ship used to generate waves at site 1, Nang Keo River.

Table 1
Parameters of high-speed ship used to generate waves.

Type of Length (m) Width (m) Horsepower Draft (m) Speed (m/s)

ship

High-speed 21.75 8.5 320 1.65m 2.8, 5.6, 8.3,
ship (34 11.1, 12.5,
seats) 13.9, 16.7

(B

Fig. 3. (a) Schematic of plan and cross sections of the river with the locations of staffs to
measure water surface elevation and scale to measure run-up at site 1, Nang Keo River,
(b) video camera and staffs in place.

2.2. Modeling wave run-up

In the case of run-up simulation by the numerical model, one of the
difficult points was the numerical treatment of the moving boundary
(moving shoreline). In this study, instead of tracking the moving
boundary during wave run-up and rundown on the slope, the entire
computational domain was considered by employing an improved
version of the slot or permeable slope technique proposed by
Kennedy et al. (2000) for simulation of run-up. This technique assumes
that, instead of being solid, the beach is porous or contains narrow
slots, so it is possible for the water level to be below the bed elevation.
Fig. 1 shows a schematic of a wave flume with a sloping bottom in the

40

Fig. 5. A typical timber piling constructed by residents, combined with vegetation for
protecting river bank from ship waves in Kinh Sang River.

presence of a narrow slot (modified from Kennedy et al., 2000). The
width of the wave flume is defined as:

1,
b)) = {5 + - 5)8—/1(4—1*)”10}

in which § is the slot width relative to a unit width of bed; A is the
shape parameter that controls the smooth transition of the cross-
sectional area from the unit width to the slot width; z* denotes the
elevation of seabed where b=1; h,, is a reference water depth that must
be deeper than the water depth at the lower limit of swash zone. In the
case of two-dimension, b(n) is the function of the local surface
elevation and depending on x, y and time t and b(x,y,t) is unity for
the water surface above the bed and decays exponentially to the value §
whenever the water surface disappears into the slot. For the stability of
the model & should be chosen in the interval of 0.01 to 0.001 and A of

n>z*

n<z* (11)
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3 - Wegeintion start 516 The Egs. (1)-(13) are solved implicitly by the finite difference
- technique, with the variables defined on a space staggered rectangular
1 - Ship route Tienber piling grid. In a time step, the solution is first made in the x-momentum
. . i | A...- 1/36 equation followed by a similar solution in the y-direction. For the
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numerical simulation, the uniform grid size of 1.0 m in both x and y
140 160 180 200 directions and time step of 0.015s were selected. The Manning's
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:‘:;_' =1 A ¥ (m) roughness coefficient n was set to 0.02 (Trung et al., 2015). The
By Amalyze point governing equations, and boundary conditions for wave generation due
=2 1 to ship motion have been referred from Tanimoto et al. (2000), and
Dam et al. (2006, 2008).
-1 -
4 2.3. Forces induced by ship waves
5 A ship wave force vector (?) was defined by the following equation

(Tanimoto et al., 2007):

Fig. 6. Schematic of river cross section with timber piling and vegetation at site 2, Kinh

. 1 —--
Sang River. ?* = —pdVIVI
2’ (14)

the order 100. The cross-sectional area of the channel under the water where V is the flow velocity. This is the potential force integrated over
surface can be expressed by integration: the flow depth d and corresponds to the total drag force due to ship

waves acting on a virtual high column with a unit width and a unit drag
Ay n=am= [bd (12)  coefficient.
or

3. Field measurements

(n _ Z*) + 5(1* + hD) + (1 _f)ho(l _ e—l(1+z*/h0)) n> 7

A = In the Ca Mau River system (Fig. 2a), there have been hundreds of
5(n + ho) + @e*m*z*)’ ho(] — g=A(I+zkfhoyy 1 < Z¥ erosion places on the river bank, which caused significant damage to
13 people's lives, economic activities, land-use planning and the environ-
s ment. One of the reasons that directly causes erosion is the ship waves
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Fig. 7. Comparison between modeling and measured time profiles of (a) water surface elevation (b) current velocity at staff 2, and (c) run-up height at site 1, Nang Keo River.
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Fig. 8. (a) A belt of Rhizophora apiculata grown in Ca Mau River and (b) vertical
distribution of Cp_qi of a Rhizophora tree (based on average properties: tree height
Hpyee=6.0 m, root height Hroor=1.0 m, reference diameter b,..=0.12 m, tree density
y=4 trees/m?, and the reference drag coefficient Cp_rey=1.0).
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Fig. 9. The model predicted spatial variation of maximum water surface elevation along
the river section. With vegetation effect in Black and without vegetation effect in Red.
(For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)

with strong energy propagation towards the river bank. Field survey
was conducted at two sites in Nang Keo (without vegetation) and Kinh
Sang (with vegetation and timber piling) tributaries of the Ca Mau
River in September 2013. The sites are under the effect of semidiurnal
tide with a range of 0.9-1.4 m.
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Fig. 10. Change rate in maximum run-up height (R/R,) and ship wave force (F/Fy)

against (a) tree density y, and (b) vegetation width W. Note that Ry and Fy are run-up
and force, respectively, in the case of without vegetation.

Fig. 3a displays a schematic of plan and cross sections of the river
with staffs to measure water surface elevation at the site Nang Keo
(8.79°N, 105.19°E, point A in Fig. 2b). A 36-seat high-speed passenger
ship (Fig. 4) was selected to generate ship waves. It is a popular
passenger vessel in Ca Mau's waterways. According to local residents,
the river bank erosion is mainly due to waves generated by such ships
that are frequent, travelling at high speed. The parameters of the ship
are given in Table 1. Shipping route was parallel to the bank. The ship
was required to run along a river section of 500 m in length within
which the staffs were positioned. This distance was sufficient to
generate fully developed waves. The speed of the ship was determined
by an onboard speedometer and ranged from 2.8 to 16.7 m/s and the
corresponding relative depth Froude number ranged from 0.45 to 2.67
in this study. Water surface elevations at the measuring staffs (Fig. 3b)
were recorded by a camera (Hitachi DZ-MV350 NTSC DVD) with
optimal video recording mode. The distance between two staffs was
2.0 m in the direction perpendicular to the river bank. The recorded
data were processed by VideoSpirit Pro software. This software allows
to extract frames from the video, with good quality and high resolution
(1920*1080-16:9). In order to calculate wave heights from water
surface elevations, frames were extracted from the video with an
accuracy of up to 0.2 s. Wave-induced currents were measured by a
Compact Multibeam Echosounder at the staff 2, and were recorded at
1 Hz for all cases. The maximum run-up height above the still water
level (hereafter, simply run-up height) was measured by a scale placed
on the slope. The measurements were done in an hour from 10:00 am
to 11:00 am on September 14, 2013 when tide reached the peak, with
the average flow velocity of the river was about 0.05 m/s while light
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Fig. 11. Time profile of (a) water surface elevation, and (b) ship wave force at the
analysis point (Fig. 6) for with and without timber piling. Without timber piling effect in
Black and with timber piling effect in Red. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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Fig. 12. Change rate in maximum run-up height (R/R,) and ship wave force (F/F,)
against the length of timber piling. Note that Rp and F, are run-up and force,
respectively, in the case of without timber piling.

winds and no wind-generated waves existed. And there was no
disturbance from other ships.

The site selected at the Kinh Sang River (8.79°N, 105.07°E —
Fig. 2b, point B) was mainly used for collecting the characteristics of
vegetation and timber piling. Fig. 5 shows a timber piling at the Kinh
Sang River, which was constructed by residents for protection of the
river bank from ship waves. However, it was not effective due to the
spacing between two logs is quite large. The local government
recommended the spacing between two logs to be 0.066 m. In the
Kinh Sang River, Rhizophora apiculata is the dominant river vegeta-

43

Fig. 13. Time profile of (a) water surface elevation, and (b) ship wave force at the
analysis point (Fig. 6) for the cases of without timber piling and vegetation (Black line),
only timber piling (Red line), and both timber piling and vegetation (Green line). (For
interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

tion type and the average height of a tree is 6.0 m, average root height
1.0 m from the ground, average tree density 4 trees/m?, and forest
width 10 m from the river bank. The conditions of topography,
vegetation, timber piling, and analysis points for modeling are illu-
strated in Fig. 6. The river section considered was 1500 m long, 280 m
wide, and 5 m deep at center. The ship considered was the same as in
Table 1. However, the ship velocity was 5.6 m/s that was the upper
limit set-up by the local government for the Kinh Sang River. The Ship
was run at the center line of the river, which is the common shipping

'[] T T T T T T T T T 1

0 20 40 60 RO 100 120 140 160 1RO 200

Length of the timber piling (m)

Fig. 14. Change rate in maximum run-up height (R/R,) and ship wave force (F/F,)
against length of timber piling for the case of timber piling and vegetation. Note that Rp
and F, are run-up and force, respectively, in the case of without timber piling and
vegetation.
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route in most cases. River currents measured were similar or less in th§ 1 94.3. Effect of river vegetation on run-up and force of ship wave

magnitude compared to that of the site 1.
4. Results and discussions
4.1. Model validation without vegetation

The characteristics of ship waves from several combinations of ship
speeds and routes were investigated in the field survey, and the field
observations were presented in details in Thuy et al., (2014). In this
paper, the measurements of water surface elevation and velocity at the
staff 2, and run-up height for the case of the route 50 m from the bank
Nang Keo were used for the validation of the model. Fig. 7a shows the
variation in water surface elevation at the staff 2 for the case of ship
speed of 5.6 m/s. On this figure, Ty, is the time when the ship's bow
started to pass the position in front of the measuring staff, H,,,, and
Timax are the maximum wave height and corresponding wave period
respectively in the wave train. It can be seen that, before the ship bow
passed the staff a smaller wave of relatively larger period had appeared,
and it is termed leading wave. The incident wave was followed by about
8-10 waves. These successive waves typically have shorter periods, but
they are having remarkably higher wave heights than the incident
wave. The highest wave height H,,,, reached 0.255m with the
corresponding period Ty,.x being 1.6 s. Wave-induced current velocity
varied similar to wave height; the maximum velocity being 0.28 m/s
when wave height became the maximum. Fig. 7a-b show the compar-
ison between the modeled and measured wave height and velocity
profiles. It can be seen that the numerical model can simulate well the
characteristics of ship wave propagation (wave height, velocity, and
phase). Fig. 7c shows a comparison of run-up heights for seven cases of
ship speed. Despite the fact that the scatter in the observed data were
relatively high for a particular ship speed, however the trend for the
run-up height increased as the ship speed increased. The main reason
for the scatter in the measured data was river currents generated by
tides, and the local inconsistency of the ship speed. Given those effects
are minimal, the model can be used for simulating the run-up height
and the force of ship waves acting on the river bank.

4.2. Effect of river vegetation on ship wave

In this section, the effect of vegetation on ship waves was
investigated at Kinh Sang River (8.79°N, 105.07°E — Fig. 2b, point
B) where river bank erosion caused by ship waves. Vegetation was
assumed to be distributed along the right bank in the direction of
moving ship. The river vegetation starts at 10 m behind the shoreline
(Fig. 6) and extends towards the shore. As shown in Fig. 8a, R.
apiculata has a complex, dense aerial root structure that provides
additional stiffness and that increases the drag coefficient. Fig. 8b
shows Cp_qzr of R. apiculata that was derived from those proposed by
Tanaka et al. (2007) to the following conditions: tree height
Hppee=6.0m, root height Hgoor=1.0m, reference diameter
brey=0.12m, tree density y=4 trees/m?, and the reference drag
coefficient Cp_,.cs=1.0. The reference drag coefficient of 1.0 was
adopted for the trunk with a circular section and a rough surface in
the region of high Reynolds number (order of 10*) in the actual scale.
The value of Cp_qy; varies with the depth d. Effect of vegetation on ship
wave attenuation was discussed against the tree density and vegetation
width. Fig. 9 shows the spatial variation in the maximum temporal
water surface elevation of the highest wave Z,,, (Fig. 7a) for the cases
of with and without vegetation. For the case of vegetation the
conditions of vegetation width and tree density were fixed as 35 m
and 4 trees/m?, respectively. The maximum water surface elevation
increased in front of vegetation due to the reflection and then
decreased remarkably in the vegetation zone due to the resistance.
The run-up height (Fig. 9) above the still water level was 0.06 m, which
was 46% of that in the case of no vegetation.
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Fig. 10a shows the change rate in the maximum run-up height (R/
Ry), and ship wave force (F/Fy) at the analyze point (Fig. 6) against the
tree density. The suffix “0” indicates the case of no vegetation. The tree
density y varied from 0 (no vegetation) to 5 trees/m? while keeping
constant vegetation width of 35 m. As the tree density increased, both
the run-up height and force decreased. However, the reduction rate in
force was higher than the reduction rate in run-up height as the tree
density increased. Fig. 10b shows the change rate in the maximum run-
up height and force at the analysis point (Fig. 6) against the vegetation
width under the constant tree density of 4 trees/m>. The vegetation
width W varied from 0 to 35 m in 5 m steps. According to Fig. 10b, the
change rate in run-up height decreased to 0.45 and in force greatly
decreased to 0.311 for the vegetation width of 35 m. Increasing both
tree density and vegetation width resulted in decreasing both the run-
up and force.

4.4. Effect of timber piling on run-up and force of ship wave

Timber piling was modeled as cylinders in a straight line parallel to
the riverbank at a distance of 10 m from the riverbank. The mean
diameter and spacing between two logs were 0.2m and 0.066 m
respectively. These values were recommended by the local government
for protecting river bank in Ca Mau River. For modeling timber piling
the drag coefficient Cp_,.or was 1.0, which is consistent with the drag
coefficient for a circular cylinder. This Cp_,oris equal to.

Cp_qn in the model. Therefore, the model can be used for
simulating ship wave through the timber piling without any modifica-
tion. Fig. 11(a—b) illustrate time profile of water surface elevation and
ship wave force at the analysis point (Fig. 6) in the case of with and
without the timber piling. The length of the timber piling parallel to
bank was 100 m. Note that vegetation was not considered in this case.
Modeling results pointed out that using 100 m length timber piling,
water surface elevation and ship wave force reduced to 37% and 77%,
respectively. The length of the timber piling was varied in order to
investigate the effect of the length on the reduction in run-up and force.
Fig. 12 shows the change rate in the maximum run-up height (R/Ry)
and ship wave force (F/F,) against the length of timber piling. The
suffix “0” indicates the case of no timber piling. The run-up height and
force decreased with the increase of length of the embankment as to the
modeling results. Similar to the case of vegetation, the reduction in
force was greater than in run-up height due to the strong attenuation of
the wave-induced current velocity. With a length of 200 m timber
piling, the run-up height and force can be reduced up to 51% and 89%,
respectively.

4.5. Effect of both vegetation and timber piling on run-up and force of
ship wave

For the case of vegetation with timber piling, the conditions of
vegetation were fixed as tree density of 4 trees/m?, and vegetation
width of 20 m. Fig. 13 shows the time profiles of water surface
elevation (Fig. 13a), and ship wave force (Fig. 13b) at the analysis
point (Fig. 6) for the cases of without both timber piling and vegetation,
only timber piling, and both timber piling and vegetation. The results
confirmed that the ship wave-generated water surface elevation and
force were greatly decreased for the case of vegetation and timber
piling compared to that for the other two cases. This is because the
resistance from the combined case was higher than that from each case
alone. The effect of length of the timber piling with vegetation is
displayed in Fig. 14, where the suffix “0” indicates the case of no timber
piling and vegetation. Having the timber piling length of 200 m
together with the vegetation belt of 20 m width and 4 trees/m? density
was able to reduce run-up height and force 61% and 95%, respectively
at the river bank.
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5. Conclusions

In this study the effect of river vegetation and timber piling on the
attenuation of ship waves was analyzed by an advanced numerical
model. With a 2D Boussinesq-type model as basis, the model was
further developed to trace the moving shoreline and to take the effect of
resistance due to the presence of both vegetation and timber piling into
account. Field investigations were made to measure ship-induced wave
height, current velocity and run-up in Ca Mau River, Vietnam where
the ship wave-induced erosion has increasingly occurred. The model
was validated with the field data and found that the model can
reproduce well the field data when the disturbances from tides and
winds were minimal. The numerical model then applied to a section of
Ca Mau River where the timber piling and vegetation (R. apiculata)
were introduced to protect the river bank from erosion by ship-induced
waves. The modeling results showed that the timber piling of 200 m
length can reduce 51% and 89% of run-up height and wave force at the
bank, respectively. If the 20 m width of the vegetation combined with
the timber piling, the reduction in the run-up height and wave force
was further increased to 61% and 95%, respectively. Although the
above numerical results were for the simple cases of arrangement of
timber piling and distribution of river vegetation, the numerical model
has potential to analyze the more complex arrangements of river
vegetation such as different distributions of vegetation types and
patterns, and timber piling on ship wave attenuation and the results
can be used to develop the guidelines on erosion control practices at the
preliminary design stage. The validation of the model with flow through
porous structures (vegetation and timber piling) will confirm the
robustness of the results and that will be address in a future study.
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Abstract

In this study, we evaluate the ecological impact of effluent cooling water from
the Ninh Thuan nuclear power plant II, using a two-dimensional hydraulic
model to simulate thermal diffusion from the effluent outfall. Sites selected for
this study were Ninh Thuan nuclear power plant and Vinh Hai seawater in
four different scenarios. This paper utilized the relationship between surface
water temperature and the water temperature at a depth of —15 m to calculate
the water temperature at intake and outlet at a depth of —14 m. A combina-
tion between the results of interpolated and results of model showed that ef-
fluent cooling water from Ninh Thuan plant affected the largest incidence
about 2450 m in the North, 880 m in the South and 960 m in the West. It can
be considered as safe distance to not to affect the coral reefs ecosystem in the
North and sea turtle conservation area in the South. This study was first in
this region to have an integrated approach using two-dimensional model.

Keywords

Ninh Thuan Nuclear Power Plant, Effluent Cooling Water, Ecological System,
MIKE 21

1. Introduction

The increasing global demand for energy has hitherto been met to an increas-
ing extent by the use of fossil fuels and hydropower. Nuclear energy has been
developed and used commercially for about two decades to meet a fraction of
the electrical energy needs. Statistical data on energy consumption of the

world in recent years showed that world consumption has increased by about
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50% in less than ten years. Vietnam has considered establishing nuclear power
generation since 1995, and firm surfaced proposals in 2006. In July 2014, the
government issued a master plan specifying Ninhthuan- I & II nuclear power
plants with a total of capacity 1000 MW e-class reactors [1]. Thermal pollution
is the change in the water temperatures of lakes, rivers, and oceans caused by
made-man industries or practices. These temperature changes may adversely
affect ecosystems by contributing to the decline of wildlife populations and
habitat destruction. Any practice that affects the equilibrium of an aquatic en-
vironment may alter the temperature of that environment and subsequently
cause thermal pollution. Thermal pollution is one parameter of the broader
subject of water pollution. The adverse effects of thermal pollution are often
conjoined with other forms of water pollution such as chemical contamination
or biological contamination [2]. The cooling water discharge from nuclear
power plants (NPPs) is among the greatest local sources of thermal pollution
due to the high levels of energy produced per plant. In addition, nuclear power
plants require 30% - 100% more cooling water than other types of plant with a
comparable power output [3] [4] [5]. Regulation of thermal pollution has been
more elusive than for other forms of water pollution, although straightforward
mitigation measures are available, especially in the case of elevated tempera-
ture discharges. Some countries and even individual states and provinces re-
quire limits on discharges that lead to thermal pollution of receiving waters.
This aspect of water pollution has proven to be more elusive than conventional
chemical discharge [6] [7] [8]. Numerical models are simplified mathematical
representations of physical systems and processes. A numerical model can be
constructed as a one-, two-, or three-dimensional model in accordance with
the dominant spatial directions of the physical processes [9] [10] [11]. There
are several methodologies to study thermal plume behavior, ranging from
physical models [12], to in situ data analysis [13] [14] to the use of numerical
models [15]. The objectives of this paper were as follows: 1) to simulate the
transport of temperature process and thermal diffusion of effluent cooling wa-
ter of Ninh Thuan nuclear power plant, 2) to impact assessment of effluent

cooling water to environment and ecological ecosystem around areas.

2. Methodology
2.1. Description of Study Site

The Ninh Thuan nuclear power is located in Vinh Hai commune, Ninh Hai dis-
trict, Ninh Thuan province, far from the center of Ninh Thuan 10 km in the
Southeast of Vietnam (Figure 1). Ninh Thuan plant fits into the buffer zone of
Nui Chua National Park, marine protected areas and within a radius of 1 km in-
land boundary of the National Park [16]. Ninh Thuan plant is reported on En-
vironmental Impact Assessment (EIA) of the project Ninh Thuan Nuclear Power

plant.
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Figure 1. The study location area.

2.2. Methods

MIKE 21 FM flow model (HD), a general 2D hydrodynamic modeling system
for simulation of flows in estuaries, bays and coastal areas, and in oceans. The
MIKE21 FM flow model (HD) solves vertically integrated equations of continu-
ity and momentum in two horizontal dimensions. The discretization in solution
domain is performed using a finite volume method. The spatial domain is dis-
cretized by subdivision of the continuum into non-overlapping cells [17]. The
numerical model Mike 21 solves in two dimensions (in the horizontal plane) sta-
tionary/non-stationary flow of incompressible Reynolds averaged Navier-Stokes
equations, subject to the assumption of Boussinesq and of a hydrostatic distribu-
tion of pressure.
The continuity equation is written as:
Ou, ov do_

ox 0Oy 0z S W

And the two horizontal momentum equations for the x and y component, re-
spectively
ou ou® ovu  Owu
o oy &
(2)
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where: £ time, u,v,®: velocities in x, y; z directions, 7: elevation above mean
sea level, o : vertical transformed co-ordinate, & water depth, p: density, &
acceleration due to gravity, f : Coriolis parameter, v, : turbulent eddy viscosity,

P, atmospheric pressure, S the magnitude of the flow due to the point source
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where A is a horizontal eddy viscosity; the state of surface and bottom boundary

u,,v,: speed.

with u, vand w are calculated as follows:
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where (Tbx’rby) are wind surface stress and bottom stress.
The transports of temperature follow the general transport diffusion equation
as:
Lol _ 8 v or 1

—)+— 9
p Ot ox; oy 6xj) pQH ©)

where: Q,is transport of temperature, o, isanumber of Prandtl/Schmidt.

3. Model Setup
3.1. Computation Mesh

The study scope of the factory has sized 5500 x 10,000 m with coordinates: Lon-
gitude (1,283,324 - 1,290,889), Latitude (604,155 - 602,341) (Figure 2). The to-
pography and bathymetry data used in the model were provided by survey
project from May 23 to June 19, 2014 according to the coordinate system VN
2000 with scale 1:1000. In this paper we used unstructured grid, triangular grid
to solve problem (Figure 3(a)). Due to thermal diffusion calculation at intake
and outlet area should divide smaller computation grid in this area than the ex-

ternal area to save computation time. The maximum mesh area of the triangular
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Figure 3. (a) Computation grid-Triangular mesh; (b) Calculated boundaries (C1, TS1 and TS2 are the test positions).

grids is 2000 m’, the sea regional in front of intake effluent cooling water and
outlet has sized of 2000 x 3000 m. The maximum triangular grid of the offshore
area can reach to 50,000 m% The total number of mesh is 11,200 and the number

of nodes is 5718 and 4 boundaries including one land boundary, three open
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boundaries in North, East and South (Figure 3(b)).

3.2. Boundary Condition

Water level boundary is extracted from the calculation model Dynasty China
Sea (Global Forecast System (GFS) of the US National Environment Forecast
Center). Temperature boundary used the measure data of the project at the
TE1, TE2, TE3, TE4, TE5, TE6 in the northern boundary; TE6, TE12, TE1S,
TE24, TE30 in the eastern boundary; TE25, TE25, TE27, TE28, TE29, TE30 in
the southern boundary in the period from June 2014 to July 2015 (Figure
3(b)). The measured data will be interpolated along the boundary and the
chain computation time. Salinity boundary was used from the survey results at
a position distance of 1km to inland in 2014-2015. The salinity of study area
ranged from 32% - 33% during rising tide phase. Average salinity has not
changed much in years. Average salinity in the dry and rainy season is about
33 ppt. Hence the paper used constant values of salinity in the caculated time

series for each season.

4. Results and Discussion
4.1. The Calibration

The calibration parameters of model are conducted primarily by changes to the
hydraulic roughness and diffusion coefficient changes. This paper used measure
data at C1 position on June 19-26, 2014 and on December 18-26, 2014 for the
water level calibration, on December 18-26, 2014 for the temperature calibration
at TS1 and TS2 positions in the model. The results of water level calibration in
summer and winter are shown in Figure 4(a) and Figure 4(b). The results of
temperature calibration at TS1 and TS2 positions are shown in Figure 4(c) and
Figure 4(d). Figure 4(c) and Figure 4(d) showed that the variation tendency of
calculated temperature was decreasing at TSI position from 25.1 to 24.2 degree,
at TS2 position from above 25 to 24.1 degree. The results of water level calibra-
tion in summer and winter showed a high conformity about phase and water
level amplitude between calculated and observed data. By editing Nash-Sutclifee
criterion [18] we have the results of water level and temperature calibration
(Figure 4). It means that model was edited well with hydraulic parameters.
These parameters are used as the basic for validation model and thermal diffu-

sion process.

4.2. The Validation

Validation model was used water level data at C1 position in summer from Au-
gust 04-12, 2014 and in winter from December 03-11, 2014. Temperature valida-
tion was used observed temperature data at TS1 and TS2 positions from De-
cember 03-11, 2014. The results of water level validation at C1 position in sum-
mer and winter are shown in Figure 5(a) and Figure 5(b). The results of tem-
perature validation at TS1 and TS2 position are shown in Figure 5(c) and
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Figure 4. (a) The calculated and observed of water level calibration at C1 on June 19-26, 2014 with NASH = 0.82; (b) on Decem-
ber 18-26, 2014 with NASH = 0.85; (c) The calculated and observed of temperature calibration at TS1 position on December
18-26, 2014 with NASH = 0.76; (d) The calculated and observed of temperature calibration at TS2 position in winter on December

18-26, 2014 with NASH = 0.78.

Figure 5(d). The variation tendency of temperature validation at TS1 and TS2
positions showed that the simulated temperature involving a tendency was
smaller than observed temperature with the maximum peak error about 0.25
degree. The results revealed that in the validation case, the water lever between
calculated and observed have a high conformity about phase and water ampli-
tude with Nash-Sutcliffe criterion (Figure 5). The temperature process simula-
tions from calibration and validation model are not really coinciding with the
measurement process. The results of calibration and validation showed that the
observed line is quite undulating and the simulated line is quite smooth. How-
ever, there are quite similar about trajectories. According to analysis above, we
can use the parameters in calibration and validation process to apply for the
problem of calculating thermal diffusion from effluent cooling water of Ninh-

thuan-II nuclear power plant in Vinh Hai by using MIKE 21 FM model.

4.3. Development of Scenarios

The scenarios were built based on climate characteristics, the computational re-

quirements as follows:
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Figure 5. (a) The calculated and observed of water level validation at C1 position in summer on August 4-12, 2014 with NASH =
0.84; (b) The calculated and observed of water level validation at C1 position in winter on December 3-11, 2014 with NASH = 0.79;
(c) The calculated and observed of temperature validation at TS1 position in winter on December 3-11, 2014 with NASH = 0.72;
(d) The calculated and observed of temperature validation at TS2 position in winter on December 3-11, 2014 with NASH = 0.75.

Scenario 1, 2 (S1, S2): with the period time from 0 h 5/9/2014 to 0 h 19/09/
2014; regime of rising tide; velocity of flow is 5.1 m/s; temperature is 28.8°C; ef-
fluent cooling water temperature is 35.8°C; wind speed is 4.8 m/s; wind direction
is southwest.

Calculation results showed that the changes cycle of water temperature is
about 25 hours in the summer. This paper used tidal cycle from 7:00 pm on 8/9/
2014 to 8:00 pm on 9/9/2014 at falling tide to analyze the temperature’s change
cycle and determine the greatest impact area.

Calculation results of thermal diffusion by the effluent cooling water at Ninh-
thuan-II nuclear power plant in scenarios S1, S2 showed that the areas affected
by the effluent cooling water is very small; the region has a temperature greater
than 1°C ambient temperature about 0.114 km?* with distance from the outlet to
the south about 880 m and 290 m to the west in S1. Scenario S2 with dead tide
has an affected area about 0.072 km® with the distance from the outlet to the
North about 920 m and to the West about 160 m. Initially influenced by the

flow, hot water flow moves in southward. When there are southwest winds, ef-
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fluent cooling water gradually move to the Northeast, meet the flow, move closer
to the shore and temperature is decreased. A hot flow does not affect to the in-
take gate of plant. The maximum temperature field in S1 at 15:00 pm on 8/9/
2014 is shown in Figure 6(a). The maximum temperature field in S2 at 15:00 pm
on 9/9/2014 is shown in Figure 6(b). Finally, effluent thermal flow in two scena-
rios S1, S2 do not affect effluent cooling water intake area of the plant.

Scenario 3, 4 (W1, W2): with the period time from 0 h 5/11/2014 to 0 h
21/11/2014; regime of rising tide; velocity of flow is 5.1 m/s; temperature is
27.1°C; effluent cooling water temperature is 34.1°C; wind speed is 6 m/s; wind
direction is northeast.

Calculation results showed that the changes cycle of water temperature about
25 hours in the summer. This paper used tidal cycle from 23 h on 12/11/2014 to
0 h on 14/11/2014 at falling tide to analyze the temperature’s change cycle and

determine the greatest impact area.
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Figure 6. (a) The maximum temperature field in S1 scenario; (b)
The maximum temperature field in S2 scenario.
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Calculation results of thermal diffusion by the effluent cooling water at Ninh-
thuan-II nuclear power plant in scenarios W1, W2 showed that the area affected
by the effluent cooling water is very small; the region area has a temperature
greater than 1°C ambient temperature about 1.54 km* with distance from the
outlet to the north about 1950 m and 550 m to the west. Scenario W2 with dead
tide has an affected area about 1.68 km* with the distance from the outlet to the
North about 2450 m and to the West about 960 m. Initially influenced by the
northeast wind, hot water flow moves in southward. After flow affected by the
tide, it moves to Vinhhy bay again. The maximum temperature field in W1 at
2:00 am on 13/11/2014 showed in Figure 7(a). The maximum temperature field
in W2 at 19:00 pm on 13/11/2014 showed in Figure 7(b). Finally, effluent ther-
mal flow in two scenarios W1, W2 do not affect the intake effluent cooling water

area of the plant.
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Figure 7. (a) The maximum temperature field in W1 scenario; (b)
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4.4. Interpolated Calculated Results Follow Depth

There are not data measuring the depth of water temperature across the study
site. This paper used correlation between surface water temperature and water
temperature at a depth of —15 m at TS1 position to calculate the water tempera-
ture at a depth of —14 m in placement of intake and outlet of effluent cooling
water. Based on the measured data on water temperature at TS1 position on
9/2014, 10/2014-1/2015 and 4-5/2015, we built the relationship between surface
water temperature and water temperature at a depth of —15 m. This relationship
lines will be used to interpolate the water temperature at the effluent cooling

water outlet location in the above scenarios.

4.4.1. Application for S1 and S2 Scenario

The scenarios S1, S2 calculated for the period from on September 5-19, 2014.
Therefore, we can use the relationship between surface water temperature and
water temperature at a depth of —15 m measured on September 03, 2011 to in-
terpolate the water temperature at intake and outlet effluent cooling water at a
depth of —14 m for two scenarios S1 and S2 (Figure 8(a)). Mean square error is
0.743. It represents a good correlation so it can be used for the temperature in-
terpolation process at two positions intake and outlet of effluent cooling water.
The results of calculation in Figure 8 showed that in the surface layer and a
depth of —14 m in the summer thermal of Ninhthuan-II nuclear power plant
only ranged from 24.8°C to 27.5°C at the intake and 23.8°C - 26.8°C at the outlet.

It does not affect the taking effluent cooling water of plant.

4.4.2. Application for W1 and W2 Scenario

The scenarios W1, W2 calculated for the period on November 5-21, 2014.
Therefore, we can use the relationship between surface water temperature and
water temperature at a depth of —15 m measured on October 9, 2014 to Novem-
ber 15, 2015 to interpolate the water temperature at intake and outlet effluent
cooling water at a depth of —14 m for two scenarios W1 and W2 (Figure 8(b)).
Mean square error is 0.983. It indicates a very good correlation so it can be used
for the temperature interpolation process at two positions intake and outlet of
effluent cooling water in above two scenarios W1, W2. The results of calculation
showed that the surface layer and a depth layer of —14 m in the summer thermal
of Ninhthuan-II nuclear power plant only ranged from 25.8°C to 26.5°C at the
intake and 25.7°C - 27.3°C at the outlet. It does not affect the taking effluent

cooling water of factory.

4.5. Impact Assessment of Effluent Cooling Water on
Environmental and Ecological System

It is now generally acknowledged that coral reefs are among the most threatened
global ecosystems, and among the most vital [19] [20] [21] [22] [23]. Reefs are of
critical importance to human survival because they provide subsistence food for

a substantial portion of the population, serve as the principle coastal protection
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Figure 8. (a) Correlation between surface water temperature and wa-
ter temperature at a depth layer of —15 m on September 2011; (b)
Correlation between surface water temperature and water temperature
at a depth layer of —15 m on November 2011 to January 2012.

structures for most tropical islands, and contribute major income and foreign
exchange earnings from tourism [24] [25]. The field survey in this place the
most notable is the coral reefs in Thai An about 200 ha wide area. Outside the
region has a sand and coral (65% sand, 35% coral), inside region is the dead cor-
al areas account for 60%, 40% living coral. Oviparity of turtle beaches concen-
trated in the northern of the plant from Mong Tay to Ngang beach and sea turtle
conservation concentrated in the southern (Figure 9).

The condition of marine life depends on: water level and water level fluctua-
tions, flow rate, water clarity, salinity, etc. In fact, biological living in the water
affected by many environmental factors such as: light, temperature, pH, dis-
solved oxygen, CO,, etc. The environmental factors impact on the organism liv-
ing referred to as the ecological factors. Each organism can only withstand the
impact of a certain limit of a factor, called ecological limitation. Each species has
own ecological threshold so they are distributed in the areas of climate (temper-
ature) characteristics. The distribution is often limited by the condition above
and below the range polarization lead to decrease of growth and reproductive or
increase mortality level of the species. Water temperature conditions outside the
range polarization usually have a relationship with other factors (humidity, dis-
solved oxygen concentration, the solubility of the substance, etc.); create the ag-

gregate impact on the organisms.
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Figure 9. A combination map between ecosystem and results of model.

According to the biological characteristics of coral reefs temperature for normal
development is about 20°C - 32°C. When the water temperature is higher than
2°C, over 29°C exceeding 1 - 2 weeks, corals will start exhausted and dead. The
sex of sea turtles depends greatly on the environmental temperature. Specifically,
when the high around environmental temperature sea turtle eggs will be hatched
females, while low temperature will be hatched males. If the ambient tempera-
ture increased about 4°C, all eggs will be hatched females. This gender will be
imbalance and lead to the extinction of sea turtles species. The simulation results
of the scenarios showed that the effluent thermal water from Ninhthuan-II nuc-
lear power plant has the trajectories moving to North and it does not affect the
intake gate and sea turtle beach. Area of higher temperature 1°C is quite small,
non-pollution thermal for the study area. According to the National Technical
Regulation on industrial wastewater quality NTR 40:2011/MONRE, the maxi-
mum limitation value allow of the industrial wastewater temperature is 40°C.
Finally, the impact of cooling water discharges of Ninh Thuan-II nuclear power
plant does not affect large environment and within the permissible limits. The
results of the thermal diffusion simulation combined the model and ecosystem

maps give us an overview of the impact to the Ninh Thuan ecosystem.

5. Conclusion

The affected areas by the effluent cooling water in four simulation scenarios are
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very small, ranging about 0.072 - 1.68 km?’, the largest incidence about 2450 m in
the North, 880 m in the South, 960 m in the West. It does not affect the intake
gate of plant. In addition, this paper also builds the relationships between surface
water temperature and the water temperature at a depth of —15 m to calculate
the water temperature at intake and outlet at a depth of —14 m. The combination
between this results and results of MIKE 21 FM model can assess the magnitude
of effluent cooling water to the environmental and marine ecosystem. The in-
fluence area and temperature of effluent cooling water do not affect the coral

reefs area in the North and sea turtle conservation in the southern of the plant.
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Abstract: The origin and quality of groundwater in the Southeastern region (belongs to Southern Plain) were identified by using
isotopic techniques and geochemical analysis. Groundwater samples were collected from 7 aquifers: the Holocene, upper Pleistocene,
middle Pleistocene, lower Pleistocene, upper Pliocene, middle Pliocene and Miocene aquifers. The water isotopic compositions (5°H
and 5'%0) were determined to elucidate the origin and the interaction between surface water and groundwater studies. Transit time
(age) of the groundwater samples was determined to explain the direction of groundwater flow. The dating techniques included *H
and '*C isotopes measurement, followed by a correction for the initial *C-activity by the *C-composition (**C) in TDIC (Total
Dissolved Inorganic Carbon). Geochemical parameters of the groundwater samples were measured either directly in the field or in
the laboratory. The results showed that the groundwater from the Holocene and upper Pleistocene aquifers was most recharged from
the local meteorological and hydrological systems, including local precipitation, river and reservoirs. Thus, it has short transit time
and its stable isotopic composition is spread around the local meteoric waterline and lines for rivers or reservoirs water. The
groundwater in the deeper aquifers: middle and lower Pleistocene, and Neogene aquifers has old age up to 22.5 ka BP. Its water
seems to be recharged from the areas with an altitude from 600 to 700 m higher to the Neogene deposit layer altitude. The
groundwater in the SE SP (South-Eastern Southern Plain) region has a high quality. The water type is Na-Ca-Mg-HCO; with low
content of chloride and TDS (Total Dissolved Solids). Calcite/dolomite and gypsum dissolution, organic matter decomposition and
sequence of red-ox reactions proceeding through different electron acceptors sediment were controlled the chemistry of the
groundwater in the study region.

Key words: Water isotopic composition, '*C-dating, groundwater, South-Eastern Southern Plain region, Vietnam.

1. Introduction' There was a study on groundwater in the Mekong

. River Delta, the western region of the SP, using stable
There were two contrary hypotheses on the genesis . . .
X ) water isotopes and dating the water by the radiocarbon
of groundwater resource in the SP (Southern Plain). . .
. method to determine possible recharge areas to
Based on the results of a study conducted during the

1980’s, Cuong, N. K. [1] and his co-workers

concluded that the artesian groundwater in the SP is

aquifers in this region. The results of the study
indicate that groundwater in the study area is

) ) . . recharged from areas at an altitude of around 170 m
paleo-type, being closely-buried since the Plain was
. above the mean sea level. The recharge areas could be
formed and this water has no recharge. However, there ) ] ,
. o the northeast highland, i.e. the Highland Plateau
was another hypothesis that the origin of groundwater . .
) - and/or the Cambodian territory [3].
in the SP was recharged from the precipitation and ] ) ) ] ) ) )
. The aim of this study is to investigate in details the
surface sources with a very slow rate [2]. . .
origin and quality of groundwater from the most

Corresponding author: Chau Tran Vinh, master, research important aquifers in the northeast region of the SP.
field: hydrogeology.
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The techniques used in this study include the
determination of water stable isotopic compositions
(8°H and 8'*0) and chemical compositions in different
sources of water, namely local precipitation, rivers
water and groundwater. Water stable isotopic content in
conjunction with water ionic content can be used to
identify  the

stalinization, desalination and mixing processes that

groundwater  origin, evaporation,
affect water bodies [4]. In addition, the use of
radioactive isotopes of minerals dissolved in water, e.g.
"C in the TDIC (Total Dissolved Inorganic Carbon) to
date groundwater samples, could offer an idea about
the movement direction of groundwater and the

interaction between aquifers in the study region [5].
2. Study Site

The study site was the northeast region of the
Southern Plain of Vietnam which consists of Ho Chi
Minh municipality and Tay Ninh, Binh Phuoc, Binh
Duong, Dong Nai and Ba Ria-Vung Tau provinces.
Nowadays, these areas are very actively developed in
both agricultural and industrial activities. Water for
domestic use and production is now extracted from

groundwater from deep aquifers [6].
2.1 Climate in the Region

The climate in the region is dominated by
monsoons. The climate characteristics in this area are:
The southwest monsoon usually continues in force
until November, with rains occurring almost daily
during this season [7]; Rainfall during the southwest
monsoon is usually about 1,750 mm a year;
Temperatures are high everywhere in the region
during this season and usually are above 26 °C;
During the period, November to March, the weather in
the region is generally dry and relatively cool; The
monthly average rainfall and temperature during the

dry season is about 30 mm and 23-24 °C, respectively.
2.2 Geology and Hydrogeology of the Region

The entire SP is one of the 5 geologic structural

blocks which created the terrestrial Vietnam. The
northeast and northwest blocks are located in the
northern part; Truong Son and Kon Tum blocks are in
the central part; and SP block is in the southernmost
part. The SP block was covered with a very thick (>
6,000 m) sequence of Cenozoic formations deposited
in a continental drift. A hydrogeological cross-section
the transect II-II of the SENB
(Southeastern of Nam Bo Plain) region is depicted in
Figs. la and 1b.

During the Mesozoic, many such graben structures

drawn across

were formed and become basins for sedimentation [8,
9]. The Neogene and upper Paleogene are the main
deposits found in the SP geologic block and they
belong to the deltaic and marine sediment while
basalts are found in the SE SP (South-Eastern
Southern Plain) region. Table 1 shows the geological
characteristics and aquifers of the entire SP and the SE
SP region [10, 11].

2.3 Hydrology

The hydrologic regime of the SE region is dominated
by the Sai Gon-Dong Nai River system (Fig. 1c). The
Dong Nai mainstream has a length of 628 kilometers
and it creates a 37,500 km® basin. The total reservoir
storage capacity in the Dong Nai River basin is 5.1
billion m’ [12]. The Sai Gon River basin has an area of
4,500 km® in which the water storage capacity was
estimated to be around 6 MCMs (Million Cubic Meters)
[11].

The largest irrigation system in the Sai Gon-Dong
Nai River basin is the Dau Tieng irrigation scheme on
the Sai Gon River that was completed in 1985. The Dau
Tieng reservoir has an effective live storage of 1.1
billion m® and a maximum surface area of 27,000 ha.
Its volume is 105 million m’ to supply water for
irrigation and clean water in the Tay Ninh province and
Ho Chi Minh city. The lake also contributes to pushing
back the salinity because it frequently discharges water
to the downstream of Sai Gon River with the discharge
of 20 m’/s.
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Fig. 1a Diagram of across sections of the Southern Plain.
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Fig. 1b A cross-section II-II of the aquifers of the Southern Plain.
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Table 1 Geological characteristics and aquifers in the SP and SE SP region.

. Absolute dating . . .
Stratigraphy |System Age Symbol (Million years ago) Aquifer |Thickness (m) |Lithology
3
Upper Q 0.002
Q. Flour, fine sand clay
Hol h 2-25 i ’
OO I Middle 0.006 q plant humus
Q"
Quaternary Lower 0.01
Q° ap3 21-44 Sand, pebble, gravel and
Upper 0.125 clay powder
Pleistocen 23 Pebble, gravel, sand and
Middie |2 0.7 P23 (30-60 clay
Lower |Q;' 1.8 qp: 22-60 Sand, pebble and gravel
Kainozoi Upper  |N,? 2.58
Middle |N,2 36 n 35-78 Fine sand and pebble,
Pliocen sand and clay powder
Sand, pebble, gravel,
Lower [N,! 5.33 n,! 56-85 sand mixed with clay
powder
Neogen Pebble, gravel, sand
U N, 11 n 45-90 mixed with pebble, fine
pper sand
Miocen :
_ N> (164 0 [190-196 Fine sand, weakly
Middle attached medium sand
Lower [N;! 23.8
1:“' i -—-:‘L.--"
2.
e I
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Fig. 1c Map of Dong Nai-Sai Gon River basin.
3. Methods
3.1 Sampling Locations and Sampling Procedure

Fig. 1d depicts a map of sampling locations. Totally,
39 groundwater samples were sampled in the dry

season (Mar. 2015) and rainy season (Aug. 2016) for
this study. The samples were taken from 7 aquifers:
(he), upper (qps3), middle
Pleistocene (qp..3), lower Pleistocene (qp;), upper

Holocene Pleistocene

Pliocene (n,%), middle Pliocene (n,') and Miocene (n;°).
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Fig. 1d Isotopic sampling sites in the South East region.

The water level of the aquifers in each sampling
location was measured using an automatic logger
(Solite, Canada). Five borehole volumes were flushed
before taking the samples. A flow cell equipped with
probes for pH and EC (Electrical Conductivity) was
mounted directly on the sampling tube. During
flushing, the EC, pH and temperature were determined
after each emptied borehole volume to ensure that
stable values were obtained. The measurements were
carried out with a WTW Multil97i multi-purpose
instrument using a WTW Tetracon 96 EC probe, a
WTW SenTix 41 pH electrode.

Alkalinity was determined shortly after sampling by
the Gran-titration method [13]. DIC (Dissolved
Inorganic Carbon) is used to determine the content of
BC and "C needed for the radiocarbon dating of
groundwater. DIC was precipitated in the form of
BaCO; from around 100 liters of groundwater at pH
10 using saturated BaCl, solution. Ferrous ion

. D4y - .
concentration (Fe”") in water samples was determined

by colorimetry using a HachDR/2010 instrument and
Ferrozine method [14].

Around 100 mL of groundwater of each sample was
first filtered through 0.45 m mesh filters to remove
suspended matters then split into two parts. One part
was acidified with HNO; (65%, PA grade, Merck,
Germany) to a pH of about 1-2. These samples will be
used to analize the cations NH,", Na', K, Ca®" and
Mg%. The remaining part was kept without
acidification for CI', NO;™ and SO42' analysis. All the
samples were refrigerated until analysis in the
laboratory.

Rain water was collected on a monthly basis for the
2015 and 2016 using a device constructed following
an [AEA (International Atomic Energy Agency)
recommendation [15]. The device was installed at the
roof of the premises of the Dau Tieng Reservoir
Management Office. Surface water from the Dau
Tieng, Tri An reservoirs, from Sai Gon and Dong Nai
rivers was also sampled on a monthly basis in the
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same day when the rain water was collected. The
surface water sample was taken at 0.5 m depth from
the surface and around 2 m from the bank of the
reservoirs and rivers. Rain water, surface water and
groundwater samples for the stable isotopic
composition determination were stored in HDPE
(High-Density Polyethylene) bottles of 50 mL
capacity with double caps.

For the tritium determination, one liter of surface
water and groundwater in the Holocene and upper
Pleistocene aquifers was sampled into HDPE bottle
with a tight cap to avoid the isotopic exchange with
the atmospheric moisture. The samples were
transferred to the laboratory in Hanoi for further

treatment and measurement for tritium activity.

3.2 Sample

Analytical Procedure

Treatment in the Laboratory and

The ionic content of water samples was quantified
by ion chromatography using a Dionex 600 of the
INST (Institute for Nuclear Science and Technology)
in Hanoi. Stable isotopes (5°H, 5'°0 and “C) were
analyzed at the INST on an IR MS (Isotope Ratio
Mass-Spectrometer, Micro Mass, JV, UK) equipped
with an Elemental Analyzer (Eurovector, Italy). To
determine deuterium composition in water, the
samples were under pyrolysis on Ni-powder catalyst
at 1,050 °C to form hydrogen, followed by a
purification on a chromatographic column before
entering the ion source of the IR MS. The water
oxygen was first converted into CO, gas by
decomposing the water samples on glassy carbon at
1,250 °C, followed by a chromatographic purification
of CO, gas before its entering the ion source of the IR
MS.

