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Lo1 noi dau

Béo cao vé: “Tac dong cua bién ddi khi hau tdi ting trudng va phat trién kinh t& ¢ Viét Nam”
dugc chuén bi trong khudn kho pha IV ctia Dur 4n giam nghéo do Danida tai trg vé& “Nang cao ning
luc nghién ctru va phan tich chinh sach phat trién cia Vién Nghién ctu quan 1y kinh té trung
wong”. Dy 4n nay hd trg hop tac nghién ctru va nang cao ning luc giita Vién Nghién ctru quan ly
kinh té trung wong (NCQLKTTW) va Nhoém Nghién ctru kinh té phat trién (DERG) cta trudong Pai
hoc tong hop Copenhagen. Qua trinh chuan bi bao cdo nghién clru nay con c6 su hop tac va trao
d6i v6i nhom nghién ctru ciia Vién Nghién ctru kinh té phat trién thé gidi cua Pai hoc Lién hop
qudc (UNU-WIDER), ma nghién ctru ciia ho s& thé hién trong cac bao cao nghién ciru ctia to chirc
nay va du kién cong bd trén cac tap chi qudc té trong thoi gian téi.

Nhom nghién ctru tran trong cam on su chi dao va hd tro cia PGS.TS. Lé Xuan B4, Vién
truong va ba Vi Xuan Nguyét Hong, Pho Vién truong, Vién NCQLKTTW trong sudt qua trinh
nghién ctu. Ching t6i cling xin tran trong cdm on ngai John Nielsen, Pai sit Pan Mach tai Viét
Nam va can b str quan da nhi¢t tinh ung hg, khich 1€ va gitp dd chung t61 hoan thanh nghién cuou
nay. Ching t61 chan thanh cdm on Danida da tai tr¢ cho nghién ctru.

Bién doi khi hau 14 hién twong phirc tap va lién nganh, vi vay, rat nhiéu chuyén gia thudc
céac linh vuc khac nhau da tham gia thuc hién nghién ctru nay. Nghién ctru dugc dan dit vé mat
chuyén mon bdi GS. Channing Arndt, Paul Chinowsky, Kenneth Strzepek va TS. James Thurlow.
GS. Finn Tarp, diéu phdi nhém Nghién ciru kinh té phat trién, gidm sat va chi dao sy tham gia
cua nhom ciing nhu dong gop trong cac giai doan nghién ciru va Simon McCoy, chuyén gia cua
truong Pai hoc Tong hop Copenhagen, dong tai Vién Nghién ciru Quan 1y kinh té Trung wong
(NCQLKTTW) gitp diéu phdi cac hoat dong ctia nghién ciru.

Nhitng chuyén gia dong gép cho bao cdo nghién ctru nay con c6 Charles Fant, Kerry
Emanuel, Yohannes Gebretsadik, Lindsay C. Ludwig, James Neumann, Sai Ravela, Amy
Schweikert, Niko Strzepek, Caroleen Verly, Len Wright va Nguyén Manh Hai, H5 Cong Hoa.

Chung t6i xin cam on nhiing y kién dong gop ctia cac chuyén gia binh luan ciing nhu dai biéu
tai hai budi toa dam td chirc tai Vién NCQLKTTW. Chung t6i cling xin cam on TS. Hoang Minh
Tuyén ctia Vién Khoa hoc Khi twong Thiy vin va Méi truong di to chtrc budi hop nhoém nghién
cuu tai Vién.

Cubi cung, Jean Marc Mayotte, Nguyén Huong va Travis Hobbs dd hd tro tich cuc cho
nghién curu.

Tat ca nhitng sai sot trong bdo cdo thudc trach nhiém cua nhém tac gia.
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Tom tat
Gié6i thiéu

Gidng nhu & cac nude khac, tac dong cua bién doi khi hau dang rat dugc quan