Upon the arrival to the laboratory, the Barium
carbonates were carefully washed off with hot
deionized water to remove the alkaline excesses then
dried under a vacuum. The dried carbonate samples
with an amount of around 100 mg were then wrapped
in tin capsules and subject to decomposing at 1,250 °C

on the CuQ, catalyst in the Elemental Analyzer. The
formed CO, was then allowed passing through a
chromatographic column to remove any contaminant
before entering the ion source of the IR MS for the °C
content determination. The water stable isotopic
composition and "*C content in DIC was expressed in
the delta notation as Egs. (1)-(3).

52H — <R2H,sample _

2H,std

1) x1000 (1)

R180,std

R
5180 = (M - 1) x 1000 )

R
§13¢C = (M - 1) x1000  (3)

R13C,std
Where RZH,sample ? RZH,std ? R180,sample 2 R180,std 2
Ri3¢ gampie and R, are the isotopic ratios of

ZH/IH, 180/160, Be/Me of samples and standards,
respectively. The value of delta notation is expressed
in per mil (%o). The standard used in the analyses of
water stable isotopes is VSMOW (Vienna Standard of
Mean Ocean Water), but that for C in DIC is VPDB
(Vienna Pee Dee Belemnite) [16].

The precision of §°H was better than + 2% and that
of 8'%0 and °C was + 0.2%o. A quality assurance and
quality control program was applied for the ionic
content determination by analyzing standard solutions
supplied by the IC (Ion Chromatography) supplier.
The standard deviation of the analytical results was
better than =+ 5% from the certified value for
respective constituent.

For the trititum measurement, the water samples
were first subject to distillation to remove the minerals
dissolved till the EC was less than 10 S-cm™. Around
500 mL of the distilled water samples were then
subject to the electrolytic enrichment for tritium at 4
°C till around 10 mL was attained [17, 18]. The
tritium enriched water samples were purified and then
mixed with low tritium Ultimagold scintillation
cocktail (HP Supplier) in vials of 20 mL capacity to
count for the *H activity on a low background HP
Liquid Scintillation Counter TriCarb TR 3700. The *H
activity in water samples was expressed in the TU
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(Tritium Unit, 1 TU = 0.118 Bq-L™"). The limit of
detection for *H by the procedure was estimated to be
as high as 0.4 TU. The accuracy of the determination
was checked by the participation in the
intercomparison exercises of the TRI-2004 and
TRI-2008, organized by the IAEA Isotope Hydrology
Section in the years of 2004 and 2008 [19, 20].

The '*C analysis was conducted in the Center for
Nuclear Techniques in Ho Chi Minh city. There the
BaCO; was decomposed with the concentrated H;PO4
(PA grade, Merck supplier) to get CO, for further
benzene synthesis [21-24]. The benzene obtained was
mixed with Ultimagold scintillation cocktail (HP
Supplier) and then counted for the '“C activity on the
HP LSC TriCarb TR 3770. The *C content in samples
was expressed in PMC (Percent of Modern Carbon).
This is a relative measurement of '*C activity in
samples and those in a standard supplied by the NIST
(National Institute of Standards and Technology,
USA). The '*C NIST standard used in this study was
oxalic acid II (ox-II), made from French beet molasses
planted in 1977 [25].

3.3 Groundwater Transit Time (the Age) Estimation

Age of groundwater is defined as the transit time
between the area receiving recharged infiltration and
the outlet point from an aquifer [26]. The aim of the
age determination is to evaluate the flow direction of
water in an aquifer. The groundwater age calculation
was made based on the data of '*C activity and "°C in
the DIC. The principle of the '*C-dating method was
the law of radioactive decay and in the case of dating
for groundwater. It was expressed by the Eq. (4).

g = 82681n%x @BP) (4
where '*t denotes the age, in years before present (a
BP) of a groundwater sample estimated by the '*C
activity in DIC; the number 8268 is the quotient of the
half live of "*C-isotope (5,730 a) to In2; “a) s the
initial content of '*C in DIC before entering the

14 )
saturated zone (PMC), and Aample  1s the Hc

content (PMC) in DIC of the sample.

The estimation of the age of groundwater by the Eq.
(4) requires corrections for the l4ai0n because before
entering the saturated zone, carbon in the bicarbonate
would participate in the isotopic exchange with carbon
in the biogenic CO, released from the plant root
respiration on one hand, and there a new portion of
bicarbonate could be formed due to the oxidation of
organic matters or dissolution of inorganic carbonates
presented in the unsaturated zone, on the other hand.
All these processes could modify the value of 14ai°n.
The correction of an isotope mixing model referred to
as complete exchange with CO, in the unsaturated
zone proposed by Gonfiantini, R. [16, 27] for a closed
system was applied as Eq. (5).

14 0 _ 883Cprc—8"3Ccc
ain =

®)

8"3Ccoy 5rg~ 83 Cect £coq/pIC
where 813CDIC, 813CCC and 613C0rg are the content of
C, respectively, in dissolved inorganic carbon in a
water sample, in calcareous materials and in biogenic
dioxide originated from the decomposition of organic
matters; &.,pic 1S the fractionation coefficient for
C in the isotopic exchange reaction between carbon
dioxide and DIC and is temperature dependent [4, 28].

9483
€co,/DIC = (— - + 23.89) %o (6)

where T is the temperature of water sample in Kelvin.
In the study area, the 813CCC was found to be
ranging from 1%o to 2%o and the average value of 1.5%o

was taken in the correction for the 143?11 . The

513CCO in Eq. (5) was taken as high as -23%. as it

is characterized for carbon dioxide generated from the
C-3 plants in the tropical areas. Detail for the
procedure of '*a?
Fontes, J. C. and Garnier, J. M. [29, 30]. The data of

the *H activity were used just to confirm whether the

calculation could be found in

study water sample was old or modern.
4. Results

Concentration of major ionic constituents of
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groundwater samples taken in Mar. 2015 (DS, dry
season) and in Aug. 2016 (RS, rainy season) from the
Holocene, Pleistocene and Neogene aquifers in the SE
SP region were presented in Table 1 along with the
sampling locations. The isotopic composition of
deuterium (8°H), oxygen-18 (5'%0) as well as tritium
activity in water, and the content of °C and '*C in
DIC were presented in Table 2.

As seen from Tables 2 and 3, the deviation of the
results for the RS is not exceeded 5-7% compared to
those collected in the DS. Therefore, for more
convenient discussion, the results presented in Figs.
2-9 will represent for the dry season only.
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4.1 Isotopic Composition of Water in the Aquifers

As seen from Table 2, the tritium activity in
groundwater from the upper Pleistocene aquifer was
comparable with those in surface water ranging from
1.0 to 2.0 TU (Table 2). However, the tritium content
in groundwater from the middle and lower Pleistocene,
and Neogene aquifers was lower than 1 TU, being the
level of tritium originated from the reaction of the
cosmic neutron with nitrogen in the soil [31]. Water in
the

concentration around the detection limit of 0.4 TU of

lower Neogene aquifer contains a tritium

the determination technique.

Table 2 The isotopic composition of groundwater in the aquifer of the Southeast region (dry season).

N°  Number of works Y (m) X (m) Aquifer 3'%0 &H *H 8" Cppg (%0)  PMC (%)

1 Q00102AM1 1,252,160 644,840 qp; -6.09+£0.08 -404+14 1.73+046 -1482+022 101.55+1.97
2 QO0102F 1,238,343 625335  qps -6.54+0.06 -409+12 126+0.12 -13.61+£021 102.71 +1.83
3 Q023020M1 1,219,729 648,145  qps 6.26+0.05 -392+1.1 1.02+046 -12.91+028 103.2+1.12
4 Q02304TM1 1,219,729 648,145 qp, 7.18+0.1 -463+1.1 0.13+£0.22 -18.57+0.27 84.7+13

5 Q02304ZM1 1,219,729 648,145 n,' 745+0.08 -49.6+12 034+02 -20.09+031 47.76+2.56
6 Q023050M1 1,219,729 648,145 n, 7.61+0.11 -50+1.1 0.11+0.34 -21.85+031 44.08+2.3

7 Q09902B 1,220,156 666,294  qp; 6.72+0.1 -429+15 1.07+0.12 -1545+026 99.07+1.97
8 Q220027 1,282,519 607,650 qp,;  -6.48+0.12 -437+12 1.19+031 -16.03+031 111.52+1.89
9 Q220040M1 1,282,534 607,647 qp; 6.85+0.07 -447+1 0.83+0.34 -2333+0.42 96.92+1.21
10 Q220050M1 1,282,538 607,646 n,' 7.81+0.11 -528+0.9 0.16+0.31 -1922+03  44.43+2.76
11 Q221020 1,250,383 618,306  qps 6.24+0.09 -41.7+12 1.68+022 -185+0.38  100.78 +2.07
12 Q22104T 1,250,380 618,299 qp, 7.48+0.12 -50.1+1.5 0.33+0.22 -17.74+0.34 87.24+1.05
13 Q22104Z 1,250,381 618,293 n,’ 7.68+0.09 -51.9+13 -0.32+023 -1645+031 43.32+2.52
14 Q222020 1,245,779 604,715  qps 6.93+0.14 -44.1+0.8 0.96+021 -12.72+03  102.59 + 1.82
15 Q222040 1,245,789 604,715 n,’ 742+0.11 -47.1+£14 005+021 -173+£033  593+143
16 Q222050 1,245,795 604,714 n, 7.08+0.13 -455+£13 0.69+029 -1893+025 95.71+1.06
17 Q222030 1,245,787 604,714 qp,;  -6.87+0.08 -44+12 0.84+026 -13.19+034 96.05+ 122
18 Q224020 1,228,842 676,587 qp;  -6.6+0.14 -432+13 1.79+0.12 -1457+025 105.04+1.37
19 Q22404T 1,228,847 676,586 n,’ 724+0.11 -46.6+1.1 037+031 -21.07+04  90.4+1.29
20 Q804020 1,215,192 664,143  qps 6.69+0.12 -392+13 1.28+0.18 -63+04 109.85 + 3.7
21 Q80404T 1,215,188 664,143 n,’ 6.81+0.09 -45+1.5 025+027 -2034+027 74.01+2.19
22 Q80404ZM1 1,215,188 664,143 n,' 724+0.12 -48.6+3.4 -0.11+0.12 -20.45+0.24 34.06+2.53
23 Q00202B 1214366 679,494 qp,;  -6.74+£0.08 -47.1£08 09+0.1  -1579+03  95.88+1.02
24 Q00204A 1,214,360 679,461 qp, -6.76+0.13 -46.9+1.3 0.13+0.28 -2027+0.52 87.72+1.21
25 Q017030M1 1,203,494 679,968  qp; 6.7+0.11 -448+08 0.24+0.19 -15.92+027 90.07+1.02
26 Q003340 1,200,775 670,715 qp;  -6.86+£0.09 -433+13 0.39+0.18 -1929+034 9235+0.83
27  KTI-A 1,239,796 659,608 n, 68+0.13 -473+12 042+0.14 -19.03+04  88.7+0.95
28 KTI-B 1,239,796 659,608 qp.;  -6.09+0.06 -39.9+1 0.92+0.15 -12.68+0.28 98.05+1.91
29 KT9-1-A 1,240,146 659,375 qp; -6.78+0.08 -45.1+12 0.81+028 -16.76+0.28 97.85+ 1.69

#553Cppp (%o0): Deviation of isotopic 8°C in comparison with calcareous samples of the Pee-Dee-Belemnite Formation (Cppg) in
P p p

South Carolina (USA).
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Table 3 The isotopic composition of groundwater in the aquifers of the Southeast region (rainy season).
N°  Number of works X (m) Y (m) Aquifer §"%0 &°H *H 513CVPDB (%0) PMC (%)
1 Q00102AM1 1,252,160 644,840  qps -581+0.07 -42.2+1.1 093+£0.22 -12.09+£0.43  109.14 +£2.03
2 QO00102F 1,238,343 625,335  qps -6.41+0.14 -43.9+1.3 1.02+032 -11.39+£0.28 101.54+1.82
3 Q023020M1 1,219,729 648,145  qps -63+£0.1 -39.7+12 0.79+£0.11 -13.31+£0.34 106.11+1.14
4 Q02304TM1 1,219,729 648,145 qp; -7.11+0.13 -47.7+1.5 -0.12+0.18 -19.63 = 0.41 85.18 +1.32
5 Q02304ZM1 1,219,729 648,145 ' -744+0.08 -48.4+1.1 -0.58+0.18 -20.41+£0.52 4822+ 1.1
6 Q023050M1 1,219,729 648,145 n -7.51+0.09 -49.1+1.2 0.06+024 -22.17+£0.29 44.62=+1.16
7 Q09902B 1,220,156 666,294  qps -6.78+0.13 -442+0.8 1.18+0.22 -13.66+0.47 103.07+2
8 Q220027 1,282,519 607,650  qpy; -6.9+0.1 -451+15 0.88+0.18 -16.5+0.24 103.42 +1.84
9 Q220040M1 1,282,534 607,647 qp, -7+0.11 -455+09 055+£0.24 -19.89+0.37 95.69+1.2
10 Q220050M1 1,282,538 607,646 ' -7.72+0.12 -51.6 £0.9 -0.05+0.23 -18.89+0.41 4521+1.28
11 Q221020 1,250,383 618,306 qps -6.34+0.09 -40.4+1.5 1.24+0.18 -19.23+£0.27 102.07 +£2.08
12 Q22104T 1,250,380 618,299 qp; -731+0.1 -49.1+12 0.14+£021 -19.64+0.49 86.58+1.5
13 Q221047 1,250,381 618,293  n,’ -7.71+0.15 -51.5+1.1 0.02+0.18 -21.07+0.33 42.8+1.16
14 Q222020 1,245,779 604,715  qps -6.76+0.07 -46+14 1.21+0.13 -10.71£0.38  105.05+1.83
15 Q222040 1,245,789 604,715  ny’ -7.62+0.13 -499+ 1.1 -0.15+0.29 -13.51+0.42 6.13+0.86
16 Q222050 1,245,795 604,714 n -7.14+0.1 -442+1.1 0.13+£0.19 -20.11£0.34  90.24 +0.69
17 Q222030 1,245,787 604,714  qpa; -7.02+0.15 -454+1 095+£0.13 -11.48+0.51 98.24+1.23
18 Q224020 1,228,842 676,587  qpas -6.83+0.14 -443+14 1.06+£0.19 -14.14+0.29 101.04+£1.35
19 Q22404T 1,228,847 676,586 > -7.13+0.07 -46.7+ 1.5 -0.19+0.15 -20.73£0.29  91.02+1.29
20 Q804020 1,215,192 664,143  qps -6.18+0.13 -384+1.2 1.12+0.24 -7.09+0.33 101.93 +2.91
21 Q80404T 1,215,188 664,143  n)’ -7.08 +0.08 -45.7+1.4 0.17+0.22 -19.8+0.47 73.51 £2.87
22 Q80404ZM1 1,215,188 664,143 ' -7.27+0.12 -48.7+0.9 0.07+0.3 -22.11+£041 32.74+1.82
23 Q00202B 1,214,366 679,494  qpy; -6.92+0.09 -46.5+1.1 1+0.14 -15.02+£0.51 96.63£1.32
24 Q00204A 1,214,360 679,461 qp, -7.18+0.11 -46.8+1 0.25+0.33 -18.93+0.25 86.7+1.08
25 Q017030M1 1,203,494 679,968 qp, -6.92+0.07 -46.7+1.4 0.11+£0.09 -17.01+0.84 89.09+1.34
26 Q003340 1,200,775 670,715  qgpas -6.54+0.08 -43+1.5 0.6+021 -19.83+0.34 92.84+1.25
27 KT1-A 1,239,796 659,608  n,’ -6.96+0.1 -451+14 031+£0.19 -17.74£0.29 8825+1.26
28 KTI1-B 1,239,796 659,608  qps.3 -6.39+0.07 -409+1.2 0.58+0.21 -11.73+0.3 77.36 £5.97
29 KT9-1-A 1,240,146 659,375 qp, -6.7+0.09 -44+15 0.66+0.17 -18.04+0.25 96.87+2.01
30 LKC3-gpl 1,253,153 677,683 qp -476+0.11 -37.6+1.2 0.71+£0.16 -17.29+0.38  98.05+ 1.9
31 LKC3-n22 1,253,153 677,683 0y -541+0.1 -39.1+09 0.52+£0.19 -12.32+0.3 96.77+ 1.4

This finding in association with the results of the
C activity in DIC measurement for water in the
upper Pleistocene aquifers (Table 2) reflected a fact
that groundwater in these aquifers is modern and that
it probably is continuously recharged from the surface
water sources. In contrast, groundwater in the deeper
aquifers did not receive recent recharge, therefore, it
was of older ages, up to 22.5 ka (Table 2).

Fig. 2a depicts the isotopic composition in all kinds
of water: the local precipitation (RMWL—Regional
Meteoric Water Line), river’s water, water from
reservoirs and groundwater from all the study aquifers
that was determined during the DS (Mar. 2015) in the
SENB region. Fig. 2b shows an extract of the Fig. 2a

to demonstrate more clearly the position of the
isotopic composition in groundwater in relation to the
composition of the surface water.

As seen from Fig. 2a, the line for the local
precipitation (RMWL) follows a model described by
Eq. (7).

86%H = 6.71x 680 + 4.96 (R* = 0.99) (7)

The slope and intercept of the RMWL in the SENB
region (Eq. (7)) are somewhat differed from those of
the Global Meteoric Water Line of, respectively, 8 and
10 [32] due to the kinetic effect during the
precipitation in the tropical regions where atmospheric
temperature and humidity are usually high [5].

From Fig. 2b, the groundwater in the upper and
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Fig. 2 The isotopic composition in all kinds of water with full scale (a) and an extract (b) from (a) for a more clearly
demonstrating the position of isotopic content in groundwater samples in relation to the position of surface water.

middle Pleistocene (qps and qp,™) aquifers appears to
be recharged from the surface sources, e.g. the local
precipitation, from rivers or reservoirs because its
isotopic composition was spread around the RMWL
or the line of the surface water and it is modern by the
C-age of around 104-105 PMC (Table 2). On the
other hand, water in the rest aquifers (qp;, n22, nzl and
n;’) seems to be paleo-water as its isotopic

composition is deviated from those of the RMWL (Fig.

2b) and its '*C-age was relatively old. Here, the
paleo-water must be understood as groundwater
having an elevated transit time (age), up to thousands

years, but not like the definition made by Edmunds, W.

M. [33] that paleo-water is the groundwater which is
originated in the colder climatic conditions of the late
Pleistocene. The '*C-age of groundwater in the gp,’,
qp1, nzz, nzl and n13 aquifers in this study was found to
range from 250 a (Q220040M1: qp;) to 22.5 ka
(Q222040: gp,?) (Table 2).

4.2 Chemistry of Groundwater

Groundwater in all the studied aquifers is fresh,
containing low concentrations of CI” (< 100 mg-L™)
and SO, (< 80 mgL™), and low content of TDS
(Total Dissolved Solids) (< 340 mg-L™). Fig. 3 depicts
the distribution of the major electron-donor and
acceptor ions with the depth of aquifers.

A calculation of the SI (Saturation Index) for calcite,
dolomite and gypsum based on the pH and
concentrations of Ca2+, Mg2+, HCO;™ and SO42' in the
samples (Table 1) showed that at the prevailing
temperature of 25-30 °C in the aquifers, the three
minerals are dissolving, as the Sl < 0 and Sigy < 0,
Slgyp < 0 (results not shown here).

The chemical types of water in the study aquifers
were identified by construction of Piper diagram
based on the content of major cations of Na’, K, Ca2+,
Mg2+ and anions of CI, HCO; and SO42' in water.
The diagram was presented in Fig. 4 representing for
the Na-Ca-HCO; fresh water type for all the studied
water samples.

In the aquifers, the following chemical reactions
could be expected.

Decomposition of organic matters in the aquifers by
enzymes:

4CH,0 + 2H,0 — CH3COOH +
HCOOH + 3H, + CO, 1)

In the degradation (reaction (1)), nitrogen as one of
the constituents of organic matters will be released as
ammonia (NH;"). On the other hand, organic matters
in the aquifer sediment will reduce Fe-oxide, and
might be goethite and sulphate as reaction (2):

CH,O + 6F¢(OH), + 7H" — 6Fe*" +
HCO;5 + 6H,0 2)



Genesis and Quality of Groundwater in tﬁ(,5$1outheastern Region of Southern Vietham 287

0 '—WITI
¢ *0
- -50 -1 ‘ ‘
2 *% .
T -100 ¢
L 2
< 2
s 150 4
()]
[
-200 - *
250
(a)
[SO,%], mg-L?
0 10 20 30
0 -
fi.' oes |
50 {9
iy [ )
k] '
£ -1004{°®®
< °
é; -150 4
200 { o
-250 -
(c)

[NO3_]f mg'L—l

-50 A oo
®
ol ®
-100 4 o o
b o
-150
-200 °
250
(b)
[FeZ*], mg-L?
0 50 100
O l. 1

-50

-100

-150

-200

-250
(d)

Fig. 3 The distribution of major electron-donor (Fe?*) and acceptors (pH, SO,* and NO3) along the depth of aquifer.
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Fig. 4 A Piper diagram showing a Na-Ca-HCOj; fresh
water type of groundwater in the SENB region.

2CH,0 + SO,> — HS +2HCOy +H' (3)

Ferrous ions formed in the reaction (2) could

precipitate with sulfide from the reaction (3) in the

form of pyrite (FeS,). Sulphate ions in the reaction (3)
could be formed from the gypsum dissolution:

CaSO4 — Ca*" + S0~ 4)

4.3 Flow Direction of Water in the Aquifers

Figs. 5a and 5b depict the isolines of water
hydraulic head measured for the lower Pleistocene
(qp1) and upper Pliocene (n,?) aquifers, respectively.
The difference of the hydraulic head indicates the
direction of water flow within an aquifer as shown by
the arrows in Figs. 5c and 5d for the respective
in the SENB
groundwater in the study region flows northerly towards

aquifers region. As seen that
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Fig. 5 Isolines of hydraulic heads for the lower Pleistocene (a, b) and upper Pliocene aquifers indicating the flow direction of
groundwater in the respective aquifers which was confirmed by the '*C-isochrones for the respective aquifers (c) and (d).

southerly and northeasterly towards southwesterly.

5. Discussions

5.1 Genesis of Groundwater Resources in the SE SP
Region

As can be seen from Fig. 2b, the groundwater in the
Pleistocene and Neogene aquifers in the SE SP region
seems to be of paleo-origin as it is isotopic
compositions lying separately from the RMWL and
line for water from rivers or lakes. The paleo concept
in here must be understood that water has relatively
long resident time, but not that water that was
originated from the Latest Glacial Maximum as it was
mentioned early. The '*C-age of water in almost all
the boreholes made into Pleistocene and Neogene

aquifers was of about thousand years (Table 2), e.g.

water in the borehole Q222040 made in the upper
Pliocene aquifer has a '"C-age as old as 22.4 ka.
Paleo-water was characterized by a line parallel to the
meteoric water line and as farer the position of this
line relative to the RMWL the older age of water is [5,
26].

In contrast, water in the upper Pleistocene and
Holocene aquifers seems to be recharged from the
local hydrological systems like Sai Gon-Dong Nai
rivers or Dau Tieng reservoir. Water in the boreholes
made into the Holocene or upper Pleistocene aquifers
contains tritium activity that was comparable to those
found in the local precipitation and in water of the
reservoirs and it was modern by the '*C-age (Table 2).
The upper Pleistocene was outcrop in many locations
in the SE SP region at an altitude hight, so the
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precipitation could easily percolate into the aquifers.
A statistical treatment to compare means of the
8'0 signature in water in two adjacent aquifers using
a non-parametric test, the Mann-Whitney test, showed
that in the study region, the groundwater in aquifers
was separated from each other, e.i. there is no
inter-aquifer leakage as the difference of 50 mean
between two adjacent aquifers is significant, Z > 1.96,
the critical value at a 5% limit. This allows to estimate
the altitude of recharge areas for the aquifers based on
an altitude gradient of -0.3%0 per 100 m height.
Considering that the mean of 80 in the local
precipitation is 5.44%o (Fig. 2a), and that in water in
the lower Pleistocene aquifer is -7.00%o0 and in the
upper Pliocene aquifer is 7.49%0 (Table 2), the
recharge area for the qp; aquifer is estimated at about
520 m and that for the n,” aquifer at about 680-700 m
higher than the altitude of the respective aquifers.

5.2 Degradation of Organic Matters and Chemistry of
Groundwater in the SE SP Region

The chemistry of the groundwater in the SE SP
region is likely controlled by the organic matter
degradation following a classical redox proceeding
sequentially through different electron acceptors [34].
After the reduction of dissolved oxygen in the
uppermost soil layer, nitrate becomes reduced (Fig.
3b). This is again followed by the reduction of
Fe-oxides and sulfate (Figs. 3c and 3d). In this case,
nitrate reduced in a soil layer of 5 to 10 m below the
surface (bs), but
downwards and attained equilibrium at the depth of
60-80 m (bs), with the concentration of around 20
mg~L'1. The reason for this is still not clear, however,

afterwards, it again moved

it was thought that in the deep aquifers, nitrate was
resulted from the ammonia oxidation by sulphate. The
presence of sulphate ions in the groundwater in this
region where there was no marine deposit probably
was the result of the gypsum dissolution (reaction (4))
as it was evident from Fig. 6 where it depicted a
scatter plot of [Ca2+]—[SO42']. In this plot, the [Ca2+] is

correlated with [SO42'], =05 (n = 28) and in
groundwater samples, the [Ca2+] is around 2 time
higher than [SO4”] suggesting the calcite dissolution
is another source of calcium in the studied
groundwater.

Most of the groundwater samples in the study
region are acidic with a pH ranging around 5-6, not
following any trend in relation to the depth of aquifers
(Fig. 3a). Geology of the region (Fig. 1b) showed that
the aquifers deposit consists mostly of sand containing
disseminated fragments of organic materials. The
main crop in this region is rubber and the local
farmers rarely fertilize the crop during the entire crops
life. Apparently, the existence of ammonia and nitrate
in the groundwater in the region does not imply the
source of the nutrients is an anthropogenic rather than
a natural one. Nitrogen compounds contained in
natural organic matter and upon decomposition is
released as ammonia to the groundwater. The
degradation of organic matter will cause pH in water
to decrease (reaction (1)) as observed in this case.
Organic matter not only decomposes in aquifers but it
also participates in the reduction of Fe-oxides and
sulphate (reactions (2, 3)). Therefore, it could be
expected that the concentration of ammonia in
groundwater would increase with the increase of the
concentration of [F eH] in water. A trend of the [Fe2+]
vs. [NH,'] in groundwater in the SENB region is
presented in Fig. 7.

It is clear that the organic matter decomposition

1-
08 - ¢ .
1'06- ¢
90 I
50.4-
:.80.2- 9“0
— 0' 1
0 0.5

[SO,%], mmol-L?
Fig. 6 A scatter plot of [Ca’*]-[SO,”] (r’ = 0.5, n = 28)
showing the presence of sulphate ion in groundwater in the
study region was a result of the gypsum dissolution
(reaction (4)).
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Fig. 9 Bicarbonate in groundwater from different aquifers
in the SE SP region is a mixture of inorganic (calcite

dissolution) and organic (organic matter decomposition and
oxidation) sources.

(reaction (1)) and oxidation (reactions (2, 3)) will be
pH dependent processes (reactions (1-3)). One of the
products of the reactions (1-3) is bicarbonate so that
the bicarbonate concentration in groundwater should
be controlled by the pH as it was seen in Fig. 8.

Obviously, the DIC in groundwater must be of
organic and inorganic origins. The organic DIC comes
from the decomposition and oxidation of organic
matter, but the inorganic DIC comes from dissolution
of calcite and/or dolomite that always presented in the
aquifer deposit. In the SE SP region, aquifer sediment
was terrestrial but not marine origin, hence, the
sediment contained only organic matter of high plants.
It is known that the 13’C—composition (13C) of the
organic matter should be around -23%o [34] as the
plants usually were the C3-type grown in the tropical
region. It was expected that the DIC representing by
the bicarbonate concentration in groundwater must be
a mixture of the organic and inorganic carbonate. The
inorganic bicarbonate must have °C around 0 by the
definition (Eq. (3)). Fig. 9 is an evidence for the
mixing of inorganic and organic bicarbonates in
different aquifers in the SE SP region.

Apparently, the contribution of each bicarbonate
source to the total bicarbonate content in the
groundwater was different and dependent to the
content of inorganic carbonate and active organic
matter in each aquifer. However, in the study region,
the contribution of bicarbonate from organic source
was dominant as seen in Fig. 9 in which the
BC-composition in DIC was depleted and far from 0

being the °C in calcite.
6. Conclusion

Groundwater resource in the SE SP region,
Vietnam was found in 7 aquifers: the Holocene, upper,
middle and lower Pleistocene, upper and middle
Pliocene and Miocene ones. The water resource there
seems to be recharged from northern and northwestern
areas at an altitude of 600-700 m higher than the
elevation of the Pleistocene and Pliocene aquifers. The
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transit time of the groundwater in the region ranged
from several hundred to several thousand years ago.
The groundwater in the study region is considered
clean with less than 300 mgL' TDS and the
chemistry of the water is controlled by the redox
reactions proceeded from the organic matter
decomposition.

At present, the inter-aquifer leakage in the study
region was not observed yet, however, it could be
expected that the inter-aquifer leakage could happen
in future due to the increasing abstraction rate of
groundwater in this intensive industrializing region.
Therefore, a proper policy for groundwater resource
management needs to be developed for protecting the
natural resource from the risk of pollution from the

surface.
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1. Introduction

The need for tools that can simulate the influence of the spatial
distribution of rainfall and natural river basin properties on runoff
processes created interest in, and initiated the development of,
hydrodynamic rainfall-runoff models [1,6]. One of the basic as-
sumptions for such models regards the presence of a continuous
layer of water moving over the entire surface of the catchment.
Although observations show that such conditions are rare, the
assumption can be relaxed by considering the total flow to result
from many small plots draining into a fine network of small
channels.

The actual physical flow processes may be quite complicated,
but for practical purposes, the simplifications of a full hydrody-
namic model can be used. As a common way of getting reasonable
results, one-dimensional kinematic wave models [3,5,11] are often
selected. These can be solved by different methods.

Due to the flexibility of the finite element in simulation of
spatially variable parameters of the watershed, the finite element

* Corresponding author.
E-mail address: Itanh59@gmail.com (T.A. Luong).
Peer review under responsibility of Far Eastern Federal University, Kangnam
University, Dalian University of Technology, Kokushikan University.

http://dx.doi.org/10.1016/j.psra.2016.11.001

method (FEM) is often applied for solution of one-dimensional
kinematic wave equations [2,6,7,11].

Application of FEM to one-dimensional kinematic wave equa-
tions raises several problems related to the stability of the solution
(numerical oscillation) due to non-symmetric first spatial deriva-
tive terms in the kinematic wave equations when using spatial
interpolation functions and a temporal approximation for a system
of ordinary differential equations.

One way to improve the stability and accuracy of the method is
through the choice of space interpolation functions. Blandford and
Meadows [3] introduced quadratic (one element and three nodes)
and cubic schemes (one element and four nodes) for finite element
simulation of kinematic surface runoff. Jaber and Mohtar [7] used
linear, lumped and upwind schemes for spatial approximation and
the enhanced explicit scheme for temporal discretization for a one-
dimensional kinematic wave solution. The result of this study
showed that the lumped scheme significantly improved the solu-
tion without any reduction in solution accuracy. The improvement
in the lumped scheme result is attributed to the sparse diagonal
matrix that eliminates numerical noise from off-diagonal terms.
They analysed the stability of the different schemes for equidistant
elements through Fourier analysis and numerical experiments and
concluded that the lumped scheme of the Galerkin finite element
method is most suitable for solution of one-dimensional kinematic
wave equations. The results of the study of Jaber and Mohtar [7] are

2405-8823/Copyright © 2017, Far Eastern Federal University, Kangnam University, Dalian University of Technology, Kokushikan University. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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the scientific basis for selection of spatial interpolation functions
for development of the finite element one-dimensional kinematic
wave rainfall-runoff model.

Another way to develop the FEM rainfall-runoff model is in the
choice of the equations simulating the flow in the channel network
[6]. In this research, overland flow is simulated using a kinematic
wave model, and the finite-element formulation of variable width
and variable slope is used to solve the resulting equations. The flow
through the network of channels is simulated by solving the full
Saint-Venant equations, using the finite element method. The re-
sults of the research show the applicability of the proposed
formulation.

The FEM is a general and effective technique for transforming
partial differential equations into systems of ordinary differential
equations [9]. Application of FEM continues to be an interesting
subject for solving different types of hydrodynamic wave equations
[8,10].

A mountainous river basin with a steep slope is suitable for ki-
nematic wave simulation. During the typically brief flood interval,
the interaction between surface and underground flow can be
neglected and the base flow is assumed to be stable. The rainfall-
runoff simulation could thus be simply simulated by a coupling
method that integrates the SCS method for estimating the excess
rainfall and the finite element method for solution of the kinematic
wave equations simulating overland and channel flow routing
processes. A detailed description of this method is presented in the
following sections.

2. A finite element one-dimensional kinematic wave rainfall-
runoff model

2.1. Finite element kinematic wave model

2.1.1. The one-dimensional kinematic wave equation for overland
runoff and river flow simulation

One-dimensional kinematic wave equations are often used to
simulate the rainfall-runoff process in small and average-size river
basins with steep slopes. The one-dimensional kinematic wave
equations are normally written in the form of a continuity
equation:

oh oq
at T r(x,t) (1)

and the equation of motion for overland and river flow is:
So =S¢ (2)

Using Manning's equation, unit-width flow (q) and flow depth
(h) in Equation (1) are related by the following equation:

q = ahf (3)

where h = flow depth (m); g = unit-width flow for overland and
river flow (m?/s); r(x,t) = excess rainfall rate (for overland flow in
m/s) or lateral flow (for river flow in m/s); a = (Sy/?/n); p=5/3; nis
Manning roughness coefficient (m'/3/s); S, is the surface or bottom
slope, which equals the friction slope Sf for the kinematic wave
approximation; X = spatial coordinate (m) and t = time (s).

2.1.2. Finite element approximation of one-dimensional kinematic
wave equations

The principle of spatial discretization for the one-dimensional
kinematic wave model using the FEM method is dividing the
river basin into “strips” that represent flow direction on the surface

of the water flow [11]. Each strip is then divided into computational
elements based on the characteristics (e.g., slope) of the basin so
that (the slope of) each element is approximately homogeneous.
Dividing the watershed into “strips” based on flow direction allows
us simulate overland flow by one-dimensional kinematic wave
equations.

For each computational element, the variables h(x,t) and q(x,t)
are approximated in the form:

hix,t)=h = ZN ®)hi(t); Ni(x)qi(t) (4)

q(X7 t):a = .

Il
—_

where

- Nj(x) = functions defined on a spatial interval (element).
- n = number of nodes of spatial functions (for linear and lumped
schemes, (n = 2)).

Galerkins residual FEM is based on the principle that the solu-
tion residuals should be orthogonal to a set of weighting functions:

/ Z{dh’N + N ax }N,-dx:o (5)

The approximation equation (Eq. (4)) combined with the inte-
gral equation (Eq. (5)) transforms the partial differential equation
(Eq. (1)) into a system of ordinary differential equations, which for
each element (Eq. (5)) takes the form:

e)dh
A ar +Beq-— £© (6)

For the linear scheme, the spatial interpolation functions can be
defined as N (x) = 1 — y and N, (x) = y, where y = x/I; l is the length
of the element.

In this case, the matrixes of Eq. (6) can be written as:

L L
-1 1 3 6 2
-t 1 !
6 3 2

The lumped scheme is based on the spatial interpolation func-
tions expressed in the forms [7]:

" 1 " 1 x 1
N];] :1—H(s—j>;Nj :H(s—j); NJ :H(s—j)

The Heaviside function H(x) is defined as:

H(x) =0 ifx<0

H(x)=1 ifx>0

where s = distance from node j — 1; [ is the length of the element.
The matrixes for the lumped scheme of Equation (6) can be

estimated in the form:

171 0
@_1
A *2{0 1}

The matrix B© and vector f© remain the same as the linear
scheme.
For the entire domain containing the elements, Eq. (6) has the

form:
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dh flow of river flow as a function of time); O = vector of output (unit-
A—+Bq-f=0 (7) " width flow q is a function of flow depth h).

dt
) ) The solution for the unknown vector flow depth h of Eq. (8) can
For the lumped scheme, matrixes A, B and vector f for the entire be solved by the third order Runge—Kutta method [5]:

domain (strip or river channel) containing m elements can be
presented in the form:

[ 1 _ -
= 0 0 0 0 . . . 0 0 1 1
-5 3 0 0 O 0 0
L b
03+ 0 0 0 o 0 Lo Lgo. . 00
2 2
L B
005+§O 0 0 o 0 0710100._00
2 2
I3 Iy
0 0o 0o 2+ 0o 0 0 0 0o 0o Lo loo 0
2 2
Iy Is
A_|0 O 0 0 S+5 0 0 OBZOOO_%O%O 0
Is Is
0 0 0 0 0 §+§ 0 0
bns bt 0 0 00 -1 o 1o
0 o0 0 0 o0 ’”——+’”T‘ 0 0 2 2
bp 1 1 0 0 oo -1 ol
0 o0 0 0 0 0 ml, Mmoo 2 2
2 2
l 0 o 0 0 O L
0 o0 0 0 0 0 0 g L 2 2]
_ Ly -
L bLr
2 2
bry | s
2 2
f=
ln_1Tm-1 | Imtm
2 2
Imrm
L 2 J
Because matrix A is diagonal, matrix A~! is easy to define, and 4hy = (I(t;) — O(hy)) 4t
the system of ordinary differential equations (Eq. (7)) can be ! I
written in the form: Ah2=<I(tj+£)70<hj %>)At
3 3
dh o
G = AT - A TBa(h) = 1(t) - O(h) ®)

where h = vector of flow depth; q = vector computed by Eq. (3),
I = vector of input (excess rainfall rate for overland flow or lateral
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Fig. 1. The flowchart of the prosed rainfall-runoff model.

Table 1
The hydro-meteorological stations on the Tra Khuc River Basin.

Station Son Ha Gia Vuc

Kon Plong Son Giang

Observation data Daily rainfall Hourly rainfall

Daily rainfall Hourly rainfall and water discharge

hj.y = hjy + 4h

where 4h =434 3nd the solution for q as a function of h is
obtained by Eq. (3).

2.2. US SCS method for estimating excess of rainfall

The U.S. Soil Conservation Service (US SCS) developed an
empirical relationship to estimate surface runoff from the estimates
of storm runoff that are obtained by the curve number method. This
method has been successfully applied in many countries. The dis-
cussion relationship of the method is based on the assumption
following [4].

F/S=Q/P, 9

where F is the actual retention of precipitation during a storm
(inches); S is the potential maximum retention (inches); Q is the
direct (surface) runoff (inches); and P, is the rainfall after the start
of runoff, i.e.
Pa = P — Ia (10)
where P is the total precipitation (inches); I; is the initial abstrac-

tion (inches). By substituting (P,-Q) for F and solving for Q, one
obtains

0 (P- Ip)?
(P—1I)+S

Q=0

To reduce the number of variables, the empirical relationship

I, = 0.2*S was adopted, which then gives the most familiar form of
the runoff equation

if P>1q 11

otherwise

~ (P-0.25)?
Q= P+0.8S
Q=0

The retention parameter S is related to a curve number (CN)

if P>0.25S (12)

otherwise

CN = 1000/(S + 10) (13)

The relationship of runoff to rainfall in the curve number is
better shown in graphical form, and CN can be estimated from the
table based on the Land use and Hydrologic Soil Group.

A flowchart of the finite element one-dimensional kinematic
wave rainfall-runoff model is illustrated in Fig. 1.

Table 2
The number of catchments, river elements and surface elements of the Tra Khuc
River.

Catchments I Il 11 v v vi vl vil X

Strips (river elements) 3 8 6 6 6 3 3 3 1
Surface elements 8 27 32 31 24 9 11 6 2
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3. Application
3.1. Approximation river basin by elements
The Tra Khuc River Basin is in the Quang Ngai Province (Central

Part of Viet Nam). The drainage area of the river basin at Son Giang
station is approximately 2440 km?; the average elevation of the river
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basin is 695 m; the average slope of the basin is 22.8%. The hydro-
meteorological stations on the Tra Khuc River are summarized in
Table 1. The river basin is divided into the 9 sub-catchments, ac-
cording to 9 river reaches that describe the flow concentration
process of the entire the river basin. Each river reach is then divided
into sub-reaches (river elements). For each river element, the sur-
face catchment basin is divided into “strips” in the cross-flow
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Fig. 2. Topographic map of Tra Khuc River Basin.



238 TS. Nguyen et al. / Pacific Science Review A: Ng}gﬁa’ence and Engineering 18 (2016) 233—240

direction. Each strip is then divided into computational elements 3.2. Input data
based on the characteristics of the catchments so that the slope of

each element is approximately homogeneous. The scheme for The characteristics of the elements are estimated from the
approximating the Tra Khuc River by elements is illustrated in Fig. 3. topographic map (Fig. 2). The river elements are characterized by
The entire Tra Khuc River Basin is approximated by 39 strips (39 the slope, length and width of the channel. The surface elements
river elements) with 150 river basin elements. A number of sub- are defined by the average slope, length and average width of the
catchments, strips and elements are summarized in Table 2. elements (Fig. 3).
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Fig. 3. The element scheme for approximation of the Tra Khuc River Basin.
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The curve number for the median antecedent moisture condi-
tion AMC (II) for each element is determined from soil and land-use
maps with the assistance of GIS tools. The hourly rainfall data were
collected at only two stations, namely, Gia Vuc and Son Giang,
during the storm in 1998. The discharge data were recorded at the
Son Giang station in 1998. The Manning coefficients of the river
channel are determined in the range of 0.025—0.04. For surface
area, the Manning coefficient is estimated based on the land use
types [11]. An example of input data for surface elements of a strip
containing 6 elements is shown in Table 3.

4. Results

The results for the flood simulations of storms observed on 13/
X1/1998 and 19/X1/1998 are shown in Figs. 4 and 5, respectively.

Analysis of the preliminary research results shows that the
model can well simulate the concentration process of river flow.
The Nash criterion of simulation for the storm of 13/XI and 19/
XI is 70.1% and approximately 69%, respectively. The error of
peak flood and volume flow for the storm of 13/XI is 34.3% and
16.3%, respectively. Errors of the first and second peak in 19/XI
are 11.4% and 40.6%, respectively. The error of volume flow of
this storm is 6.8%. The results of the simulations for the two
storms show that the error of volume flow is negligible for both
storms. However, the proposed method has a drawback in peak
flow simulation. The reason for this limitation may result from a
lack of rainfall data and river cross-section data in the study
area. The results of the simulation will be improved if more
sources of data (field survey or remote sensing data) can be
used.

Table 3

The example of input data for surface elements of a strip containing 6 elements.
Element Number 1 2 3 4 5 6
Length of elements (I, m) 4200 3100 3200 5100 3100 2900
Average width of elements (b, m) 4939 7922 9936 10584 10168 7644
Slope of elements (So) m/m 0.1226 0.1367 0.1783 0.2558 0.3081 0.2764
Curve Number (CN) 45.0 45.0 46.2 51.8 54.4 55.1
Manning coeff. (n) 0.384 0.338 0.3278 0.3069 0.357 0.324

o 12 24 36 48 60

72 B4 896 108 120 132 144

Time (h)

Fig. 4. Comparison of simulated and observed discharge at Son Giang station for the storm of 13/X1/1998.

o 12 24 EL] 48 B0 72 B4 26 108 120 132 14
Time{h)

Fig. 5. Comparison of simulated and observed discharge at Son Giang station for the storm of 19/X1/1998.
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5. Conclusions

A simplified distributed rainfall-runoff model was developed.
The model was based on application of the SCS method for
estimating excess rainfall, and a one-dimensional kinematic
wave equation was applied for simulating the overland and river
flow routing processes. The finite element algorithm is based on
lumped schemes, and the third order Runge—Kutta method was
presented to solve the one-dimensional kinematic wave equa-
tions. The algorithm was stable without numerical oscillations.
The results of the study showed a promising applicability of this
method for hydrologic modelling. The proposed model allows
extending the range of application of the model to some
designed works, such as flood estimation for small hydropower
stations, drainage river basins, cases in which the flow data re-
cords are limited, flood warning and assessment of the hydro-
logic impact of land-use change studies.
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1. Dinh gid ton thwong do BDKH o huyeén Tay Son, tinh Binh Dinh
1.1, Xic dinh cie vén td giv ton thirong
Frén dia bin huygn Tay Son biéu hign cia BDKH thé hién ¢ nhiéu qua trinh

quy mo khae nhau, tic dong cia chung gm tdc ddng din i ton thirong cac hoat dong
kinh (& va dii séng xa hoi. Cac yeu to gay ton thuomg cha yéu 1a:

- Lo lut trén song Con gay thiét hai chinh dén h¢ sinh thai (HST) nong nghiép

Vi lim ton thiromg dén conp dong ven song. dic hiét vao giai doan mba mua

Vi viw nhimg ndm co hién wong La Nina, Vi xu thé lugmg mura trén luu
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canh rimg va tham thue vit do han han bj kho dé phat sinh chay. Vi xu thé
tang nhiét dd, huyén ¢d nguy co ton throng do han han cling ngay cang gia
Ling.

Biio v ¢ ':p thap nhiét dai: Do m lugng cic con bao nhi¢t dai dé b vao mu,n
Trung va Binh Binh khing nhidy, vii Lll'L'l'I'lg di nho wa huyén Tay Son nim
xa dubmg b bién, nén co bio dén noi thi thuimg véu va gy 16n thuong
khong ldm.

Yé&u 1é nhan sinh gay tic t.['JI'IE ton thuong dén hoat dong kinh té va dii ‘-mng
din sinh chinh 13 viée x& 10 tir ede ho chira nude thiy dién va thuy lgi ¢ ddu nguon
song Con, Khi co bao, mua Ién dai ngay, nude ngudn do don vé dﬂng chinh séng Con,

=brd Tip 12 Kiv twgng = Kb Ieiin, Khi raomg mdng nghicp, Bién doi ki hiu
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do d6 ¢ic ho dap thuy dign, thuy lgi bude plmiﬁ.g% von mure do 101 da, khi do cac thae
nude nhan tgo duge hinh thanh vai do chénh cao et ap hon 90m (hd Dinh Binh),
300m (thuy dién Ka Nak — An Khé), 500m (thuy dién Vinh Son), v.v... dé vé huvén
Ty Som, 1ao thanh dong 1o cudl, cat, gay x6i 1o ddi bir sdng Con. Do do, mua 18 do
BDKH (néu co) méi chi 1a didu Kién can, con hoat ddng xa [0 mai 14 dicu kién du de
hinh thinh déng 16 gdy tOn thuong Iom nhat cho huyén Tay Son.

Mt yéu 16 gy tén thuong khéng nho doi vai cac HST rimg, do li chay rimg.
Trir sim sét ¢ thé gay ra chay rimg nhung vai xéac sudt rit bé. O Tay Son rimg cling
thirémg bi chay, nhung BDKH chi lam khé han, cdy rimg dé bi chay, con nguyén nhin
gdy ra chay rimg trén thye té hon 99% 1a do con nguiri [4].

3.2. Xdc dinh cdc nhom dii twgng dé bi tén thiwong do BOKH
o C'ae hé sinh thai (FIST)
Irén dia ban huy¢n Ty Son hign nay chd yéu co 5 kidu hé sinh thal (HS T, do
la:
- HST rimg kin thuémg xanh cay Ia rong va cay hon giao, phan b6 & dd cao
trén 800m, tai dudmg phan thuy gidp ranh gitta huyén Tay Son, huyén Van
Canh va tinh Gia Lai, con gir dugc tinh chat nguyén sinh, it bj tdc dong b
con nguol nén it bi ton thuong bai céc yéu 16 lién quan dén BDKH

- HST rirng kin thwémg sanh mua am nhiét dai, phan b6 ¢ dai do cao 300-
800m tai cac xa Tay Giang. Vinh An,... cua huyén, da bj tac dong manh héi
con ngun va bién doi kha nhidu nén d& bj 1o thireng boi cic véu th nr nhien
lién quan dén BOKH

- HST rimg trong tai viing go doi, phan bd & phia Dong Bic cua huyén 1dy
Som, tai xa Binh Tén va ven chan nii phia Nam song Con (xd Vinh An. Tiy
Giang. Tay Pha va Tay Xudn). HST nay chiu tac déng cua qua trinh canh tac
nuong rdy ldu nam dan 16i 16p tham ciy go bj chat va dol. dat bi rua (roi
manh, d6 day ting dit canh tac mong va tro soi dd, hién tai trong mot s6 loa
cay ring kinh té (keo. thong va mét it bach dén) nén ciing a doi tugng dé bj
ton thuong.

- HST tham co, cay bui thir sinh, phin b chi yéu 0 ven ria phia Dong cua
huyén Tdy Som, giap ranh véi huyén Phio Cat. nhidu nam trde 1a hoang mac
Cat voi cic cay bui va co chiu han. Hién nay. phin HST nay di bi con nguri
cdi bién thanh chom rimg trong bach dan, rudng lia nhd mot vu (n nudc
Tréri), dét trdng my (sin). Vi dac diém trén, HST nay cing sé thudc nhim
doi twong dé bi ton thuomg do han han

- HST ndng nghiép, do dién phin bo chu yéu trén dia hinh dong bing thap v
go cao, chiém phén lén dién tich & khu vire giira va phia Nam cia huyén doc
theo hai bo séng Con, nén HST nay s& thuge nhom dé bi ton thuong o mug
do cao,

o (dc hop phan kinh té - xd ho

O huygn ay Som, qua trinh cong nghi¢p hoa va do thi héa dién ra o mie do
thap, chi co | th trdan nho Phi Phong ndm bén bir phai song Con nhung ¢ 40 cao dia

Tip 12 Khi twyng — Kni i, Khi iegmg ning nghidp, Bidn i khi hiite 265
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hinh kha lim, khu vare hiem khi ngdp 16 do s0ng. Vi vay, nhin chung cac véu 16 giy ton
thiremg hitu nhir khdng tie dong dén hoat dong cong nghi¢p va sinh hoat d6 th,

Ving ndng thon cua huyén rong hon tir chan nii déi dén déng bing cudi khu
vire trung lru séng Con dén ngd ba Binh Thanh, tai cic xa ven song nhu Binh Nghi,
Idy Vinh. Tiy Binh, Tay Giang, v.v.. thudmg bi ton thuong do 1a lut stng Con, d:‘?m
dén thiér hai cia cdi, thi san coa cur dan. Nhur vily, nong nghiép la nganh kinh té bj ton
thrromg nhi¢u nhat, cha véu do han han va I lut. Dé duge xem 1a ton thueng chi véu
lo BDKH & Tav Som ma cac hiéu hién cua né da duoc thé hién qua qué trinh tang dan

nhiet do trung binh va tang dan luong mua nam.

Fuy nhicén, ngay nay 10 lut trén song Con 1a két qua cong hirong cua 1 do mua
hio tir nhién k&t hop vai viée xa i khong hop Iv, khéing ding quy trinh van hanh lién
ho chira
4.3, 50 bg phiin viing nguy co ton thuong tiém nang o huyén Tiy Son

Céan cir vao die diem tu nhién & huyén Tay Son, gom sur phan hoa vé dia hinh
nui, g0 doi. déng bing. thung litng: si hinh thanh mang lroi thiy van vai dong chinh
song Con va cac phy lwu cdp 1; sir phin bé cic HST chinh: syt phan bo cac quédn cu
nong thon va cic hoat déng canh tac nong nghiép, khai thic sir dung tai nguyén nurac
va dit; ¢ac véu td gay ton thuong va cac doj tromg bi 16n thuong cing nhimg vin dé
lien quan khie, va két qua difu tra khao sat thue 16, c6 the phan chia khu vue huyén
Ay Som thanh 3 viing theo mirc do nguy co ton thuong tiém ndng bao gom:

Vieng NCLo Ving trung 1dm  cla

huvén, doc hai by song Con, tir xd Tay

Ihudn, Tay Giang qua thj trin Phu Phong m"hm
dén cac xa Binh Nghi, Ty Binh & cudi sOng. Sty . 54
Viung ¢6 mat do dan cao. nhiéu cong trinh
dan sinh va phiie lgi xa hoi, hoat ding kinh 1é
da dang (trong trot, chan nuéi, tiéu tha cong

nghi¢p.... ) 1a doi rgmg dé bj tén thuong khi R ' P ]
bi tic dong cua 13 I, Song Con vao mua  Hink 4 Rugng mia o xa Binh Neghi bj
i, 10 Ien gdy xo1 Lo ca o doi bir nh i chét khé vao miba hé 2012

doan bér trii qua thi tran Phi Phong, doan biy
phai thudc xa Binh Nghi, doan bér trai thude
xa Tay Binh. Ving | duge xép vao loai co
nguy cir cao veton thuong (Hinh 4, 5)

Vs NC2: Ving Bic song Con. gidp
ranh vai huyén Phit Cal tai cic x3 Binh
Nghi, Binh Tan...., mit do dan thap, it cong
triniv phic loi, thidu nude ngudn, dit cat
trang la chi veu. Ving nay d& bi tén  Hinh 5. Ké chong xéi lo b trai sdng
thuemg.nhung chit yéu do yeu th han han Con tai xa Ty Thugn
(Hinh f).

Ibh _i"‘u_?p 12 KR twgmg — Kb hiia, Khi twgng ning nghiép, Blén dii ki figin



Hai thao khoa hoe Uuﬂr gia vé Khi tugng hay viin, Mii trudmg vi Bien dii khi hiu En thi XV

970

Vieg NC3: Gom viing cfﬁl thudmg goi
la vimg Nam song Con, bao gbm mt ph&n
di¢n tich dnng bing canh tac nong nghiép va
mot phan 1a doi nii gidp ranh voi hu} ¢n Vin
Canh v tinh Gia Lai. Cac quin cur néng thon
sinh song ven chan day nai phia Tay m nguy
co bi ton thuong do tac dong cua v éu 1o trurot
v dm do mua. Viing néy duge xép vio loai it
bi ton thuong.

Hinh 6. Ké bo trai song Can, khu vie
4 " - & [
gan deiu caw Kién My, vét tich cua day

inh gid sie to o o huyén Tay . o L 0l
J 4. Danh gia swe ton thuong o huyén Td) b ire-cin st lat s b b x5

Somn
Theo tai II!;.U, diéu tra. khao sat thyre h_ din ra mol S0 he gua tac dong gay ton |
thueng cho cde doi twrgng trén dia ban huyén Tay Son qua cac din chimg:

- Con bio s6 9 (tir dem 28/9/2009 den ngay 29/9/2009) pay thidt hai Iim vé
nha cira, vt nudi, cay II’UI]E tai xd Tay Vinh: Sap 01 can nha, 9 cin bép va 3 chuéng
nuoi gia sic; bay ngol va 1o mai |5 gia dinh, gay thigt hai 4 co quan cong lip. dién
tich laa dang (ro mat lrdng 170ha, dién tich dang ngim sira mat 50% (80ha) va do ngd
20ha; vé hoa mau lam mat tring 30ha bip; tong thiét hai khoang 5 1y dong.

- Con bdo s 11 va 1a lut (thang 11/2009) gay thiét hai lém vé nha ci, giao
thing, sa boi thuy pha & xa Tay Vinh: Sap 01 can nha, hu hai 255 nhi, bép via chuong
nudi gia sic, gdy thiét hai khoang 1,5 ty dong; gdy thiét hai 04 cor quan don vi cong
lap: x6i lér 1,6km duimg giao thong gay thigt hai 71,5 tru.u dbng; x6i 1o 01km bér ke,
sat 1o 70m ke gay thigt har 240 trig¢u l:lunl_ thiét har ve try didén cidu tre vit duong diy
truyén thanh khoang 170 tridu dunb thigt hai ve thay loi, sa bbi thiy pha miong dir
canh tac va thuy san khoang 1.5 ty dong: tong thigt har khoang 3.5 1y dong

Qua sb li¢u trén day vé thigt hai hoa
mau, vl nuoi, nha cura, cua cai v chit, diri
song cong dong do bdo i gdy ra o0 ving ven
sonz Con 14 hoan toan ¢ thé xac dinh duoc
vit ¢o the quy doi ra bang tién. Do chinh 1a
tiéu chi dinh legng dé ddnh gia sy ton
thuromg dugre sir dung trong nghién ctru nay,

Hinh 7 Hr’.IF‘H;JrH .'|J'H.-:|' Cel leld xel flc.-"l

Ngoidi tae hai do cic yéu 16 w : .
Thuar bi xoi loedo va neeee thuy dién

nhién, do BDKH gay ra, sy tdn thuong KT -
XH trén dia ban huyén Tay Son ¢on do anh
hurémg bai cac yéu 1o con nguii. Xoi 1o dét
dai, ruéng vuim trén suoi Cat ¢ Tay Thudn,
Tay Giang sau nha may thuy dién Kanak -
AnKhé la vi du Imna théri gian ngan,
ngudn nudc tir thuy di¢n AnKhé — KaNak
xa khién dong chay ctia sudi Cat rong chira i
day 10m da “phinh” ra 100m, lam nhidu  Hinh 8 Der nang nghiép bén b tra
dién tich dit & cac vung dan cu tai cace thon SHOT Cét g{jn 1'(.!214 Phirong Som trén tinh
I'hugng Som, Trung Son 2 cua xd lay 16 637 bi xii ler
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Fhudn: thon Thueng Giang 1. Thuong
Ciang X cua xd Tay Giang bj cudn phang
(Hinh 7-9

Do nén dat  sit mé song ld dat car
nen ciae coc tre va bao tai dung cat ma Nha
miy AnKhé - KaNak diang lam ba ke chi
ton i vaii thang da bi nude cudn tréi, de doa
cue song ciia ngudi din. GAn 10 0ha d&n G ik 9: Newsi ddn xa Tdy Thudn lo
som 1. thon Thueng Giang | dang phai doi ldng do ddt canh tdc va nha bi nuede
mat vai nguy co mat dat . Thang 92011,y dién Kanak — An Khé cuon troi
sau khi nude cudn tréi ké tam, phdn nha o
hep, ham hioga, 16 niu PO, j__‘,-Hf'ﬂE nuoc cua
mot gia dinh o diy cling 6 theo dong
N,

1. K&t luiin

U Tay Som, tac hai caa BDKH, mire dé bi 16n thuong kinh 16 - x4 hoi ngay cang
da dang. Con ngrini ¢an phéi cho dong tim kiém nhimg gidi phap dé han ché nhimg tac
hai do. giam nhe ton thuong, nhdm phat trién bén vimg cdc hoat déng kinh té va dam
hao cude song an twan cho con NI,

Iheo ket qua danh gid: cac khu vire dé bi ton thuong nhit 1a khu vic trung tim
cua huveén Tay Son, doc hai bér song Con, tir Tay Thudn, Tay Giang qua thi tran Phu
Phong dén cic x3 Binh Nghi, Tay Binh & cudi song; viing ¢6 nguy co thap hon do téc
dong bot han hin, thiéu nurde 1a khu vye Bic song Con, gidp ranh voi huyén Phi Cit,
tal xa Binh Nghi. Binh Tén....

[uy timg noi, timg luc, con nguoi co thé co nhimg cach img xir khic nhau d6i
vai BDKH, mire d3 t6n thuemg tai nguyén - méi trutme, co thé lva chon mot hay nhiéu
giai phap trong chudi cac hoat dong: Chép nhan va chia sé ton that, thay dbi nguy co
vi ngdn ngira tac hai, thay déi cach lam va tranh né thigt hai. tmg phd kip thiri va doi
phe idn tye, thich dmg v hoan canh hién tai va thich nghi lau dai vai su thay doi ché

i khi hau trong tuong lai.
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ASSESSMENT OF CLIMATE CHANGY RULNERABILITY IN TAY SON
DISTRICT, BINH DINH PROVINCE

Le Thi Kim Ngan, Do Dinh Chien, Tran Hong Thai, Dang Trung Thuan
Viemam Insiitute of Hydrology, Meteorology anmd Environment

- o

The purpose of this article is to identify the vulnerable object of climate chanve i Tay
Son district, to response adaptation and reduction meastires fo climan change adeptation.
f"'m".!u’mhf.l"f'.{l' CANUSYment is f.fi"l'i’frlpc'{." an the baxis q.r" seenenee .:m.n’_i-v. i 11":“:1:.!'..!:”5' with the
principles of cau se-consequence. Ulimate change causes the change in meteorolovical factors
and increases natural disasters such as Hoods, droughts have increased by which causes the
loss of people and property, and damages the environment Therefore, it is necessary to find
oul the measures to rexist, adapt o model adaptation and the solutions 1o mitigente demages
on the scale of household and community. Rescarch results have feliceates! thar the miost
viulnerable areas are the communes locating along the Con River
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, P . 574 . i o "
DANH GI1A RUI RO DO TAC DQNE CUA BIEN POI1 KHI HAU DPEN
CAC LINH VU'C CHINH CUA TINH BINH DINH
Pham Thi Hién Thuong, Trin Lan Anh, Trinh Ha Linh, Trin Thi Vin,
DO Dinh Chién, Trin Hing Thai
Vién Khoa hoe Khi teong Thiy van va Mai tricomy

Bién dai khi hiw (BOKH) dang la mot trong nhitng thich thice déi voi cae -tk ven
bién mién Trung. trone &6 co tink Binh Dinh. BDKH gev ra rii ro dii voi 1 ngevon mi
triecnig va cac hoat ding kinh (6 - xé hoi rin dia han tinh

Trén co o sw dung phirong phip ma trdn va tong hop, phdn tich @ Liew. b bao
nghién ciru danh gid rui ro do tic ding cua BOKH dén mgi so linh viee eliedt cui tink Bindy
Binh, bav gém. tring trot; thiy sen; 1 ARUYER rieng. tit nguvén mede. Kér gue dink gid chi
ra rdng 166 nguvén nudc ve trang trot la miing finh viee chiu rii vo cao do i dang o
BOKH Kér gua nghien ciev I co s dé feng pho vai BDKH vii k¢ houch phidt trign e
nganh/linh vie cia tinh

1. M ditu

Trong béi canh BDKH. nhidy nghién ciru trirde diy 3 chi ra ring néu mire
nude bién ding cao Im, sé co khoang trén 127 km" 1ai Binh Binh ¢o nguy co bi ngip
(chiém khoang trén 2% téng dién tich toan tinh), Khi dé, mt sé dién tich ddt nong
nghiép bi ngdp va nhiém man, co s ha tang, piao thong bi pha hoai, nén kinh té «i hin
cua tinh Binh BDinh sé& bj anh hudmg moi mat. Nhin thire 1o anh hiréme cin BDKH,
vige danh gia mirc dé rui ro va cde tic ddong cua BDKH dén cac linh vire chy VEU cua
dia phuong 1a hét sire quan trong.

2. Phuong phap nghién ciru

Danh gia rui ro 1d danh gia kha ning ton thit, thiét hai do tic dong cioa BHKH
dén cac linh vire. Trong pham vi cua bai bao va didy kién vé o lidu cua tinh Binh
Dinh hién nay thi viéc danh gia mire d6 rii ro do 1ac dong cua BDKH bing phuong
phap dinh tinh 14 phii hop nhat.

Dé danh gid mire dd rui ro do téc dong BDKH va nude bién ding, bai bao sis
dung phuong phap ma trdn, tr do phin cdp mire do rui ro cho i nganh/linh vire
chinh coa tinh Binh Binh vai 3 cdp do (Bang 1): Thdp, trung binh, cao. Vige phin cip
mue do rii ro do tac déng cia BDKH duge thue hién dwa trén két qua danh eid tac
dong cia BPKH dén cae linh vire. Cée chi sd phan cip danh gia mire do rui ro sau khi
tham vin y kién cia chuvén gia vi dya trén eong thie dia phuong duoc trinh by dudn
day.

Sau khi tham van v kién chuyén gia, bii hio da xay dung edng thire nhim xdc
dinh hé s6 rui ro K. thé hign phén tram rii ro dudi tic dong ela BDKIT doi v (g
linh vire:

K= —— _ (1)

-
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- |y
Vii: RRq INS =AS, (2)
4 T ”;‘, i

] ] A "
“\h“"‘” n II."I-,"‘lI |:3:|

"
I'rong do:
- K: Hé 50 rii ro do BPKH dbi viai timg linh vure (%)
= RR, : Mue dé run ro do tinh todn (trong nam 1)
- RRpen: Mire rui ro trung hinh cong don (trong n ndm)
NS, Gia tr tinh todn trong ndm thir i (san luong, ning sudt, dién tich ..)
= NSyuen : Giatri trung binh ¢dng don trong n nam.
- i (L.n) - SO thir i n nam lién tiep gan nhat
-1 5o ndm lga chon tinh toan

Sau khi xac dinh duoc hé sé rui ro K. chon gia trl «,p sao cho K = (f.a) véi diéu
Kien chon [La sao cho dién tich bao quanh bdi dudmg cong phan bo tan suat va truc
hoanh chin thanh 3 phin bang nhau.

Beng 1. Phan edp hé so ruiro K

' So sanh hé 6 K Phéiin cip mire 4§ rii ro Cép di
vl gia tri a , (st diém)
A - Cao 3
P<K =u | Trung binh 2
| o P— = o - e, -—— = —_— -
k< [ Thap [ 1

1 Két t(pn s nghien e

I rong bin bao, s6 licu tinh toan HE s6 rai ro K (Bang 2) duge loc ra tir Niém
widm thong ké tinh Binh Dinh nam 2003 va 2010 dé wrich din 0 lidu giai doan
1998 — 2010

- Linh vure trong trot: S liéu Nang sudt cdy trdng (NSCT), Thoi gian sinh
trirmng (PGS T) va Dién tich canh tae (DTCT) vai nhimg ciy ndng nghiép chinh:

- Linh wvyre thay san: 8an lwgmg danh bit thuy hai san (SLKT), San lugng nudi
trang thay hat san (SLNT). Dién tich nudi trong thiy san (DTNT):

I inh vite 141 npuyén rimg: So liéu vé cac vu chay rimg nhur 50 npay chay

rimg (SNCR). dién tich lop pha thue vat (DTPTV);

- Linh vire tai nguyén mrde: SO ligu vé dong chay nam (DCN), Luu lugng
domg chay [ (LLDCL), Dong chay kiét (DCK), B thieu hut nuae (DTHN). xam nhap
méan [(XNND)

128 Tiip 12 Khi tiegmg — Kid hii, Kl nagng ning nghigp, Bién dii khi hiu
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Bang 2. Bang xdc dinh Hé so rui ro K voPLR tih vire tink Binky dinh saw khi tinh
toan trong giai doan 1998 — 2010

|' Linh vurc Yéu to I‘ Chp di [s::"‘ulié-rﬂ}_ -
| _ J 2 __ | 3
| Trbng trot NSCT | Ki<12% 1% K <24% | a%<K, |
TGST K2< 1 5% 15% < Ka< 3% 0 < Ka
| DTCT [ Ky<23% 23%<Ky<46% [ 46% <Ky
| Thiy sin SLKT | K;<12% 12%<Ki<24% | 24% <K,
SLNT [ K< 10% 10%<Ka<20% | 20% < Ko
DINT [ Ks< 14% 14% < K, < 28% 28% < K,
Tai nguyén NCCR  [Ki<12% 12%<Ki<24% [ 24%<K,
rirmng SNCR__ [Ka<8%  [8%<Ki<16% | 16%<K. |
DTLPTV [ K, 18% I8%<KiS32% | 32%~K, |
Tai nguyén DCN | K< 10% 10%<K,<20% | 20%<K,
e LLDCL _|K><I5% | 15%<K:<30%  |30%<K, |
. DCK K; < 6% 6% <Ki<12% | 12% <K, [
PTHN | K< 16% [ 16%<Ki<32% | 32% <K |
A XNM K< 12% [ 2% <Ks<24% | 24%<K, |

Bang 3. Ma trin phin cap ril ro cde yéu to trong nganh reng trot chiu tic dong cua
BOKH theo kich bhan B2

| HésériiroK | Lia | Laa | Ngo | Lac | Mia | Pdu | TONG |

xuidn | mua | _ twong | DIEM |

TSST |3 | 3 41 12 Jt In |
NSCT 3 2 I3 J1 |z J3 |14 |

. DICT 2 12 1z 12 |2 3 1@ |

TONG MUC RU RO (RR) I 37
_CAPDORUIRO CAO

Trong do:
- Tong mire rii ro RR durere cham diém dao dong r 1 dén 54
- Cap do rii ro twong tmg vai 3 mire nhur sau RR < |8 (Fhap). 18 < KR < 36
(Trung binh), 36 < RR (Cao)

Fir ddy co thé cho thiy ring vii nganh trdng gL, trong 3 véu 16, ning sual cay
trong 14 linh vire chiu tac dong rd nhit do BDKH vai mire danh giam cip dd roi ro cao.
Xét tong cua 3 mire diém_d-:inh gid cho 3 yéu to chinh chiu tic dong bai BDKH, vai
tWng mirc rui ro dat 37 diém, linh vue trong trot duoe danh eia co Mire do rui ro Cao
durgi tae dong cua BDKH (Bang 3). Tuong tr sit dung qua trinh t6 hop ma trin phin
tich nhirng rii ro déi véi 3 nhom nganh con lai 13 thily san, tdi nguyén rimeg va tai
nguyén nude. Tir viée phin c:ip cac chi sé chiu tic déng cia BDKH din dén i ro
trong 4 linh vuc trong trot, thiy san, tai nguyén rimg va tai nguyén nurde, xdic dinh Hé
sO i ro K dé dbi chidu voi kér qua tinh toan rui ro do BDKH cua Kich ban B2, Cudj
cung bai bao tong hgp két qua ddnh gid mure do i ro do e dong cug BDKH va nude
bien ding ddi vai linh vire chinh cua tinh Binh Dinh duge the hign trong Bang 4 nhur
CHIVR

Tip 11 Khi twpng — Khi b, K W turgrng ming mehigp, Bién diti ki .F;..fm . . 129
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Két qua danh gia rii ro do e dong cua BPKH cho thiy trong tuong lai cac
nganh/linh vire trén dia ban tinh Binh Dinh déu ¢é xu hudng gia ting tic dong va i
ro. Mire dé rui ro 1a khac nhau doi vai tmg linh vue. Két qua trong Bang 4 chi ra ring:
cae nganhylinh viee bi tac dong o mire do cao la Trong trot va Tai nguyén nuoc. Nganh
Phuy san va Tai nguyén rimg bi tic dong & mire do Trung binh. Déi v trong trot,
vice suy giam ndng suat cdy luong thye ¢6 anh huong dm sir phat trién cua nginh.
Con trong linh vire thay san nhimg tac dong trire ticp do véu 16 khi hdu nhu nhiét do
va nudre hién ding cang khong anh hudng nhiéu dén quy md va so lromg thiy hai san
khai thac / danh bit. Vi the, nganh Thuy san chi @ mire dé rui ro trung binh.

Tom lai: Cic tac dong bat lgi coa BDKH sé gay ra nhiéu rii ro cho viéc trién
khai thire higén cic quy hoach, ké hoach phat trién KT-XH cua tinh, trong do mirc o
rut ro s¢ ting 1én theo giai doan. :

4. Kiét ludn

Binh Binh la mt trong nhimg dia phueng chiu nhicu thién tai nhu han han, 1o
quet, sat To dat, chay rimg va bénh gt ..gdy thigt hai trén tat ca cac linh vuc. frr:-ng boi
canh BDKH. mat s nganh/linh vire tai tinh Binh Dinh 6 thé gép nhimg rii ro nhu

Sl

17465.3 ha dién tich dit nong nghiép s& bi ngdp lut: doanh thu nganh nong
nghiép giam tir 103-121 triéu ddng/ha/nim.

Khoang 72 ha dién tich nudi trong thuy san s& bj thu h;p 240 tan san luong
nuoi rong thuy san nédi dia bi glam: lam giam doanh thu trong viée danh bét thiy hai
san: thiét hai vé newdd va phiong tién danh bit,

(il tang nguy co chay rimg nhat la & khu vie rimg gia. S6 ngay co nguy co
chay rimg ting 1 - 2 ngay trong nam 2020 so vai giai doan 1980 — 1999,

Nhu ciu nude tang 126,54 trigu m’ tiremg duromg 0,196% va |mﬁ"l}:, thieu hut
Khodng 435 triéu m"/nam, chicm khoang 31% - 34% gia trj nhu cau nudc; dong chay

Kigt u.un tr dao mua Kigt dén cudi mia Kiét 13 0.28% . tdng xdm nhdp min trén song
Vi NEuon nurde ngdim hay nguy o xoi i bér bien,

Nhur vy, cie nganh co mure 30 rii ro cao la Trong trot, Thay san va Tai nguyén
nuoe. Cac nganh Chan nudl, Tai nguyén rimg e6 mire dé rii ro trung binh,

Phuong an tinh todn trong bii bao maoi chi xét trén Kich ban B2 va cho nam
2020. Tir cor sér 19 thuyét trén co thé (mg dyng trong nhing nghién ciru liép theo dé
tinh toan cho nhimg Tmh an BDKH khac va cho nhieu ndm khdc nhau trong tuong

lai.

TAI LIEU THAM KHAO
Bo TN&MT. 2011, Dur thao Kich ban bién doi khi hiu, nude bién ding cho Viét
Nam
2 Cuc T'hong ké tinh Binh Dinh, 201 1. Nién giam thong ké Binh Dinh nam 2010.

LR Fiip I: Kki tiepng - nm fedine, Khi mqm,r,r m‘im,l ngligp, Bidn dai ki hiu
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3. Tai liéu hudng ddn “Pdnh gia tac dong cua BPKH v xic dinh cic gidi phip thich
g™, Vién Khoa hoc Khi tuong Thuy van va Moi truémg, Ha Noi-2011

4. Ministry of Natural Resources and Environment (MONRE). Hanoi, 2009, Climaile
Change. Sea Level Rise Scenarios for Vietnam.

5. Uy ban nhiin dan tinh Binh Djnh. 2011. Xiy dung ké hoach hinh dong (mg pho
vt bién déi khi hau tinh Binh Dinh

RISK ASSESSMENT DUE TO THE IMPACT OF CLIMATE CHANGE
ON THE FIELDS OF BINH DINH PROVINCE

Pham Thi Hien Thuong, Tran Lan Anh, Trinh Ha Linh,
Tran Thi Van, Do Dinh Chien, Tran Hong Thai
Viet Nam Institute of Meteorology, Hydrology and Fnvironment

Climate change (CC) is one of the chullenves for the coastal areay wf Ceniral in
Vietnam, including Binh Dinh province. (¢ poses the risk 1o Natwral Resowrces, Environment
and Socio-Economic activities in this province.

Using mairix method, document svathesis and am Hysiy methad, thiv artivle aveasves
the risk due to the impact of CC on key fields of Binh Dinh province, including: horticulture
fishery; forest resources and w e resonrees

Calculation results indicate that Water Resowrces and MHorticulture are the fieldy
which at high risk from the impact of CC. Research results are the basis for € ¢ response amd
development planning sectors / areas of Bink Dinh province

=~
Fad

Fip 1: h‘l'n'_.'upuf — K e, Khi tivgnge m';.ug nghicp, Bién déi khi hin - - 1
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LOITNOI DAU
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A

]

THUY VAN - TAINGUYEN NUGC

Ung dung Google Earth trong phong ching li trén cic luu vue song nho, ap
dung thi diém cho luu vire Ngoi Thia, tinh Yén Bii
An Tuén Anh

Tinh toin thu\ van, thiy lue phue vu thiét ké hé thing kénh thoat nwic
Tau Hi - Bén Ngheé, Pii - Te
Lirong Tuan Anh, L3 Thanh Ha, Hoang Vin ba

Panh gia h§ thing du biao thiy viin bing tv s6 RCRPS
I'rinh Nguyén Bao

Diinh gia hu;u qua cua cac cong trinh khai thiac nwioce thi cong biang cong
nghé khoan tusin hoin ngurge
I'rdn Van Chung

Xdy dung hé thing thong tin khi twong - thay viin phuc vy cic hi chira thiy
dién
Trén Thanh Céng, Trin Dinh Phuong, Nguyén Hong Vin

C .I]I nhit md hinh dyr bdo i trén hé thing séng Hong - Thii Binh va mot si
két qua di bao 1i ndm 2012

Hoang Vin Dai, Bing Thu Hien, Phan Van Thanh, Hodng Thi Thao, Nguvén
I'hi Bich, Bang Thj Lan Phuomg

I'dc ding phat trién dd thi vi cong nghiép phia Tay Nam Vinh Phic dén ché
d( 18 lut séng Phan - Ca L
Hoang Vin Bai, Hoang Thi Nguyét Minh

Nghién ciru ung dung md hinh sé thich hgp du bao tai nguvén nirde mat cho
Iy vire somg Ba
I'hdn Van Dan, Duome Vian Khinh

Biéu hién ciia bien ddi khi hiu va tic ding lén tai nguyén nuwde cua tinh
Binh Binh

La Duc Ding, Nguyén Hoang Minh, L& Hiu Hodng, Nguvén Manh Thang DO
Dinh Chién, Tran Hong Thai

Nure a0 v quan 1y tai nguyén nwie theo quan diém nuwde ao
Lurong Hiru Diing, Hodng Minh Tuyén, Ngé Thi Thay, Lé Tuan Nghia
Buoe dau danh gia 45 nhay mat sé tham sé trong md hinh mi phong xdm

nhip min cho ving ha luu hé thong sing Ma
Li Thanh Ha, Hoang Van Dai, Nguven Thi Hién

Nhiin xét bwde diu vé anh hwimg cia ENSO dén dong chay cic song Da,
Thao va Lo : _
L& Thanh Ha. Trin Thanh Xuin, Van Thi Hing

1

I8

Bk
A

33

41

h'l

74

Nl




Hiji thao khioa IN.H I.‘-'um iy ¢ Khi trong Thoy van, "rhn trriome vi Bien don khi bilo Gin tha X5

583
BIEU HIEN CUA BIEN POI KHI HAU VA TAC DPONG LEN
TAINGUYEN NUGC CUA TINH BINH DINH
La Dire Diing"' \gmen [llﬂng Minh~', L& Hiru ]In.'mg Nguye en Manh
ihing . Dd Pinh Chién, Trin Illnn;_r I'hai
U Trune tam K tiong Hu.l. vin Quoe gl
' Vign Khoa hoe Khi nepmg Thiy vdn va Mai trieome

Nehen corw di swedung ha mad hinh Mike trong danh gia tae ding cua Bicn dii gl et
lén tai nguyén neoe trén dia ban tinh Binh Binh. Trong do. so lidu vé mhiér do v leeamg miea
cide kich han A2, Bl, B2 deoe sit dung lam diu vao choe ma hinh Mike Nam dé danh eig anh
heome cne BRKH [én dong chay mén dia ban tinh, tie do tén d oé danf pia dén tis L
niecre thing gua mi hink thity liee vi cin bang meae. Két qua nuhién ciew chu Iﬁm:t r'u'-ru_u.: thien
hut trén toan hew viee dao dang trong khoang 354 triéu m ' ‘ndm. chiém khodng 26%, - J8% nh
L |a' i Mg

1. Mo ditun

Bién dbi khi hiu (BBKH) tiéu hiéu 14 st nong lén toan ca, mire mrire bidn
dang. cic thién tal va cac hién tuomg khi hau cuc doan gia tang dang 12 moi lo ngai coa
clc quoc gia trén the gidi. Trong 50 nim qua & Viet Nam, xu thé bién doi cia nhidt do
va lugng mua tal cac vong Khae nhau 14 rat khac nhau. Theo kich ban BDKH coa Vig
Nam nam 2011, nhi¢t 40 trung binh ndm ting khoang 0.5°C/50 ndm trén pham vi ca
nuéce va lromg mia co xu hudng giam & nira phin phia Bic, tang o nita phan phia
Nam cta ldnh tho. Tai Binh Dinh nhiét d6 déu ¢6 xu hudmg tang lén vio it ca cac
mua trong ndm phia bic ting khoang 0.3°C va 04°C tong 50 ndm & phia nam Trong
thoi ky 1980 — 2010, lugng mua trung binh ndm trén toan tinh Binh Binh ¢o xu huong
ting nhimg tang khong déu & cic thang ma co xu hudng tang manh vao mila mua va
ting it hom vao moa khd. Myuc nuée bién trung binh nam tai tinh Binh Dinh <6 xu
hudng tang véi the 4§ 2,5 mm/nam trong thdp ki qua, cham hon so voi xu the muc
nude trung binh trén toan dai ven bién Viét Nam.

BPKH tac dong dén nhimg véu 16 co ban cua did song con ngwrdi nhue nude,
luong thye, ning luong, site khoe va mol truomg. BDKIH tai Binh Dinh lam thay d6i
nhiét dé va lwong mua khién dong chiy nam thay doi, luu lugmg dong chay Iu tang
133,03 m3/s, lam nhu cau nudc tang do d6 thiéu hut nude cb xu hudmg tang, pham vi
anh huémg xam nhap mdn sau thém do myc nudc bién dang cao. Vo tinh dic thu va
tam quan trong. tac dong cua BOKH dén tii nguyén nirde (TNN) cta tinh Binh Dinh
can duoe quan tam danh gia cac quy hoach phat trien TNN ¢o tinh dén BDKH cting su
dung ngudn nudc khoa hoc, hop IV trong san xudl va diri song trong viée dicu tisr, didu
hoa nuoc cua he Ihn':mg thuy lon tar tinh
2. Phorong phip va cing cu sir dung

B3¢ phuc vu cho tinh tean, phan tich danh gia tac dong cia BDKH lén TNN trén
dia ban tinh Binh Dinh theo cac kich ban BBKH va nueoc bien ding, mo hinh mua
dong chay MIKE NAM da duge si dung dé tinh toan dong chay dén trén wan bo luu
vie song Con — Ha Thanh. Mé hinh MIKE 11 - NAM o nhiém vy tinh dong chay

Fip 20 Thay vitn - Tad sgeevén mieoe, Bidn, MO trwamp 67
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tren Juu vie vl so héu dau vao 13 mua, boe hoi trén luu vire. Két qua cia vige didn
toan dong chay trén be mit luu vire cho ta lrgng nude do true tiép vao song.

Vige dinh gid 131 nguyeén nude trong tuong lai trén mt heu vie song can phai
o sir phin tich tong lnrp va két qua tinh toan can bang nude. MIKE BASIN 1a mit
cong cuguin 1y 1ai nguyén nuede, hay ndi ding hon MIKE BASIN 1a mat wng ¢y tinh
lodn cin bang gifta nhu clu vé nude va nude ¢o sin theo cach téi wu nhit, né hd Irr
vie nha guan Iy trong vige danh gia tac dong con BDKH dén TNN trong tuong lai

3. Danh gia tac diong cua BDKH Ién tai ngu}'ﬁn nurie tinh Binh Pinh

Theo 3 kich ban bien doi khi hiu A2, B2, B1 ciia By Tai nguyén va Mai trimg,
domg chdy trén cic sdng chay chinh l.h.n gua dm bén tinh 3 duoc tinh toan cho Ci‘.u..
e dogn: 1980 - 1999 2000 - 2019, 2020 - 2039

i Dong chay nam

Net dong chay tai tram Binh Tuomg 13 tram do ey lugng trén song Con Dang
Chay nam cua cac song chinh chay qua dia ban tinh ¢é xu huéng tang o ¢a 3 kich ban.

[han kv 2000-2019 muc .JU b1q_,n X1 THE LUt LATOMNG THUNG BiNI ~Av
] - TRAN BiNH T dini
doi luw legng trung binh nhidu nam giira
cac kich ban phat thai cao A2, trung binh
B2 va thap Bl so vai thii ky nén khing |
khac nhau nhieu, hr leeng trung binh |

-
A
\l
\
1
M

]
Eif

=0
nam theo thon ky thay doi khong dang ké. e |
]-.'.l.l iram niﬂh .rlfi-lllllg “E“ '1':1“&., L11..'|” d{iﬂg = PO DO DAY D 08 (NS T ORI (s dhs

ar'|

chay rung hinh nam tang khoang 0.1 dén
0,2 m'/s, khoang 0,1 - 0.2 % so vi thoi Hinh 1 Xu thé thay déi cua dong chay nam

L0 ik tram Binh Twong theo cac KB BDKH

Thot ky 2020 - 2039: luu lugng trung binh ndm tai cdc séng thude Binh Dinh
¢o tang lén so vii giai dogn 1980-1999 va giai doan tiép theo (2000-2019), nhimg muc
ting khéng lom. Tai tram Binh Tudng dong chdy trung binh ndm ting tir 0,3 - 0.4 m’/s,
khoang 0,4-0,6 % so viri thin k¥ nén. Dong chay nam co gia tri tang din theo céc kich
ban B1, B2, A2.

Su bién thién dong chdy trén cic song 1a khac nhau theo timg kich ban bién ddi
khi hdu. Nhung c0 the nhin thay rang. xu thé cuia dong chdy trung binh nam 1a ting lén
S0 v third k§ nén vit thin k¥ sau 1ém hon ther kv trede.

1.2 Dong chay mia i

Theo cic KB BDKH, dong chay AUTHE LU LUGNG MG L

! THAM B T

trung binh mia 10 (tir thang 8 dén thing M ey
12) trén lum vire song Con — Ha Thanh co
xu hueong tang 1én, tuy nhién mic do gia
ting 4 khong lén, Nhin chung. dong chay
I thee KB A2 e6 mire d¢ gia tang lém nhit
so vol thod ke nén, Trong Khi d6 dimg I DS A e S S G
chay |0 durge tinh todn cho kich ban Bl ¢cho
thay muc 0 tang thap nhat trong 3 KB

i -

[ L]
{
L
L!
\

Hinh 2: Xu thé thay déi cuia dong chay Ii
tram Binh Twomg theo cac KB BDKH

i Fap 20 Thiy vdn - Tai nguvén niede, Bién, Moi triedmg
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Thivi kv 2000-2019: So vai thot kv neén, dong chay trung binh mue 10 1a ' tram
Binh Tudng ¢o xu hudm tang Ién, tuy nhien, mue ting 1o khong lom ¢l khoang
0.353m /s (khoang (,26%) so vai thin ]u. nén. Liu leong trung I!‘tmi' mua 10 tai tram

Quv Nhon Lhw kich ban A2 la 1331 m'/s (tdng 0, ’--L"‘. s v thin I-.x nen: kich hin
B2 1a 133m’/s (1ang 0,35%) va kich ban B1 1a 132,9 m /s (ting 0,25%).

Thiri ky 2020-2039: Luu lugng dong chay 10 tang lon hon so voi thai ky treoe
Theo d6, kich ban A2 cho dong chay 1i tang nhanh nhit. Tai tram Binh Tuong, gid i
ltru lugng trung binh mua 10 trong ca thin kv li 133.8m/s, tang khodng 0,82% so vai
thiri kv nén. Kich ban B2 cho két qua dong chay 10 thap hon coa A2, vii mite ting so
vt thad kv nen 14 0,56% trong khi kich ban B ¢d mire ting thiip nhat vii gid tr 1
(0.39%

Xét ve phin phoi dong chay trong ndm, dong chay mua 16 co xu huimg g
vao thang dau mia (thang VIII), nhus'n: sau do gia tng vao ciac thang gita mua 1
(thang 1X, X, XI): vao thang cudi mua 18 (thang X1I) Ta o sir gram nhe

1.3. Dong chay mua kiér

Nhin chung, hru lugmg trung binh moa kiér cac song chdy qua dja ban tinh d¢u
¢ xu thé giam din theo thoi gian, tuy nhién, luung gi;im nay la L]u’mg .

So voi gial doan XU THE LUV LUONG MOA KIET TRAM BINII
|980-1999, dén giai doan TUIANG
cudi trong thoi ky tinh o
toan (2040) dong chay
mua kiét tai tram Binh
Iwémg giam 0,28% theo

B g 1w Ra

kich ban A2, 0,26% thep [l—=
kich ban B2 wva 0,22% e
theo kijch ban Bl. Dong

L - DO R0 3R ZOTE SN IE  CkEl duas

chay mua kiét trén cac
song theo kich ban Al
giam nhiéu nhit va B1 14
it nhat.

Hinh 3- Xu thé thay doi cua dong chay kit
tram Binh Twome theo cac KB BOKH

Dang chay mua kigt, ¢ xu hutmg chung 1a giam dan tor gitra mua kigt den cuol
mua kiét, giam manh nhat vao cac thang cudi (thang IV, V, VI), cac thang dau mia I
¢t sur giam nhe khong dang ke.

3.4. Nhu cau niede va dp thiéu hur
o Nhu cau mede

Viéc tinh todn nhu cdu nude trén dia ban tinh tuomg tmg voi cac kich ban A2
B2. B!l ducoc xac dinh dua trén so lidu mua, boc hoi cioa cac kijch ban A2, B2, B ti
ligu nién giam thong ke ndm 2010 va ta hiéu quy hoach phat trien Kinh 1& - xa hoi cua
tinh Binh Dinh. Két qua tinh toan nhu ¢iuo ding nude duoe thé hién o Bang |

Nhu cau nudre trén dia han tinh ting din qua cdc gial doan. So vl giai doan
hién trang, thivi k¥ 2000 — 2019 ¢6 nhu ciu su dung mroc tang len, iy nhien von muc
do khong lim. Trong thai ks ndy, Kich ban A2 c6 nhu cau sir dyng nu 11 phi

Tiap 2: They vitn - Fdi nguyén nwde, Bidn, MAi tricimg il
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(12647 trign m™ 1ang 0.11% so vai giai doan hién trang), kich ban Bl ¢é nhu cau sir
dung nuoe aho shitt (126447 triéu m”), kich ban B2 ¢o nhu ciu nude la 1264.56 trigu
m-. Thei Ky 2020 - 2039, nhu ciu nude cia tinh tang lom hon thoi kv truoe. Theo do,
kich ban A2 cé nhu cau sue dung nurde ting nhanh nhat (1361 84 triéu m3 tang 0,2%),
tiep den L kich bin B2 (1361.47 tridu m” tang 0.196%) va kich ban B1 (1361,31 triéu

m ang (0. 19%)

Nhu cdu nuedre theo kjch ban A2
cO gia tri 16m nhat, tiép d6 1a kich ban
B2 va Kich han B1. nguyén nhéan la do
s thay Aol cun leomg mua va luong 2 i B
bdc hoi ena ciac kich ban. Nhu clu =3
nirce cua tinh duge tinh toan bang viée . "
xac dinh nhu cau ding nude cla cac i
nganh chinh: 1réng trot. chan nudi,
cong nghiép. nudi trong thiy san, sinh : i
hoat dya trén s0 lidu lueong mua, boc : : !
hrt theo cac kich ban bién déi khi haw
vatar heu quy hoach tong thé phat trién
kinh 1& wd hel tinh Binh Binh dén
2020 Hinh 4 Biéu do phén khu sie dung mieve

tinh Binh Pinh

Rang 1 Tong hop nhu cau mege trén dia ban tinh Binh Dinh
, o] ! =
(Bom vi. [0 m™/ndm)

o — e —

| Kichban/Giaidoan | A2 | BI | B2 |

i _IT'rl.':.rt 1rzmg_ = _ 1138.02 -

| :nrm-:m_in _i_ '1:&47?'_ 12{5«-_1.5_" m 1
2020-2039 | 1361.84 1361,31 1361 47

Mheo do, nhu clu s dung nude cua cde nganh (trir trong trot) khong dbi qua
cac nam (duoe tinh dia theo so ligu quy hoach nim 2020), do do. lugmg nhu cau nudc
thay doi qua cac ndm chi phy thude vao nhu cdu nude cho trong trot. Nhu céu nudc
cho ¢dy tréng duve tinh toan dua trén cac tai liéu mua, boe hoi, dién tich trong, loai
¢y trong (st dung md hinh CROPWAT): trong do, 1Ai liéu ve dién tich cdy trong va
loai cay trong 1a khiing d6i nén luomg nude véu cau thay ddi phu thude vao gia tri coa
lirgmg mua va luong boe ho.

o Dd thicn hua

DEé danh gid tac dong cia BBKH dén can bing nude tinh Binh Dinh, du dn
dinh gid qua cén bang nudc cia hé thong song Cén — Ha Thanh 1én nhét tinh Binh
Pinh theo cic kich ban BPKH B2, Bl va A2 s6 voi giai doan hién trang (kich ban nén
1989- 19599

Giad dogn hien trang ndm 1989 ~ 1999 lugng nude thidu tdp trung ¢ vang Tan

= ¥ & - 5p . s = . . 5 a ! W & i
An Dap Da v mit s0 kho trdi & phia Bic song Con noi ma ngudn cap nude chi yveu
e v ngntn nude trird v phin ha hau song Ha Thanh.

— - 1

#0 Tip 2: Thuy vin - Tiad mguyvén nude, Bidn, Mo| trieimg
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Bang 2: Ba thién hut trong giat doan hidn trang (107 m ndén

19849 1999

TT | Viiig S ndm ci [“I:fn;ng [;:‘},“""';" ?n_n
| thifu bt HI.'I.I. { m-/nam)
i Nure
| 1 | Vung Vinh Thanh 20 5.6.7.8 19.%33
2 | Ving song Kone 3 1.8 5851
3 | Ving Nam La Tinh - Bac séng Kone 20 -8, 12 136,730
4 | Ving Tén An - Dap Da 20 14,78 ‘ 39 501
5 | Ving Ha Thanh | 1 as ‘ 1 893
Khu vire Nam Binh Dinh ' | |

» Kich ban A2

SO nam thieu nudc ciua tirmg khu woi gial doan hién trang va céde gial doan theo
kich ban A2 dirge néu trong Bang 3

Bang 3: Do thieu ht theo kich ban A2 (10° m™/ nim)

b0-2019 2020-2019
S Do [ Sih [
TT Viing nim Thi*ng Ihi:l;u nam | Thang | B thicu
cd | thieu hyt (10° ch thiéu | hut (10"
| thiéu | nude m!:mﬁm} thitu | nuwde | m"nim)
| hut | | hut
S — — . ' .
| 1 | Ving Vinh Thanh 20 | 4578 282 5 5 18 (132
g y . B 28211 i ] | Tl“ |
| 2 | Ving sdng Kone 3 & | 2076 B 5.8 2,718
' | 3 | Ving Mam La Tinh - Bicsong Kone | 20 | 1-8 | 234812 | 20 19 | 235298
| 4 | Ving Tan An—Bdp Ba 20 | 2-5,7.8 | 168,702 20 | -8 | 68,839
_I | § | Ving Ha Thanh I | 35 2892 | 0000 |
| . Khu vire Nam Binh Dinh

» Kich ban B2

56 nim thiéu nudc coa timg khu tuai cae gial doan theo kich ban B2 Qo néu
chi tiét & Bang 4,

T—

Fip 2: Thay vitn - Tai spuvén meee, Bidn, Mo wriedng |
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Bong 4 D6 thaen hut theo Eich ban B2 10" mr ndgm)

2000-2019 2020-2039
Sb | | by | | ‘
T Viiig nam | Thing | Ripi 8 ' nam | Thing D thiéu
' ¢6 | thiéu hut (10° ' e6 | thiéu | hut(10°
| thién | nunde | 'jl thitu = mwde | mY/ndm) |
m*/ndm) | {
| byt | 1_ haut :
—— S | e s 4 ]
Vung Vinh Thanh | 20 | 4578 28203 | 20 5.8 28,050 |
Vieng somg kone i * 4 | 2073 7 58 | 2712 '
Viing Nam La Tink - Bie sdng Kone n_i 18 | 234793 | 20 -9 | 235319
- —_ -———'—r_ 1 e T
. Viing Tan An - Dap ba 20 +:-i.’.ﬁ | 168602 | 20 | 1.8 | 168840
IE Viing Ha Thanh ERERES | 0,000
| =— e e I — —
Khu vire Nam Binh Binh | 1 : ! |

* Kich ban B

8¢ nam thi¢u murdre cua timg khu tudi gial doan hién trang va cdc giai doan theo
Kich bian B 1 dugc néu chi 1iét o Bang 5.

Hmﬁ:. 5. B9 Ffuenr Jmt theo kich ban BI (10" m’/ nam)

Iﬂﬂﬂvllll':'r . Z020-2039
S " I DA | S§& | |
" Ving | nim | Thing mg“ Cnam | Thing | B§ thiéu
e thieu | hut (10° ch | thiew | hyt (10°
| thién | mnde 1;[ thién | nwde | m'ndm)
| m'/ndim)
- hut hut
| | Vang Vinh Thanh 20 | 4578 | 28203 20 5.8 2%.032
L LT %) llr'IE_ il...l,ll'|| ] -5- :,“T1 7 :.‘.,H 2 7 |'1
| I -4 g T
| 3 | Ving Nam La Tinh - I-!..-'sf song Kone | 20 |-8 234,779 20 [-9 235.309
4l | Viang Tan An - Bdp Pa 20 2578 | 168,686 20 |-8 168, 849
| 5 Ving Hi Thanh |1 | 35 2,890 0.000 |
|_ . Khu vire Nam Binh Binh ] I{

* S0 sanh luong nude thiéu hut theo 3 kich ban

P& thieu hut nude cho moi vimg trong hé thong luu vase b.cm;_, Con — Ha Thanh
¢o xu thé tang deu cho mai giai doan trong cac kich ban so vin giai doan hién trang.

Xu thé thay doi cang kha phi hgp voi xu thé cia nuéc dén va xu thé ctia nhu
caun mrire [arong thiéu hut trong kich ban B2 nhé hom so véi kich ban A2 va lom hon
kich ban B1. Tuy nhién sy khac bigt nay chi thé hién rd nhat vao hai giai doan cudi,
cac giai doan dau gid tri thieu hut thuémg dan xen vao nhau vi dé chénh léch khéng

(ang ke. Lugng thi cu hut trén toan lwu vye dao ddng trong khodng 435 tridu mYnam,
chiém khoang 319 - 34% gid tri nhu cdu nuéc

Fiip 2: Thity vin - Tai nguyén nuede, Bién, Mai trieomg
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4. Két ludn
I. Dén nam 2040, dong chay trung binh ndm trén dia ban tinh trong womg fad
ting lén khodng 0,6%. DOi vii dong chdy theo mi, dong chav mia 16 tang 0.56°
trong khi déng chay mia kigt giam i 0,26%

2. Nhu ciu nuire va di th.Lh hut nude e6 xu huong tdng 1én qua timg gind doan
Cde thang ¢6 dd thidu hut lém nhit thudmg roi vao gitra mia kho

3. Piéu kién so liéu con nhiéu han che can nghién ciru siu hon dé 6 ké qua
chinh xac hon.

TAI LIEU THAM KHAO
I.  Cuc Thong ké tinh Binh Dinh. 2011 Nién giam thong ké Binh Dinh nam 2010

i

Vign Khoa hoc Khi twomg Thiy viin va Moi truomg. 2011, Tai licy hudng dan
Panh gid tic ding cia Bién doi khi hau va xac dinh cac giai phap thich (mg

CLIMATE CHANGE AND ITS IMPACTS ON WATER
RESOURCES IN BINH DINH PROVINCE

La Duc Dung, Nguyen Hoang Minh"” Le Huu Hoang'", "\';_-,u_\'un Manh
Thsmg"' Do Dinh Chien™’, Tran Hong Thai'”
"National Hydro- ".h,n.umfm:u al Service
“Vier Nam Institute of Meteorology Hydrology and Environmenr

ig
Fiy

The research has used MIKE model for assessment af impacts of climate change on
water resources of Bink Dinh province. Therein, wmperature and rainfall data of A2 Bl B2
scenarios are used to be input for MIKE NAM madel so that assess to the effect of climare
change on inflow in this province, and then it s a premise that assess to water resource by
using hvelranilic and water balance models. The results of research show the amount of deflcir
of water demand on whole basin to fluctuate abour 354 million ne vears about from 65 fii

28% water demand

Fip 2: Thiiy vin - Tai nguvén muedc, Bidn, Moi tewimy 1
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VIEN KHOA HOC KHI TUONG THUY VAN VA MOI TRUONG
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TUYEN TAP BAO CAO

HOI THAO KHOA HOC QUOC GIA VE
KHi TUUNG, THUY VAN, MOI TRUGNG VA BIEN BOI KHi HAU

LAN THU XV

TAPI
KHI TUONG - KHI HAU, KHI TUONG NONG NGHIEP
VA BIEN POI KHI HAU

-
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NHA XUAT BAN KHOA HOC KY THUAT
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BO TAI NGUYEN VA MOI TRUONG
VIEN KHOA HOC KHI TUONG THUY VAN VA MOI TRUONG

TUYEN TAP BAO CAO

HOI THAO KHOA HOC QUAC BIA VE
KHi TUUNG, THUY VAN, MOI TRUGNG VA BIEN BOI Kui HAU

TAPI

KHI TUONG - KHI HAU, KHI TUONG NONG NGHIEP
VA BIEN POI KHI HAU

Ha Noi, thing 3 - 2012
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NHA XUAT BAN KHOA HQC VA KY THUAT
70 Tran Hing Pao, Ha Noi

In 200 cudn khd 21 x 29.7 cm tai Cong ty ¢b phin in va dich vy viin phong Tin Dai Viét
Gidy xdc nhan ding ky ké hoach xudt bin s6: 222-2012/CXB/01-19/BKHN,
do Cuc Xuiit bin cip ngly 28/02/2012.
Quyét dinh xult ban sé 01/QDXB-NXBKHKT, cip ngay 01/03/2012
In xong v ndp luu chidu quf I nim 2012.
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Téc djng tiém l'.ﬁng cita bién ilm khi hiun dén nguy co' vi mua chay

rirng tai mot s6 tinh khu vire mién ni phm biic Viét Nam
Trdn Hong Théi, Pham Thi Hién Thuong, Trin Thi Vin, Nguyén Dang Qué

Tinh tuﬁn dién tich dit bj tic dong ciia han hén, ngdp va nhiém min
do bién d6i khi hiu & déng bing séng Ciru Long

Bao Thanh, Biii Chi Nam, Trin Tuin Holng

Dinh gid tac djng cia bién dbi khi hiu dén cdc linh vire chinh cia
tinh Lao Cai

Nguyén Mgnh Thing, Nguyén Hoang Minh, Lé Hitu Hoang, Trinh Ha
Linh, Tran Thj Vén, Trin Hong Théi

Nhimg vin dé vé nghién ciru xiy dyng va cip nhét kich bin bién ddi
khi hiu

Nguyén Vin Thing, Tran Thye

Nhimg tn thit kinh té - xi hji do thién tai, bién di khi hiu va vin
aé di dén tai dinh cwr & Viét Nam

Dinh Vil Thanh, Nguyén Vin Viét

MG{t vai bi¢n phdp khai thic nhién li¢u tii tao — ngudn ning lirgng
cho twong lai

Ngo Trong Thuédn, Nguyén Thj Thanh Huyén

Nhimg vin a4 djit ra vé thich émg va giam nhe bién ai khi hju a6
vai Viét Nam

Trin Thye

Tich hop edc vin dé bién ddi khi hiu vio cdc ké hoach phit trién
kinh té - xa h{i

Trén Thue, Huynh Thj Lan Hurong, Bao Minh Trang

. Dénh gid tdc ddng cia bién ddi khi hiu dén dong chiy tinh Quing

Ngii vA djnh hwimg ké hogch hanh djng img phé
I.".m Thue, Nguyén Vin Thang. N"uvf:n Vin Bat Huynh Thij Lan
Hwong, Phiing Th} Thu Trang, Ngu;en Thi Hing Hoang Ting
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Phirong phép v quy trinh dénh gi4 tinh trang dé bj tdn thwong do
bitn dbi khi hfiu ddi véi néng nghiép

Trin Thue, Nguyén Thi Hién Thudn, Huynh Thj Lan Huong, Dang
Quing Thinh, Pao Minh Trang

Pénh gid tdc déng cia bién dbi khi hiu dén han thiy viin cic tinh
Hoa Binh va Phi Tho

Nguyén Kim Tuyén, Nguyén Hoang Minh, L& Hiru Hoang, Nguyén
Phirong Thao, Trén Thi Vén, Tran Hong Théi
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TAC PONG CUA BIEN POI KHI HAU PEN MQT SO LINH VUC CUA
TINH VINH PHUC

Lé Thi Kim Ngiin, Nguyén Kim Tuyén, Nguyén Hoang Minh,
Trin Thi Vin, Trin Hong Thii
Vien Khoa hoc Khi iegng Thuy van va Mai ineone

Viét Nam ld mdr tromg nhimg miede s& chiu anh leong nghiém trong cua bién déi khi
hdw (BEIKH ). Dié img phd vt BDKH, Thu teeng Chinh pla did phé duvét Claeerne trinh mu
riéu quoc gla (C J"MI QG) wng phe vai BDKH. Mgt trong nhimyg nol dung guan treng cila
Cheeerng trinh 14 tién hanh ddnh pidl tde deing cua bién dii khi hau dén cic Bo neanh v dia
phiveng.

Trong bdo cdo nay trinh bay két gqua, ddnh gid 1ic ldng cug BRKH & mt 5o nedanh,
linh viee nhav cam vit dé bi t6n thwomg do BOKH cho timh Vinh Phiic bao gim: i nguyen

nurre, mmg nghiép, lam nghiép. Day la mat phan ké 1 griet cwa vige xdv dumg ke hoach hanlh

dong vmg phd ven BOKH cia tinh Vinh Phiic,

1. Mé déu

Bién doi khi hau ma biéu hién chinh I sy néng Ién toan ciu, lagng mura thay dos
vii muc murdc bién ding, 18 mét tmng nhirmg thich thire 1om nhit dbi voi nhan loai
trong thé kv 21. Trén quy md toan chu ciing nhur quic gia BDKH da va dang tde ding
dén moi nganh, moi linh vire thude ca i nguyén moi triomg v kinh e xa ho

V& tinh dic thi va tam quan trong tic dong coa BDKH dén cic linh vue i
nguyen nuoc, nong nghiép vi lim nghiép cua tinh Vinh Phic dugc quan tam ddnh gid,
2. Kich ban bién ddi khi hiu cia tinh Vinh Phic

Kich ban bién ddi nhigt d6 va lugng mua cho tinh Vinh Phic diroe xdy dung dura
trén ket qua sir dung phuong phip 0 hop (MAGICC/SCENGEN 5.3) vii phuong phip
chi tiét héa théng ké; theo dé:

Nhigt do ta1 Vinh Phiic ¢6 xu huong ting, dic biet ting manh nhiit viio mia kho.
Theo cdc kich ban A2, B2, B1 dén nam 2020 sur thay ddi nhiét 46 trung hinh nim so
vari nén khoang 0,7 - 0,8 "C, dén nam 2040 khodng 1,2 -1,3"C.

Lugng mura ¢6 xu hudémg ting 18n & ¢a 3 kich ban, tuy nhién khong dong déu trong
ndm. Lugng mua tding o rét viio mia mua va gidm vio mia khé. Luong mua trung
binh ndm trong mdi kich ban chénh léch khéng ding ké, dén nam 2020 ting tir
25.2mm dén 28,3 mm, dén nam 2040 ting thém 17 -18,5 mm & cic kich ban

Lugng boc thodt tiém nang cé xu hudng ting 1€n & ca 3 kich ban, 1ap trung vao
nhimg thang mua kho. Sy chénh 1¢ch lugng boc thoal & cac kich ban khong lom, dén
ndm 2020 luong boc thodt ting tir 56,7 dén 63,6mm. dén ndm 2040 ting thém wr 32,8
dén 44,6 mm

3. Péanh gii tic ddng cia BPKH dén mat so linh vire ciia tinh Viah #hiie

3.1. Tdc ding dén tai nguyén niwedc
Ba kich ban BBPKH (A2, B2 va Bl) da dugce s dung dé danh gid tic dong cua
BDKH dén tai nguyén mrdére cho tinh Vinh Phiic bao gém viée ddnh gid déng chiy trén

Tdp 1: Khi pmg - Khi hiju, Khi tepmg Nong nghigp va Bién dii Kid hiu 277
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cide song chinh chay qua dia ban tinh: séng L6 (tram Vu Quang), song Hong (tram Son

Tiy), song Phé Dy (ram Quang Cu), song Ci Lo (tram Pha Cuimg),

Diwg cherv nen

Diang chay ndm cua ciac song chinh
chay gua dia ban tinh ¢6 xu hudmg ting
@ ca 3 kich ban (Hinh 1). Mirc dO bién
doi lru lugng dong chay nam ting din
theo ciac cac kich ban lhﬁp Bl, trung
binh B2 va phil thai cao A2. Giai doan
2000-2019, mire thay doi khing ding ké
so vai thiri k¥ nén, dén nam 2040 ¢é
tang nhung mire ting ¢on rat nho,

Diamg chay mia i

Dong chay trung binh mia I trén
cidc luu vire sOng di qua dja ban tinh déu
¢t xu hiromg tang l1én theo cice kich ban,
nhirng mire d& gia ting 14 khong ddng
ke (Hinh 2}. Thin ky 2000-2019 mite d6
ting khoang tr 0.2% dén 0,7%, Thai ky
2020-2039 mure ting 1én hon so v thin
kv trudre,

Dong chay miba 10 ¢6 xu hudng
gidm vio thang diu mia (thdng V1), gia
tdng vao cic thing gifra miia 18 (thdng
VIL VIl IX): vao thing cubi mia 1o
(thidng X) lai ¢6 sur giam nhe.

- Deémg chav mia kid

Luu lugng trung binh mia kiét eic

Ry Chy W g v Gy Vimng suay mke wa baw iy

o -~
P i
i il -
e e
ey - b - W Uy T
e el

\
iJ'lu
\

e e e L L T — g g o | b
=t e

T T

1R [P g s ey s B T

By 10 ey S S bk m e PG Ly

"‘*—-..____{‘_ i ‘-*_L':“‘.h',_‘-
e 1 =
.H"'-\.

Hinh 3. Xu thé thay doi cua dong chay mia kiér

song chay qua dja ban tinh ¢6 xu thé giam din theo thoi gian, tuy nhién, lugng giam

rit nho (Hinh .

Bdng chay mia kiét, ¢ xu hudng chung 1a giam dan 1 gitra mia kiét dén cudi
mixa kiét, giam manh nhat vio cic thing cudi (thdng 111V, V), cdc thing diu mia Ii cé

s giam nhe khong ddng keé.

N can nuecre va e dg thiéw hut heene nmicoe

Vige tinh todn nhu ciu mrdce trén dja ban tinh twong ung vai cice kich ban A2, B2,
B1 dwroe xic dinh dya trén s6 ligu mir, bde hoi tir ede kich ban twrong (mg, nién gidm
thong ké nam 2000 vii tai liéu quy hoach phat trién kinh té - xa héi ctia tinh Vinh Phiic.
Két qua tinh todn nhu duge thé hi¢n & Bang 1 cho thay nhu ciu nude trén dia ban tinh

ting dan gua cic giai doan

278 Fip 1: Khi tepng - Khi hiu, Khi tiegng Nang nghigp va Bién déi Khi hiu



Hii thao khoa hoe Quie gia vé Khi twgng Thuy van, Mii trwimg vi Bién doi Khi hiw

Bang 1. Tong hop nhu cau mece o tinh Vinh Phiic
(10F m¥ncim).
Kich ban Glad doan | A2 | B | B2
HL:':n I.'ld:IlLI HE-EI 1"-'_'-"5: 4613
2600-2019 1630 [ 3630 [ 4650 |
| 2020.2039 66,6 | A66.6 | 1666

12¢ thicu hul muroe duge tinh odan cho cic teu luu vige song Pha Pay, song Lo va
ta séng Cii Ld. Két qua tinh todn v 3 KB BDKH (Bang 2)

Trong kich ban tuong lai hdl..l- nhu ndm ndo cling thicu nudée, Wng luong nude thicu
ting vot, khu thu:u nude chit yéu tip trung tai Lap Thach, Tam Duone v lirong mirdc
thiéu nhiéu nhit 12 tai khu vire ta séng Ca Lo.

{313 thiéu hut nude cho moi luu vire con v trén toan tinh Vinh Phic ¢6 xu thé ling
déu cho moi giai doan trong céc

kich ban so wv&i giai doan hién Bang 2. Dd thidu hut theo cde kich ban (10" m¥fgim).

tran — r T
s IT| Ten then b vae | ja | DAY L
i . . 1]
Xu thé thay doi -.,ﬁr]g khia phu i i | Y hien | Vilien
h:;::p v xu IhL cia nude dén va xu "HEN “RETRIFT
thé cia nhu ciu nudc. Lugng thiéu 1 | s 1e w | oaw! sm| sl 3 RTIET
N g N I B & Lo S B - B :
hut trong kich ban B2 nhd hon so dlvaghobdy | b | 102 qenal goia] o | e 1est] e
v kijch ban A2 vii lém hon kjch 3 [rasimecats [ 0 lugan o] el o [ume im0 [ 1m0

ban Bl. Tuy nhién su khac bigt nay

chi thé hién ré nhat vio giai doan cudi, giai doan :lﬂu gid tr] thicu hut thudmg dan xen
viio nhau vi 46 chénh léch khong dédng ké. Luong thiéu hut tén dia bin tinh dao dong
trong khoang 172 - 174 triéu m¥nam, chiém khoang 13% - 15% gid tr1 nhu ciu nudr.

3.2 Tac dang dén nong nghiép
Trcjﬂg trot

Xét anh huong cua BDKH dén cdc nhém ciiy trong chinh (lda, lac vi ngd) tinh
Vinh Phic cho thay (Bang 3):

Lia xuin:Vé thév gian sinh triomg (TGST) s& bi rit ngﬁn trong 14t ca ede kich
ban tir 3 dén 7 ngaty. V& nding sudt (NS): hau hét giam so vai thin kv nén, ¢6 ldc 1én i
11%.Véi ving canh tdc theo phuong thire ty nhign, NS Ida rit thip chi con twén |
tan/ha. Can luu ¥ cho nhimg ving khong hodc s& khong ¢d khi niing cho ddong i
tiéu cho lida do can ki€t cac nguﬁn nenoe.

Lia mua: TGST by rit theo trong cic Kich ban BDKH tir 3 den 6 ngay, NS la
ciing vi thé ma bj giam tir 0,6 dén 12%. Ddng Iuu § 13 NS 16a miw trong diéu kién wroi
tiéu tw nhién gan nhue khong giam ma con ting nhe (kich ban Bl va A2 nam 2020, vii
B2 nim 2040). Trong diéu kién ¢t sir dung phin bdn vi nude widi, néu gilr neuyén
mirc canh tic nhur trong thoi kv nén thi NS lda giam tir 7 dén 12%. Vi viy can luu ¢
Iﬁng ghép diéu kién BPKH vio cic hoat dong xay dung cac bign phip k¥ thudt nhu
lam dét. bon phin va cham soc lia.

Tdp 1: Khi negmg - Khi hiu, KRi tegng Nong nghigp va Bién doi Khi hiu
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Ng6 dong: do tic dong cia BDKH nén TGST ciia ngd dong s& giam xudng tir 6 dén 7
ngiy. Poi v ngd dong sé téng ca, NS tiem niing, NS trong dicu kién tuén tiéu tr nhién v
N5 thim canh binh thudmg, déu t tAng, mirc ting NS cé thé 1én dén 32%.
TGST bi it ngan ur 4 dén 9 ngay/vy, NS tiém nang bi giam tr | dén 54%
trong khn NS canh tic tr nhién vt NS thim canh suy giam khong ro rét.

Lac xuin;

Beng 3. Kér quet tinh rodn thed gian sink trieomg va mire thay doi néang suet (%) ciia lia
vedn (LX), e intia (LM), ngo dong (NB) va cdy lac xudn (LAX) tai Vinh Phiic.

| = B " Ditu kign khin DT
Kich Mirc tiém nang duge ln'l'j vil khﬁtlig *:I:L:!ruTI::f;I:::i
MNam | “fda Lavad wdiy i drge béin phiin
| TGST NS TGST NS TGST NS
I . ingay) | (kgho, %) | (ngay) |ikgha, %) (ngay) |ikg'ha, %)

T — LX 140 H012 140 1320 140 5064
k¢ |1;15|| {GHD .M 117 5517 116 2362 17 5283
ok | NP | 130 | 3868 130 3868 130 3849

| i 1 | LAX | 153 | 2852 [ 154 2524 154 2893
| LX 4 6.3 5 B4 4 f.5
S 3 | 63 -3 3,0 3 B4

ND 7 | [9.2 7 192 7 1.4

| | Lax 5 | as 6 2.9 I 1.6
X 7 -10.7 4 2,0 7 -10.9

| LM 5 A5 6 0.6 I 119
| 20002001 %9 B2 ND = 114 e 314 3 iia
LAX - 2.3 - 3.2 ) -3,7

I . LX 3 i3 [ - 236 3 1.8
| ) |Ii | -3 50 I 5 | 3.7 <3 -&,0
ns ND | 6 234 | 5 234 | 6 23,6

B LA | = L) 4 2.4 4 1.3

LX 7 46 | B -1.0 7 108

- LM - R i 10,5 6 11,5

NP - 312 -fy 32 - 3.3

LAX 8 5.4 .0 4.7 0 -3.2

[ X E: 1.3 4 19.1 3 14

21202039 H2 : ,'“ . i 2 ‘;“ "* H

ND h 17,1 h 17.1 .ﬁ 17.1

LAN 4 1.4 1 23 4 0,2

— X b | K1 | 1.1 f %3

5 M 5 4.3 5 0.3 -5 9.2

E= ND X 18,6 -8 18.6 -8 |85

LAX K 3.4 8 27 8 4.3

Chan niéin

Ngudn cung cip thite @in chan nudi gidm sit sé

anh huomg dén divi sdng. sinh

triromg vi sinh san cua gia ste. Do nhiét do ting, nhiu loai gia stic, gia cdm chua thich
(g diroe v dicu kién ngoai canh. Mit khic, khi hiu néng 1én cting vai thién tai nhu

bio, li, gid manh, mira Iém ciing de doa chu trinh sOng, sinh truong vi sinh sin cua
dan gia suc. BDKH cing lam tang thém kha néng sinh bénh va truyén bé¢nh dich cho
dan gia sic gy hau qua ning n¢ cho nguoi chin nudi. Do vay, can phm cO nln}ng quan
tim ding mire dé cd thé phar trién va thue hién duge dinh huding dé ra cho giai doan

2015

- 2020)

280

Fip 1+ Khi tiremg - Khi hin, Khi twong Nong nghiép va Bién di Khi hju




H§i thito khoa he Qubc gin vé Khi trgng Thuy vin, Méi truémg vi Bién doi Khi hju

602

3.3. Tde djng dén lam nghigp

Téc ddng cua BDKH dén lim nghiép cua tinh Vinh Phiic duoe tap trung vio danh
gid nguy co chdy rimg theo cédc kich ban BDKH. Nguy co chiy rimg duge tinh todn
dya theo cong thire V.G Nesterop dé tinh chi tiéu tong hop dé dy bio nguy co chdy
rimg (P). Viéc tinh todn duge thyuc hién cho hai nira dién tich coa tinh co dia hinh
hoiin toiin khédc nhau 1a viing nii Tam Dao v ving dong bing Vinh Yén.

Tai Tam Dao; ¢6 nguy co chay rimg & murc trung binh. Xét nguy co chay rnumg o
cdp IIL. IV (Z3,4) ca ba kich ban phi
thai déu cho mirc d6 nguy hiém chdy [
rirng ting theo thiri gian va mac d6 bién i
dbi ngiy ¢6 cap chdy rimg trung binh 1 ” “ : J |
nhiéu ndm gifra cde kich ban phdl thai (st l“ :
cao A2, trung binh B2 vt thip Bl tang so
vii thén kv nén. Thing 12 c6 sO ngiy
nguy co chdy rimg Z3.4 cao nhét so v
cée thing con lai trong mua chay.

Tai Vinh Yén. @ co nguy co chidy rimg
rat cao, mua chdy rimg m¢ rong vé diu ,
mia chdy, cao nhat o dau vi giita mia chay . . l ;
(théng 11 dén thing 3). SO ngay 6 nguy co I I ; 1 ; 4, i !
chdy rimg cip 1V, V (Z4,5) Iim nhit vao ALEELE
thing 12, ting theo thid glan va ting theo
cdc Kich ban phit thai B1. B2, A2

Hinh 4. Nguy co chedy rimg va 50 NEAY nEUY €O
chey rieng (Z3.4 tai tram Tam Dao theo kich

Hinh 5. Neuy co chdy rimg va sa ngdy nguy cor
chey riene (Z4.5) tai tram Vinh Yén theo kich ban

Bemg 4. 56 ngay cé nguy co chdy rieng tai Vink Phidc theo cdc kich ban BOKH

Tram Tam Dio (Z234) - Tram Vinh Yén I_I-l_..ﬁ-l
Thiing ﬁ::-. Kich bin | Kich ban | Kich bin ;‘:;‘:‘ Kich ban | Kichban | Kijch hin

| A2 B2 B1 oo | M B2 B1 &

T1980-1999] 2020 | 2040 | 2020 | 2040 | 2020 | 2040 [ 1980-1999 | 2020 | 2040 | 2020 | 2040 | 2020 | 2040 1
! 0.2 03 [ 04 | 03 | 04 | 03 | 04 129 (130 134|129 ] 134 ] 120 ] 134
2 po | oo oo ool oo 0o oo 99 | 100 | 104 | 99 | 104 [ 94 [ 104 g
i 07 |09 [ 1209 | 12 09| 12| B2 |90 |w2]ss |l02]8s 102
4 0.4 08 |09 | o8 | 09 | 08 | 09 41 | a1 | a3 | a1 ] a3 ] 43 | 43 :
5 K 12 | U6 | 10 | 16 | 1.0 | 16| 28 45 | 51 | a4 | 51 | 44 | 51 |
T 09 |09 | 13 |09 | 1209 | 12| 35 |37 |49 | 37 | &6 |37 [46 1
7 0.7 10 | +5 [ o] 1a ] 1o [ 14 10 | 20 | 26 | 21 | 24 [ 20 | 24
8 0.3 o8 [ 12 o8 [ 1] o8] 1 1.2 12 [ e [ 12 [16]12] 16
9 1.5 16 | I8 | 16 ] 18] 16 ] 18 i 18 [ 50 [ 38 | 48 [ 38 | 48
10 2.4 26 | 25 | 26 | 25 | 26 | 25 6.2 72 | 83 [ 72 | 81 [ 32 | B
11 2.9 56 | 69 | 56 | 67 | 56 | 61 | 77 |tos] 126 108 ] 123 ] 108 | 123
12 0 | 75 | BO | 74 | 80 | 74 | 80 | 152 | 164 | 174 | 162 [ 174 [162 ] 174

Nhir vy két qua nghién ciru nguy cor chiy nirng tai Vinh Phic cho thily:

Tip I: Khi tiwgng - Khi hiu, Khi tugng Nong nghigp vi Bién dii Khi hiu 281
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- Tai Viing nii cao Tam Dao nguy co chdy rimg & mirc trung binh (cip 3.4),
mita chiy rimg (cdc thing 11 dén thing 4 nam sau) ¢6 xu hrdng thu hep din vé cubi
mia vi md rong ve dau mia,

Tai Vinh Yén mia chiy rimg c¢6 xu huong dén sém hon (thing 10) va kér
thiic som (thdng 3).

Neuy co chdy rimg & Khu vare Ty Nam cta tinh (Vinh Y&n) cao hon khu viIC
Tay Bic (Tam Dio)

Nhur vy, trong trong lai & tinh Vinh Phic nguy co chiy rirng gia ting, miba chay
bi thu hep vao cudi mua. Vinh Phic la tinh ¢6 dién tich rimg khd lom, trong dé VQG
Tam Dao co tinh da dang sinh hoe Cao Vo nhi¢u loai dong thye vit quy hiém va dic
htru. Vi BDKH ngay cang dién bién that thwromg kho kiém sodt va khé dur bao nén vige
bao ve phong chidy chira chdy rimg phai hét sire cin thiét,

4. Két luin

Trong linh vire thi nguyén nude cia tinh Vinh Phic: dong chay ndm ¢6 xu huong
gia 1Ang, dong chay i diu vi cudi mba c6 xu huéng giam nhing ting manh vao giira
mia. Dong chay kiét giam din tir ddu mia dén cudi mia. Tinh todn cin bing nudc
theo cic kich ban déu cho thiy lugng nude thiéu hut ngay cang ting theo thevi gian,

- Péi voi nganh ndng nghiép Vinh Phic, két qua tinh todn BPKH cho thily ning
sudt lda bi giam, dac biét 13 lda xuan. Péi véi ciy lac xudn, ciy ngd dbng ning suit cé
xu thé. San lugng cic loai gia stic, gia cdm duge img tinh 12 giam sut do anh hiromg
bari Iugmg thire an, dich bénh, vi thi tiét khie nhiét.

BIYKH lun Ging nguy co chdy rimg & Vinh Phiic, sé ngiy co chdy rimg cip trung
binh vit cip nguy hiém gia tng & tit ca cde kich ban BDKH.
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L. S0 Ta nguyén vi Mo tnromg tinh Vinh Phite(2011). Ké hoach hanh ding img phdé vir
hien doi khi hiu cda tinh Vinh Phic.

4. Vién khoa hope khi wrong thiy vin vk mdi trrdmg. 2011, Tai lidu hudmg dan ddnh gid
tic dong cia bién doi khi hdu va xdc dinh cic giai phiip thich img.
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IMPACTS OF CLIMATE CHANGE ON MAIN ECONOMIC SECTORS
IN VINH PHUC
Lé Thi Kim Ngan, Nguyen Kim Tuyen, Nguyen Hoang Minh, Tran Thi Van.

Tran Hong Thai
Viet Nam Institute of Metearology, Hvdrology and Environment

Viet Nam is one of countries suffering serious impacis from climate chanee (CCL To
respond to CC, The Prime Minister of Vietmam has approved the Nationul Farger Frogram
to Respond 1o CC. One of significant contents of the Program is the assessment of impact of
CC on Ministries, sectors and provinces/cities.

This paper presents results of assessing impacts of CC on some sensitive and
vidnerable seciors, fields caused by CC in Vinh Phue province, including Water resources
Agriculture, Forestry,

This is a part of results of developing action plan 1o respond o CC in Vinlt Phiue.

Tip 1: Khi tuwegnyg - Khi hitu, Khi tigng Nang ngh ifp va Bidn doi Khi hiu
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BO TAI NGUYEN VA MOI TRUONG
VIEN KHOA HQC KHI TUONG THUY VAN VA MOI TRUONG
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TUYEN TAP BAO CAO

HOI THAD KHOA HOC QUGC GIA VE
KHi TUUNG, THUY VAN, MOI TRUGNG VA BIEN BOI KHi HAU

LAN THU XV

TAPI

KHI TUONG - KHI HAU, KHI TUONG NONG NGHIEP
VA BIEN POI KHI HAU

NHA XUAT BAN KHOA HOC KY THUAT
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BO TAI NGUYEN VA MOI TRUONG
VIEN KHOA HOC KHI TUONG THUY VAN VA MOI TRUONG

TUYEN TAP BAO CAO

HOI THAO KHOA HOC QUOC GIA VE
KHi TUUNG, THUY VAN, MOI TRUUNG VA BIEN BOI KHi HAU

TAPI

KHI TUONG - KHI HAU, KHI TUGNG NONG NGHIEP
VA BIEN POI KHI HAU

Ha Noi, thang 3 - 2012
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NHA XUAT BAN KHOA HQC VA KY THUAT
70 Tran Hung Pao, Ha Nji

In 200 cubn khé 21 x 29.7 cm tai Cong ty c¢b phén in va dich vu viin phong Tén Dai Viét
Gidy xdc nhin dang ky ké hogch xuét ban sb: 222-2012/CXB/01-19/BKHN,
do Cuc Xuét ban cip ngay 28/02/2012.
Quyét dinh xudt ban s6 01/QDXB-NXBKHKT, cip ngay 01/03/2012
In xong v ndp luru chiéu quy I ndm 2012.
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Héi than khoa hee Quie gia vé Khi tirgng Thuy van, Mai trirdmg va Rién d6i Khi hju

PANH GIA TAC PONG CUA BIEN POI KHI HAU BEN CAC LINH VUC
CHINH CUA TINH LAO CAl

Nguyén Manh 'I'hﬁng. Nguyén Hoang Minh, Lé Hiru Hoang, Trinh Ha Linh,
Trin Thi Viin, Trin Hong Théi
Vien Khoa hoc Khi negng Thuy van va Maéi tricong

Bién doi khi heu (BBKH) 14 mét vdan dé toan cdu khéng nhimg anh hwong dén cde
quoc gia phdl trién ma eon cd ca nhitng mede dang phdt trién nhar Viér Nam. Viét Nam la mot
frong cide guoc gia chiv anh hwemg nghiém rong cva BDKH, dé g phd vai BDKH, chiing ta
can ddnh gid tde dang cua BDKH lén timg ving cu thé, timg ITnh viee cu thé. Lao Cai la tinh
ca dicu kien ne nhién dién hinh cho ving Tdy Bdc Bg, nghién citw ddnh gid tdc dong cua
BOKH dén cde linh viee chink cua tinh Lao Cai nham gdp phan ddnh gid ding va cd bién
phddp tmg pha kip thei

Nehién cicu tmg dung nhién phieeng phdp dinh gid, twong img vii ba kich ban BDKH
Al B!, R2, nham ddnh eid tde diing cua BOKH lén cde nganh chinh nine: ning nghiép, 1ai
ngwven miroe tren dia ban tinh Lao Cai,

1. Dit van dé

Rien doi khi hiu (BDKH) kJmng chi 1 vin dé mm Lru‘q:mg_1 khong con la vin dé
cua mot ngé anh riéng lé ma chinh i mn dé cna phat trién bén virng. B{}KH tdc dong
dén nhimg yéu 16 co ban cta doi sdng con ngudi trén pham vi toan ciu nhu: nude,
lromg thue, nang hrgng, sire khoe va moi trromg, BDKH di va dang tic dong dén moi
nganh, moi linh vire thuge ca TNMT va KTXH. Vi tinh dic thi va tam quan trong,
tdc dong cua BEKH dén cac linh vie TNN. Nong nghiép cua tinh Lao Cai duge quan
tdm dinb gid.
2. Ciic kich bin bién ddi khi hiu cho tinh Lao Cai

Kich ban bien doi nhiét d¢ va lugng mua duge xdy dyng dua trén két qua st
dung phuong phip t6 hep (MAGICC/SCENGEN 5.3) vi phuong phdp chi tiét héa
thong ké.

2.1.  Nhiét dp

Nhi¢t do o tinh Lao Cai (dai dién la tram Bac Ha, tram SaPa va tram Phé Rang)
c6 xu hirémg tang [€n ¢ tat ca cde mia trong nam, trong d6 mirc tAng nhiét do vio mia
xudn vi mia dong nhanh hon so voi 2 mia he va mia thu & ca 3 kich ban BBDKH. Sy
thay d6i nhiét d6 trung binh ndm gifra cdc kich ban duge the hién trong Hinh 1.

hbs; il et b) dangbohenbn Grgrm k215 wlig mhanyg b b ey bk 2l Srmen Sap & Slum theng ribelt k) wrmrg Bowd. niw T Phil
il b WA = | i e P el wotd et DA - W e Wil Do il thid B a vl (e kg PR B30 @an Ba i Bami
L B 4 i,y folah el B WD A

M & | e l
‘l. = =

3000 Tip 1: Khi tiegmg - Khi hiu, Khf twgng Nong nghigp va Bién doi Khi hin




Hiji thiio khoa hoe Quic gia vé Khi twgmg Thuy viim, Mai tririmg viy Bién ddi Khi hju
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A" 2N Ban o

Hinh 1. Mirc tdng nhigr dg trung binh ndm cdc tram tai Lao Cai so vai that kv 1980-
1999 theo kich ban phdt thai Bl, B2, A2

2.2, Lwgng mua

Nhin chung theo kich ban luong mua tai cdc tram & Lio Cai déu ¢6 ¢d xu

Hinh 2. Biéu do KB legng mira trung binh ném tai cdc tram Béc Ha, Sa Pa, Pho Ring.
3. Dénh gi4 tic dong ciia BDKH dén mét sb linh vure ciia tinh Lio Cai
3.1. Tdc djng dén tai nguyén nwde

- Téc dong ciia BPKH dén dong chay trung binh niim

Xét dong chay tgi cde tram do Ivu lugng wén séng Thao (tram Lao Cai), trén

sdng Chay (tram Bao Yén). Dong chay nam cua cic song chinh chiay qua dia ban tinh
cO xu hudmg tang ¢ ca 3 kich ban.

i Mo chidy ndm - Tram Lis Cai ™ Iamg chiay ndm - Tram Has Vin

11 1 K =

— _p-l

L da [T ol dean
[t 0K 3L 130 M - T (R

Hinh 3. Xu thé thay doi ciia domg chay ném theo edc kich ban BOKH.

Su bién thién dong chay trén céc song 1a khic nhau theo timg kich ban bién déi
khi hiu. Nhung ¢6 thé nhan thiy ring, xu thé cia dong chay trung binh nim [ ing [én
so viri théi ky nén va théi kv sau Iém hon thé ky trrde,

- Téc déng cia BDKH dén dong chay 1o

Tdp 1: Khf ticgng - Khi hiu, Khi tugmg Nong nghiép va Bién dbi Khf hiu 301

t huémg ting trong thoi gian tiép theo, tuy nhién mirc dj ting khong déu trong cic thing

r - . N

! trong ndm va gilta cdc vung trén dia ban tinh. Sy chénh léch gita cic kich ban 1a
khéng 1én: dén nim 2020 ting tir 0,6% dén 0,7%, dén nam 2040 ting thém 1,2%
1,5%.

| Tram Sapa Trum Bic Hi : Traom Phil Riny
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me = _— - -— (L] e -— -
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HAE thin khoa hoe Qude gia v Khi tirgng Thuy vin, Mai trirdmg vi Bién d8i Khi hjiu

Néng chns 0 Trpgm Lo Cai P g clhudy 1 - Trgm Ran ¥Yin
i ;

| kel e n | kil dman

Hinh 4. Xu thé thay doi cia dong chay mia lii theo cdc kich ban BPKH.

Xét vé phiin phdi dong chay trong nam, dong chay miia 1i c6 xu hudng giam
vao thing dau mua (thang VI), nhung sau dé gia ting vao cdc thang gitra mua o
(thang VII, VIII, IX); vao thang cu6i mua 10 (thdng X) lai ¢6 su giam nhe.

- Tac dong cua BPKH dén dong chay kiét

Nhin chung, Itru luong trung binh mia kigt cdc séng chay qua dija ban tinh biéu
hién c6 xu thé giam din theo thiv gian, ty nhién, lugng giam nay la rit nho.

s Didingg ch v mdam - Treom Lao Cal e v chaiy kigt - Trum Bao Yén
AL —
- o |
i -
ah - [T
—_— v — ]
I —y I s
oy i |
- | s |
Cabal damn il B Fiai dagm
AT A0 | 0 T -

Hinh 5. Xu thé thay déi cua dong chay mia kiét thee cdc kich ban BDKH
Dong chay mia kiét, ¢é xu hudng chung la giam dan tir gitra mua kit dén cudi
miia kiét, giam manh nhét vao cdc thdng cubi (thdng 111V, V).
- Tic déng coa BPKH dén nhu ciu nude va mire d thidu hut hrong nirée
+ Nhu ciiu mrée

Viéc tinh todn nhu ciu nurée trén dia ban tinh tuong (g véi cdc kich ban A2,
B2, B1 duoc xde dinh dira trén sb ligu mura, boc hoi cia cdc kich ban A2, B2, Bl. tai
ligu mén gidm thong ké ndm 2000 va tai lidu quy hoach phat trién kinh té - xa hoi cua
tnh Lao Cai. Ket gua tinh todn nhu cau ding nuée dwoc thé hién & Bang 1.

Bang I. Tong hop nhu cau nwde trén dia ban tinh Lao Cai (10° ny'fndm )

| Kjeh ban/Giai dogn [ A2 B1 [ B2
|[ Hién trang IR0.56

2000-2019 382,43 [ 383.01 T382.69
2020-2039 384,92 384,68 184,74

+ Bo thiew hut

302 Tip 1: Khi twgng - Khi hiu, Khi tegng Nong nghigp va Bién déi Khi hiu




Hii thiao khoa hge Qube gia vé Khi tuqugg:tz‘\} viin, Méi trdmg va Bién déi Khi hiu

A\ >4

Trén dia bin tinh Lio Cai ¢d 2 con
song lon chay qua, dé thiéu hut nude
la két qua cia viéc tinh todn tdng hop
cho cic khu Ta Thugng, Hiru Thugng
lay mude tr sdng Thao va khu séng
Chay. Két qua duge trinh bay cu thé
cho 3 KB BBKH:

o

=
e S

S

Hinh 6. Ban do phdn khu sie dung mece

Bang 2. D¢ thiéu hut mwde mar theo kich ban B1 (10° m¥ndm)

i | 2000-2019 2020-2039 |
Tl it Sénam | Vthidu Sbnam | Venidu |
L T4 Thugng 2 24,01 | 20 2531 |
2 Hiru Thuong 20 0]20 0]
3 Séng Chay 20 06320 | 1215
Tinh Lao Cai 34,64 37,46 |
Bang 3. D¢ thiéu hut mece mdt theo kich ban B2 (107 ne¥fnam).
, o Gl | 2000-2019 2020-2039 |
L Lo ool h o Sé nAm Vthiéu S8 ném _‘nihi_n‘u

| Ta Thugmg 20 23,92 | 20 3535 |

2 | Hiru Thugng 20 020 o 0
3 | Séng Chay 20 10.56 | 20 _. 12,18
Tinh Lio Cai 34,48 | 37,53 |

Bang 4. D¢ thiéu hur nwde mdt theo kich ban A2 (10" m3néam).
e 2000-2019 | 2020-2039

TT | Tha e vy Sé nam Vthiéu Shnam | Vthiéu I
Ta Thugng 20 23.86 | 20 -l 25,45 |

Hiru Thugng | 20 0]20 0
Song Chay |20 104520 12,20 |
| Tinh Lao Cai i 3431 | 37,65 |

Lirgng thiéu hut kich ban phat trién trung binh B2 thidng nha hon dé thiéu hut
kich ban A2 va lém hon kich ban B1. Tuy nhién sy khéc biét nay chi thé hién rd nhit
viio hai giai doan cudi, céc giai doan ddu gid tri thiéu hut thuong dan xen vao nhav vi
d6 chénh léch khéng ddng ké. Luogng thiéu hyut trén dja ban tinh dao dong trong
khoang 37 - 38 triéu m¥nam, chiém khoang 0,1% gi4 tri nhu cau nudc

3.2, Tdc dpng dén néng nghiép
Lio cai ¢6 nhiéu logi ¢dy trbng, tuy nhién véi cly lrong thyre thi chi yéu la la
xufin, lda mia, ngd xuin va ngd dong. Sinh trudng phat trién cua ciy rong & Lao Cai

Tip 1: Khi twpng - Khi hiu, Khi twong Nong nghiép va Bién doi Khi hiu
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Hoi thao khoa hee Qube gia vé Khi trgng Thuy viin, Mai trirdmg va Bién d6i Khi hiu

phu thudc vao cic yéu t6 thir tiét va thay doi cua dja hinh. Dia ban Lao Cai ¢6 thé
durge phiin viing ra cdc ving nho nhur sau:

+ Vimg 1: 1a viing ¢6 diju hinh xen 1an thap va déi nii thdp bao gém: Thi xi Lio
Cai, Thi Xa Cam Puomg, Phia Tiy huyén Bao Thang, phia Dong Nam huyén Van Ban
vit phia Nam huyén Bao Yén

+ Ving 2: 1a viing nti trung binh bao gdm: huyén Bic Ha, Muéng khuong, nira
phia Biac huyén Bao Yén vi nira phia déng huyén Bao Thing

+ Ving 2 1 ving ndi cao ¢6 nhig¢t d¢ thap hon, lugng mua cao hon, bao gom
huvén Sa Pa, Bat Xdt, nira phia Ty nam cia huyén Vin Ban

Liia mia la ciy duoe gieo trong vai dién tich 1om trong tinh vi ddy la vu trong
do udi nude mura, dnh sdng nhiéu, nhiét dd cao va cho ning sudt cao va on dinh. Pénh
gid anh hudng cua BDKH dén lia mia ciing theo 3 viing gén véi cdc dac tnng khi hiu
khdc nhau la Pho Rang, Bic Ha va Sa Pa.

- Viing 1

Do e dong cua BDKH thin gian
sinh tnrong cua lua maa duee it ngﬁn S0
vl $an xudt binh thudng tai thii Ky tham
chiéu.

Nhin viio biéu dd niing sudt ta thdy
xu hudmg suy giam ning suat @ cde kich
ban 12 khong o ring. Néu nhin xu hudmg
chung ¢6 thé néi ning sudt ¢ xu hudng

ting din. Tuy nhién trong moi nim cia
kich ban lai khéing néi 1én didu dé.

- Viung 2

S0 héu mo phong lia mia o ving

hai cho thay rdt rd xu hudng it ngan thii

gian sinh trirémg cua lda mia & cdc kich
ban nhirng chua di tin cdy dé dinh gia xu
hudng tac dong dén ndng suat cua lda vi

|! ﬂ i l]
xét trong | niim thi ning suat lia ting o il_. "
kich ban phat thai cao va giam & kich ban “ “ | II ‘ {

phat thai thap nhung ndng sual & nam
2040 lai khong ting so voi nam 2020.

- Vung 3

304 Tiip 1: Khi tiwegng - Khi hin, Khi twegng Ning nghiép va Bién dbi Khi hiu



hiw 1€n &l nguyén nude luu vye song Hong — Thdi Binh va cde bién phip thich img
3. S0 Tai nguyén va MOGi irwong tinh Lao Cai (2011). Ké hoach hanh ddng rng pho vii '
bién doi khi hau coa tinh Lao Cai, 618 l
4. Vign Khoa hoc Khi twong Thuy viin vi Mai truémg. 201 1. Tai ligu huong dan ddnh gid
tdc dfng cua bién doi khi hdiu va xdc dinh cdc giai phdp thich (rng.

Tap 1: Khi twong - Khi hiu, Khi twgng Nong nghifp va Bién 8ii Khi hiu 305
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Hoi thao khoa hoc Québe gia vé Khi twgng Thuy vin, Mai tririmg vi Bién ddi Khi hiu

IMPACTS OF CLIMATE CHANGE ON MAIN SECTORS
IN LAO CAI PROVINCE

Nguyen Manh Thang, Le Huu Hoang, Nguyen Hoang Minh, Trinh Ha Linh,
Tran Thi Van, Tran Hong Thai
Viemam Institute of Metearoiogy, Hvdrology and Environment

Climare change is a global issue which is not onlv éffecting on developed cowntries
buet wlve developing ones including Viemam. Vietnam is one of nations suffering the most from
climate change. To adapr with climate change, its impact on each specific region and various
sectors should be assessed. Lao Cai is a province whose natural conditions are rvpically
represented for Northwestern region. Study and assessment af climate change impact on
various seclors are meaningful tasks. This allows to propose appropriate measures o
respond to climare change,

Fhis study employs a number of methods for the assessment of impact of climate
change on seciors of agriculture. water resources in Lao Cai pravince using three climare
change scenarios Al, Bl, B2,

6 Tdp I: Khi twegmg - Khi hiu, Khi tiegmg Ning nghigp va Bién déi Khi hiu
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NHA XUAT BAN KHOA HQC VA KY THUAT
70 Tran Hung Pao, Ha Noi

In 200 cubn khd 21 x 29.7 ¢m tai Cong ty ¢b phén in va dich vu van phong Tén Dai Viét
Gidy xdc nhin ding ky ké hoach xuit ban s6: 222-2012/CXB/01-19/BKHN,
do Cyc Xuit ban cp ngly 28/02/2012.
Quyét dinh xudt ban s6 01/QDXB-NXBKHKT, cp ngay 01/03/2012
In xong va ndp lru chiéu quy I nim 2012.
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PANH GIA TAC PONG CUA HI_EN DOI KHI HAU PEN HAN THUY
VAN CAC TINH HOA BINH VA PHU THO

Nguyén Kim Tuyén, Nguyén Hoang Minh, Lé Hiru Hoang, Nguyén Phuong Thio,
Tran Thi Vin, Trin Hong Thii

Vien Khoa hoc Khi twong Thuy van va Mai ineony

Bién doi khi' heu (BOKH) la mgr trong nhimg thdch thiee fon nhde doi vei con ngiron
trong thé k21 BH.E.H co thé s¢ pdy ra nhimg anht fueomg nghiém trong dén hoat done, san
Al Vit mai ricmg sang ena con neweci. BOKH ddn tii nhiér 46 trung bitth tdng va mdr trong
nhimg hé qua cuwa nd la neece bién dang, dién di oo thé ddn 1 nhime thay didi ki dlodn
fririe trong ché di deng chay song ngan, Via de do, lii lut, han hdn sé de lide him thicw mirere
& nghiém trong hom, xédm nhdp mdn vio siu hom trong dat lien.Maoi wic dong bt thieeng cnia
17 lur v han hdn déu e6 thé dan dén nhimg anh hicong nghiém trong dén phit teién kinh 6 xd
héi. Nhdam muc dich ddnh gid sw thay doi vé mire do va guy mmd cwa hon hding hai nnh How
Binh va Pl The dwdi rde dong cva BRKH, bai bae ndy dd nehién ciee, plin tich, tinl rodn,
xdc dinh s khae nehiél cud hoan hdn trone feeme fal theo 3 kich ban BOKH B!, B2 v A2 rrén
dia ban e unh trén.

1. M diu

Trong nhimg nim gan diy, thidt hai vé ngudi vi thi san do anh huomg bit liri
cua nhirng diéu kién 1r nhién gia ting. Nhiéu nurde trén th:, gici da phai chiu nhimg ton
thit rit lém do thién i giiy ra. Ciing v&i 10 1yt v bio 16, han hdn 14 mot rong ba thién
tai do khi hdu va mang tinh thuémg xuyén doi vai con ngudi. Viét Nam ndm o vanh dai
phia Tiay cua Thai Binh Duong, mit trong nhimg nurde chiu nhicu anh hurong cia hién
twgng ElI-Nind va La-Nina. Vio cdc ndm 1982,1983,1992-1993 vii gin diy nhat Ia
cudi ndm 1997 diau nam 1998, hién tirgng EI-Nind va La-Nina tic dong rat manh d
giy nén nhiéu anh hudng xiu dén khi hdu & nhiéu noi tén i dat tron ig do o mrde
ta.0 nude ta, han hdn 1a thién ai dimg thir ba chi sau 10 Tut v ba.Mai khi xay ra han
hdn xdy ra déu tdc ddng nhiéu mat dén dii sdng kinh €. 3 hdi vi moi tuome khang
chi tai cdc ving bi han ma ¢on anh hudng dén cac vang lan cin cong nhir ci nuog.

Trude day, han hin da timg lam mat mia, giy ra nan d6i wim trong va ngiy
nay, tuy ¢6 hé thong thuy ndng khd hoan chinh, nhumg han hdn vin gy ra nhimg kho
khan it 16n doi vai di sdng kinh té - xi hdi, méi sinh.

2. Phuong phip tinh cdc chi s6 khé han

C6 nhiéu nguyén nhin giy ra han han vi mirc d¢ han ndng hay nhe phu thude
vito nhiéu véu td. Do viy, vin L!:, xdc dinh chi s6 khd han li rét phire tap. Céc nhi khou
hoe di dua ra nhiéu loai chi s6 kha han, nhung cho dén nay ciing chua cd mét chi s
chung duy :1h.ﬂ[ nio duge moi ngudidéu thira nhin va do do ciing chua ¢6 su thong
nhat. Mdi chi sé khd cho ching ta mot cii nhin vé han hdn. Hién tai ¢6 4 loai han hdn
durge thira nhin: han hidn khi weomg; han han thuy van: han nong nghiép: han kinh € xa hoi.

Dé ¢6 thé dua ra cac bién phép c6 hidu qua phong chong vi giam thicu tic han
do han hin géy ra trén dia bin tinh Phi Tho (g vai cie mire dé anh hudng khic nhau,
trong béo cdo niy ching t6i di tién hanh phén viing han thuy vén thong qua viée tinh
todn hé sd han (Khan ) dwa trén tinh todn hé s6 kho (Kuws) v hé s0 can nudc song
(Kean). Trong tririmg hop vira kho vira can mai ¢6 kha ning sinh han.

Tdp I: Khi iiegmg - K e, Khi tapmg Ndng nghigp va Bién ddi Khi hiiu 359
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Hi thio khoa hpe Quie gin vé Khi tugng Thuy viin, Mai trudmg vi Bién déi Khi hiu

2.1 HE 5 khé (K

He 50 khd duge die trung bot sy thiéu hut nude do qud trinh mat cin biing giira
lugng mua va boc hoi trong mot thii gian dai. Negoai lugng mira v boc hoi, han khi
tugng con chiu tie dong bai cde nhin 1o khi quyén khic nhur toe dé gié, nhiét o, do
am khong khi va curimg d6 dnh sdng mit trén [ 1]

Chi s0 tinh tdn kho Ky, duge tinh theo cong thire:

Trong dé: X va Z lan luot la lugng mura va héc hai cua thad doan tinh todn

Ty s dd kho hu,n doi tir O dén 1,0. Tr«::rn;.p d6 thé hign sy trong tdc ciha hai yéu
to chinh 1 mira vi tiém niing bdc thodt hai nude.

2. HE 56 can nuwdc song (K...)
Murc d6 han thuy viin khong chi phy thude vio trang thdi khé mia con phu thude
viwo mure do can nude trong cac séng [1].
HE 50 Ky, duoe tinh todn theo cong thire:
K. =1 /8
V2.0,
Trong da:
) — luru lirgmg nurdre s6ng trung binh trong théi k¥ thir j;
(), = Luu hrong nude song trung binh ndm thar i
Qg — Liru hrgng trung binh nhiéu nim cta nuée song.
2.3. Hé 56 han
Hé so K, duoe tinh todn theo chng thire:

K 'JK“H'&

han run

Hé s6 K, bigu thi mire 46 han cho thi diém xudt hién va noi sinh han cu thé.
Hé s0 han duee tinh todn cho tirng tram khi hiu nadm trong luu vire hodc lan cin vin
luu vire umgr Kian duge xdc dinh khi {Icmg thoi Ky vat K., 1a dueong, Mire d6 han
duge phin edp theo hé s6 Ky, nhur trong Bang 1.1

Bang 1.1. Chi tiéu phdn cap miec do han thiy van

Kiun Mure d3 han
Kio = 0.5 [Dau hifu sinh han
i 05<Kiw<0.6 Han nhe
! 0.6 < Ky < 0,8 Han vira

| 08 <Ky, <095

Han ning

”Jjﬁ' = il\.~"|.||'- = |

Han ddc biét

3. Két qui tinh toan han thiy viin ciia cdc tinh Hoa Binh vai Phi The

3.1 Giai dogn nén 1980-1999

36d) Fip 1: Khi twpng - Khi hiu, Khi tuegmg Néng nghi¢p va Bién doi Khi hiu
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Phén viing hah thuy van cho cde nnh Hoa Binh va Plui Tho

Céin cir vilo mang ludi tram thay vén vi ban do 6 hoa theo do cao (DEM).

”

L]

Tinh Hoa Binh duoc chia lam 5 ticu luu vue nhu sau ( Hinh 1.1):

Tieu hru vye 1: Luu vuce dén tram thuy vin Hoa Binh. Cédc tram khi trong co
trén luru vire ndly gom: Bade Yén, Phit Yén, Moc Chéiu, Hoa Binh.

Tiéu lwu vue 2: Luu vuc dén tram thuay van Vu Ban, Phiin liru vire niay chi co
tram khi trgng Lac Son.

Tiéu lru vire 3; Liru vue dén tram thuy van Ba Thi. Cac tram khi tugng 6 trén
luw vire gom: Tram Son Tay, Ba Vi, Ha Noi, Ha Dong, Nam Binh.

Tiéu luu vue 4: Luu vue dén tram thuy van Hung Thi gdm cic tram khi wong:
Kim Bdi, Chi Né, Nho Quan, Ninh Binh.

Tiéu luu vire 5: Luu vire dén tram Hai Xuin ¢6 2 tram khi tugng gom: tram Hoi
Xudn va tram Mai Chéu

Tinh Phii Tho duge chia lam 6 tiéu luu vize nhur sau ( Hinh 1.1):

Tiéu lrw vue 1: Liou vire dén tram thiy viin Hoa Binh, Cac tram khi tuomg co
trén luu vire nay gom: Bac Yén, Phi Yén, Mbe Chitu, Hoa Binh.,

Tiéu lwru vire 2: Liru vue dén tram thay vin Thde Ba. Phan lwu vie nay oo cic
tram khi turong bao gom: Lue Yén, Pho Rang, Bac Ha va Hoang Su Phi.

Tiéu luu vue 3: Luu vye dén tram thuy van Yén Bii. Cic tram khi tueng e rén
lwu vire gom: Tram Yén Bdi, Vin Chan, SaPa va Muong Khuong.

Tiéu lru vire 4: Laa vire dén tram thuy van Thang Son ¢6 1 tram Khi toong:
Minh Bai.

Tiéu luu vie 5: Luu vare dén tram Som Ty ¢6 3 tram Khi trong gom: tram Phi
Ho. Viét Tri va tram Ba Vi

Tiéu luu vue 6: Luu vue dén tram Phi Ninh gom c6 cde tram khi twong: tram
Na Hang, Chiém Hdéa, Ham Yén va tram Tuyén Quang.

. _\._"’,'—"-. !—"'--'_"‘I- n
\ 9 B
5
5
oy

L. i

Phii Tho Hoa Binh

Tip 1: Khi tegng - Khi hiu, Khi twgng Nong nghigp vi Bién dii Kini hio
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Hinh 1. 1. Bean dé phén vine han thuy van tinh Héaa Binh va Pha Tho
b, Keér qua tink todn hé 50 han thiy van va ban dé phén vimg han thiy véan tinh
Hewer Bindt va Phi Tho

Theo tar ligu khi wong thuy van tr 30 = 40 nam t¢ lai day, han hin xay ra ¢
Héa Binhva Phi Tho {t khic nghiét m it nghiém trong, phn hién hang nim cd han nhe
vt vin ndm eo hgn vira cuc bé ¢ mit sO noi.

Hoa Binh vis Phd Tho: Tir nam 1980 dén nay di xay ra 5 dot han ding ké 1a cic
dont han tir cudi nam 1982 dén dau nam 1983; cudi nam 1986 dén d'm nam 1987; cubi
ndm 1991 dén diu ndm 1992; cudi ndm 1992 dén diu ndm 1993: cudi ndm 1997 dén
dau nam 1998

Trong pham vi bio cdo niay ching 161 da dp dung phuong phap xic dinh hé s6

han thity viin dé tinh todn cho dot han cudi ndm 1992 dau nam 1993, Biy li nim xay
rahan ning teén dién rong vito vy déng xudn 1992/1993 véi anh hudmg 16n cia hién
wrgng El-Nino hoat dong manh tir thing 1171993 dén lh;inE. VIII/1993 lam cho nhiéu
vung bi han hin nghiém trong, giy ton thiit 1om cho nén kinh té v sir phat trién clia xa
héi.

Bio cdo da sir dung phuong phap da glaL Theissen dé tinh Im;mg mua binh
quin cho ¢dc lru vire qua d6 xic dinh dugc hé 50 han thuy vin cho mdi luu vire theo
ede cong thire & phin trén. Két qua tinh hé 6 han va phan ving han ¢ tinh Hba Binh,
Phu Tho cho mia khd ndm 1992/1993 durge trinh by ¢ Bang 1.2 dén 1.3 va Hinh 1.2
dén 1.3

Bang 1.2. Két qua tinh todn hé 56 hanthuy vén cho céde e viee trong tinh Hoa Binh mua
kha 199271993

" Tram [ Vy Ban | Hoa Binh | Ba Thi | Hoi Xuan | Hung Thi

111992 | 085 060 | 066 087 073 |

[ iz992 0,26 0,51 0,56 0,46 0.54
11993 | 088 0.71 0,59 0,76 0.53
21993 0,72 0,55 0.71 071 075
VI3 0,75 .53 0,53 0.70 0.17

|- 93| 0l 0 0 0,73 0

Bene 1.3 Két qua tinh todn hé v han thuy van cho ede lien viec trong tinh Phai Tho mia
kho 199271993

! Tram ! Hiva Binh | Phiu Ninh | Som Tiy | Thic Bia | Thanh Som l';::l
i 11/1992 0,60 0,76 .61 0,52 (.38 | 0.16
T12/1992 052 0.6 043 0 040 | 017
11993 071 063 0.71 0.53 0.66 | 0.38
| Y1993 ll 055 | 0] 036 0 0| 0.07
| IR | 0,53 (1,55 ni{ij'l' 0.50 0 | 044

41003 | i 012 TED i 00s| o

362 Tép I: Khi tiegng - Khi hu, Khi tiwpng Nong nghigp va Bién doi Khi hju
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Thang XT1-1992 Thang 1-1993 Thing 11-1993

Hinh 1.2. Ban dé phan viing han thuy van cua tinh Hoa Binh tie thing XI1-1992 de
theing Hi-1993

+ + =, - - .
| e B e B B o D T f
v "'!' - S -g Y r
| b { \ h 1
i ? )
d.\_ e -I__-,lq‘ L o [
L i .—--_,-""x'l ﬁ(\ I_.---. r‘ .
’\\ “:HI | Kﬁ III‘. . JI
o R = , -
\“-%...-' : \"‘-—’tr"'\...r" (i g
Théang XI1-1992 Thiing XII-1992 Thing 1-1993 Thang 11-1993

Hinh 1.3. Ban do phdn viing han thuy van ciia tinh Phit Tho thang X1 -1992 dén thdng 1l -
1963

3.2 Két qua tinh todn hé sé han cho tinh Hoa Bink va Phti Tho theo cdc kich ban
bién doi khi hdu

~ Cic kich ban phdt thai khi nha kinh dugce chon dé tinh todn xay dung kich ban
hién dai kKhi hiu cho Viét Nam ndi chung hay cho 2 tinh Hoa Binh vd Phi Tho ndi
riéng la ba kich ban A2, B2 va BI.

Trong pham vi bdo cdo niy, ching 16i dé dua theo kich bin thay doi luong mua
va bie hai ciia 3 kich ban dé tinh todn dong chay dén qua d6 xdce dinh duge Ky, Ko
Kpen cho céic lru vire, Két qua tinh todn hé¢ sO han cho cdc luu vire theo 3 kich ban A2,
B2, B1 dugce trinh bay trong cdc bang dudi.

Bang 1.3. Kér qua tinh todn hé 56 han cho cdc lwvw viee thuge tinh Hoa Bink maa kho
2032/2033 — Kich ban A2, B2 va Bl

Vi Hoa ["ﬂn Héi | Hung
Tram Ban Binh Thi Xuidin [ Thi
112052 | 08469 0.5316 | 07079 L6768 07603
12/2032 0 04192 | 0,5598 (.514] 0.5760 |
A2 [ 172033 | 08868 | 0.K156 | 0.8981 0.0415 0.8315 |

212033 0.7067 06974 | 06990 0,3605 0.7730

TR i ML M e i
| AMHIE3 07517 0,7170 | 06736 DEGIR | 05937 |
| A m— A — A

I Tap 1: Khi twpmg - Khi hiu, Khi ticgng Nong nghigp va Bién d6i Khi hiu 63
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Bl

' Vu Hoa Ba Hi | Hung |
I'ram Bian Hinh Tha Kutdin Thi
V33 | 0 0,2473 | 0.3153 (0.8792 01,6232
12032 08469 | 05314 | 07082 0.6767 0,7602
| 272032 {0 04190 | 0,5599 00,5338 E 0,5758
| 172033 | 08869 | D.8159 | 0.8983 0.9414 0.8319
2NI3Y | 0,7065 06972 [ 0,699] 08693 | 07730
32033 | 07517 0,7173 | 0,678 08617 00,5935
EIE 0] 0298 | 03157 | 08791 06335
1172032 | 0,8468 053133 | 0,7090 0.6767 | 07611
1272032 0] 04221 0,5643 01,5340 0.5806 |
| 12033 | 0,8R68 08161 | 0,8985 0.5414 00,8375
203 | 07067 06983 | 0,7008 0,864 (7744
(32033 | 07316 |  0.7180 | 0.6755 | 08617 | 05959
412033 1] 0,255 | 032002 iLE791 1,6259

Bang 1.5. Ké1 qua tinh 1odn hé 6 han thuy van cho cde lwu viee thuée tinh Phii Tho mia
kho 203272033 — Kich ban A2, B2 va Bl

| Tram [ HoaBinh | Phii Ninh | Son Tay | Thac Ba | Thanh Son | Yén Bai

,‘ | T2 | D52 {},AR02 (1.6083 0.460] 03578 0.2946
1273032 T LS020 02231 03I 0l oa3sw 0

N T T 0874 0. 7069 () 7485 01,5526 aTA NETTTE

‘ o 272033 0.7081 0 (4698 0 ] 0
[ 5033 07275 | 00,6854 £, 5697 0,.5208% i 0.5071
| IETETER (L2601 (4779 (L&a563 0 0.1762 i
1172032 (16512 11,6854 00,6083 04601 0.3578 0.2944 |
[mReaT oS0 | 0.2231 0.3345 0 0.3569 0

" 12033 | 08375 [ 07074 07490 05528 0.6782 | 0.5007
_ﬁll_[i r 07078 | i) [h ey ] { i

— __57_1{&"11 1_ 07277 0.6857 0.5698 0.5210 0 0.5076
32013 TEIYE 4783 0.6568 0 0.1772 0

L2032 | 06536 | (16580 06087 (4585 (.3558 0.2980

1272032 05001 02123 03324 0 03518 0

72003 08374 0.7104 0.7507 | 0.5365 0.679% 05080

" TFTIER] | G089 0 14716 BT o 0 0
30033 | 0.7297 | 1) 6RRS 0,574] | 05247 0 0.5132 |
42033 00,2654 J 04826 (6597 l| (0 0.1855 T;

. Dura (rén két qua tinh todn hé sé han thuy vin , ching t6i da xay
dd phin viing han hin thuy van cho cdc thang mua khé tr cuoi nadm 20

2033 dugc thé hién nr Hinh 1.4va 1.5.

dr,rng duge ban
32 dén dau nam
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Kich ban BI Kich ban B2 Kich ban A2

Hinh 1.4.Ban do phdn vang han thuy van cua iinh Hoa Binh thang X1-2032 van cde ki h
ban

i

Kich bin B1 Kich ban B2 Kich ban A2

Hinh 1.5. Ban do phan viing han thuy van ciia tinh Phi Tho thdng 1-2032 ung v ede kich
ban

4, Két luin

Két qua tinh toin ¢ tén cho thay, trong twong lai, sir khiic nghiét cia han thiy
vin & cde tinh Hoa Binh vii Pha Tho ¢6 xu hwdmg tang 1én, ving ¢6 han ning mé rong
hon so véi giai doan 1980 - 1999, Sir chénh léch cua Khan gitta cdc Kich ban khing
lim.

Nhimg thay doi nhiét o va lugng mua co thé din dén thay doi lon 1y 1§ dnn;.,
chay. ting kha ning va mirc dg nghiém trong cua han hin. Trong twong lai thang [ vdn
la thang nguy co han hin ¢ muc do ning nhat, toan bd dién tich tinh ¢0 nguy co Xay ra
han ndng. Dy 14 théi k3 nhu LHI.I nude trdd 1dm nhat trong ndim vi 1a thiang gilta mia
kho nén kha ning sinh han la rat lom.

Nhin chung chi 50 han trong twrong lai thip dan tir ving thip lén viing cao. Gid
trj cita Khan thdng 1 (thdang c6 mire han cao nhat) dao dong trong khoang 0.8-09

TAILIEU THAM KHAO
I. GS.TS Pao Xuin Hoc (2003). Han hdn vi nhitng giai phdp giam thigt hai -NXB Nong
nghi¢p. Ha N1
2, BaTN& MT. 2009. Kich ban hién d6i khi hiu, nudc bién ding cho Viét Nam

Tip 1: Khi fegng - Khi hin, Khi tiepng Néng nghigp va Bién d0i Khi hiu
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ASSESSMENT OF IMPACTS OF CLIMATE CHANGE ON
HYDROLOGICAL DROUGHT IN PROVINCES OF HOA BINH AND
PHU THO

Nguyen Kim Tuyen, Nguyen Hoang Minh, Le Huu Hoang, Nguyen Phuong
Thao, Tran Thi Van, Tran Hong Thai

Vietnam Institre of Meteorology, Hydrology and Environment

Climate change (CC) is one of the biggest challenges to human in 21" century. CC
meery .F”'H‘n'_["."- -I'I.J"r'l'lf SEFHES H"ﬂﬁt';.'{ (] {I:'H'I']'H‘t','f, F}'ﬂd”f'”‘r’.}” ﬂH:jl .“'I'Hig f'ﬂl'fﬂl‘ﬂﬂi’{'ﬂf I:'J‘Ir h“”ﬂ”‘!.
CC has leaded to an increase in average temperature and one of its consequences is sea level
vive, o may lead 1o unpredictable changes in the fow regime of rivers and sireams,. As a
conseguence, flood, drowght would be more severe, water shortage would be more serious,
saliniry intrusion wiunld move deeply 1o main land. Every unforeseen impact of flood and
drought may lead 1o bad influence on socio-economic development. Aiming al assessing
changes of level and scale of drought in Hoa Binh and Phu Tho provinces under the impacts
of CC, this paper has studied, analvsed, calculated, identified the severity of drought in the
future fellowing to the three CC scenarios B, B2 and A2,

66 Fap 1: Kl tirgng - Khi b, Khi tiegmg Nong nghidp va Rién déi Khi hiu
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NHA XUAT BAN KHOA HOC KY THUAT



637

BO TAI NGUYEN VA MOI TRUGNG
VIEN KHOA HOC KHI TUGNG THUY VAN VA MOI TRUONG

TUYEN TAP BAO CAO

HOI THAO KHOA HOC QUOC GIA VE
KHi TUDNG, THUY VAN, MOI TRUGNG VA BIEN BOI KHI HAU

TAPII

THUY VAN - TAI NGUYEN NUGC, MOI TRUONG
VA BIEN

Ha Noi, thang 3 - 2012
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NHA XUAT BAN KHOA HQC VA KY THUAT
70 Tran Hung DPao, Ha Nai

In 200 cudn khé 21 x 29.7 cm tai Cong ty cb phin in va dich vu vin phong Téan Pai Vigt
Gidly xéc nhéin dang ky k& hoach xudt ban sd: 222-2012/CXB/01-19/BKHN,
do Cyc Xuit ban cip ngay 28/02/2012.
Quyét dinh xufit ban sé 01/QDXB-NXBKHKT, cép ngay 01/03/2012
In xong va n{p lru chiéu quy I nim 2012.
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Ung dung mé hinh thiy Iy hai chiu HDM !4p bin @b ngip lut
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dong chay thwgng lru d6i véi ddng bing séng Hong - Théi Binh
Phan Vin Thinh, Luong Tuin Anh, Hoang Vin Dai, Luong H6 Nam,
Bing Thi Lan Phurrong, Hoang Phuong Thao

Mt s6 viin dé lién quan dén xdy dyng quy trinh diéu hanh hé thng
hd chira lém trén song Hong trong miia can

Hoang Minh Tuyén
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dién trén luu vire séng Nhué - Day

Tréin Hong Théi, Pjing Trung Thujn, DS Thi Huong, Nguyén Thi Phuong Hoa
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PANH (:IA TAC ﬂ{}h(: CUA BIEN Bﬂ[ KHI HAU
PEN TAI NGUYEN NUOC TINH THAI NGUYEN

Tran Hong Thai, Trin Thi Minh Hwong, D6 Thi Hrong, Pham Thi Thu Trang
I vién Khoa hpe Khi negng Thiy van va Mai incimg
8 Tai nguvén va Mai treomg Tinh Thdi Neuyén

Theo cdc tai lidu cong bo, tie ndm 1994 pror lai ddy, trung bink hang ndm i tinh Thdi
Newvén thiromg xucit hién 4 wran 1 va dién tich ngap lut e 10 — A0km” Cae khu vie theccmg
xuvén bj ngdap do muwa lan kém theo li quét néim phia Dong Nam thanh pho, phia Tay huyeén
Bang Hy, Phé Yén va cde thung lang ving dd voi o huyen Vi Nhai va Bink Hoa Ngodi ra
cike hién neomp thién tai Hm': nehiét, nhime dién bién thai tiér bat thieomg khde cing anh
hiromg khong nho o7 dii song ngwot ddn noi day.

Mue dich cita bai bdo g nghién ciw va ddnh gid tde dong cua bidn doy Lhi hdu 1ot
ding chay nam, dong chay mia i, dong chay mia can va lww leomg dinh 13 1eén dia ban tink
Thdi Neuyén, dmz rrén nhitng tinh todn va cde kich ban bién dai khi hau dé dheoe cing b véi
cor 56 dit licw nén giai doan 1980 - 1999,

1. M diu

Thai Nguyén la viing khi hau nhi¢t doi gié mua. Trong nhitng nam gin diy ché
dd khi hiu cé nhimg biéu hién trdi quy ludt. Tir ndim 1984 dén nay lromg mua trung
binh nam c6 xu hudng gidm nhung ¢6 nhimg trén mua lén kéo di nhity nghy v
lweng mira 1én dén 200 — 300mm. D& am trung binh nim cing giam din sau hon 20
nam qua. Nhiét d6 trung binh hing nim da va dang tang dan: nhiét dj cua mua dong
¢ xu Ilu'::rng ting nhanh hon va s6 lueng cdc dot rét trong ndm giam han, s0 luong
ngay nang néng kéo dai tang 1én,

N&i dung bai bdo tip trung nghién ciru xu thé dién bién cdc yéu 16 khi nrong -
khi hiu, cde kich ban bién d6i khi hau vé boe hoi. nhiét dd vit hegng mua tai tinh Théi
Ngu\rcn tir 46 dénh gid tic dong cia bién dbi khi hiu Ién i nguyén nudc cou tinh
Keét qua cua danh gid tic dong nay co ¥ nghia 1on di véi viée xdy dyng cic chicn
lwgre, quy hoach, ké hoach hanh dng (mg phd vii bién ddi khi hiu trén dis bin tinh
Thédi Nguyén.

2. Piic diém khi hiu o tinh Thai Nguyén
2.1. Dic diém chung

Khi hidu cha tinh Thdi Nguyén chia lam hai mua r rét, mia mura tir thing 3 5 den
lhéng 100 v mia Kho I.h.dllg. 11 dén thing 4 nam sau, Do dja hinh thiip dan tr Bac
xuong Nam nén trong mua doéng, khi hdu cua Thiu Nj_..l.l‘-'fﬂ duoe phiin hda thanh 3
viing rd rét: Ving lanh nhi¢u (phia Béc huyén V6 Nhai), viing lanh vira (huyén Dinh
Hod, Phi Lurong, Nam VO Nhai) vi viing am(huyén Pai Tir, Dong Hy, Pho Yén, Phd
Binh, Thi xd Song Cong va thanh phd Théai Nguyén).

Vao mia mua vl leong mua @p trung 1om thuong xay ra tal bien nhu sul lo,
trurgrt dat, 1ii quét & mot 86 trién doi ndi va 1 ot & khu vize doe theo Tuu vpc siing Cau
via song Cong.

— . —
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2.2. Phin bé miea

Vi rgng mua ndm kha 1ém, trung binh 1.500-2. iﬂﬂ mm, thng lrgng nirde mua
tu nh1..n cua tinh Thil I*-guyr:n dir tinh lén t&1 64 ty m’ ‘nam. Tuy nhién, lugng mua
phin b Khéng déu theo thai gian va khéng gian.

heo khing gian. luong mira tip trung cao & thanh phd Théi Nguyén, huyén
Dai Tir, trong khi d6 tai huyén V5 Nhai, Phi Luong lugng mua thép it hon.

- Theo tha gian, lugng mua tip trung khoang 87% vao mia mua (i thing 5
den thing 10), trong d6 riéng lugng mua thing 8 chiém dén gin 30% ong lugng mua
ca ndam va vi vay thudmg gy ra nhirng trén 1 lut lom. Vao mia khé, mura nho tham chi
trong thin gian nhicu ngay khong ¢6 mua, dic bigt 1a thiang 12, lugng mura trong thing
chi chiem 0,5% lwong mua ca ndm.

3. Kich hian BDKH cho tinh Théi Nguyén

Theo khuyén nghi cua B Tai nguyén vi Moi tmu’:mg {2{_“![]9_;. kich ban BDKH
cua Thar Nguyén dugc xiy dung bao gdm kich ban bién doi vé nhi¢t d§, boc hai va
bién déi luemg mura theo ba kich ban A2, Bl va B2. Kich ban chi tiét cho tinh Théi
'\f,uw:n cho thiy xu thé tang & ca 3 yéu 16 nhiét d6, boc hoi va lugng mua. Xét trén
toan tinh Thai Nguyén, nghién ciu lya chon tram Thdi Nguyén la tram khi tuong dai
dign bii ¢6 50 ligu do dac dong bd céc yéu 16 nhiét do, boe hoi va hrgng mura, Chudi
s liéu cua tram Thai Nguyén tir nim 1980 tévi nam 1999 duge sur dung nhu 1d thin ky
nén dé tien hanh tinh todan, dy tinh theo cédc kich ban BDKH. Cic kjch ban BPKH cho
unh Thir Nguyen duge thé hién o dudi diy.

3.1. Kich han vé nhiét dé

Nhiet do tan tram Thal Nguyén cé xu huong tang 1én ¢ ca 3 kich ban BDKH.
-Theo kich ban A2, trong giai doan tir e e nim e
2020 dén 2099 nhigt d§ trung bmh ndm tang
s0 v@i thin k¥ nén trung binh 2.5°C, nhiét d¢ | .
trung hinh mia i ting 2.8°C, ¢on trung binh %
miia kiét ting 1,9°C.

=Theo kich ban Bl, nhiét d§ trung
binh nam & thei ky 2080-2099 téng trung
binh 1 8'C so v théi kv nén: mia I ting
lelbl;lllg 1,7'C: mia kiét ting trung binh
¥ 2

Hinh 1. Muc tang nhiét dg trong cde
kich ban BDKH tai tram Thdi Nguyén

-Theo kich ban B2, giai doan 2080-2099 so véi thii kY nén & nhiét dé trung
binh nim, trung binh mua I va trung binh mia kiét cho thiy mirc ting lin lugt nhi
sau: 2,5°C, 2.39C va 1,5°C.

3.2. Kjch ban vé lurgng boc thodt hoi tiém néing
Sir gia tang cua nhi¢t dd dan 16 bic hoi tiém ning ¢6 xu hudng ting & tat ca

cac kich ban AZ, B vi B2. Trong do, kich ban A2 ¢6 lugng ting manh nhit, kich ban
Bl ¢é lugng ting it nhat.

b Fap 2: Thuy van - Tai nguvén miede, MGI tricemg va Bién
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Hinh 2. Miec tédng béc hoi trong cde kich ban BOKH
tai tram Thai Neuven

3.3. Kich ban vé lwgng mua

Lugng mua trung binh nam cé xu huing Ling lén & ca 3 kijch ban A2, BI, B2,
Tuy nhién, hrgng mura khong tang déu & tat ca cdc thang ma c6 xu hudng tang 1én r il
manh vao mia mura va giam vao mia kho.

- Trong mia kho, lugng mura giam manh vao cdc thing [ (giam so vor thin ky
nén trung binh 5%; 4% vi 4,7% o kich ban A2, B1, B2}, thing I11 (so vin than kv nén
lwong mua giam 3,1%; 2.4% va 2.8% o cdc Kich ban A2, B1, B2) va giam manh nhat
viio thing IV (giam so voi thoi k¥ nén 8,3%:; 6,6% vi 7.8% o kich ban A2, BI, B2).
Tuy nhién, vao cdc thang dau mua kho lugng mua lai ¢6 xu hudng tang 1én, vio thang
X1 ting trung binh 2,6%, 2% va 2,4% so vai thi k¥ nén & cdc kich ban A2, BI va B2.

- Giai doan 2020-2059, sir khic biét gira cdc kich ban 1 khong nhiéu, 'wong
mura ndm theo kich ban A2, B2 tding so v gial doan nen la 3.82% vi 3.96%:;

- Giai doan 2060-2099, lugng mua nam theo kich ban A2 ¢6 sy gig ting manh
mé hon so v kjch ban B2 vaon lugng 1ang twong ung la 5.89% va 5,01 %

Biws dis 1 be hasrmg mndo st iy hes B s 1 o iy s o i L (e
e el s BELH eI e PR

Tifr (®wi

Hinh 3. Mirc tang lieomg muwea trong cac kich ban BOKH
tai tram Thdi Neuvén

4. Téc ding cia BDKH dén tai nguyén mrée i tinh Théi Nguyén

Do dac diém vj tri xa bién nén tinh Thdi Nguyén khong chiu tic ddng e ticp
cua hign tugng nuoc bién ding. Vi viy tic dong chu yéu cia BPKH dén tai nguyén
nude trén dia ban tinh la sy thay doi nhiét do, bie hoi, mua, ... ddn i sur thay doi
dong chay trong nidm, dong chay mua 14, moa can.

Tiip 2: Thuy vdn - Tai nguyén mede, MGi tricdng va Rién 21
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Dé phue vu cho phin tich, ddnh gid tic dng cua h:r:n doi khi hau 1én tai nguyén
nude trén dia bin tinh Thdi Nguyén theo céac kich ban bién doi khi hiu, bdo cdo sir
dung mo hinh mua dong chay NAM d¢ tinh todn, cung cip tai ligu diu vao cho mo
hinh thuy lye MIKE 11 tinh todn dong ghw I, heu lueong dinh 10 tal tram dai dién
Thic Buoi. Can cir theo kich ban BDKH. véi digu kién, hoan canh ctia Thai Nguvén
kich ban (mg vii mic phdt thai cao A2 va trung binh B2 dugc khuyén nghi sir dung.
Sau div 11 mot mot so két qua chinh cia nghién clru anh hudmg cia BDKH dén TNN
o Thiai Nguyén

4.1. Tac dong dén dong chay nam

Dnrén e dong cina BDKH, dong
chay nam ¢6 xu hudng tang so vai kich ban

o Drien bien dbng chay rramg binh o ties
kipch an A2 B2 tgi g Thac Ben

nen 1980 — 1999, Sy thay doi cua dong y ¥

chay ndm giira har kich ban A2 va B2 cling - e

khong khédc nhau nhi¢u trong giai doan tir e -
2020 2079. Chi tr ndm 2080 — 2089, ; ,..-—r—""'p

ding chay theo kich ban A2 tang ro ret hon
so vt kich ban B2 (hang 1) .

fha b

Hinh 4. Su thay déi dong chay trung
binh nam theo kich ban A2, B2

Bang 1. Luew lieong trung binh nam va mice thay doi dong chay trung binh nam
tai tram Thie Bueoi theri ky 1980- 1999 va cdc kich ban BDKH A2, B2
[ Liru hrong trung hlPh nim cic Miic thay d6i lvu hrgng trung binh nim i
Kich | _ thivi ky (m'/s) %0 vii thoi ky 1980 - 1999 .
ban | 1980 — | 2020~ | 2040 | 2080 - | 2020-2039 | 2040 -2059 | 2080 - 2099
1999 2039 2059 2099 . /s [ m-’,{.; L s o7,

L

A | 544 | 547 | 552 | 570 | 037 | 07 | 086 | 1.6 | 267 4.9
—
B2 | 544 | 547 | 553 | 564 | 037 | 07 | 091 | 1.7 [207] 38

4.2. Tdc dgng dén dong chay mia lii

Dudi téc dong cua bién doi khi s
Disn bisndamg chay moa li thes

hiu, dong chay 10 eling ¢6 xu thé ting lén. N Lien han AL B2 tal rram Thae Budd

Xu the ting cua dong chay trong mua I i

trong cic kjch ban cing tuong tr xu the S~

cua dong chay nam: dong chiay mia 10 3 ',,f;*"f/ mea
theo kijch ban A2 ting nhieu hon so vdéi : e -
kich ban B2. Trong kich ban B2, dong ; o

chay trung binh mua 10 ting 3,0% trong P T T L
théi ky 2040 — 2059; dén-théi ky 2080

20099 14 6,1% (bang2). Hinh 5. Sw thay doi dong chay maa li

theo kich ban A2, B2 so vai kich ban nén

2 Tiip 2: Thuy vdn - Tai nguyén nwde, Méi tricimg va Rién
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Bang 2: Lueu lhupmg trung bink miwa [ va 1
tai tram Thdc Bwcrii thai ky 1980

niee thay doi luw hegng trung bink mua lu
) — 1999 va cdc kich ban A2, B2

4.3. Tic dgng dén lwu legng dinh lii

Luu lugng dinh 1 thiét ké duge xic dinh tir mo hinh NAM Lu hop vin phuong
phép tin sudt, tinh todn dinh 1@ lon nhét ndm thiét ké (ng v&i tan suat 19 va 5% i

tram thuy van Thic Budi cho lh:'.y

Bién dbi khi hiu lam gia tang mirc dd nguy hiém cua 10 lyt, the hién o Juy
Im;mg dmh I vaa tong qumg 11 tang lén thang, 3). Luu lugng dinh Iu ( Qs ) tICME g

véri cdc 1an sudt c6 xu thé ting, mic tang nhie

Bang 3: Licw lwong dinh lii Qmax vng vori tan suat 1%

1eu hom vl céc tin sudr nho

vel 5% tai tram Thac Bueed theo

ceic kich ban BDKH A2, B2 (m'/s)

Kich I{}_max thwe do thai | Thid ky 2020- | Thai ky 2040- Thiri kv
bin | ki 1980-1999 2039 2059 | 2080-2099
| [ 1% 3% 1% | 5% 1% S | 1% | 3%k |
A2 | 3371 | 2611 | 3.525 | 2.724 | 3.630 | 2.809 | 3.971 | 3085 |
(B2 [ 371 2611 | 3.524 | 2723 | 3.641 | 2817 | wﬂn 3,009 |

Bang 4: Muec thay doi liew livomg dinh i Qmax wng vot ran suat 1% va 5% tai tram

Thie Bugi so vai thai ky 1980 — 1999(%)
. Kich }1_t3m kv 2020-2039 | Thoi ky 2040-2059 | Thoi ky 2080-2099
| bin | 1% 5% % [ 5% | 1% | s% ]
| A2 | 46 43 | 73 7.6 | 178 | 18
| B2 | 45 4,3 g0 | 79 | 150 | 152

4.4. Téc dpng dén dong chdy mua can

Ngirge lai vai xu thé cua dong chay
nam va dong chay mia 14, dong chay mua
can lai ¢é xu thé giam déan trong thoi ky
20020 — 2099 (hinh 6).

+ Thi ky 2020 — 2059 xu thé giam
gifra cdc kich ban giong nhau.

+ Théi kv 2080 — 2099 xu thé gila
cidc kich ban ¢ su khic nhau ro rét. Dong
chay mua can theo kich ban A2 giam 4.4%;
theo kich ban B2 giam 4.1% (béng 3).

Dien bien dong chay mua can theo

o b
i kich ban A2 B2 g0 team Thae Bum

=

B

Fhev i

Hinh 6. Sie thay doi dong chay mia can
theo kich ban A2, B2 so voi kich ban nén

Tap 2: Thay vdn - Tai nguyén nwc,

I — e —— =

Mii tricémg va Bién 3

Luu lwgng trung binh mua i Mirc thay ddi lwu legmg trung binh mia 1d
Kich céic thivi ky (m*/s) s0 voi thod ky 1980 - 1999
hin | 1980 - | 2020 — | 2040 — | 2080 - | 2020 - 2039 znum — 2059 | 2080 - 209
1999 | 2039 | 2059 | 2099 | m's | % | m m'fs | % | ms | % B
| A2 | 114 116 117 | 123 | 16 14 | 325 |29 | 87 [ 76 |
B2 | 114 | 116 | 118 | 121 | 16 | 1.4 | 34 | 3.0 1697 | 6.]
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Bang 5 Liew leomg trung binh maa can vé miie thay doi lew fuong trung binh mia can
tai tram Thde Buwoi thoi ky 1980 - 1999 va cde kich ban A2, B2

Lim hromg trung hinh miia can | Mikc thay ddi luu hreng trung binh mia can

Kich | ciic thii ky (m'/s) S0 v01 thon kp 1950 - 1999
ban | 1980 - | 2020 - | 2040 - | 2080 - | 2020-2039 | 2040 -2059 | 2080 - 2099
1999 ‘ 2039 | 2059 | 209 | L | g | win | % | Wi | %
A3 | 04 | 20.1 199 | 195 | 037 | -18 | -057 |28 -09 | 44
B2 | 204 | 200 | 199 | 196 | 037 | -18 | -058 [-28[-085 | 4.1 |

5. Ket luan

Nhin chung. bién doi khi hiu lam nhiét dé, lreng bbe hoi tiém ning ting va
phin phoi lugng mua trong nam thay doi da wdc dong tiéu cuc dén tai nguyén nudce
trén dia biin tinh Thadi Nguyén.

Dong chay trung binh ndm theo A2 va B2 déu ting so véi théi ki nén, dén thé
Ky 2080 ~ 2099 mire do tang trong tng cia hai kich ban 12 4.9% va 3.8%,

Dong chay mua 18 dudi tac dong cia bién déi khi hiu cling ting so vdi thoi ky
|980 — 1999 theo hai kich ban A2 va B2 wong img 1a 7,6% va 6,1%.

DI vai lru lwgng dinh 1§ Qmax 1% vi 5%, mirc ting thé hién 1o nét ngay tai
thit ky 2040 — 2059: wrong g véi Qmax 1% va 5% kich ban A2 ting 7.7% va 7.6%
va B2 tang 8.0% va 7,9%. Dén giai doan 2080-2099, mirc dd tang la 17.8% va 18,1%
(kich bin A2); 15,0% va 15.2% (kjch ban B2)

Nguroe lai xu thé tang cua dong chay ndm, dong chay 10 la xu the giam dén cua
dong chay can. Theo kich ban A2, mirc giam 1.8% (giai doan 2020 - 2039) ting 1én 4,4%
fgiai dogn 2080 - 2099); theo kich bdn B2 mirc giam twong img 12 1.8% va 4,1%.
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ASSESSMENT OF CLIMATE CHANGE IMPACT ON WATER
RESOURCES IN THAI NGUYEN PROVINCE

Tran Hong Thai'", Tran Thi Minh Huong *', Do Thi Huong ", Phym Thj Thu Trang"

U Vier Nam Institute of Meteorology, Hydrology and Environment
5 1y e 2 - - - S
“Environment and Natural resources Department of Thai Nguven

From 1994, according to published dara, annually, there have been approvimate four
floods in Thai Nguyen province, flooded area from 10 - 40km " The areas frequently flovded
by typhoon, located in the southeast of Thai Nguven city, the west of Dong Hy, Fho Yen
district and at the limestone vallevs in Dinh Hoa and Vo Nhai district. Besides, other
extraordinary phenomena of weather alse impact on the lives of people here.

The purpose of this paper is to research and evaluare the impacts of climare el
on the annual flow, flood flow, dry flow and flood peak discharge of Thai Nguyen provinee,
based on the simulation and the ¢limate change scenarios which have been published with
database in the period 1980-199Y.
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VIEN KHOA HOC KHi TUGNG THUY VAN VA MOI TRUONG

TUYEN TAP BAO CAO

Hol THAO KHOA HOC QUOC GIA VE
KHi TUONG, THUY VAN, MOI TRUONG VA BIEN D01 Kii HAU

LAN THU XV

TAP 11

THUY VAN - TAI NGUYEN NUGC, MO1 TRUONG
VA BIEN
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BO TAI NGUYEN VA MOI TRUONG
VIEN KHOA HOC KHI TUGNG THUY VAN VA MOI TRUONG
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NGHIEN CUU KHA NANG XU LY PAT O NHIEM TRINITROTOLUEN
BANG THUC VAT BAC CAO

Pinh Ngoe Tan'", Trin Héng Thai'”, Chu Tuin Linh®
Trung tam cong nghé xir Iy moi tricomg — Bo Quoc Phon g” {
Vien Khoa hoe Khi tiegng Thuy van vi Méi trucmg’”

D¢ rar nghién ciew da phan tich ddnh gid nong dg Trinitrotoluen (TNT) ¢d trong ddt bi
¢ nhiém ¢ J:u-:}r ng TNT dheere Im true n-E'p tai cde khu dar bi 6 nhiém thuge cac e 5o san xud
vt liéu ne ZI, ZS thute Tong cuc Céng nghi¢p Quéc phéng. Dt bi nhiém TNT sé dirce xie If
dé giam thicu nong do | bang mgt so logi thire vdt bdc cao rt.h:.r ngd, lac, ddu den. Ngodi ra, dé
gia tang hiéu qua xie IV thi dé tai ciing da liea chon met 50 yéu 16 anh Fru‘tmg dd la bé sung gid
thé trong ném va cde ché pham sinh hpe cd mat réng rdi trén thi truomg. Két qua thie nghiém
vie ¥ cho thay edc thue vt bedc cao dwee lwa chon (ngé, dau lac) lam mn,g kha ndng phdn hiy
INT trong méi trueng Jm bid nhiém trong khodng 70 ngay véi hiéu suat dar 70-80% va khi
b sung thém mét s6 véu to anh hueémg thi ciing trong 70 ngay, hi¢u gua xwe IV dat tai 97%.

1. Pii twyng va phwrong phip nghién ciru

Hién nay ¢6 3 phuong phép chinh dé xiur ly dat nhiém TNT: phuong phép héa
hoc. phirong phdp vt 1y va phueng phip sinh hoc. Trong dé, phlmng phap sinh hoc la
kha quan nhdt dé xir Iy dit nhiém TNT. Dé tai nghién ciru da chon mot 56 loai thyc vat
bic cao nhir ngd, lac, ddu den dé xir Iy dat nhiém TNT. Phucmg phdp nay hién nay rét
duce cac nha nghién ciru guan tim vi gid thanh re, hicu Suat phén hay cao, an toan vai
moi nrimg hon so vii gidi phap sir dung héa chat va dac biét 14 ngoai tac dung xir 1y
cho dit né e¢dn cho phép cai tao dat tot hon.
1.1. Péi tiwgmg nghién ciiu

- Céc mau dat bi nhiém TNT o muc d§ khéic nhau duge lay trye hép r cic khu
ddt 6 nhiém thude cde co sé san xudt vat lidu nd Z1, Z5 thude Tang cuc Coéng nghiép
Quobc phong

- Cdc loai thyre vt bdc cao ngin ngay: ddu den, ngd, lac

- Cde loai ché phdm sinh hoc: gid thé trong ndm, phéin bén vi sinh
1.2. Thue nghiém

4. Dong hda mau

B¢ khoé méu & nhnel d0 phong, trdnh khOng dé miu dudi dnh sdng truc tiép.

Nghién nho v dong héa mau da khé bang coi nghien da rira sach bang axetonitril. Sau
khi da nghién nho, dem di sang loai bo tap chit.

t} gchlt'l ITI:J.

- Cho 2g mau dat da nghién vao binh nén 100ml. Cho vao 20ml axetonitril. Pay
kin binh miu bing yﬁy bac, dat vao mdy rung siéu 4m trong 18 tiéng.

, - Pé lang méu trong 30'. Sau do, 1&_3- Sml dich chiét cho vio binh nén 50ml, cho
vito ticp 20ml dung dich CaCl, IM. Lic déu hdn hop trong 15°.

- Loc lop dung mﬁl hiru co loc qua gidy loc. Chuyén méu vao binh nho, day
niip, bao quan ¢ 5°C cho dén khi dem di phin tich.

¢. Phén tich mau
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- Bom 200ul dich chat di lam sach & muc b viio ¢t ? wén may sﬁc ky long
(HPLC). Séc d6 thu duge cho biét thong tin vé cdc pic: thivi gian lru (t,), chiéu cao pic
va dién tich pic ciing nhu thianh phédn phén tram cua umg cdu tir trong hdn hgp. D6 la
co s& cho viéc dinh tinh, dinh lugng TNT ¢6 trong mau nghién ciru.

d Chuin bj céc bé thir nghiém dé nghién ciru kha ning xir 1¥ cho dat bi & nh 1em

TNT bﬁng thue vit bac cao trén can
Skg dét bj 6 nhiém TNT & mire d0 khac nhau duge nghién nho rdi cho wn cac
bé thir ngl:ugm duge xay bﬁng gach trit xi méng, ¢6 dung tich trung binh mdi I;-r. la
[4{}x4(}x15}cm Pé am cua dat duoc gilr ¢ khodng 60-70%. trong cdc bé nay sé trdne
céc loai ciy can thi nghiém. Hiu qua xu 1y cho dit b] 6 nhiém TNT lﬂng thue vat
dugc dénh gid bing cdch dinh ki lay mau phén tich nﬂng dd con lai cia chat 6 nhiém
TNT bing phirong phip HPLC, trong d6 k¥ thudt chuan bi miu vi phin tich néu ¢
muyc b vi ¢ tuong tmg.
2. Nghién ciru thye nghiém
2.1. Binh gid vé kha nang tw xi Iy ctia dit bj 6 nhiém TNT
Két qua phan tich ndng do TNT ciing nhur sit bién déi néng do TNT trong céc
mau dat duge thé hign trong bang 1. Qua do dé ¢6 co s danh gid chinh xédc hon vé kha
nang W xur 1y cia dat di bj 6 nhiém TNT & diéu kién twr nhién (chua ¢6 tic dang coa
cdc giai phdp xir 1y)
Bang 1. Su bién déi néng dé TNT trong cdc mau dar bi 6 nhiém TNT tir thing 2/2009
dén thang 2/2010

'\lung dé TNT
o i Nguin méu, dic diém | (mepvikg day
mau Thing | Thing
212000 2/2010
M1 | Détrong khu nha thu hdi thude n cia Z5 di ngimg | 166667 | 15358
hoat ddng 4 nam, rit it cly ¢ moc |
M2 | Dit khu vuc xa thai canh nha thu hdi thube nd | 205.3 2,65
ngm'tg hoat déng 4 nam cua Z5, hién la vudm rng
nhiéu ciy keo tai trong, keo 14 trim
M3 Pét khu xa thai canh nhi thu héi cia Z5, hién chi 2563 158,6
c6 co gianh va mdt s it cdy co khdc moc
M4 | Dét canh sian hong khd thube nd coa ZS, noi 18,5 12,73
khéng cé edy hoa cic 4o moc . '
M5 Dat canh san hong khé thude nd cia ZS, noi cé chy 17.7 ' |82
hoa ctic 40 moc nhicu v véi mat db cao
M6 | Dat bun diy cua hd chira nudc thai cha Z5 734.5 524 4
M7 | Dt canh khu san xudt thube nd AD + Z1 (cdch | 115,10 98.5
10m), it ¢y cd moc) o
M8 | Dt canh khu nha thu héi thube nd Z1 (cdch Sm), | 34469 | 28950
it cdy co moc)

Tdp 2: Thay van - Tai nguyén nwde, Moi trudmg va Bién
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Hiji thio khoa hoe Quie Gia vé Khi tirgng Thity van, Méi triromg v Bién doi Khi hiu

Nhin xét két qua bang 1:

4 O nhirng khu vire khéng 6 ciy co moe, nong do TNT trong dit rit it thay doi
sau thoi gian | nam (M1, M3, M7, M8). Trong khi d6 nhimng khu vire ¢6 nhiéu ciy cé
moc thi nong do TNT déd giam di ding ké, dac biét 1a & khu vye trong cdy keo tai
tuong, keo 14 tram vira ¢6 nhiéu ciy 1dm, vira 6 nhiéu |u41 c6 moec (M2, M5). Diéu ndly
cho Ihrij. @ nhirng noi nay thire vt va vi sinh vat trong dat c6 kha nang phén huy TNT
trong dat bi 6 nhiém.,

2.2, Xu Iy dit bi nhiém TNT béng trong ngé, diu den va lac

Yiée thir m_hn:rn d:inh gid anh huromg cua sir & nhiém TNT t&i su phat tn-:}n cua
mat s6 loai cay trnng pho bién & Vigt Nam nhim 2 muc dich. Mat 1 c6 thong tin diy da,
chinh xac hon ve cac anh hudng cé hai cia TNT téi mdi trudmg sinh thédi. Hai 1a xdc dinh
durge gidn han cd thé sir dung cdc loai ciy trong dé xir Iy TNT cho dét & nhiém.

K&t qua thue nghiém vé sir anh huong cua TNT trong dét d6i voi cac loai thyre
vilt, cdy trong néng nghiép nhu ngd, lac, déu den cho thay khi nong do TNT trong dat
cao (> lﬁumng I'NT/kg dat) thi s& lam cham qud trinh phat tri én cla cdc ciy [rnng nay.
Va khi muon sir dung dét nhiém TNT cho muyc dich trong trot céc loai ciy luong thuc
ngén ngay thi cdn c6 cdc giai phdp thich hgp xir ly, lam giam lugng TNT trong dit
dén muc ¢6 thé chap nhén duge (<500 mgTNT/kg dét),

Trurde khi gieo trong, cin phai xdc dinh mire 456 nhiém TNT cta dat. Néu dat ¢6
mirc do 6 nhiém cao (>500 mgTNT/kg ddt) thi cén phai pha trén bing dit khéng 6
nhiém TNT. Loi th khi sir dung ngo, lac, dau den trong xur 1y do6 chinh 1a cdc cly nay
déu la logi ciy ngan ngay, co thé glm va moc quanh nm vi vy néu khang tinh dén
yéu cin vé san ligng thi cé thé gieo trong thuémg xuyén nhdm phuc vu xir Iy dit
nhiém TNT.

Tir ¢de kér qua thir nghiém so b, dé tai da dé xuat duce quy trinh chung trong
ngd, lac, dau den trén dat nhiém TNT. Quy trinh bao gbm cdc cdng doan chinh sau:
Chuan hi dat
Chuan bi hat gidng
Tién hanh gieo hat
Cham bén sau khi gieo hat
Thu hoach, x(r 1§ cy sau khi kéi thdc thir nghiém

pﬁ:.h'_.ula—

Hinh 1. Trong ngé, lac, ddu den trong cde bé thir nghiém
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Héi thio khoa hgc Quic Gia vé Khi twonggHpyy vin, Mai trudmg va Bién dii Khi hiu

Két qua phin tich cdc mau cly trong trén dat & nhiém sau khi két thic xi 1v da
cho thay khéng xay ra hién wrong tich Iy TNT hodic cdc din xuft nitro thom dbe hai
trong thanh phan chit cua ciy, do d6 cic leai ciy nay sau khi thu hoach hoan toin co
dit didu kién dé sir dung cho cdc muc dich truyén thong nhur lam phén xanh, lam chét
din hodce 1am thire dn ¢hin nudi.

2.3. Pdnh gid hi¢u qud xu Iy dit bj 6 nhiém TNT cia ngé, diu den va lac

Céc két qua thir nghiém néu & bang 2 va bang 3 da cho thay cdc loai cay trong
nhur ngﬁ déu den, lac ¢6 khi nang logi bé TNT khoi dét bi & nhiém. Thi r.ll,l doi v
loai dit bj nhiém TNT & mire cao (khoang 1021 mgTIH"I‘.-"kg dau néu trong cdc loai ciy
nhur ngd, ddu den vai mat do gieo 500-700 hat/m” thi phai mat 70 ngay ma xu 1y duge

70-80% lugng TNT trong dér, bang 2 () thi dy nay khéng tinh dén van dé sinh tnrémg
cua ciy trong mé chi xét dén hiéu suft xir Iy.

Déi vai loai dﬁt ¢6 mirc 6 nhidm TNT thp hon (khoang 318 mgTNT/kg dét),
sau 70 ngay, cdc mau dat sau khi xir 1§ duge mang di phin tich HPLC thi thy higu
sudt xir Iy TNT cé thé dat 1&i 94%. Nhur vy, glal phip st dung thyc vl bql.l.. cao da
dira ra vin c6 thé dp dung dugc kha hiéu qua dé xir 1y cic loai dat bi 6 nhiém TNT @
miure khéng cao.

Béang 2. Hiéu qua xie I¥ TNT trong dat bi 6 nhiém & mire 1021 m;:,;wr’.kg :far

Miu :

thir Loai thue vit Ning dd TNT (mgpnr/kg dit) “'ﬂ{ sudt xir
nghiém ly (%)

L Trwde xir Iy Sau 70 ngay x|y

All Ngd + Diu den | 1021 187.3 81,6

Al2 Ngb ; 1021 | 2515 73.36 |

B13 Piuden | 1021 221 | 7835 |

Bang 3. Hiéu qua xir v TNT trong dat bi nhiem TNT & muee 318 mgp/ke

Miau | Loai thue vit | e e = |

thir Néng 46 TNT (mgpi/kg dio) L
nghiém ' Iy (%)

| Trudce xir Iy | Sau 70 ngay xur |y o |

S15 Lac 318 ' 18,1 943

Sli6 Ngo 318 16,8 047

S17 BPéu den 318 20,2 | 93,7

2.4. Lwra chon m@t s6 yéu tb lam tang higu qua xw Iy dat nhiém TNT
2.4.1. B6 sung phiin bén sinh hoe

Viée bd sung phén vi sinh thuc chét la bo sung thém céc thanh phin hiru co,
axit humic, P;Os ::l-: ti€u. vi sinh vat c6 ich, vi sinh vét phin giai.. Tuy nhién, thyc
nghiém cho thiy néu nhu khang trong cdy ma chi b sung vi sinh vao dét so véi cing
lugng phin vi sinh bén cho dét va c6 trdng cy thi hidu sudt xir Iy 12 khong ding ke.
Dicu d6 cho thiy cac loai thuc vét di chon déng vai rd quan trong trong vige xu 1y
cho dit nhiém TNT. Sy phdt triéu cia céc loai cdy: lac, ngd, ddu den cé thé dén dén 2
tdc dung dong théi. Mot 1a chiing ¢6 kha nang hip thy tric tiép cic chit 6 nhiém (hojdc
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dén xudt cua ching) tir dit, hodc sinh ra céc enzyme dé chuyén héa ching. Hai la tgo
diéu kién dé phiit trién ting 80 lugng va mat dé cde vi sinh vt ¢6 ich trong dét. Chinh

s ting sO lugmg cde vi khuan n&y@gqcr ving dit ¢é cly trong da c6 tdc dung ting toc
d¢ phan hay TNT trong ddt bi 6 nhiem.

Phuong phap xir 1y cho dat nhiém TNT dua trén co s& két hop gilta viée tmng
ciy va bo sung thém mot lugng nhat dinh phin bén sinh hoc khéng nhimg lam giam
nhanh ndng dé TNT trong dit ma con dbng thii loai bo duge nhiéu céc hop chat la san
phéam trung gian cua qua trinh phin huy vi sinh cua TNT.

2.4.2. B6 sung gi4 thé trbng nam

Céc pid thé tmng nam dé sir dung do Vién Di truyén Nong nghigp cung ciip
duge bo sung vao dat dé xa Iy TNT. Két qua xir Iy TNT trong dat 6 nhiém c6 bb sung
gid thé trong niam dirge néu trong bang 4.

Rang 4. Hiéu qua xie Iy dat nhiem TNT c6 bo sung gid thé trong nam

I " A
| " | Ndng dp TNT Hifs suiist
Mau | 2 phin huay
thir Didu kién thir nghigm (mgrnrkg dat) L (%)
nghiém | - Trwée xir | Sau 70 ngay
E— ) , Iy xir 1y
| MI | Péit nhiém + khéng cé ché 170 170 0
.| pham
M2 | Pt nhiém + 10% gid thé trong 170 | 737 56.6
| r_l_f:lm huong
M3 | Dat nhiém + 10% gid the trong 170 4,25 97.5
| nam hurong + lrfmg ngd, lac
| ddu den
| M4 | Datnhiém + 10% gid thé wdng 170 1479 13.0
' linh chi |
M5 | Dat nhiém + 10% gid thé trong 170 7.65 95.5
linh chi + trong ngd, lac, diu
E__ > den
M6 l.‘.l};?iT nhiém + 10% gid thé trdng 170 74,9 55,9
Ild!‘]'l. 50
M7 | Dat nhiém + 10% gid thé 170 5,44 96,8
| trdng ndm sb + :mng ngo. lac
| diu den i |

Tir két qua bang 4 cho thay vigc trong ngd, lac, dau den trén dét nhidm da t:-é-
sung ché pham sinh hoc lam tang dang ké hibu sufit phin hiy TNT dic biét 1a & méu
50 M3 va M7 hiéu suat xir 1y dat 97,5% va 96,8%.

O cde viing dat ¢ cic ré cay ngd, lac, ddu lhucmg gmu cﬁc chung vi sinh vt c6
kha nang phian hay TNT. Hon nira, vige b sung gid the tmng nam ciing cé thé coi la
sir ba sung cac m;unn C dé vi sinh viit phat trién manh hon dan dén lam tang hiéu suit
xir iy,
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3. Két ludn

- Pa xdc dinh duoc ndng do TNT rat cac > 1500mgTNT/kg dat trong mot 50
miu dét tai 2 co so Z1, Z5 thudc Tong cuc Cong nghiép Quoc phong.

- Pa tha nghiém vi chi ra cdc thuc val béL cao nhu ngd, lac, ddu den cé kha
ndng lam tang kha nang phin huy TNT trong dét nhiém trong khoang 70 ngay. Khi
ndng 46 TNT < 500mgxp/kg dét thi hidu suit xir Iy dat 94% con khi nong do TNT >
500mgryr/ke dét thi chi dat 70-80%.

- Pa sir dung mot 50 ché pham sinh hoc nhu gid thé lmn; nam, phan bén vi sinh
két hop vai vige sir dung thue vt bac cao de xur ly dit nhiém TNT. Két qua la lam

tang déng k& hidu sudt xir I¥, trong 70 ngay dat cao nhit Ia 97%.
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2,4,6-TRINITROTOLUENE CONTAMINATED SOIL TREATMENT BY
TRACHEOPHYTA

Dinh Ngoc Tan"", Tran Hong Thai'*’ Chu Tuan Linh ¥
D Center af environmental treatment technology — Ministry of Defense
“! Viet Nam Institute of Meterology, Hvdrology and Environment

In this research, TNT concentration is analyzed and evaluated in soil, TNT
contaminated soil is treated by some kinds of Tracheophyta species such as corns,
groundnuts, black-eye peas. In addition to increase efficiency, mushroom substrate and vihes
biological products, widely available on the market, were selected o cooperate with corns,
groundnuts and black-eve peas. Experiments result showed that selected Tracheophyia
species had increased the degradarion of TNT in contaminated soil within 70 days to achieve
70 — 80 \% efficiency and the addition factors (mushroom substrate and other biological
products) were also affected in 70 days, treatment efficiency reached 97%.
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H{i thao khoa hoe Quoce Gia vé Khi tirgng Thiy van, Méi truimg va Bién doi Khi hiu

PHAN VING PHUC VI QUY HOACH BAO VE MOI TRUONG
LUU VU'C SONG, THI PIEM TREN LUU VUC SONG NHUE - DAY

Trin Hong Théi'", Ding Trung Thuin®, D3 Thi Huong'”, Nguyén Thj Phuong Hoa "
"vién Khoa hoc Khi tiegmg Thuy van va Méi trircmg
" Triecmg Pai hoe Khoa hoc Tie nhién — Dai hoc Quoc gia Ha Noi

Phan vang la bwde di ddau tién nham xde !.:ip ca s khoa hoe vé thue tién, phuc vy xay
ding quy hoach bdo vé moi trieomg va qum: 1N nguon tai nguyén theo dinh hedng phdt trién
hén vitme trén hine viee séng, S dé phén I.JI.-!R!;’ hew viee rrmg Nhué - Bdy dwoe xdy dimg trén co
sor phan tich cde tiéu chi lien quan a1 2 nhom yéu 16 tw nhién va nhan sinh gom qud trink
phéan hia dia hinh la tiéu chi chinh, mang tinh chit dao va cde véu 16 nhwe dia char, tham thiec
var, hé sinh thdi, hién trang mdi trucng, hoat dong nhdn sinh la cdc tiéu chi phu, mang :
nghia be wro. Tie do, hew viee séng Nhué - Day dwoc phédn chia thanh 14 tiéu ving qua 2 cdp
phdn vi bao gum 3 tiéu vieng doi nii dd vii, 3 tiéu ving sinh thdi edn dwge bao v¢, 2 tiéu
vieng dong bang, 6 tiéu viing céing nghiép — da thi. Piéu nay ding gip mat p.ﬁm‘r quan trong
trong Vviéc xday dung nhimg dinh hegng khéng gian phuc vu quy hoach bao vé moi truang
chung cho toan lirw viee song va riéng cde vime cie thé.

1. Mér didu

Phin ving luu vige phue v quy hoach bao vé méi truimg vé ban chat 1 phan
chia khong gian linh tho thanh céc vung va cic tieu vung dya trén su dong nhat vé
phat sinh, ciu tric hinh thdi va tinh thdng nhat néi tai coa ving cho muc dich khai
thic, st dung, bao vé va bao tén phit hop v&i su phan héa tr nhién cua céc diéu kién
nhién, m6i truémg, sinh thédi va cdc hoat déng nhin sinh trén luu vue. Nhu vy, muc
dich phin viing | gidi bai todn trong téc da chiéu vé diéu kién tu nhién, tai nguyén
thién nhién, mdi trudmg va tic ding nhén sinh, cung cap co s& khoa hoc cho quy hoach
bio vé moi trirdmg.

Nguyén tic chinh trong ph.m ving la ton trong tinh khich quan cua vang va cdc
ti¢u viing: chip nhén tinh dong nhét twrong déi cia viing va céc ticu vung; phu hop v
chire ning cia cde tiéu viing va vdi yéu ciu quan Iy hanh chinh linh thé. [7.8]

Phin viing lru vuc séng Nhué - Béy la buéc di dau tién nhidm xdc ldp co so
khoa hoc vii thue tién, phue vy true tiép cho vige xa]_,« dung quy hoach bao vé mbi
truémg va quan 1§ tai nguyén, theo dinh hudng phdt trién bén vimg trén luu vuc sdng,
NOT dung cia phiin viing hwu vire sdng Nhu¢ - Dy 1a giai bai todn vé mbi quan hé da
chiéu gifra cic yeu to ve diéu kién tr nhién, ti nguyén thién nhién, méi truomg va con
ngieii trén luw vire, tr dé 1am co & 1p nén nhém cdce yéu 16 ddng nhit, dic thi cho
chc viing nho hon. Két qua phin viing lru vire sﬁng Ih xdc dinh durge cdc ving va tiéu
ving, tir d6 phin tich cac chirc ning, dac diém ciia moi tidu vang dé xdy dyng cac dinh
hudng bao vé mbi trrdmg cho cde tiéu viing trén luu vire. [7,8]

2. Phuong phiap phin ving

Tic dng dong thoi cla céc yéu td ur nhién trén mdt ving 1anh thd trong mdt
thort gian dio dai da hinh thanh nén cdc viing véi nhirng nét déc trung riéng. Tuy nhién,
hoat dng cua con ngudi bao gom ca ncrng nghigp truyén thong va van minh cong
ngha{:p d4 lam bién d6i nhimg dic thi von cn cua ching va xuat hién nhimg dac diém
miéri. Nhir vy, sir tirong téc giita cdc yéu to tu nhién, con nguii, khéng gian va thoi
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gian dan dén sy phin hod mdt khu vye lanh thé rong thanh nhitng don v lanh tho nho
hon vai nhitng déac trung va chire nang riéng bi¢t. Phan tich va hicu ro su phin hoa do
1a hét sire quan trong v cin thiét dé tién hanh phan vong va dinh hunn& tra ra cie
bién phidp khai thidc, sir dung lanh thé hop 1y, dam bao hiéu qua kinh té - xd héi, beén
virng vé sinh thdi va maoi truong. [6.7]
Phin ving phuc vu quy hoach bao vé mdi trudmg luu vire séng duge tién hinh

theo cac buoc sau:

Xdc lap cich tiép can phan vung nhdm phin dnh tinh 1_|L|'~ ludt khich quan,

dong thoi dam bao gid trj sir dung thuc tién cdc tidu v ung phin chi:

Lura chon cdc tiéu chi cua hé lhﬁng viing, xdc dinh nguyén tic phin ving
i sao cho diap img muc tiéu phin viing néu trén, trong d6 guan trong nhat la thira nhan
v ton trong tinh khédch quan cua cdce phiin vi trong hé thong.

Phén vung: tién hanh phén chia luu vue thanh cic ving va tiéu ving cé
nhitng diém dac thi.

Vigc phan ving lhru vuc qnng dugc thyuc hign trén co so phan tich sy phin hos
cua céc véu to thude hai nhém yéu t6 tur nhién va nhén sinh. Tir 46, ¢6 thé chon ra yéu
to chinh, mang tinh chu dao (dja hinh, d6 thj héa, cong nghigp hda . ) vi you (o phi
mang tinh cyc bd va chi 6 ¥ nghia bo g (dat dai, tham thye vt . )

(1) Nhom yéu 1o tr nhién: vj tri dja Iy, dia hinh, dia chat, mang ludi thuy van va
tham dong thue vat .

~_(2) Nhom yéu t& nhan sinh: cdc hoat dong san xudt, qud trinh d6 thi hoa va cde
van de moi trurong.

Qui trinh phén vang dugc tmn hanh qua nhiéu cdp phan vi bing phwong phdp
ban d6 va véi moi cdp phén vi, yéu 16 trdi duge lua chon 1am co si cho phiin ving &
L.I.lp da.

3. Phén vung hru vire song Nhué - Ddy phuc vu quy hoach bao vé mii trromg

Phin vung luu vyuc séng Nhué - Ddy duge thye hién vé co ban trén nén phin
viing dia 1§ qua 2 cép phin vi nhu sau:

Phiin vi rﬁp I: Qué trinh phin héa dia hinh luu vuc séng Nhug - Ddy cho thiy,
lru vue co dang hinh elip, kéo dai theo phuong Tay Bac - Pong Nam v dia hinh kKha
da dang gf}m cdc dai dong bang, gb dbi va nii thap. Cdc dang dja hinh co ban nay
phén b6 gin nhu song song, ké tiép nhau tao thanh cic bac dia hinh dac rung nghiéng
lhap dan i Pong sang Tay va tr Bic xudng Nam: ving dong h1n1 dén viing go doi
dén viing nii thdp, ddn dén 2 dun.;;, mng |on chay theo hudmg Tay Bic Dong Nam. Vi
viy, dia hinh dugc lua chon lam yéu 16 trdi dé phén chia luu vuc:

1) Viing déi nii: duoc kv hiéu 1a ving A ndm ¢ phia Tay luu vuc;
2) Viing dong bing: duge ky hiéu i ving B nam phia Dong luru vue.
Phan vi cip II: Phan chia 2 vung lom A va B thanh cac tidu vung.

Co sa dé phin chia cdc tiéu viing 1a 16 hop céc véu té tur nhién va xd hdi phan
dnh duge nhirng net riéng biét coa tng tiéu ving. Phén tich tong thé lvu vuc sOng
Nhué - Pdy thiy ring, cdc hoat dong xdy dung va bao ton da va dang lam thay dbi

Tip 2: Thay vin - Tai nguyén nude, M trwdmg va Bién |87
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nhitng vimg sinh théi tir nhién, xuﬁt hién cdc viing sinh théi mdi phyc vu cho tién trinh
phdt trién cua con ngudi va cdc vin dé moi tniromg cling kéo theo: (1) sy hinh thanh
cfic khu vue d6 thj vai chire ning phét trién kinh té - x4 hdi, hdu qua tir sy vén ding va
chuyén doi toan dién tir ving sinh thdi néng nghiép sang viing sinh thdi céng nghiép -
dé thi: (2) qua trinh khai thic bén virng cdc viing sinh théi dic trung c6 gid tri da dang
sinh hoc cao (hé sinh thii rimg nhiét d&i trén ndi Ba Vi; hé sinh thdi rimg trén ndi dé
véi ¢ cde huyén Kim B6i, Hoa Lu; hé sinh thdi dat ngap nuée & Ninh Binh v.v...) phuc
vy nghién curu va du lich ciing 12 mdt khia canh can duge quan tam.

Tir d6. két qua phén vung cap 2 nhur sau: (1) ving d6i ndi A thanh 7 tiéu viing,

duoc ky hiéu tir A1 dén A.7; (2) ving dong bing B thanh 7 tiéu viing, dugc kv higu tir
B.1 dén B. 7. (Hinh 1)

- Tén tiéu viing Ky
| . ' | hii:‘ﬂ
. ‘ Ving doi nii A
. 1. Nai dar thap Al |
l : 2. Vieon quﬂr gia Ba Vi A2 |
| 3. Vieon quoc gia Ciic Phwong A3
I | 4. Niii @d voi lién khoi Ad
' < v 1 5. Go doi A5
‘ & | 6. KBT dat ngdp nuce Van Long A.6
N f L |\ 7. Do thi & Lr;rr.rg nghiép Tam Diép A7
| \ » ~ ] Vung dﬂng bing B |
| | o o - ‘| 1. Pong bang tich tu B
- | 2. Pang bang ven bién B.2
|| = | 3. D6 thi & cong nghiép Som Tay B.3
“ve s | 4. D6 thi & cang nghiép Ha Néi B.4
= = 5 Déthi & cong nghiép Phi Ly | B.S
Hinh i. So do phdn viang liew viec 6. D6 thi & cong nghiép Nam Dinh | B.6
song Nhué - Ddy | 7. Dé thi & cong nghiep Ninh Binh | B.7

4. Dinh hwdémg phat trién déi véi cic viing dwra trén cic tiéu chi bao vEé moi trurong
vi tai nguyvén thién nhién
4.1, Dink huwdng bio vé méi trucémg tiéu ving cong nghiép - dé thi

Chit lugng co sér ha lang k¥ thudt noi chung va ha 1.-ing k¥ thudt mdi trrémg néi
riéng, ciing nhu trinh d§ céng nghi¢p héa c6 tic dong tryre tiép téi qua trinh pht trien
kinh té - xa hoi va téi qud trinh kiém sodt chdt lwong mdi truémg sdng, dic biét tai
nhitng khu vire phit trién cong nghi¢p va d6 thj 16n vai k¥ thudt con lac hiu, xuﬁng
cip, phin b khong dung déu, thidu dﬁng b va lién thong pé khac phuyc tinh trgng
trén, nhigu khu vire d6 thi da bat du c6 nhr:rng du 4n nhdm phét trién hé thong ha tang
Ky thuat méi treémg, tuy nhién con mang tinh cuc bé timg d;a phuong va chua théng
nhil trén toan Juu vire. Vi vay, nhéim bédo v¢ va n:mg cao chat lwgng méi trirémg, cin
dinh hudmg phédt trién khong gian ha tang k¥ thudt mdi truomg nhur sau:
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moi.

Nghién ciru, dé xudt bo sung vi tri, quy md, pham vi cic cong trinh ha tang
maéi truomg mdi cho cac Khu dén 62 dng nghé va cac khu cong nghiép: hra
chon céau triic mang ong thodt nudc thai ciing nhu cong nghé xir 1y phi hap.
Phén tich va du bdo céc tdc dOong cua qua trinh cai tao va xdy dung maot co so
ha tang m6i truong trén pham vi toan ving va cho ting tiéu vang cu the.

Céam hodc han ché xay dung mdi co ¢ san Xudt, kinh doanh tiém an nguy co
lom vé giy 6 nhiém v sur co mébi trromg trong cac tiéu vung can durge bao vé.

Xir ly tnét dé ciac khu vue hd ao, cic song, kf:nh muong trong khu vie do th
bi nhiém ban do chat thai sinh hoat va san xudt. Cai tao sinh thai canh guan vii
ning cao chuc ning diéu hoa méi trurdmg ¢ nhitng khu vue mdi trudmg dang bi

suy thodi.
Xde dinh nhu cdu sir dung ;Iét cho cdc cong trinh ha tdng moi trirome: dinh
huong quy hoach sur dung dat dai phai gan chat ch vén quy hoach chung, dam
bao khong bj anh hudng béi cédc tac ddng bat |¢i tir thién nhién va bién doi khi
hdu.

Trén co s do, dé xudt mot s6 dinh hudng quy hoach ¢o s¢ hg ting k¥ thudt moi

trirdmg cho céde tieu vang cong nghiép va db thi ldm nhur sau: (Hinh 2)

1. Tiéu ving cong nghiép — do thi Ha N1
Xiy dung nhd méy XLNT Phd P& (270.000 m'/ngd); Yén Xa (84.000
m’/ngd); Cau D4 (20.000 m'/ngd). Hoan thién va di vao su dung tram XLNT
sinh hoat va lang nghé Ciu Nga (13.500 nffngd].
Pwra vao sur dung cac tram XLN'T thai tap trung ta tat ca cac KCN/CCN.
Hoan thién mé hinh XL ON tai mot s6 lang nghé: méy tre dan Phi Vinh -
Chuong M¥, ché bién ndng san thuc pham Duong Liéu — Hoai Pire, xuong
sirng Thuy Ung — Thuong Tin, co kim khi Ria Ha - Thanh Oai.
XD Khu XLCTR: Xuan Son — Son Tay (giai doan 2 — I3hak Nii Thoong
(giai doan 2 - 10.4ha); Dan Phugng; Thach That (Sha)

2. Tiéu vung cone nghiép — dé thi Phu Ly
Ning cp cong suat 2 nha mdy nude tai TP Phi Ly (40.000 va 30,000 m'/ngd);
Hoan thién XD 2 vram XLNT tai phuong Minh Khai (0,2ha - ZS{H}mir'ngdl vii
Thanh Chéu (4ha - 5000 m’/ngd);
XD 3 diém xir 1y nudc thai d6 thi: Pong Van — Hoa Mac: Bic song Chiu;
Nam TP Phu Ly,
Ning cép diém xir 1§ chét thai rén tdp trung cia TP Pho LY

T{ip 2: Thiy van - Tai nguyén nudc, Moi tricong va Bién 189
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3. Tiéw vung cing nghigp — db thi
Ninh Binh

XD hé thong thodt nude, thu gom v
xir 1y nude thai TP Ninh Binh (15.000
m"fngd}:

XD hé thong thu gom rdc thai va xu
v muoe thar tai KCN sach Phic Son
(2500} m"mgdj.
4. Tieu ving cong nghiép — do thi
Nam Dinh

Nao vét cai tao hé thiing thuy loi lién
quan dén séng Nhué - Pdy, kénh T3-1]

chay qua khu déin cu trong TP. .- r—
XD nha may xu ly nudce thai sinh il
hoat TP Nam Bjnh. LR .

Mé réng quy md chén lap vi XD — i
nhix miy xi 1§ nuce i réc tai KLH xit Iy Hinh 2. Sord6 quy hoach ha tng khong giar

ric thai Loc Hoa - TP Nam Djnh, moi treomg cho cde tiéu ving cong nghicp -
do thi lvu viee song Nhué - Ddy
2. Dinh k:rring bdo vé méi tricong tiéu vang sinh thdi céin dwrpe bdo v§

Virom quoc gia Ba Vi va Vudm quoc gia Cic Phueong va Khu bao ton dat ngap
nuoe Vin Long 1a nhirng ving c6 canh quan sinh thdi hau nhu con nguyén sinh, nguén
dong thue vat phong phd, ¢é nhiéu Ium nam trong siach do Vigt Nam. Tuy nhién, hién
nay dién tich cdc khu vire nay dang dén bj thu hep, canh quan dang dan bi thay doi béi
cdc hoat dong khai théc rimg, khai thédc du ljch, cdc hoat dgng giao thong...Vi véy, cén
thiét ¢d cac dinh hudng bao vé nhu sau:

Phiin chia va quy hoach khong gian viing chire nﬁng ddi vai vuim qum, gia va
khu bao 160 bao gom: khu bao vé nghiém ngat; khu phuc héi sinh théi; khu dich vy -
hanh chinh; ving dém.

Pham vi ranh giéi coa wng phin khu chire ndng trong vudn qum: gia va khu
bao ton thién nhién duoe diéu chinh dua trén dic diém, thuc trang dién bién cla rung
via mue dich quan 1y, sir dung rirng; Viée diéu chinh nay dwge thye hién sau mdi k¥
quy hoach hodic sau mdi lan ra sodt dién tich céc loai rimg theo yéu céu ctia Thil tudmg
Chinh phu.

Bdo ton cdc h€ sinh thdi mang tinh dic tho cua tirng khu vue dé bao vé da dang
sinh hoc vai cac loai dong thue vt quy hiém & Viét Nam.

Bao v¢ canh guan, phit trién du lich sinh thdi mét céch hop 1y nham dam bao
khai thic, sir dung bén virng céc dang tai nguyén c6 gid tri coa cdc tidu viing niy.

Tuyén truyén, gido dyc, ning cao nhin thire cho cur din viing dém vé béo vé
mdi trudmg, sinh théi, dbng thiri hoach dinh cdc du dn phdt trién xi héi, cai thién déi
wng cu din viang dém va 161 cuon ho tr nguyén tham gia vio cong tdc bao vé Vuim
quoc gia Cice Phurang.

190) Tdp 2: Thaiy vim - Tai nguyén nuwde, Méi triwimg va Bién




Phin viing 12 mt trong nhirg ndi dung can thiét nham xdc lidp co 50 khoa hope va
thyre tién, phuc vy xdy dumg quy hoach bao vé méi trudmg Jwu vie song. Phin vung duge
tien hanh qua nhiéu cdp phin vi trén co s& @IFB tich v lua chon cdc tiéu chi thude hai
nhom y€u t0 tr nhién va nhin sinh dac thi coa khu vye nghién cin.

_ Trénco s 2 cﬁg phiin vi, phin viing luu vuc song Nhué - Ddy dugc chia thanh
14 tiéu vang, gom: 3 tiéu ving doi ndi dd voi, 3 tiéu ving sinh thdi cin duee bao vé, 2
tiéu viing dong bang, 6 tiéu viing cong nghigp — do thi.

Két qua phin vung luu vyre séng nhdm phyc vu cho quy hogch bao vé moi
trromg thong qua de xvat dinh hudng chung va xiy dung ban d6 quy hoach ha ting
khéng gian méi triromg cho 6 tiéu viing cong nghiép — dd thi trong dé tap trung vio cdc
cong trinh ha ting ki thudt mdi trrémg nhdm khic phuc & nhiém, cai thién chit Iurgmg
mdi trudmg va dé xudt giai phip nhdm bdo vé 3 khu sinh théi quan trong 13 Virém quéc
gia Cic Phuong, Vudm quéc gia Ba Vi v Khu bao ton dit ngép nue Vin Long.

TAI LIEU THAM KHAO
Ban db dia hinh 1i 1& 1:50.000 hé toa & VN 2000 6 tinh luu vuce séng Nhué - Day.
Ban d6 dja chit ty 1¢ 1: 200.000 céc tinh lwu vuc song Ddy.
Ban d6 hién trang sir dung dét cdc tinh hru vue séng Ddy.
Bdo cdo hién trang moi trudmg cdc tinh luu vire séng Pay
Bang Trung Thudn va nnk. Phidn viing d&i bir tinh Quang Nam. Dir dn quén 1y tong
hop dé1 b tinh Quang Nam, 2007,
6. Déng Trung Thudn. Quan Iy md: truéng bang quy hoach méi truing (278-299). “Béao
vé mbi truémg va phit trién bén vimg & Vigt Nam”. NXB Chinh tri Quéc gia, 20073
1. Déng Trung Thuan, Nguyén _T’hE Tjén. Phin ving lanh thd phuc vy quy hoach mbi
truémg ving kinh té trong diém Mién Trung. Béo cio Héi thao chuong trinh KC. 08.
bé Som, 2003,
. Dang Trung Thudn va nnk. Phin viing lanh thé tinh Ninh Binh. **Dir dn quy hoach mdi
trudng tinh Ninh Binh'. 2006,
ZONING FOR RIVER BASIN ENVIRONMETNAL PROTECTION
PLANING, CASE STUDY FOR NHUE - PAY RIVER BASIN

Tran Hong Thai"”, Dang Trung Thuan®, Do Thi Huong™, Nguyen Thi Phuong Hoa'"
"WVier Nam Institute af Meteorology, Hvdrology and Environment

f2i

e

(= ]

Hanoi University of Science — Vietnam National Universiry

With a view 1o establish the scientific and practical basis as direct inputs of the
environmental protection planing and effective resources adminitration  towards
sustainable development, partition of river basin iy suggested as the first step of the planning
process, Zoning of Nhue — Day river basin has been built based on the analysis of selected
criteria of both natural and human group including topographic division - the kev criterion
and geography, vegestational cover, ecological systems, envirommental status as well as
human activities — the supplemental ones. Nhue — Day river basin is divied inio i4 sub-
regions including 3 limestone mountain sub-regions, 3 ecological areas needing profection, 2
plain sub-regions and 6 industrial — urban areas through 2 classes of division, which plavs a
significant rule 1o sel up spatial orientation for the environmental protetion planing on the
whole Nhue — Day river basin and specific sub-regions

Tip 2: Thiy van - Tai nguyén nude, Méi tricimg va Bidn 0]
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BO TAI NGUYEN VA MO! TRUGNG
VIEN KHOA HQC KHI TUQONG THUY VAN VA MOI TRUONG

TUYEN TAP BAO CAO
an THAO KHOA HOC QUOC GIA VE |
- KHi TUONG, THUY VAN, MOI TRUGNG VA BIEN BOI KHi HAU

LAN THU XV

TAPI

KHI TUONG - KHI HAU, KHI TUGNG NONG NGHIEP
VA BIEN POI KHi HAU

- NHA XUAT BAN KHOA HOC KY THUAT
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BO TAI NGUYEN VA MOI TRUONG

VIEN KHOA HQC KHI TUUNG THUY VAN VA MOI TRUGNG

TUYEN TAP BAO CAO

HI THAD KHOA HOC QUiC GIA VE
KHi TUUNG, THUY VAN, MOI TRUGUNG VA BIEN nﬁl KHi HAU

| TAPI
KHi TUONG - KHf HAU, KHi TUUNG NONG NGHIEP
VA BIEN POI KHf HAU

Ha Noi, thang 3 - 2012
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NHA XUAT BAN KHOA HQC VA KY THUAT
70 Tran Hung Pao, Ha Noi

In 200 cudn khd 21 x 29.7 cm tai Cong ty cb phan in vi dich vu van phong Tan Dai Viét
Giay x4c nhin dang ky ké hoach xult ban s6: 222-2012/CXB/01-19/BKHN,
do Cuc Xuat ban cip ngy 28/02/2012.
Quyet dinh xuét ban s6 01/QPXB- NXBKHKT, cap ngay 01/03/2012
In xong va ndp hru chiéu quy I ndm 2012.
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Nghién cfru kha nang xuét hién swong muéi & khu vire Tay Bac
Nguyén Hong Son, Nguyen Hitu Quyén, Nguyen Thi Thanh Huyén

Tai nguyen khi hiu néng ‘nghiép Tay Nguyén va hwéng siv dung
trong néng nghlep
Nguyen Vin Viét, Ngo Tién Giang, Nguyén Auh Tuin

Hiéu chinh va kiém nghxem mé hinh DSSAT cho ciy ngd ¢ tram
Hoai Dure .
Nguyén Quy Vinh, Ngé Tign Giang, Trinh Hoang Duong

BIEN POI KHi HAU

Bién dbi khi hiu d5i véi dii ven b tinh Khinh Hoa, nhimg tlep cin
thich tng va ving phd_
Nguyén Téc An, Nguyén Ky Phing

Mt s6 gidi phédp chit yéu cdn hrn ¥ khi khai thac ning lugng gié
Ta Vian Pa

Nghién ctru khi ning léng ghép cdc hogt dong lmg phé voi bién dbi
khi hju vao chién lwge phat trién kinh té - xa hfi & dia phwong
Hoang Nguyen Gidp, Nﬁuyen Phuong Thao, Nguyén B4 Hing, Trén Lan
Anh, Trén Thi Van, Trin Héng Thai

Buwéc din ddnh gid tic ddng céa bidn abi khi hin dén xu hwéng dién
bién thifn tai 14, lut, 14 guét va han hén & Viét Nam
L& Bac Huinh, Bl Prrc Long

168

183

190

197

203

209

216

224

238

242
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‘Tdc ding cfia A6 thi hda va bidn d6i khi hdu dén nguy co ngip lut &
Cnﬂ Tho’ ‘
Huynl Thi Lan Huong, Assela Pathirana, Trén Thyc

Urg dung phin mém SimClim trong xay dung kich ban bién déi khf
hau, nudc bién ding cho Viét Nam

Mai Vin Khiém, Hoing Dirc Cudng

Tée ddng ctia bién 461 khihdu dén tai nguyén nuée mit tinh Khénh Hoa
Lai Thi Luong

Tée ding chia bitn d6i khi hin dén mét sé Iinh vyc cia tinh Vinh Phic
L& Thi Kim Ngan, Nguyén Kim Tuyén, Nguyén Hoang Minh, Trin Thi
Vén, Tran Hong Thal

Tic dbng tiém ting ciia bién a6i khi hiu dén nguy co va mia chiy
rirng tai mdt s6 tinh khu vire mién nii phia bic Viét Nam '
Trin Hong Théi, Pham Thi Hién Thuwong, Trin Thi Van, Nguyén Dang Qué
TFinh tosn dién tich dat bj tde ds;mg ciia han hdn, ngip va nhiém min
do bién déi khi hau & dong bing sdng Cru Long

Bao Thanh, Bl Chi Nam, Trin Tuan Hoang

. Ddnh gia tic ddng ciia bién d6i khi hin dén céc linh vuc chinh cia

tinh Lao Cai
Nguyén Manh Thing, Nauyen Hoang Minh, L& Hivu Hoang, Trinh Ha
Linh, Trdn Thi Van, Trin Héng ’E‘hal

Nhirng vin dé vé nghién ctru xiy dwng va ¢dp nhit kich ban bién ddi
khi hiu '

Nguyén Vin Thing, Trin Thyc

Nhitng tén that kinh t - xa héi do thién tai, bién @5i khi hiu va vin
dé di din tai dinh cw & Viét Nam

Dinh Vii Thanh, Nguyén Vin Viét

M3t vai bign phdp khai thic nhién liéu tdi tao — nguén ning legng
cho twong lai .

Ngé Trong Thudn, Nguyén Thi Thach Huyén

Nhirng vin dé dit ra vé thich tmg va gidm nhe bién ddi khi hau déi
v6i Viét Nam
Tran Thuc

Tich hop céc van dé bién ddi khi hdu vae edc ké hoach phét tridn
kinh té - x4 hoi

Tran Thue, Huynh Thi Lan Huong, Dao Mink Trang

Pénh gm tac dong cita bién déi khi hiu dén dong chiy tinh Quing
Ngdi va dinh hudéng ké heach hanh déng g pho

Tran Thue, Nguyén Van Thing, Nguyen Van Dat, Huynh Thi Lan
Huong, Phing Thi Thu Trang, Ngayéa Thi Hing, Hong Tling
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270
277
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331

338

345
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Phwong phip va quy trinh diph gl finh trang d2 bi ton thyong do
bién &61 khi hju 41 voi ndng nghiép

Trin Thue, Nguysn Thi Hién Thadn, Huynh Thi Lan Huong, Pling
Quang Thinh, Dao Mioh Trang

Pénh gid tée ddng cia bién 851 khi hiu @én han thiy van cdc tinh
Hoa Binh va Phia Tho

Nguyén Kim Tuyén, Nguyén Hoang Minh, L& Hiru Hoang, Nguyén
Phuong Théao, Tran Thi Véan, Tran Hong Thai

351
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TAC BONG TIEM TANG CUA BIEN POI KHI HAU DEN NGUY CO VA
MUA CHAY RUNG TAI MOT SO TINH KHU VUC MIEN NUI PHIA
BAC VIET NAM

Tran Hdng Thai, Pham Thj Hién Thweng, Trin Thi Van, Nguyén DBing Qué
Vién Khoa hoc Khi tirong Thairy véin va Mot truong

Chedy rung ld tham hoa Ihufmg xdy ra & nhiéu noi trén dia ban cdc tinh mién i phia
Biic Vié; Nam. Trong boi canh bién doi khi hdu nhie hién nay, khi nhigt d¢ khong khi ngay mot
rang cao. 56 ngav khéng mira gia tang, d¢ dm khong khi suy gidm, lam cho vdt liéu chay cang
khé nén hién tirong chdy rimg dién ra ngdy mdt phirc tap hon,

Trong pham vi bai na_'y $€ trinh bay ker qud nghién ciru tdc dong cia bién ddi khi hiu
dén nguy co va mia chdv rirng tai cde tinh mten niii phia Bdc Viér Nam. Qua tinh rodn tai cdc
dia pharong dwoc chon lam dai dién cho thdy nguy co chdy rimg cd xu thé gia tdng, mia chdy
FIUNg nEgay cang ma ring.

1. Mé# dan

Téc déng cia bidn déi khi hdu (BDKH) di va dang dién ra ngay mot quye[ liéy,
nén nhigt d¢ khong khi dang gia tdng, luong mua trong mia chdy rimg von da rit
khiém tdn nay con bi ~suy giam lam cho nguy co chay rimg cang gia ting mdt cdch
nghiém trong. Thuc t cho thiy trong nhifng nam gan day, trén thé gi6i ciing nhu ¢
Viét Nam s6 vu chdy rimg d4 ting Jén tréng thay gy thiét hai nghiém trong vé taj
nguyen rimg va moi trudng. Tir nhitng thép ky dau cia thé ky hai muoi tai nhiéu nude
trén thé giéi nhu Mi, Nga, Ba Lan, Uc, Phin Lan, Trung Qubc, Nhat Ban.... cdc
phuong phdp dy bdo nguy co chdy rimg da dugce nghién clu va dp dung vao nghiép
vy, O Vigt Nam cong tac nghién ciru vé phong chéng chiy rung duoc bat dau tiz nim
1982 thc ky treée. Trong nghiép vu du bdo nguy co chdy rimg hién nay & Viét Nam
chi yéu sir dung phuong phép chi tiéu tong hgp dy bao nguy co chay rung (P) cta
V.G. Nesterop (L]E[] X6 cliy da duge cii tién lién quan den gid tr] cua he s6 didu chinh
theo lugng mua ngay (K) cho phit hop véi tinh dic thu vé didu kién khi hau va trang
thai rirng khu vuc nghién cu.

Hién nay BDKH dang dién ra trén pham vi toan cau ma bidu hién cta né 1a
nhidt do trung binh gia ting, lugng mua thay d8i, nude bién dang va cdc hién wrong
thori tiét cuc doan xudt hién voi tin suéit va cuomg dé ngay cang cao dang tic déng dén
moti Iinh vire tai nguyén mai trwomg va KT-XH. Thye té cho thiy, dam tic ddng cha
BDKH hién tuong chdy ritng dang dién ta khé phirc tap. Tai cde tinh Lao Cai, Hoa
Binh, Fhu The thuong xuyén xdy ra hién tuong chay rimng, lai ¢é vi i dia 1y gidp ranh
v vimg Pong Bac Viét Nam, khi hdu c6 tinh déc th va vai trd quan trong cua tai
ngnyén ritg frong nén kinh 18 nén viéc nghién ciu tac déng cua BDKH dén nguy co
va nila (,hay rung fai ba tinh mién ndi phia Bic ¢6 v nghia trong viéc x4y dung quy
hoach chién huoc phat trién KT-XH.

2. Phwong phap nghién ciru va s6 liéu

2.1, Phurong phdp ddnh gid nguy co va mua chdy riemg

284 Tép 1: Khi twpng - Khi hiu, Khi tirong Nong nghiép va Bién d5i Khi hiu
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- Sir dung phuong phdp tinh chi tiéu tong hop P cha V.G. Nesterop dang dugce
str dung rdng rai 6 Viét Nam dé ddnh gid mitc d§ nguy co chdy rimg:

Trong do: ti;;, di;; - la nhiét 36 va dé chénh léch bio hoa lic 13
. gio:.
— A P - la chi riéu tén hop dé di bdo nguy co chdy rieng
P thl] 3dl” k-la hé 56 c?zefchmh theo hrongé: ;fma ngavy. *vei lirong nusa
R<Smm thi k=1, néu luong mira R=5mm thi k=0:
1 - la $6 ngay khéng miea hodc ¢6 fuong mua R<Spim ké tir tran
mara cudi ciing cd heong mira R=5mm.
- So sdnh P véi Bang | ¢ tinh téng s ngay c6 nguy co chdy rimg cip 4., cip 5
(Z45) céc thang trong nam. Pai lrgng Z, s duoc xem 1a chi sb dinh lugng nguy co chay
rung.

Bdng 1. Bang phan cdp miic d6 nguy hiém ciia chdy rimg theo chi tiéu 16ng hop P [3].

TT Cép chdy I Gid trj clia chisé P Cap nguy co chéy ring
1 I <1.000 [t kha ning chiy rimg

2 11 1.001>2.500 [ Nguy co chdy thap

3 11 2.501-25.000 Nguy co chiy trung binh
4 I\ 5.0012>10.000 | Nguy co chdy cao

5 v >10.000 Nguy ca chay rit cao

- Mua chdy rimg duge xde dinh theo chi sé kho han X cia Théi Van Trung {3]
X=S.AD, S - 56 thang khd (T<R<2T); A - sb thing han (5mm<R<T}; D - 5& thing
kiét (R<5Smm); (R - lugng mua, T: nhiét do).

Chi tiét vé phuong phédp nghién ctru da duge trinh bay cu thé trong |4.5].
2. 2. 84 lidu nghién cvn
S$4 liéu sir dung nghién ctru [a chubi 56 lidu quan trac khi twony hang ngay

nam 1980 dén 2010 bao gdm nhiét do va dd chénh léch bio hoa e 13h, lugng mira
ngay cua cac tram khi tuong,

Ngoai ra, trong cdng trinh nay con sir dung 56 lidu vé nhiét d va luong mua tai
cac tram néu trém trong tuong lai theo kich ban BDKH, nudc bién ding cho Viét Nam

[1].
2 3. Xay dung mé hinh tinh todn va cdc gid thiét dp dung

Thong qua mdi trong quan giira cic ll.rcmg mura, nhiét do, d chénh féch bao
hoa va sb ngay c6 nguy co chdy rmng Z, 5 tai mO1 tram ta x4c dinh duoe phuong trinh
hdi quy dé tinh todn chi sb nguy co chay ning Z, s.

Voi myc tiéu tinh todn xdc dinh xu thé bien ddi sidu dai ching La chip nhan tinh
diing din cla cdc gia thuyét sau:

- Mé hinh théng ké ¢6 tinh én dinh trong diéu kién BDKH;
- Céc diéu kién khdc c6 anh hudng dén nguy co chéy rimg it thay déi;
2 .4. Tinh todn nguy co va mia chdy rirng theo kich bin BPKH

Tdp 1: Khi tirgng - Khi hiu, Khi tepng Néng nghidp vi Bién d6i Khi hiu
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Tic dong hién tai cia BDKH dén nguy co ¢chdy rung duge danh gia théng qua
chi sé nguy co chiy rimg Z, 5 dwgce tinh todn trén co s¢ sir dung mé hinh néu trén v s6
liéu quan trdc tir ndm 1980 dén 2010 vé nhiét d6, luong mua va dd chénh 1éch bao hoa.

Trén co s mo hinh da dugc xdc 14p va chudi sd 1iéu nhiét do, iuomg mua theo
kich ban BDKH, tinh todn duge dé chénh léch bdo hoa (D) va chi s6 nguy co chdy
ring Z, 5 cho cac méc thoi gian trong tromg lai cin tinh 2020, 2040.

So sanh ¢l 56 nguy co chdy rirng trong arong lai voi thoi ki nén cb thé dua ra

cdc nhan xét danh gia mirc dé tac dong cua BDKH dén nguy co chéy rimg tai khu vure

nghién ciru, dong thin xéc dinh duoc ¢dc thdng rong nam co nguy co chdy rimg cao va
mila chay rimg.

3. Két qui
3.1. Nguy co chdy rirng va mia chdy ritng & tink Hoa Binh

Hoa Binb ¢G téng dién tich rimg la 224.963ha. Trong do, dién tich ring ty
nhién ia 137.914ha va dién tich rlrng trong 12 87.049 ha, @3 che phu rimg 12 46%. So
vO1 nam 2009, dién tich rimg giam 2.543ha, dién tich rimng wr nhién ting khéng ding
ké, dién tich rirng tréng giam 3.66 1ha.

Mac du, cdng tac trong rimg va bao v€ ning dugc quan tam trén todn tinh, tuy
nhién hi¢n tirgng chay rimg van xay ra. Cu thé da dé xay ra 21 vu chdy rirng, thiét hai
nang né nhét 1 vu chéy rimg tai xa Cun Pheo, huyén Mai Chau v&i 360 ha rimng bj
chdy. Nguyén nhén chay rimg thudng 12 do hoat dong thiéu ¥ thirc phong chay cia con
ngu01 (ddt nwong tam rdy, dot t6 ong lAy mat...). Cé trudng hop chdy nmg xay do cac
nguyén nhin tur nhién (sét . ). '

Keét qua danh gia nguy co chdy nrng va mia chdy rung thong qua chi tiéu tong
hop dy bac uguy co chdy ring (P) va s6 ngiy nguy co chdy riing Z, s nhu sau:

- Nguy co chdy ring tinh Hoa Binh gia ting theo thési gian va ting & ca 3 kich
ban BBKH.

- Nguy co chiy rimng theo chi tiéu tdng hop (P cho két qué cu thé nhu bang 2,
Tai khu vurc phia Tdy Nam tinh Hoa Binh (tram Lac Son) nguy co chdy rimg cao hon
khu vyc phia Déng Béc (tram Hoa Binh) va c6 sir khédc nhau & cac thdi ky, thang 12 la
thang ¢6 nguy co chdy rimg cao nhat so véi cdc thang con lai trong nam.

- Nguy co chéy rimg theo chi tiéu Z, s cho thdy thang 12 cd nguy ¢o chay ring
cao nhit (du kién gan 23 ngay vao ndm 2040 theo kich ban trung binh B2); Thang ¢é
hguy co chdy rung thap nhat 1a thang 6 (Hoa Bmh) va thang 8 (Lac So‘n) Mire d6
nguy hiém chdy rimg ting theo thdi gian vi muc d6 bién doi ngay c6 cép chay rung
trung binh nhiéu nam gifra céc ki(,h ban phét thai cao A2, trung binh B2 va thap Bi
tang so v&i théd k¥ nén. Dién bién sd ngay nguy co chdy rimg tai cdc khu vuc la khac
nhay, & khu vue wam Lac Son nguy co Chdy rung cao hon khu vye tram Hda Binh.
Chi 56 gla tdng nguy co chdy ring cua giai doan hién tai, nam 2020, va 2040 so véi
tho1 ki nén theo kich ban B2 tai khu vuc tram Hda Binh tuong (mg 12 9,7%; 15,5% va
22.7%; tar khu vue tram Lac Son tirong Ung la 23,6%; 14,8% va 18,9%.

286 Tép 1: Khi tirgng - Khi héu, Khi tugng Nong nghiép va Bién doi Khi héte
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Hinh I. Chi tiéu réfng hop dir bdo nguy co chdy rimg P va 56 ngay nguy oo chdy rumg
Zy stai Lac Son qua cdc thoi ky theo kich ban B2

- O & ba kich ban A2, B2, B1 céc thang 11 dén thang 3 1a nhirng thing ¢6 gid
tri P v Zy516n nhat (du kién khoang hon 6.000-9.000 & Hoa Binh va 6.000-10.000 &
Lac Son theo chi tidu P, khoang 15 dén 23 ngay theo chi tidu Z,s). Vi thé maa chay
rimng ¢ xu hudng mé rong vé din mia va cudi mia, bit diu o thang 11 va két thic
vao thdng 3 ndm sau & ca ba kich ban phat thai.
3.2. Nguy co chdy rimg va mia chdy rieng & tinh Lao Cai

Lao Cai la mdt tinh mién nti phia bic Viét nam, co tong dién tch tu nhién
638.389,6 ha, dién tich dit quy hoach su dung cho ldm nghiép 417.934.2 ha, chiém
65,64% tong dién tich tr nhién, trong dé dién tich co rimg 329.277.2 ha (Rimg ty
nhién: 257.691 ha, rimg tré‘»ng: 71.686 ha}; dién tich chua ¢ mrng: 88.557 ha 6 che
phu ring ndm 2010 1a 50,1% [2]. Do diéu kién dia hinh, khi hau thay déi theo d6 cao
nén hé déng thuc vat rimg rat phong phd ca vé 54 lugng loai va tinh dién hinh cua loai.
Vuon qubc gia Hoang Lién 1a mdt trong nhitng khu rimg dic dung quan trong cia Vit
Nam.

Trong nhitng nim gin diy hién tugng chay rung tai Lao Cai dang c6 chiéu
hudng phét trién ca vé b ivong vu chay 1an quy mé thidt hai. Sé lidu chay rling trong
5 nam ghn day tai Lao Cai cho thdy s& vu chay rimg va thiét hai déu da gia tang kha
manh, dic bi¢t 1a cic vy chdy rung trong nam 2010 via qua gdy thiét hai 801,70 ha
trong d6 rimg tu nhién 766,02 ha va nimg trdng 13 35,68ha.

Viéc tinh todn nguy co chdy rimg vi mua chdy rieng duogce thie hién cho 3 khu
vuc dai dién béi 3 tram khi tugng 12 Phé Rang, Bac Ha. va Sapa. Két qua tinh todn
nhir sau;

- Dudi tac dong cia BDKH, nguy co chdy rirng ¢6 xu huéng tang 1n ré rét tai
ca 3 khu vuc 12 Phd Rang, Bic Ha vi Sa Pa, tuy mure db ¢6 khac nhau,

- Chi tiéu P tai tram Sa Pa rét thap so véi cée tram Phé Rang va Bic Ha. Tai Sa
Pa thdng cao nhat P ciing chi dat trong khoang 800-900, trong khi dé tzi Phé Rang 1a
7.000 va Béc Ha 12 4.000. Pitu nay chimg © nguy co chdy rimg tai khu vuc Sz Pa
thap hon so voi cdc khu vuc Phé Rang vi Bic Ha (bang 2). Ciing vi 1§ do ndy ma
trong khi xem xét lua chon chi sé dinh lugng nguy co chdy rimg cho khu vuc Sa Pa
chung t6i da lua chon s6 ngay cé nguy co chéy cAp 3 va ce‘lp 4 thay vi ¢ip 4 va cap 5
nhu & cac tram khiac.

- Theo chi tiéu Z, Phé Rang c6 sd ngly nguy co chdy riing cao nhat, tiép d6 lin
hrgt 12 Bic Ha va Sa Pa. Chi sé gia ting nguy co chdy rirng cua giat doan hién tai, nim
2020, va 2040 so véi thoi ki nén theo kich ban B2 tai khu vie Phé Rang tuon gung la
5,6%, 10,1%: 20,6%

Tap 1: Khi tuwpng - Khi hiu, Khi twgng Nong nghiép va Bién doi Khi hiu 287
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Hinh 2: Chi iiéu 16ny hop dy b&(')mﬁgu v co chafji rung Pvasin gay nguy co chdy ritng
Zys1gi Pho Rang qua cdc thoi ky theo kich ban B2
- Tai Pho Rang va Bic Ha mba chay rimg trong twong Tai s& mo réng vé ca dau
va cudi mia, cu thé 13 tr thang 10 cho dén thang 4 nam sau. Tai Sapa céc théng cin
guan tam nhét 14 thang 2, 3 va 4.

3.3 Nguy co chdy rieng va mita chdy rimg & tinh Phif Tho

Theo cong bé hién trang rig toan qudc nam 2010 cia B& Nong nghiép va Phdt
wién Nong thon thi tinh Phd Tho c6 tdng dién tich rimg 13 183.149 ha, d6 che phi 1a
49.4%. Nam 2010, tinh dén thang 9, trén dia ban Phd Tho di xdy ra 12 vu chdy rirng
giy thict hai 47,15ha chi yéu 1a riing keo, cay nguyeén ligu,... do ngudi dan dbt thue bi
trong diéu kién thoi tiée ning néng, hanh kho da chdy lan trén dién ong. Vi hon
170.000 ha rung ty nhién va rimg trdng cha yéu la rimg dé chdy nhu reng thong, bach
dan, rimng tre niva,... va dién bién phic tap ctta thoi tiét nhu hién nay thi viéc canh bdo
chdy rimg 12 viéc 1am cap bach va khong thé thiéu trong cOng tdc bao vé rimg.

Vi&c tinh todn nguy co chdy rimg va mita chdy rimg duoc thuc hién cho hai nira
dién tich cia tinh 1a khu vyc phia Pong Bic (dai dién béi tram Pha H6 va khu vye
phia Tay Nam (dai dién bdi tram Minh Dat). K€t qua tinh todn cho thay:

- Phii Tho ¢6 nguy co chdy rimg nhanh chéng gia tang theo thii gian va tang &
ca 3 kich ban BDKH,

- Theo ¢hi tiéu P, nguy co chdy rimg ¢ Pha H6 va Minh Dai tip trung & céc
thdng tir thdng 10 dén thang 3 ndm sau, trong 46 thdng 12 ¢6 nguy co chay nrng cao
nhit (dir kién khodng hon 5.000 Minh Pai va 7.000 Phd HO & ca ba kich ban phat
thai). Phin cip mue do nguy hiém chdy ring cdc thing trong nam theo chi tidu P tai
hai ram Minh Dai va Phi H6 theo kich ban B2 dirge thé hién trong bang 2.

Bang 2. Bang phéin ccir'p mitrc 33 nguy hiém cia chdy rung cdc thdng trong ndm rheo
chi fiéu rc?:zg hop P iai cdc tram khi fuong cua cdc tinh Hoa Binh, Lao Cai, Phi The
theo kich ban B2 '

Thing
2|3|4[s|6|7]s|9]10[11112

Tram Nim |

Tinh Hda Binh

Mo pign L2020 | Cwo § Cdo | Cao | TB | Thip | Thip | Thép | Thap | Thap | TB | Cao Cao
W1 11t e T - < - T
W | Cao [ Cao | Cuo TB | Thap | Thip | Thap {Thip | Thip | TB | Cao Cao
Lac S 20206 | Cao | Cae | Cao | TR TE | Thip | Thip | Thip [Tnip | TB | Cao Cao
ac Son

[ 28 | Cao | Cao | Coo | Cao | TB | Thép | Thép | Thép | Thip | TB [ Cao | Ritcao

Tinh Lao Cai

w6 R 2000 [ Cao | TB [ TB Thip | Thap | Thép | Thap | Thap | Thap | TB | TB Cac
PRI 0w | Cao |75 | T8 mie TTok TR Thip | Thip | hp | TB | T8 a0
Bacts | 2020 | 1B | TB | TB | Thép | Thip T frn T hkn 1T 1T Thap | Thip | TB

2040 | TG | TB | TB | Thip | Thdp | Tekm | Tikn | Tekn [ tkn [ Thép [Thdp | T8 |
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- Theo chi t1cu Z4s, 0 ca 3 kich ban A2, B2, B1, thang 12 ¢6 sé ngay nguy co
chdy rimg cao nhét so voi cdc thing trong nam (di kién 19-21 ngay). Thing 4 ¢4 56
ngiy chdy rirng thip nhét tir 6-7 ngay (Minh Dai) va thdng 8 (Pha Ho). Chi s6 o1a téng
nguy co chdy rirng cua giai doan hién tai, ndm 2020, va 2040 so vdi thdi ki nén theo
kich ban B2 tai khu vuc Minh Dai tuong g 13 8,6%:; 13,4% va 21,6%; tai khu vuc
Phui HO wrong ung 1a 25,4%; 19,6% va 33,4%.

- Mua chdy rimg c6 xu hudng mé rdng vé diu mia vi cudi mia, bt ddo
théng 10 va ket thic vao thang 3 nam sau & c& ba kich ban phat thai.

it I

4.5 ey

LR 190 @ 05 ANl M ArAy

5 " 15 I

Hinh 3. Chi 1iéu t6ng hop dy bdo nguy co chdy rimg P vi sé ngiy nguy co chdy rirmg
Z4,5 rai Minh Dai qua cdc thoi ky theo kich ban B2
4. Két luan
Két qua tinh toan cho thiy, dudi tic dong cia BDKH nguy ¢ chdy rirng ngay
cang tang cao, muc d) gia tdng theo kich ban A2 cao hon so vot1 cac kich ban B2 va
B1l. Mua chdy rirng ngay cing m& rdng ¢ cdc tinh mién niii phia Bic nhu Hoa Binh,
Lao Cai, Phi Theo.

Trong nam, thang ludn tiem 4n nguy co chay ring cao 14 thing 12, Mua chdy
nmg ¢6 xu hucmg mé& réng vé dau mira vi cudi mia, Lao Cai ¢ mia chdy ring ring
nhét tuy nhién mirc do nguy hiém chdy rimg duge xép theo tha tr Hoa Binh, Phu Tho,
Lao Cai.

Vo1 muc tiéu cham séc bao vé ngudn tai nguyen va mdi trwdong rung phuc vy
phét trién KTXH, trong bdi canh BDKH ngay cang dién ra phic tap va khé du dodn
nhu hién nay, cdc dia phurong cén quan tam du tu hon nita cho cong tic phong chiy
chira chay rimg cling nhu thuwe hién tot cac bién phép Ung phé véi BDKH.
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5. Mguyen Pang Qué, Pham Ngoc Héng, Nguyén Thi Thu Binh, 2011. Tic déng tiém
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POTENTIAL IMPACTS OF CLIMATE CHANGE ON FOREST F IRE
HAZARD IN THE NORTHERN MOUNTAINOUS PROVINCES
VIETNAM

Tran Hong Thai, Pham Thi Hien Thuong, Tran Thi Van, Nguyen Dang Que
Vietnum Institute of Meteorology, Hydrology and Environment

Forest fire are frequent hazards occured in many areas of provinces in the Novthern
mountainons region of Vietnam. In the context of climate change (CC) meaning that, air
femperature iy higher. number of non-rainy days is increasing, and the air moisture is
decreasing, making the fire materials dryer, it would be more possible for fores: fires,

fn this paper. resuits of the study on mpacts of CC on forest fire hazard in provinces located
at Northern mountainous region of Vietnam are described. Result has shown that Jorest fire
hazard has increasing in tendency and the duration of risk of forest fire is spreading.

290 Tdp 1: Khi twpng - Khi hiiu, Khi ttrgng Néng nghiép va Bién d6i Khi hén




691

BO TAI NGUYEN VA MOI TRUONG
VIEN KHOA HQOC KHI TUONG THUY VAN VA MOI TRUONG

AT
_;';L a'\

IMHEI\

| —
T
0 i T T g
-f-__ e

TUYEN TAP BAO CAO

HOI THAO KHOA HOC QUOC GIA VE
KHI TUUNG, THUY VAN, MOI TRUONG VA BIEN BGI KNI HAU

LAN THU XV

TAPI

KHI TUONG - KHI HAU, KHI TUONG NONG NGHIEP
VA BIEN pOI KHI HAU

: l-._é"’l':_:h =N =7 #
G -

NHA XUAT BAN KHOA HOC KY THUAT



692

rr
Y

BO TAI NGUYEN VA MOI TRUONG
VIEN KHOA HOC KHI TUONG THUY VAN VA MOI TRUONG

TUYEN TAP BAO CAO

HOI THAO KHOA HOC QUGC GIA VE
KHi TUUNG, THUY VAN, MOI TRUONG VA BIEN BOI KHi HAU

TAP1
KHI TUONG - KHI HAU, KHI TUONG NONG NGHIEP
VA BIEN POI KHI HAU

Ha Néi, thang 3 - 2012



693

NHA XUAT BAN KHOA HQC VA KY THUAT
70 Trin Hung Pao, Ha Nji

In 200 cudn khd 21 x 29.7 cm tai Cong ty cb phén in va dich vu viin phdng Tén Pai Vit
Gily xéc nhén diing k¥ ké hoach xudt ban s6: 222-2012/CXB/01-19/BKHN,
do Cuc Xuét ban cép ngay 28/02/2012.
Quyét dinh xuét ban s6 01/QDXB-NXBKHKT, cap ngay 01/03/2012
In xong va ndp luu chiéu quy I nim 2012.
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NGHIEN CUU KHA NANG LONG GHEP
CAC HOAT PONG UNG PHO VOI BIEN POI KHI HAU
VAO CHIEN LUQC PHAT TRIEN KINH TE - XA HOI O PIA PHUONG

Hoang Nguyén Giap, Nguyén Phuong Thao, Nguyén Ba Hung, Trin Lan Anh,
Tran Thi Vén, Tran Hing Thai
Vien Khoa hoc Khi neong Thuy van va Mai triceng

Long ghép cde hoat ding ung phé voi bién doi khi hau ( BOKH) nhdm mue dich bao
dam tinke hiéu que va bén vimg cua cdc chién hieoe, quy hoach va ké hoach phdt trién, phong
ngwea nhitng rii ro cd thé yay ra do tde déng cua BDKH,

Feén e ser tee vein xdy daweng k€ hoach hanlt ddng wng pho vai BDKH cuia mot 56 tinh
i odicn, Beli beder G néw re cde biege cua vige ldng ghép cde veu 1o vae cde cheromg trinh die
e va phat thea 3 nguvén fde: el dong, todn diégn va hién gua. Qued trink long ghép gom 7
i\-_: Firr

1. Mir diu

Trén tinh than chi dao cua Dang va Nha nuoe, trong thoi gian qua céc nganh,
cic dia phiromg &3 va dang nd lue xdy dung cic ké hoach hinh déng (rng phéd vai
BDKH vin nhirng dic tht cua nganh va timg dia phuong.

Nghien cuu kha nang long ghép cic hoat dong tng phé vai BDKH vio cdc
chién lrge, quy hoach, ké hoach phat trién cua cdc nganh, dja phuong 14 mét trong céc
nhigm vy ma Trung tdm Tu van Khi twrgng Thay van va Moi truong dang trién khai
thire hién.

Trong qui trinh tu van xiy dung ké hoach hiinh dong (mg phé voi bién dbi khi
hiu cua cic tinh Phu The, Lao Cai, Hd Nam, Ha Tinh..., vi¢éc nghién ciru khd ning
long ghép cie hoat dong tmg phd vii BEKH da 1dp trung viio ba ndi dung chinh la:

Dhanh gl thare trang:

Nguyén tic 1ong ghép:

Quy trinh 16ng ghép:
2. Pénh gid thare trang

Lédng ghép ciac hoat dong tng phé voi BPKH vio cic chién luge, quy hoach, ké
hoach phat trién la trién khai siu rong cha truong, diedng 101 cua Pang, nha nude, 14 sy
thé hi¢n trich nhiém khong nhitng cla cdc bg, nginh, dja phuong ma ca cic doanh
nghiép vi ca cong dong xi hoi. Viéc 16ng ghép ndy nhidm muc dich bao dam tinh higu
qua va bén virng cua cic chién hroe, quy hoach v ké hoach phdt trién, phong ngira
nh.Lm:__ rui ro co the xay ra do tdc dong cuia nhirng hli,!l‘l tirgmg I-c_hl hiu cure doan va xu
the BDKH dai han, hodc nhimg hiu qua chua llm'ng hét duge vé moi trirdmg va xd hoi

do vige thire hign cdic ké hoach +.In giy ra. Trong cudc chién Lhun_s__ lai nhirng tham hoa

thién nhién mii mot phin do chinh con nguén giy ra vige long ghép nay nhim muyc
dich giam thiéu t0i da thiét hai ve ngudi vii cua do cic thim hoa tr thién nhién.
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O céc tinh, mgc di cde n:ap chinh quyén, dia phuong da ¢6 sy quan tim va dinh
huréng ban diu trong ké hoach ]ung £heép hoat dong ting phd véi BDKH vio cic chién
luge, quy hoach, ke hoach phit trien. Tuy nhién, vige long ghép con Ldp nhmu kho
khin do cdc tinh dang trong qué trinh phét trién, su chi dao & chinh quwn cde cap tr
Trung wong t&i dia phuong con han ché, chua c6 céc huréng dan cy thé ve long ghép,
mi md&i chi ban hanh Khung hudng din xay dung ké hoach hinh dong tmg phé voi
BPKH cua cic Bg, nganh dia phtm’ng Bung thii, chua chi ra duge véu cau cu thé vé
val tro, trach nhi¢ém cua cdc don vj lap ké hoach trong vigc thyre hjen Chura c6 du dir
liéu mang tinh dinh lrong vé kha ning dién bién cia bién ddi khi hilu trong tuong lai
(cdc kich ban bién déi khi hau con mang tinh trung binh cho mdt khu vire rong lan,
thiéu cdc trj s6 cue tri ¢6 kha ning xay ra trong tuong lai doi v nhitg ving nho nhu
quy mo quan, huyen ...); Nhin thirc va sy quan tim cia cong dnng ddi vai BDKH con
rat han ché,

3. Nguyén tic ling ghép

MGt thie té cho th:‘;}r cdc cong trinh, dy dn lon o Vigt Nam déu chua tinh 16
kha néng img phé vai BDKH. Tuy nhién, néu khéng c6 ké hoach long ghép va nhimg
diéu chinh cy thé déi véi timg hoin canh né & tao sy Kim hiim sur phit trién bén vimg
anh huong i thé hé wrong lai. Pac biét, thin gian gun day céc hoat dong tmg phé vin
BBKH cha Vlf;t Nam nhan duge nhiéu su quan tam vi ho tro tich cyc cua cong dong
quoe té voi nhiéu hinh thire hep tic song phuong, da phuong va da dang vé tii chinh.
Vi thé, viée cip thu:t xdy dung cic ndi dung ddnh gid tic dong cua BDKH, léng ghép
trong nhimg chién luge, quy hoach, ké hoach phdt trién cua méi Bo, nganh, dia
phirong 1a khéng thé cham tré.

Long ghép cic yéu tb vao céc chuong trinh dur dn phai theo 3 nguvén tic: chu
dong, toan dién va hi¢u qua.

Cu thé, viée 16ng ghép cic hoat déng tmg phé vion BDKH vio cic chicn lurge,
chinh sich, quy hoach, ké hoach chuong trinh/dyr dn phat trién coa ngianh, don vij c in
phai trén nguyén tic chu dong thire hién tir co s& trong qud trinh chudn bi cdc ké hoach
phét trién cua nganh vi cdc linh vuc, qua cic khuu Lép - Tham dinh va Phé duyél - To
chire thue hién. Trong d6, co so phai duoc quyen chu déng trong quu trinh long ghép,
dong thén, tudn thu hu-:mg dan chung cia ké hoach. Bén canh d6, cic gial phip thye
hién cén duge sip xép theo thir tr uu tién dé dam bao tinh hiéu qua trong qud trinh
thue hién cic giai phdp d6. Céc giai phdap duge xdy dung trén co s

(1) Mirc d§ anh huong cia BDKH théng qua viée xem xét dién bién cdc véu tb
trong kich ban BDKH d3 duoc cong bo.

(2) Phai tinh todn chi phi - lgi fch cla cdc giai phap ddi vai nganh, linh vure.

(3) Cudi cling, cén phai chd ¥ téi nguyén tic téng hgp. D6 la khi lya chon cic
bign phap can phai lvu ¥ t&i ca hai logi bién phap chu yéu: Bién phép cong trinh vA
bi¢n phdp phi céng trinh. Vi moi loai bién phdp cin phén tich o nhirng wru diém,
nhuee diém va kha nang phm hirp trong qud trinh thire hién.

4. Quy trinh lng ghep

Qui trinh long ghep cac hoat dgng ung pho vm BDKH viao chien e, gquy
hoach, ké hoach phét trién nhiam néing cao nhin thire vé BDKH, kha ndng tmg phé vii

Tip 1: Khi tigmg - Khi hiu, Khi tirgng Nong nghiép va Bién dii Khi hiu 243
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Hii thiao khoa hoe Quie gia vé Khi tugmg Thay vin, M6i triromg vis Bifn dii Khi hin

ke hoach phit trién niy cho sy phdt trién KT-XH cia tinh néi riéng v cua dat mrde
néi chung trong béi Lanh tic dong cua BDKH ngay :.ung gia tAng. Qui trinh dinh gid
tic ding nay cung cap cdc thong tin ban dau cho viéc xdy dung cdc co ché chinh sich,
chién luge vi cde hanh dong cy the cua cic chién luoc, quy hoach. k¢ hoach phdt wrién
trong qud trinh 16ng ghep.

- Bude thir 6: Xay dung co ché chinh sdch va chién luge 1ong ghép (bao gom
cd cdc van dé vé tai chinh, kinh té va chinh sdch).

Qua trinh x4y dung co ché chinh sdch va chién luge long ghép can dya trén két
qua dianh gla gud trinh thue hién, nang hec va nh.m thire vé BDKH cua ddi ngl cdn b

cua cde chién luge, quy hoach, ké hoach phit trién vi qui trinh dianh giad tic dong ban
dau cua qué trinh !ung ghép.

Qui trinh xfy dung co ché chinh sdch vii chién lrge nay cin néu bit cdc khu
vuc va linh vuc wu tién; dua ra cdc bude hanh dong cu thé va ¢6 hudng din ddnh gid,
giam sdt thudmg xuyén cia ban chi dao.

- Bude thir 7: Thye hién qud trinh Iong ghép trong timg chién luge, quy hoach,
ké hoach phat trién.

5. Két ludn

Nghlr:n ctru long ghép cdc hoat dong tmg pho vai Inen doi khi hau rén wén co
s ddnh gid thue trang dura trén nhirng nguwn tic xuyén sudt 1a chi déng, toan dn,n vil
hiu qua li co s& quan trong trong long ghép hidu qua cde hoat ddng tme phd voi
BDKH tai cic tinh.

Nghiﬁ!‘l cuu nay ¢6 ¥ nghia thye tién vO cling quan trong khéng nhitng trong
qui trinh tr van xdy dung ké hoach hinh déng cho cac tinh ma s& 1a co s& quan trong
dé cdc tinh c6 thé trién khai hiéu qua ké hoach hiinh déng tmg phé vai BDKH.
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PREFACE

Lowlands are regions of low elevation, which are particularly vulnerable and
susceptible to climatic, environmental changes and natural disasters. Actions
are now required for the development of new technologies to protect and de-
velop lowland regions. To achieve this aim, it is necessary to draw on and to
merge several research disciplines, such as geoenvironment engineering, water
resources management, coastal engineering and city planning for the advance-
ment of lowlands.

The first International Symposium on Lowland Technology (ISLT) was held
in 1998 and since then these international symposia have been held every two
years. Earlier ten ISLT series were conducted in Japan [1998, 2000, 2002, 2006,
2010, 2014], Bangkok (Thailand) [2004], Busan (Korea) [2008], Bali (Indonesia)
[2012], Mangalore (India) 2016. The 11t series ISLT 2018 with theme “working
globally, acting locally” was held at Thuyloi University, Vietnam, during 26-28",
September, 2018.

The main objective of the Symposium is to bring together researchers and en-
gineers working in lowland regions, from a broad range of disciplines, in order to
present their research results, exchange information, facilitate networking, and to
promote and advance technologies related to lowland development.

This printed abstracts book and eProceedings of ISLT 2018 provide a written re-
cord of the synergy that already exists between these research disciplines. Selected
papers of the Symposium will be published in the journal of Lowland Technology
International (ISSN: 1344-9656) indexed in Elsevier Geobase, Compendex® & Ei
Backfile and Scopus.

Editor Team

How to Cite

Author, A., Author, B. & Author, C. (2018). Title of paper. In: Nguyen Canh Thai &
Nguyen Cao Don (Eds), Proceedings of the International Symposium on Low
land Technology 2018, Hanoi, Vietnam. Construction Publishing House.
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THE APPLICATION OF FLASH FLOOD GUIDANCE SYSTEM FOR EARLY RISK
WARNING IN MOUNTAINOUS REGIONS OF NORTHERN VIETNAM
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ABSTRACT: Flash flood is one of the world’s deadliest natural disasters, usually as a result of intensive rainfall in
mountainous river basins with steep slopes and poor soil structure. Flash flood and landslide warnings are still a big
challenge even in developed countries. In recent years, the National Centre for Hydro-Meteorological Forecasting has
applied the Flash Flood Guidance System (FFGs) for flash flood warning in Vietnam. This system has been developed
by the Hydrologic Research Center (HRC) through the development project between the World Meteorological
Organization (WMO) and the Mekong River Commission (MRC). The FFGs calculates the possibility of flash floods
on small areas-based observation of rainfall, satellite rainfall estimates, soil moisture and other basin characteristics.
The products of the FFGs have been used in flash flood warning in the Northern Mountainous Region and provided

positive outcomes for disaster prevention and mitigation.

SUB-THEME: Disaster Risk Management.

KEYWORDS: Flash flood, heavy rain, natural disaster, FFGs, warning.

INTRODUCTION

The WMO defines that flash flood is “A flood of
short duration with a relatively high peak discharge”
(generally less than 6 hours). According to WMO (2008),
105 out of 139 countries worldwide state that flash flood
are one of the most important hazards. Flash flood is
considered as one of the world’s deadliest natural
disasters, because, on average these events Kkill
approximately 5,000 people throughout the world, with
the highest mortality rate (Jonkman 2005). However,
flash floods are unpredictable natural phenomena which
only could be warned and influenced by many factors.
Flash flood often occurs in mountainous river basins
which having favorable characteristics for formation
such as heavy rain in short period of time, divided terrain,
slope of basins and slope of rivers are high, especially in
basins having steep slopes and the stability of the topsoil
is weak due to strong weathering and low vegetation (Du
et al. 2000).

Flash floods occur in the Northern
Mountainous provinces, Vietnam. In recent decades,

often

flash floods have occurred in small rivers with higher
frequency. Particularly, in the last 2 years 2016-2017,
many severe flash floods occurred in Lao Cai, Yen Bai,
Son La provinces in July and August. This article
presents some advantages when using the MRCFFG
system for early risk warning in Mountainous Region of
Northern Vietnam.

CAUSES AND GENERATION MECHANISM OF
FLASH FLOODS

Causes of Flash Floods

Floods are formed by combined effects of many
factors. Important natural causes of flash flood include
intense rainfall, mountainous terrain, soil saturation and
so on (Konstantine et al. 2013). In general, the formation
of flash flood are closely related to climatic conditions,
rainfall intensity, terrain characteristics, human activities
as well as drainage conditions:

- Surface condition is favorable for erosion, and
landslide (Du et al. 2000): In mountainous areas, river
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networks are dense but having steep slopes greater than
20% with short rivers, narrow valleys, and thin
vegetation. At the beginning of rainy season or after a
long time having no rain, ground is strongly weathered,
and then when heavy rainfall occurs, the ground surface
is susceptible to erosion, wash away which creates
conditions for flash floods happening.

- Heavy rain occurs in a short period of time: this is a
direct reason, causing rapid impacts to floods, flash
floods. Flash floods often occur in some places having
strongly divided terrain, steep slopes and weak surface
which is easy to erosion, collapse (Loganatham 1993).
When heavy rain occurs or rain happens for several days
in a small catchment, soil moisture will reach saturation
level which is unlikely to absorb and combine with other
adverse conditions such as steep slopes and weak
vegetation due to the devastating effect, it facilitates the
formation of surface runoff. The more water accumulates,
the higher potential energy is. This creates high
possibility for flash floods occurring.

- Due to human activities in river basins: forest
exploitation and deforestation causes a reduction of
vegetation, lead to declining surface water storage
capacity, thus creating good conditions for formation of
large surface flows in a short period of time. To be
specific, people build urban riverside
constructions, which narrow down flood drainage
capacity of river basins and obstruct flood flow. When
heavy rain occurs, water level rises dramatically, the
drainage capacity of the basins are poor, flows are
blocked and flash floods occur.

Generation Mechanism of Flash Floods

Flash floods occur and mix solids. Flash floods
happen and end very quickly. Due to big changes of
surface associated with a large amount of rainfall occur
in a short period of time, flood is formed when runoff
excess permeability. Surface runoff is formed from
rainfall after ground is saturated which is no longer to
store any water. Runoff carries solids and flows downhill
with rapid erosion and sedimentation. Gradually, floods
is transformed into flash floods rapidly, create torrents
with great kinetic energy. Due to negligible loss, total
surface runoff and peak flood increases dramatically.
Solid-liquid flow slide on the steep slope with a
particularly high velocity which differ from normal flood
in rivers and streams, causing strong noises when
concentrating flood and having mass destruction. This
leads to serious damage to downstream regions and
destruction of basin surface. According to spatial extent,
these areas arise, form and subject to flash floods can be
classified as follows:

- Floodplain areas: is in upstream of rivers having steep
slopes, usually occupying 2/3 of catchment area. In here,

areas,

processes of forming surface runoff, erosion, and soil
erosion occur rapidly. Flooding occurs simultaneously
but not yet strong.

- Flood flash prone areas: in here, there are processes of
erosion, landslide, swept away trees, flow obstruction.
These areas cover a part of foot of slopes, foot of
upstream river mountain, central of basins where slope
of conductors are very large, confluence of many rivers
and streams before flood flowing into wvalley or
downstream.

- Flash flood areas: is the strongest place of "sweeping"
processes; erosion and landslides continue with high
intensity at the head of wvalleys, deposition occurs
strongly at the end of valleys before flash floods entering
mainstreams.

EARLY RISK WARNING IN MOUNTAINOUS
REGIONS OF NORTHERN VIETNAM USING
FLASH FLOOD GUIDANCE SYSTEM (FFGs)

Introduction of Flash Flood Guidance System (FFGs)

Flash flood warning based on Flash Flood Guidance
value (from Flash Flood Guidance System-FFGs) has
been designed and developed by the Hydrologic
Research Center (HRC), San Diego, California, the
United States. The FFGs was used worldwide. The main
purposes of the FFGs are to provide real time
information, amount of rainfall is needed for flash floods
occurring in regards to flash flood threat in one specific
area for forecasters and disaster management agencies.
The FFGs provides a wide range of products to support
the development for flash flood system by using rainfall
from distant measurement such as from radar and
satellite (IMHEN 2017).

This system has been developed by the Hydrologic
Research Center (HRC) through the development project
between the World Meteorological Organization (WMO)
and the Mekong River Commission (MRC). The
MRCFFG system provides products needed to support
flash flood warning through the usage of estimated
rainfall from satellite imagery, radar and the Weather
and Research Forecast model (WRF model). Products of
the system that provides as a diagnostic tool for
analyzing weather-related events could lead to flash
floods (such as heavy rainfall and soil moisture), quick
assessment of the potential for the occurrence of flash
floods in somewhere in the period of 1, 3, 6 hours. Sub-
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basins in the MRCFFS System are divided ranging from
100-300 km” (Konstantine et al. 2013).
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Fig. 1 Mekong River Commission Flash Flood Guidance
System interface (MRCFFGS)

Some concepts used directly for flash flood warning
in the MRCFFG including:

Flash Flood Guidance (FFG)is the amount of
rainfall of a given duration over a small stream basin
needed to create minor flooding (bankfull) conditions at
the outlet of the stream basin. Flash flood guidance then
is an index that indicates how much rainfall is needed to
overcome soil and channel storage capacities and to
cause minimal flooding in a basin.

Average Soil Moisture (ASM): The text and images
provide soil water saturation fraction for the upper zone
(about 20-30 cm depth) of the Sacramento Soil Moisture
Accounting Model for each of sub-basins. The products
are updated at 00, 06, 12 and 24 UTC (respectively 7am,
1pm, 7 pm and lam Vietnam time)

Flash Flood Threat (FFT) is the amount of rainfall
of a given duration in excess of the corresponding Flash
Flood Guidance value. Flash Flood Guidance System
technical components.

Bankfull discharge (Bankfull discharge - Q) is the
flow discharge when the river is just about to spill onto
its floodplain. The best way to measure bankfull
discharge is from a stage-discharge relation. Bankfull
discharge is often estimated in terms of a flood of a
given recurrence frequency.

FFR (Flash Flood Risk): This is a measure of the
forecast flash flood occurrence frequency. It is noted that
the quality of this product depends on the reliability of
rainfall forecast throughout the lead time interval.

Method to approach the MRCFFG to develop flash
flood warnings is based on a comparison between

observed rainfall or forecast rainfall over a given time
period in a specific catchment with amount of rainfall
lead to bankfull discharge-Qys (FFG value).

Fig. 2 Modeling components and data of the flash flood
guidance system (Konstantine et al. 2013)

The application of MRCFFG system in Flash Flood
warning

Flash flood events in Bat Xat and Sa Pa districts (Lao
Cai province) on 05" August 2016

Analyzing accumulated rainfall map within 24 hours
- MAP (Figs. 3, 4, and 6) at 1am 5™ August 2016: Due to
the impact of depression from Typhoon 2, heavy rainfall
occurred in some mountainous provinces in the Northern
Vietnam. Lao Cai province had heavy and extreme
rainfall from 04™ to 05™ August with amount of rainfall
from 150 mm to 250 mm. The highest precipitation
intensity was in the night of 04™ to the morning of 05"
August and concentrated in Bat Xat district, Sa Pa
district and Lao Cai city (Lao Cai province) (Fig. 3).
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Fig. 3 Cumulative rainfall in Bat Xat and adjacent places
in Lao Cai province.
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Fig. 4 Accumulated rainfall withn 24 hours in the
Northern Region (MAP)

Fig. 5 ASM map Fig. 6 Fig. 7 FFG
at 1 am 5" Accumulated map at 1 am 5"
August 2016 rainfall map August 2016

(MAP) at 1 am
5™ August 2016
Source: MRCFFG

Analyzing Average Soil Moisture map (ASM) of the
MRCFFG system (Figs. 6 and 8) on 5" August: soil
moisture in catchments are expressed in different levels
of soil water saturation fraction for the upper zone
(approximately 20-30 cm depth). At 1 am 5" August
2016, several river basins in the Northern Mountainous
Region having soil moisture is nearly saturated, the soil
moiture varies from 0.85 to 0.95. In Bat Xat district (Lao
Cai province), the soil moisture reaches to the highest
level of 0.95-1 (considered as saturated level), basin
surface is not able to absorb any water when rain occurs,
surface runoff will be occurred immidiately. These areas
where soil moisture is saturated or nearly saturated, the
possibility of flash floods and landslides are very high if
heavy rainfall continues occurring.

Analyzing Flash Flood Guidance map (FFG) (Figs.
7 and 9) at 1 am 5™ August 2016: The map provided
information relating total volume of rainfall over the
given duration which is required to cause bankfull flow
at the outlet of the draining stream. The volume of
rainfall are ranked following color scale, areas in light
colors such as purple or red having higher high potential
for flash food occurring. If rainfall forecast for next 6
hours from National Centre for Hydro-Meteorological
Forecasting (with support from KC.08.06/16-20 project)

is greater than or equal to the amount of rainfall required
to cause bankfull flow at the draining stream outlet, these
areas will have high possibility concerning flash flood.
Bat Xat district (Lao Cai province) has a FFG value of 0-
30mm. It means that only amount of rainfall less than or
equal to 30mm/6 hours in Bat Xat district, can lead to
bankfull flow and then flash floods is likely to occur.

Fig. 8 ASM map in the Northern Region at 1 am 5
August 2016.

August 2016.

Analyzing three maps including: ASM, MAP and
FFG maps combined with observed rainfall analysis,
from 1 to 7 am 5™ August, heavy rainfall with amount
rainfall from 50-150mm/6 hours occurred in Lao Cai city
and Bat Xat district (Lao Cai province). Heavy rainfall
were concentrated in a short period time, exceeding the
FFG value and consequently flash flood and landslide
are occurred in Tong Sanh, Phin Ngan and Quang Kim
commune (Bat Xat District); Trung Chai commune (Sa
Pa District) ) and Lao Cai city.

Flash flood event in Xin Man districts (Ha Giang
province) on 20™ July 2017

Analyzing 24-hour cumulative rainfall map (MAP)
(Figs. 10, 11, and 13) at 1 am 20" July: Due to the
influence of troughs oriented in a southeast to northwest
direction combined with the western edge of sub-tropical
high pressure, Ha Giang province had moderate rain,
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heavy rain to very heavy rain from 19" to 20" July with
a total rainfall of 70 to 100mm, rainfall concentrated in
Xin Man and Bac Quang district (Ha Giang province).
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Fig. 10 Cumulative rainfall in Xin Man and Ha Giang
district (Ha Giang province)

Fig. 11 Accumulated rainfall within 24 hours in the
Northern Region (MAP) at 1 am 20 July 2017

Fig. 12 Average Fig. 13 Fig. 14 Flash
Soil Moisture Accumulated Flood
map (ASM) at 1 rainfall within Guidance map
am 20" July 24 hour (MAP)  (FFG) at 1 am
2017 at1am20® 20" July 2017
July 2017

Analyzing the Average Soil Moisture map (ASM)
(Figs. 12 and 15) at 1 am 20™ July: The Northern
Mountainous areas including Xin Man district (Ha Giang
province), Ha Quang district (Cao Bang province) have
soil moisture was saturated or at a high level, from 0.85-
0.95. These areas where soil moisture is likely to reach

saturation level are more likely to be exposed to flash
floods than other places when heavy rainfall continuing.

Fig. 15 ASM map in the Northern Region at 1 am 20"
July 2017.

Analyzing Flash Flood Guidance map (FFG) (Figs.
14 and 16) at 1 am 20t July: Lai Chau, Dien Bien, Lao
Cai, Ha Giang and Cao Bang are likely to have high
potential to occur flash flood in the next 6 hours. With
amount of rainfall from 30-60mm/ next 6 hours, these
districts including Phong Tho, Muong Te and Than
Uyen district (Lai Chau province); Bat Xat, Muong
Khuong and Bac Ha district (Lao Cai province), Thong
Nong district (Cao Bang) have enormous potential for
flash flood happening. With amount of rainfall from 60-
100mm/ next 6 hours over areas including Xin Man,
Hoang Su Phi, Quan Ba, Yen Minh district (Ha Giang
province); Trung Khanh, Nguyen Binh, Ha Quang
district (Cao Bang province), bankfull flow could occur
and then flash flood would happen.

Fig. 16 Flash Flood Guidance map (FFG) at 1 am 20"
July

Analyzing three maps including ASM, MAP and
FFG maps combined with observed rainfall analysis,
from lam-7am 20™ July 2017, heavy rain occurred in Ha
Giang, rainfall concentrated in Xin Man district and Ha
Giang city with amount of rainfall from 60-120 mm/6h,
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which is 2 times higher than FFG value in these areas. In
fact, extreme flash flood occurred in Xin Man district,
Ha Giang province on 20™ July.

Compare two flash flood events in Lao Cai (2016) and in
Ha Giang (2017)

Table 1 Comparing two flash flood events in 2016 and
2017

Flash flood Flash flood
event in Bat Xat  event in Xin
FFGS index dlStI'I.Ct (Lao Cai Man dlStrlC.t (Ha
province) on Giang province)
05™ August ngay 20" July
2016 2017
Average Soil
.95-1. .85-0.
Moisture (ASM) 0.95-1.00 0.85-0.95
Accumulated
rainfall in 24 150-250mm 70-100mm
hours (MAP)
Flash Flood
Guidance (FFG) 0-30mm/6h 60-100mm/6h
Observed rainfall
in 6 hours during
flash flood 50-150mm 60-120mm
occurred

ASM index in two catchments including Bat Xat
and Xin Man are saturated or nearly saturated. The
observed rainfall in the period of 6 hours during flash
flood happened was higher than FFG value. Both flash
flood events in Lao Cai (2016) and Ha Giang (2017)
were detected and early warned based on the MRCFFG
system.

CONCLUSION AND RECOMMENDATIONS

Flash flood warnings are still a difficult issue and
contain several challenges even in developed countries
(like the United States, Japan). Flash flood operation
requires analyses of multiple knowledge concerning
geology, vegetation, meteorology, hydrology and
interaction among these elements in order to issue
warning likely to reality.

The MRCFFGS system has been approached to the
mordernest methodology and technology in flash flood
warning. Based on concepts of FFG, Qbf, combined with
satellite-based rainfall, observed rainfall and rainfall
forecast from Numerical Weather Prediction models
(NWP), the MRCFFG system gives the system of FFG
and FFT maps detailed for each sub-basins, supports
effective flash flood warning.

However, ability of this system relating to the
potential occurency of flash flood based on the
relationship among amount of rainfall and basin status.
In order to have an effective flash flood warning, users

need to have multiple knowlege about basin
characteristics, rainfall prediction models; weather
forecast, quantitative rainfall for small areas;

hydrological models as well as the products of MRCFFG
system for making decision to select regions for proper
warning.

From 20" to 23" November 2017 in Ha Noi,
through the sponsorship of the World Meteorological
Organization  (WMO), the National  Hydro-
Meteorological Service organized Initial Planning
Meeting of the System Southeast Asia Flash Flood
Guidance. Participating countries in the meeting
included Laos, Vietnam, Cambodia, Thailand, WMO
representatives, the US Hydrologic Research Center
(HRC) exchanged information relating to establishment
of the Southeast Asia Flash Flood Warning System
(SEAFFGS).

In the period 2018-2020, through support of the
World Meteorological Organization (WMO), the
Hydrologic Research Center (HRC), the Vietnam
Meteorological and Hydrological Administration express
the willingness to host the Regional Centre. Then,
Vietnam will be the country that the Southeast Asia
Flash Flood Guidance System (SEAFFGS) located. With
the effective applications of the FFG system in recent
years combined with modern technology and calculation
techniques, SEAFFGS would be an effective tool in
supporting flash flood warning for Vietnam.
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The Association of Vietnamese Scientists and Experts (AVSE Global) have plan-
ned to organise the Vietnam Symposium on Advances in Offshore Engineering
(VSOE) every two years in collaboration with universities, research institutions and
industrial partners worldwide and in Vietnam.

The first symposium, VSOE2018, was held in Hanoi, Vietnam, from 1 to 3
November 2018 and was co-organised by the National University of Civil
Engineering under the auspices of two specialist Technical Committees TC-308 and
TC-209 of the International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE). The symposium focused on “Energy and Geotechnics” in
recognition of the important role that geotechnical engineering holds within the
offshore renewable energy and oil and gas industries. The symposium also covered
broader topics that are relate specifically to the development of offshore renewable
energy industry as well as the transition away from the offshore oil and gas
industry.

VSOE2018 was held with the objective of creating a platform where policy-
makers, practitioners and entrepreneurs could promote policy changes that support
the development of renewable energy in Vietnam as well as to generate business
opportunities within the energy sector.

In response to our invitation, we received a tremendous amount of support from
a large and diverse group of participants from around the world. More than 160
abstracts were submitted in the first step, and 120 full papers were submitted in the
second step. Despite our rigorous review process in which each paper was reviewed
by at least two relevant experts, over 86 papers were accepted and are compiled in
this volume.

We would like to acknowledge the wonderful support of the scientific committee
and the invited experts, who have all spent their valuable time and made a
tremendous contribution in reviewing the papers.

We believe that the symposium proceedings will provide readers with valuable
up to date knowledge from experts on a broad range of topics that include offshore
engineering and technology innovations, cost-effective and safer foundation and
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structural solutions, environmental pZo%e@tion, hazards, vulnerability and risk
management.
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Sponsors

Gold

FEC

Listen to the Earth, conquer the height

Having established for just more than a decade, FECON is now one of the leading
companies specializing in foundation engineering and underground construction in
Vietnam. The company provides state-of-the-practice services in foundation works
such as piling, foundation and ground improvement, and underground construction
(TBM tunneling and pipe jacking). After gaining firm credit for the services
onshore, the company now starts providing construction services near shore and
offshore as well. Besides the services in construction sector, the company’s busi-
ness has been recently expanded to investment sector in transport infrastructure,
energy infrastructure, and urban infrastructure. The expansion is aimed to make
FECON also one of the leading company in infrastructure engineering in the
country in the next decade.

Besides providing excellent services in construction and implementing strategic
investments, the company also promotes R&D and international collaboration
activities. For example, FECON has been the host of a series of well-known
international conferences named GEOTEC HANOI, of which the 4th conference
will be held in November 2019. In addition, the company also actively participates
in and sponsors many national and international conferences in civil engineering in
Vietnam annually. The company is a strategic partner of many international
organizations such as Asian Institute of Technology (AIT), the International
Geosynthetics Society (IGS), and the International Tunnelling and Underground
Space Association (ITA).

Address and contact info of FECON:

15th Floor, CEO Tower, Lot HH2-1, Pham Hung Street, Me Tri Ha Ward, Nam Tu
Liem District, Hanoi, Vietnam.

Tel: +84 (024) 4 6269 0481

Email: info@fecon.com.vn

Website: https://fecon.com.vn/en/


https://fecon.com.vn/en/

Organisation xi

750

Silver

« % CATHIE
- ASSOCIATES

Cathie Associates is a leading international geoscience and geotechnical engi-
neering consultancy providing bespoke and objective solutions to the offshore,
nearshore and onshore oil, gas and renewable energy industries.

Cathie Associates brings an independent and focussed technical engineering
expertise and practical construction support to the clients, ensuring seamless service
and a range of practical, cost-effective and low risk solutions. Our services include
foundation engineering analysis and design; specification, supervision and project
management for offshore geotechnical surveys; construction support including
cable burial and equipment selection; and pile driving assessment and monitoring.

Cathie Associates has been operating for over ten years and has developed an
impressive track record in a vast range of offshore and near-shore geotechnical
services and solutions. With a highly experienced team of technical experts and
proprietary methodologies, we offer robust solutions for infrastructure design
development and risk management.

Cathie Associates has worked in over two-thirds of all European offshore wind
farms including London Array, Le Tréport and Borselle and have over 40GW of
experience in offshore wind farm projects worldwide.

As a highly specialised consultancy, Cathie Associates has over 40 technical
experts operating from offices across Europe (Belgium, France, UK, Germany and
Italy) and the USA (Boston and Houston).

.

=
KICT

Korea Institute of Civil Engineering and Building Technology (KICT) (President:
Dr. Seung Heon Han) marks its 35th anniversary in 2018, or 70 years if one counts
its former body, the National Construction Laboratory Institute. The primary mis-
sion of the institute is to contribute its achievements to the development of the
Korean construction industry and to improve life quality of the citizens of the
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country by performing cutting-edge resZa@c’}l‘nes and promoting original technologies
in the fields of land, infrastructure and construction. Especially, the institute now
focuses on new convergent technologies centered on the Fourth Industrial
Revolution, such as smart cities, intelligent construction robots, and virtual
architecture.

Besides performing cutting-edge researches and promoting original technolo-
gies, KICT has also actively involved in international collaborations with many
prestigious research institutes and industrial firms around the world. Such collab-
orations are to exchange research and training activities as well as to contribute
construction technologies and related know-hows of the institute to the develop-
ment of other countries.

Bronze
} I_I'-"C
Responsive lo change

Lam Pham Construction Company Limited (Lam Pham Construction, or LPC) was
established on 22 August 2007, is an enterprise specializing in design consultation,
project planning and management, civil and industrial construction implementation
in France and Vietnam. LPC is one of the leading construction companies which
transfer and apply technology solutions from Europe on building and implementing
construction in Vietnam, typically as Deltabeam — a product of Peikko Group from
Findland, lighweight flooring solution — Ubot (Uboot Beton) from Italia.

From 2012, LPC has signed an exclusive contract to transfer, market and sell
technology products of Daliform Group (Italia) and Peikko Group (Findland). With
these new-generation technological solutions, LPC has brought Vietnam’s Real
Estate and Construction market new solutions which significantly reduce the cost
and time, as well as solve limitations of traditional way of building, opening up new
options for investors in Vietnam construction.
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Sarathy Geotech and Engineering Services Pvt Ltd was established in the year 2007
to provide Geo-Technical Engineering Services for Offshore and Onland con-
structions for the following sectors: Oil & Gas industry; Renewable Energy (Solar,
Wind); Ports and Harbours; Refineries; Mining.

We also provide Integrated Survey Services for Offshore projects. Instrumenting
offshore piles to monitor for driving performance, pile/soil response and to measure
the mobilized compressive capacity has been one of SGES’s core competences. We
have consistently exceeded customer expectations by our solutions. This has been
possible by the excellent staff and consultants that have diverse expertise and
experience working on several National and International projects.

VISION STATEMENT: To be a leading player and service provider of choice in
the fields of Geo-physics and Geo-technique for both offshore and onshore markets.

MISSION STATEMENT: As an innovative Geo-technical and Geo-Physical
company, driven by values, we provide top class solutions with value addition to
customers that are backed by best practices.
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Application of legl%rical Modeling
for the Dyke Erosion in Trieu Do Commune
on Thach Han River Basin in Vietnam

Hong Thai Tran® and Quang Tri Doan'*9
! Sustainable Management of Natural Resources and Environment Research
Group, Faculty of Environment and Labour Safety, Ton Duc Thang University,
Ho Chi Minh City, Vietnam
doanquangtri@tdt. edu. vn
2 Viet Nam Meteorological and Hydrological Administration, Hanoi, Vietnam

Abstract. Application of numerical modeling to carry out research on the
calculation of the flow rate of water and the amounts of sediments transported
has become widespread and effective recently. In this paper, the hydraulic model
MIKE 21 was applied to calculate and simulate by using the data of two great
floods in 1999 and 2005. The calibrated and validated results of Thach Han
station and Dong Ha station are relatively similar in terms of phases and
amplitude fluctuations of water level with the high value of Nash coefficient,
RMSE-observations standard deviation ratio (RSR) and Percent bias (PBIAS).
The modeling of hydraulic and sediment transport of MIKE 21 gave an overall
assessment of the erosion process on the Thach Han River Basin and its river
bottom before and after the construction of the dikes and embankments. The
construction, accordingly, has proven its significant effects on alleviating the
development of increasing erosion on parts of the river flowing through Trieu
Do commune, Quang Tri province, Vietnam.

Keywords: Erosion - Trieu Do - Thach Han + MIKE 21

1 Introduction

Erosion has been identified as a natural process, and it has occurred constantly on rivers
around the world. Erosion is caused by the interactions of water and soil. The changes
in a river can be observed in terms of dimension, shape, components of river bottom,
river slope, shapes on the surface, etc. The critical issue, however, is to understand the
mechanism of erosion, sediment transportation and deposition. Flows in open channels
are described by a set of partial differential equations for computer simulation of hydro-
dynamic and sediment processes [2, 9]. Therefore, these equations are solved using
numerical methods. Mathematically represented simulations are an efficient way to
estimate the time and space-dependent sediment processes [12]. There are numerous
mathematical models available to simulate sediment transport and depositions in one-
dimension (1D) [3], two-dimension (2D), and three-dimension (3D) [1, 8]. Nowadays,
different mathematical models with the support of computers allow people to describe
events in the past as well as to forecast the future phenomena in unpredictable
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conditions. Many research programs th@ﬂ'een devoted to the studies of the sediment
transport in channels [7, 11, 13]. Yallin [13] developed a bed load equation incorpo-
rating reasoning that is similar to that of Einstein (1950) [5], but with a number of
refinements and additions. Central Vietnam has been adversely affected by storms,
tropical depression and floods which cause damage to numerous dykes, embankments
and salinity intrusion in farming crops due to storm surge. Especially in the coastal
areas of Quang Tri province, the typhoons numbers 8, 9, and 10 in 1999; number 4 in
2000; numbers 5, 6, 7, and 8 in 2005 destroyed many dykes and embankments. Every
year, due to the detrimental effects of typhoons, floods, and sea wave, erosion has been
occurred at many points along rivers and coastal areas, especially in Trieu Do Com-
mune on Thach Han River. Therefore, the application of MIKE 21 (HD and ST) has a
significant role in the simulation and calculation of dyke erosion on Thach Han River
before and after the construction of dykes and embankments. In this study, the com-
bination of hydraulic and sediment transport modules of MIKE 21 is used to carry out
research on the calculation of erosion in the case study.

2 Material and Method

2.1 Data Collection

In order to perform the calibration and validation of the hydraulic model for Thach Han
River basin - Quang Tri province, input data are collected according to the following
criteria: (i) Topography data: surface topography (topographic maps, DEM data),
rivers’ cross section and river schemes (irrigation works, transportation systems,
bridges and so on): (1) Topographic map of Quang Tri Province and Hue City with the
scale of 1/50000 which was converted into digital format; (2) 25 topographic maps of
Quang Tri Province with the scale of 1/25000; (3) National Atlas in 2000 (paper form).
In addition, data of river network was collected as follows: (1) parameters of dykes and
embankments of Quang Tri province; (2) basic technical parameters of the system of
Southern Thach Han; (3) Disaster risk management plan of Quang Tri Province until
2020 and Disaster risk management projects in Quang Tri. (ii) Hydro-meteorological
data: rainfall, evaporation, water level, discharges at meteorological and hydrological
stations belong to the Viet Nam Meteorological and Hydrological Administration,
Ministry of Natural Resources and Environment (Table 1).

Table 1. List of hydro-meteorological stations

Name of stations | Name of river | Years of collection

Dong Ha Cam Lo 1976-2009

1983, 1990, 1995, 1998, 1999, 2004-2009
Thach Han Thach Han 1977-2009
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2.2 Description of Model

In this study, the combination of hydraulic and sediment transport modules of MIKE
21 was used to carry out research on the calculation of erosion in the case study. MIKE
21 is commercial software in simulating the 2D flow, wave, sediment transport,
morphological and environmental processes. The Saint-Venant equations were used
with one continuity equation and two momentum equations [4]. MIKE 21 (ST) can
simulate the process of sediment transport based on data of water flow or based on the
combined data of water flow and wave. It can simulate in a large region, including
natural areas such as tidal zone, estuary and coastal line, and man-made constructions
like bridges, harbors, so on. The total sediment transport volume q; is equivalent the
total volume of sediment transport in the river bed q;, and volume of suspended
sediment transport g (q, = qi, +q,) [6]. The formulas were developed based on the
data obtained from experiments of grain size from the bottom [6]. Therefore, the
sediment from the bottom is used as an input for the deposition model in the appro-
priate range of particle size.

2.3 Mesh Establishment

In order to evaluate the effectiveness of dyke and embankment system on the erosion
along Thach Han River (the section flowing through Trieu Do commune), the simu-
lation is conducted as two scenarios: (1) Scenario 1: Simulation of sediment transport
before the construction of dyke and the improvement of embankment system (Fig. 1a);
(2) Scenario 2: Simulation of sediment transport after the construction of dyke and the
improvement of embankment system. After simulating current scenario 1, the scenario
with the construction is calculated using the same input data and simulation of a 1.5 km
of dyke system and updated data of a 2.7 km of embankment system (Fig. 1b). The
hydraulic module and sediment module in MIKE 21 are incorporated to simulate the
process of sediment transport in Trieu Do commune in two scenarios.

3 Results and Discussion

3.1 Calibration and Validation

The calibration and validation of 2D model are calculated based on two great floods.
The first flood occurred from 1.00am on 5™ October, 2005 to 11.00 pm on 13t
October, 2005 was used to calibrate the model, and the second flood event from 1.00am
on 01*" November, 1999 to 11.00 pm on e November, 1999 was used to validate the
model. The input data included rainfall data collected at Thach Han station (1999,
2005), Dong Ha station (2005), and Cua Viet station (2005), and the tide level collected
at Cua Viet station and other stations in the estuaries. The validation data are the
observed water level at Thach Han station (1999, 2005) and Dong Ha (1999, 2005).
The process of calibration was applied to the historic flood event on 06—-12 October,
2005. The maximum amount of rainfall per hour reached 96 mm on the Ben Hai River
and the total amount of rainfall within 12 hours was 408 mm of rainfall. The com-
parative results between simulated and observed water level at Thach Han and Dong
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Fig. 1. The 2D visualization mesh in case study: (a) Scenario 1; (b) Scenario 2.

Ha stations are shown in Fig. 2a—d. The calculated and measured water level at two
stations Thach Han and Dong Ha demonstrated that the model was relatively qualified
to the measurement with optimal Nash results (0.94 to 0.97) (Fig. 2a—d). The RSR
value varied from 0.02 to 0.13 < 0.5 (qualified) during both calibration and validation
of the model. PBIAS value ranges from —6.22% to —5.33% after calibration and from
—6.79% to —5.05% after validation (Fig. 2a—d). The simulation value of average water
flow is considered good enough (PBIAS < £10) for both calibration and validation of
the model [10]. Nash, RSR and PBIAS are all proven qualified. Based on the results of
calibration a set of parameters will be used to validate the model. The data after
calibration and validation of the model later are used to simulate the scenario with the
construction.

3.2 Scenario Development

Hydraulic and sediment transport models in 2D model are applied to evaluate the
effectiveness of the construction. Non-parametric mesh terrain is used for both sce-
narios. The model is simulated with the most unfavorable condition and marginal
condition set by water level in flooding season. Based on the statistical data in many
years, October is observed to have the highest water level and discharge, and the data in
October 2007 was applied to simulate and calculate the effectiveness of construction on
sediment regime on Thach Han River. The year 2007 is chosen as it had the biggest
flood event on Thach Han River. Besides, the flood flow acts a vital part when sim-
ulating the development of sediment regime. The results in two scenarios are: (1) Flow
velocity in the river section through Trieu Do commune is small (Fig. 3a-b); (2) The
changes in bed load illustrate serious erosion (Fig. 3c—d); (3) The total sediment
transported are large (Fig. 3e—f). Figure 3 represents the scenarios before and after the
construction. Due to the weakness of geological structure of the river and unregulated
exploitation of sand river bank seriously eroded in flooding season and experienced
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total sediment transported: (c, e) current scenario; (d, ) construction scenario.
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considerable changes in the river bed. "[7h§§ed river was widened so that water velocity
was small. River erosion could lead to increased sediment in the river, resulting in a
large amount of sediment transported and sediment concentrated in the estuaries,
affecting flood drainage.

4 Conclusion

It is true that the construction of dykes and embankment plays a crucial role in study
site. The results have shown that because of the construction, flow speed has increased
and significant changes in river bed has been slow down which resulted in the rein-
forcement of geographical infrastructure along the river, reducing the possibility of
landside in flood seasons. The results using sediment transport model of MIKE 21
present an overall on the development of erosion along the river bank and at the river
bed before and after constructing the dykes and embankments. Based on the above
results, the construction has a significant contribution to reduce the increasingly serious
erosion on the part of the river flowing through Trieu Do commune. Consequently, the
construction has been proven its usefulness and necessity.
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Dr. Tong Ngoc Thanh Mr. Howard Bamsey Dr. Lee Hak Soo
Chairman of Organizing Chair of Global Water Partnership (GWP) Chairman of Asia Water Council
Committee & Director General (AWC) and Asia International
of NAWAPI Water Week (AIWW)

The magnitude and scale of global water crisis are unprecedented and require us to think
and act proactively and, by doing so, turning these into opportunities to transform our
sector.

It is with great pleasure to invite you to attend the Vietnam International Water Week
-VACI 2019” on 22 - 25 March, 2019 in Hanoi.

Vietnam wAter Cooperation Initiative (VACI) is the global platform to share and co-
create innovative water solutions with particular emphasis on Vietnam and tropical water
issues. Under auspice of Ministry of Natural Resources and Environment (MONRE)-the
Ministry responsible for water management in Vietnam, VACI has been growing since
2012 and brings together thought leaders who are pioneering new solutions; it uncovers
new scientific findings and technological breakthroughs that could be transformative for
the water industry; it connects the world’s leading companies and water professionals
working in water sector. Uniquely, it attracts decision makers across the entire water value
chain that allows global water industry to collaborate on local business opportunities in
Vietnam and the region.

The past editions of VACI was honored to have presence of H.E. Deputy Prime Minister of
Vietnam Hoang Trung Hai and attracted a record of nearly 5000 participants and visitors
of more than 500 organizations in 40 countries. VACI2019 will continue to be held as an
integrated event: the Exhibition connects you to the people with the right solutions and
business forum provide truly business opportunities, while it is fully integrated with the
conference and various exciting networking events to ensure delegates and exhibitors
have the maximum opportunity to engage with each other and explore local culture.

I look forward to seeing you in Hanoi in March 2019!
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HIW 2-5: WATER FORECASTING AND EARLY WARNING SOLUTIONS

= Background and Objectives

Water Forecasting and early warning solutions allow disaster control managers to predict
and deal with, a high degree of accuracy, when it is likely to take place. Nummerical model
is not a new tool but it is known now as one of the most popular and effective way to make
forecasting and early warning for disaster relate to water.

This session aim to introduce you a general picture what worldwide scientist are dealing
with water forecasting problem. Base on some of presentations on list, you could have a
thorough understanding of the state-of-the-art of real-time water forecasting and early
warning systems and how they help authorities disseminate timely and reliable warnings to
the public.

= Moderators

Dr. Marcel Marchand, Email: Marcel. Marchand@deltares.nl
Deltares, The Netherlands

Dr. Nguyen Thi Ha, Email: haqtdbtnn@gmail.com

Director, CEWAFO, Vietnam

= Date & Venue

120 mins 3:30pm - 5:30pm, Mar 23
PinkDiamond Room, ALMAZ 1% Floor
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» Agenda
Order Presentation / Discussion topic Confirmed Speakers
K te: Flood | i in Viet i Marcel Marchand,
1 ini)(;rr]or:fedoao yrggzg warning in vietham -an Deltares — “Enabling Delta Life’,
e 42 VIETNAM
. S Pang Tran Trung
2 Water resources Warning and Forecasting in Vietnam CEWAFO, VIETNAM
Software system for data integration and weather Christian Michl
3 forecasting support, System design and implementation | Solution Area Manager Hydrology
at VNMHA in Vietnam KISTERS Australia, AUSTRALIA
Hong Thai TRAN
4 Application of Numerical Modeling in Warning Flood and | Viet Nam Meteorological and
Inundation in Tra Khuc-Song Ve Rivers Basin Hydrological Administration
VIETNAM
: hah h h
Session Drought in changing climate - forecasting challenges Shahadat Chowdhury
ERT 5 , New South Wales Department of
p and solutions
details Industry, AUSTRALIA
. . . . Thuy Thanh Thi TRAN
Forecasting the saltwater intrusion of Holocene aquifer Sy -
6 T B s, e Hanoi University of Minning and
' Geology (HUMG), VIETNAM
Using Delft-FEWS for the automization of data collection, | Tran Thanh Huyen
7 preprocessing and analysis for pilot flood forecasting Vietnam National University,
study in Red River Basin VIETNAM
8 Development of an automatic salinity forecasting and Bas Stengs
water quality monitoring system in the Mekong Delta VIETNAM
Long Thanh PHAM
Assessment and Forecast Salinization Underground ong .an
2 Water in Southern of Binh Thuan Province = st s olyeleciaiElasy
and Climate Change (SIHYMECC)
N H
A Simple Method to Predict Accurate Water Levels at ‘guyen °'.’9 Quang
10 Vietnam Lower Mekona Basin Vietnam National Space Center
. VIETNAM
11 Panel discussion
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APPLICATION OF NUMERICAL MODELING IN WARNING FLOOD
AND INUNDATION IN TRA KHUC-SONG VE RIVERS BASIN

Hong Thai Tran, Quang Tri Doan, Ngoc Hoa Nguyen
Hong Thai Tran

Country: Vietnam

Organization: Vietnam Journal of Hydrometeorology, Viet Nam Meteorological
and Hydrological Administration

Position: Editor-In-Chief
Address: No. 08, Phao Dai Lang, Dong Da, Hanoi, Vietnam
Email: tranthai.vkttv@gmail.com; Mobile: (+84) 904.215.079

PhD in Interdisciplinary Center for Scientific Computing (IWR), Heidelberg University,
Federal Republic of Germany(2005).

He is a Editor-in-Chief of Vietnam Journal of Hydrometeorology, Viet Nam Meteorological
and Hydrological Administration. The major focus has been on scientific computing research
in hydrological and environmental sciences. He has published extensively including articles,
books, book chapter indexed in SCI, ISI, SCOPUS

Warning flood and Inundation were an important task in the Mid-central region, especially in
Tra Khuc-Song Ve River basin. Numerical modeling was applied in this study by MIKE SHE,
MIKE 11 and MIKE 11 GIS in simulation and calculation flood and inundation events in 2012,
2013. Calibration and validation model used an observed data in flood events in October 2012
and October 2013. Warning inundation used the rainfall forecasting from the IFS model in
the historic flood event in November 2013 to simulate and evaluatethe results of models. The
establishing of inundation maps showed inundation areas and the depth of its downstream at
the study area. The results were referable information enabling managers to build preventable
plans and mitigate disasters at inundation areas in the future.

Keywords: IFS rainfall forecasting, numerical modeling, inundation, Tra Khuc-Song Ve.
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Co-authors:

Quang Tri Doan

Organization: Vietnam Journal of Hydrometeorology, Viet Nam Meteorological and
fae - Hydrological Administration

Address: No. 08, Phao Dai Lang, Dong Da, Hanoi, Vietnam
Email: doanquangtrikttv@gmail.com; Mobile: (+84) 988.928 417
PhD in Environmental Engineering, DaYeh University, Changhua, Taiwan (2015).

J;f;_ J He is working at Editor Board of Vietnam Journal of Hydrometeorology, Viet
Nam Meteorological and Hydrological Administration. The major focus has
been on environmental management, Qil spill, EIA, water quality, hydrodynamic,
hydrometeorology, climate change. He has published extensively including articles,
books, book chapter indexed in SCI, ISI, SCOPUS, El.

Ngoc Hoa Nguyen

Organization: National Center for Hydro -Meteorological forecasting
Address: No. 08, Phao Dai Lang, Dong Da, Hanoi, Vietnam

Email: ngochoa50v@gmail.com; Mobile: +84 918.351.812

BS at Thuyloi University (Water Resources University), Vietnam (2013).

She is working at National Center for Hydro-Meteorological Forecasting, Viet Nam
Meteorological and Hydrological Administration.The major focus has been on
short and medium range hydrological forecasting (daily, monthly and seasonally);
inundation, flash flood and landslide warning, besides conducting research and
exploring application of new technology on hydrological promote water collaboration
with worldwide partners.
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Address: No.8, Phao Dai Lang,
Hanoi

Tel: 043.8253.469

Fax: +84-43.8257740

Email: tapchikttv@yahoo.com -
tapchikttv@gmail.com
http://kttvqg.gov.vn

Vietnam  Meteorological and  Hydrological
Administration is an organization under the Ministry
of Natural Resources and Environment, performing
the function of advising and assisting the Minister of
Natural Resources and Environment in managing the
state and organizing the implementation of law on
meteorology and hydrology throughout the country;
manage and organize the implementation of public
service activities within the scope of state
management of the General Department in
accordance with law.

Address: 37 Le Dai Hanh - Ha Noi.
Tel: (84-4) 3821 5137
Email:ttth@moc.gov.vn
Website:http://www.moc.gov.vn

e

On 29-4-1958, the Resolution of the period VIII
National Assembly Session I by President Ho Chi
Minh presided over the decision to establish the
Architecture  Ministry now the Ministry of
Construction. Since then, every year on 29-4 has

become the traditional day of Construction
in Vietnam.
The Ministry of Construction (MOC) is a

government ministry in Vietnam responsible for state
administration on construction, building materials,
housing and office buildings, architecture, urban and
rural construction planning, urban infrastructure,
public services; and representing the owner of state
capital in state-owned enterprises.

Under the leadership of the Party and State to the
efforts of all staff employees during the journey 55
years of development, construction industry has
achieved many accomplishments contribute to the
great victory of the country in the construction and
national defense.

Achievements in 55 years of construction industry
with the events in the history of national liberation
and construction the socialist of our country.

(o)}

Address: BIDV Tower, 7th floor,
194 Tran QuangKhai Street,
HoanKiemDistrict, Hanoi

Phone: +842438315650 /
+842438315651

Fax: +84 024 3511 8391

Email: han@minbuza.nl
https://www.netherlandsandyou.nl

E Efrgdom of the Netherlamds

The Netherland Embassy provides information for
foreign nationals who want to:

live, work or study in the Kingdom of the
Netherlands

visit the Kingdom of the Netherlands

— do business in the Kingdom of the
Netherlands
— find out more about the Kingdom of the
Netherlands
Sturt Rd, Bedford Park
South Australia 5042
A Phone: + 61 088201 3911
i FquEiFrE https://www.flinders.edu.au

For over 50 years, Flinders has been a center of
inspiring achievement: from our pioneering
research and excellence in teaching to the positive
impact we have in the communities we serve.
Inspiration leads to innovation. But innovation is
more than just a buzzword at Flinders.

It extends from our founding Vice-Chancellor Peter
Karmel’s entreaty to ‘experiment and experiment
bravely’ through to the creative, trailblazing work
of our staff, students and alumni.

As we enter an era of disruptive change and
remarkable technological innovation, Flinders is
well prepared for this unpredictable, exciting future.
Our strong network of external links keeps our
work dynamic, enabling us to connect across
barriers to create enterprising solutions for the
future, to make a difference by changing lives and,
ultimately, the world.
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Abstract

In the present paper, the interaction of surge, wave and tide on the north coast of Vietnamis assessed using a coupled model of
surge, wave and tide. A series of storm surge simulations for Typhoons Frankie (1996) andWashi (2005) are carried out,
considering the effects of the tide and the wave that combines a wave dependent drag and wave-induced radiation stress to find
out a predominant factor in the storm surge generation. Typhoon Frankieis landfalled at the low tide while TyphoonWashi
landfalled at the high tide. The results indicate that the effect of the wave is crucial to the storm surge simulation. In particular,
the wave induced-surge improves the accuracy of the storm surge level up to 30 %. It also shows that the surge induced by wave
radiation stress is dependant on the space resolution, and the finest resolution is improved and in close agreement with the
observation. On the other hand, the influence of the tide is ignorable for the case of Typhoon Frankie and considerable in the case
of Typhoon Washi.

© 2017 The Authors. Published by Elsevier B.V.
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I. Introduction

To assess storm surges, there are two conventional types of physics-based numerical models: a decoupled model
of storm surge, and a coupled model of surge, wave and tide. In the last three decades, coupled models have been
paid attention to, especially focusing on the interaction of surge, wave and tide. Several studies have introduced
wind stress as a function of waves (Janssen'). Since then, a number of studies that examined wave-induced stress
that is directly obtained in coupled models of surge and wave showed the significant improvements of the model
results while comparing with observation data (e.g., Funakoshi, Hagen, and Bacopoulos3; Kim, Yasuda, and Mase”;
Zhang and Li’). Wave setup driven by a force of the divergence of radiation stress in the nearshore has also been
studied with coupled models of surge and wave (e.g., Bertin et al®; Kim, Yasuda, and Mase’; Mastenbroek,
Burgers, and Janssen®). It was found that the wave setup induced by the force of the radiation stress is substantial in
the peak surge level during Typhoon Anita 1970 (e.g., Kim, Yasuda, and Mase’). It was investigated that the tide-
surge interaction is not negligible when estimating local surge levels (e.g., Chen, Wang, and Zhao’; Choi, Eum, and
Woo'’; Kim, Yasuda, and Mase®). Besides the interaction of tide, wave and surge, topographic characteristics (e.g.,
bed slope) also plays an important role in the increase or decrease of wave setup, runup and wind driven surge (e.g.,
Dietrich et al.''; Kennedy et al.'?).

For several decades, climate change impact studies have focused on storm surge studies in Vietnam (e.g., Ninh'"’;
Sao'*; Thuy'’). Conventional ways of two (or three) dimensional nonlinear shallow water equations have been used.
In other words, in those studies other factors such as tides and waves were not taken into account in the storm surge
model. Recently, the effect of waves on storm surge has been investigated in Vietnam. Hien et al.'® showed that the
wave setup induced by the force of the divergence of radiation stress is significant in the storm surge on the coast of
Haiphong using empirical formula. Thuy et al.'” found that the Typhoon Kalmaegi (2014) surge was significantly
influenced by the waves on the Haiphong coast in Vietnam, obtained from numerical simulations using a coupled
model of surge, wave and tide.

In the present study, the primary factors affecting storm surge on the north coast of Vietnam are quantitatively
investigated using a coupled model of surge, wave and tide. In the study area, the tidal cycles are diurnal and the
maximum tidal range is up to 3.6 m. Therefore, the tide is also taken into account in the simulation. The study
highlights that coupling processes between surge and wave are critical to the prediction of storm surge on the north
coast of Vietnam and only using a coupled model of surge, wave and tide (e.g., SUWAT developed by Kim et al. *)
is able to accurately estimate storm surges. A series of storm surge simulations are conducted for Frankie (1996) and
Washi (2005) that consider the interaction of surge, wave and tide.

II. Method

To analyze the storm surge in the study area, the coupled model of surge, wave and tide (called SUWAT),
developed by Kim, Yasuda, and Mase* was used. SUWAT is capable of doing parallel computations for an arbitrary
number of domains using the Message Passing Interface (MPI). In the present study, three modules of surge, wave
and tide are integrated into SUWAT as shown in Figure 1 that reveals the information of the flow among the
modules and the domains. The tidal module provides only boundary conditions to the surge modules in the
outermost domain. Coupling parameters include open boundary values, internal exchange among modules and
domains in a machine. The calculations are sequentially carried out from the higher level domain to the lower level;
the rest of the lower level domains wait for the completion of the higher level domain at a time step. This modeling
system has been implemented and verified in other studies (e.g., Kim, Yasuda, and Mase’; Kim et al.""°; Mase et
al ).

2.1. Surge module

The surge module solves the depth averaged nonlinear shallow water equations using the staggered Arakawa C
grid in space and the leap frog scheme in time. The explicit finite difference scheme is used with the upwind
method:
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Where 7 is the sea surface level, M and N are the components of depth-integrated velocity in the horizontal and
vertical directions, P is the atmospheric pressure, f'is the Coriolis parameter, g is the gravitational acceleration, d is
the total water depth (# + %), 4,is the horizontal eddy diffusions, p, is the density of water, and F and F, represent
the components of wave force which correspond to the gradients of wave-induced radiation stress:
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Where the wave radiation stresses are expressed by:
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Where C and C, are the wave velocity and the group velocity, o and 0 are the angular frequency and the wave
direction, and FE is the energy, density, and spectrum respectively. A conventional quadratic law is applied to the sea
surface and bottom boundary layers. The bottom stress is computed by:

S|

q
7 = pugn? 24 ©)

In which 6 is the depth-integrated velocity vector, and » is the Manning number (0.025) in all the domains, as
determined by Chien®'. The wind stress is usually estimated by the following equation:

Ts = paCDﬁ10|l710| (10)

Where p, is the density of air, Cpis the drag coefficient and l_flo is the wind speed at 10 m height. In a series of
storm surge simulations, two Cps are used. One is the conventional Cp, (Honda and Mitsuyasu®):

- {(1.290 —0.024W) x 1073(W < 8m/s) an
D™ (0.58 4+ 0.063W) x 1073(W > 8m/s)

The other is the wave dependent C, (Janssen "*). In SUWAT, Mastenbroek, Burgers, and Janssen's® iteration for
Janssen's formulation of the exponential wave growth term in wave modules, (given in the section of Wave module),
is used to estimate the wave dependent Cp. Following his assumption, waves influence the boundary layer: = z,+1,
where 1, is the wave-induced stress, 7, the turbulent stress and 7 the total stress. The wind profile is given by:
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Where Ul(z) is the wind speed at height, z, is the effective roughness, z, is the roughness length, z is the height and
k= 0.4 is the von Karman constant. The turbulent stress is parameterized with a mixing-length hypothesis:

au\?
7 = pa(k2)? (5) (13)
Where p, is the air density. If the wind profile (12) is differentiated, squared and compared with the form (13), an
expression for z, for z = z, (Mastenbroek, Burgers, and Janssen®) can be found:

20

J1-Tyw—T

z, = (14)

Where:7,, = 7,(20). To parameterize the roughness length z;, Janssen assumes that a Charnock-like relation
z, = @u? /g is valid with the values for u, = \/7/p, and @ (=0.0081), the Charnock parameter. With the effective
roughness (z,), the wave dependent Cj, is finally obtained by Equation (15):

Cp=u?/U(2)?= [K /In (Z”Ze—e_zo)]z (15)

In this study, Equation (15) is used to estimate the wind stress in Equation (10) instead of the conventional Cpin
Equation (11). The effect of levelling off at wind speeds of 22-33 m/s on Cp is not taken into account (Donelan ef al
2. Kim et al").

The solid boundary condition is adopted at land boundaries for no inundation conditions. The radiation condition
along open boundaries is given by following Flather’s method** in all the domains. The current and sea surface level
in the coarse grid domain are transferred to the nested open boundaries in the fine grid domain at each time step of 4
s. The time step is 4 s for the surge model.

2.2. Tidal module

The astronomical tide in SUWAT is imposed by a global ocean tide model (Matsumoto, Takanezawa, and Ooe™)
that predicts tidal levels for sixteen constituents of M2, S2, K1, O1, N2, P1, K2, Q1, M1, J1, OO1, 2N2, Mu2, Nu2,
L2 and T2. At every time step, the tidal level is imposed on open boundaries in only the outermost domain. Along
the open boundary, the sea surface level is given by:

N = Ntige + Msurge (16)
Where 144, 18 the tidal level and 7g,,,.g, 1s the surge level.
2.3. Wave module

The wave model of Simulating WAvesNearshore (SWAN; Booij, Ris, and Holthuijsen*’) integrated in the wave
module solves the spectral action balance equation to estimate a wave spectrum (Booij, Ris, and Holthuijsen®®). The
wave in SUWAT is estimated by time varying currents and sea surface levels calculated from the surge module. The
updated parameters of the wave dependent drag and the radiation stress in the wave module are returned to the surge
module to calculate the current and sea surface level. The SWAN version 40.41 has been integrated into SUWAT as
the wave module (Kim, Yasuda, and Mase®).

As done in Kim et al."’, in the present simulation, the default values of parameters for the physics are used:
Cavaleri and Malanotte-Rizzoli*’ for linear wave growth, Janssen “* for exponential wave growth, Janssen® for
white-capping, Hasselmann et al.”® for quadruplet interaction, Battjes and Janssen®® for depth-induced breaking and
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Madsen, Poon, and Graber™ for bottom friction. The diffraction is adapted in the wave calculation. An Ursell
number of 10 is used for the limit of the quadruplet interaction with a factor of 1.0 for the fraction of breaking
waves. The following discretizations were used: the direction resolution is 10° and the frequency range is 0.05 to
1.00 Hz. In the outermost domain, the wave spectrum along open boundaries is estimated by the JONSWAP
spectrum with the peak enhancement parameter of 3.3, the peak period and the directional width of 10°. The wave
spectrum in the coarse grid domain is transferred to the open boundaries in the fine grid domain at each time step of
900 s. The time step is 900 s for the wave model.

Fig. 1. Framework of SUWAT for three level domains that shows the information flow between surge and wave modules in each domain.
2.4. Parametric wind and pressure model

A parametric wind and pressure model implemented in the SUWAT model is used to estimate typhoon wind and
pressure fields. Schloemer’s formula® is used for the pressure:

P = pc + Apexp(—1y /1) (17)
Where p is the atmospheric pressure at a distance  from the center, p, is the central atmospheric pressure, Ap is

the difference between p and p,, and r is the radius to the maximum wind.
Fujii and Mitsuta’s formula® for the surface wind is written as follows:

f? A f
Vor =1¢ (\/T"'%exp (=15/7) _E> (18)
Where V,, is the geostrophic wind and 7, is the following relation,
T = r/(1+%sin,8) (19)
ar

In Equation (19) V,, and U are at the previous time step. B is the degree between the typhoon moving direction
and the direction to » in the anti clockwise direction. U is calculated by multiplying V,, by G(x) as follows:
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G(x) = G() + [G(x,) — G(o0)] (x/x,) exp ((1 ~1/K)[1- (x/xp)k]> (20)
Uio = Vpr G(x) 21)

Where: x= r/ry, k = 2.5, x,= 0.5, G(x,) = 1.2 and G(c0) = 0.667 are given by Fujii and Mitsuta®. In the wind
model, the geostrophic wind is reduced by a factor of G(e0). Finally, the wind at 10 m height is obtained from the
vector sum of the wind at 10 m height calculated by Equation (21) and the typhoon moving speed. In the present
model, deformation of the core structure in the typhoon is not considered.

2.5. Bathymetry

For numerical simulations, the complexity of the geophysical features was taken into account using the three
level grid system, where the outermost domain, D1, (Figure 2 (a)) covers the whole East Sea and the domain, D2,
(Figure 2 (b)) is set to cover the northern coast of Vietnam. The innermost domain, D3 (Figure 2 (c)), is focused on
stations of Hondau. General Bathymetry Chart of the Ocean (GEBCO) of British Ocean Data Center was used to
extract bathymetry for the domains of D1 and D2. On the other hand, coastal topography maps with scales of
1/100,000 published from the Vietnam Administration of Seas and Islands were used for the domain D3. The space
resolutions for D1, D2 and D3 in both X and Y direction is 7400m, 1850m, and 825m.
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Fig. 2. Geophysical domains of the study area with three levels. (a) 108 5 107
shows the outermost domain of the Vietnam coast. (b) shows the
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Hondau station.
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3. Results

To examine a critical factor to the generation of storm surge in the north coast of Vietnam, the representative
historical typhoons of Frankie (1996) and Washi (2005) were selected. These typhoon tracks are provided in Figure
3. In which, Typhoon Frankie landfalled at the low tide while Typhoon Washi landfalled at high tide as the time
profile of total water leve observation, tide predict and storm surge at Hondau station in both typhoon cases showed
in figure 4.

RS

(a) (b)

Fig. 3. (a) Track of Typhoon Frankie (1996), (b) Washi (2005)
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Fig.4. Time serial of total water level (observation), predicted tide and storm surge at Hondau station during Typhoon Frankie (a) and Washi (b)

3.1. Impact of the tide on the storm surge

In order to investigate how the tide influences the storm surge in the study area, a series of simulations were
conducted using SUWAT that the surge and tide interaction was taken into account to calculate the Typhoon Frankie
and Washi surge. In the storm surge simulation, the conventional C;, (Honda and Mitsuyasu®®) was used to estimate
the wind stress. First, the surge simulation was carried out with the tide. Then, only the tide simulation was
conducted to extract the surge level taking into account the surge and tide interaction. Finally, only the surge
simulation without the tide was executed on mean sea level. With two surge levels, the effect of the tide on the
storm surge is examined as shown in Figure 5(a) and (b) that show a comparison of observations and calculations at
Hondau. From the results of simulation, the effect of tide on storm surge in the case of Typhoon Frankie is very
small, with a difference of about 3%. In the case of Typhoon Washi, the case considering the tide effect giving the
pick surge is lower than the case without considering the tide effect with a difference of about 13%. This is due to
Typhoon Washi landfalled at the high tide that the water deep is higher in the mean sea level. In addition, it
indicates that the use of the conventional Cpin both cases is not enough to simulate the observations, regardless of
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the consideration of the surge and tide interaction. As a result, it was found that the tidal effect is significant in the
surge level on the coast of study area when typhoon lanfalled is at the high tide.
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Fig.5. Comparisons of the observations and calculations with and without the tide in the surge simulations of Typhoon Frankie (a) and Whashi at
Hondau station.

3.2. Impact of the wave on the storm surge

The effect of wave on storm surge was discussed for the case of the storm surge simulation running coupled and
uncoupled surge and wave. This case was calculated using both of the wave dependent drag and the radiation stress
on mean sea level, and then compared with that obtained from the run using only the conventional drag on mean sea
level, as shown in Figure 6 (a) and (b). From the results, it is seen that the peak surge level calculated with the wave
effect is in close agreement with the observation at Hondau in both cases. The difference between them is about 0.3
m in both typhoon cases. Thus, it can be said that the surge and wave interaction apparently improves the surge
level.

Figure 7(a) and (b) show the spatial distribution of the peak surge levels in the case of uncoupled surge with
wave (a) and coupled surge with wave (b). It could be found that, in the case of the coupled surge with wave, the
maximum surge level is higher and the area of storm surge is extended, in comparison with the case uncoupled with
wave.

The effect of wave induced radiation stress (wave setup) is however depended on the space resolution. Although
the space resolution used in the above figures is fine (925m) for conventional storm surge simulation, the result of
peak surge is still underestimated in both typhoon cases. It may be due to the underestimation of wave setup
estimated on the coarse resolutions. To concrete our finding, the additional simulations of the Typhoons Frankie
surges were conducted for five cases of space resolution (450m (D4), 150m (D5)). It can be seen that, the peak surge
is increased as the space resolution is increased, and is in close agreement with the observation data (Figure 8).
Hence, further studies should be done on higher resolutions of less than 1 km grid size when planning and managing
coastal facilities and structures.
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Fig. 6. Comparisons of the observations and calculations with and without the wave effect in the surge simulations of Typhoon Frankie (a) and

Whashi (2005) at Hondau station.
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Fig.7. Spatial distributions of the peak surge levels due to Typhoon Washi for the case uncoupled (a) and coupled with wave (result in domain
D2).
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Fig. 8.Time serial of storm surge at Hondau station due to Typhoon Washi (2005) in six cases of space resolution.

IV. Conclusions

The interaction of surge and tide is investigated during Typhoon Frankie (1996) and Washi (2005) landfalled at
the north coast of Vietnam, where the maximum tidal range is up to 1.8 m. It indicates that the effect of the tide on
the surge is ignorable for the case of Typhoon Frankie landfalled at low tide, and it is significant in the case of
Typhoon Washi landfalled at the high tide with a difference of 13 % between the surge levels with and without the
tide. For the surge and wave interaction, two factors of the wave dependent drag and the wave-induced radiation
stress are focused in the surge simulation. It is shown that, the wave and surge interaction combining the wave
dependent drag and the radiation stress contributes 30% of the total surge level and is crucial to simulating the storm
surge. It also shows that, the surge induced by wave radiation stress is dependent on the space resolution, and the
finest resolution is improved and in close agreement with the observation. Hence, further studies should be done on
higher resolutions of less than 1 km grid size when planning and managing coastal facilities and structures.
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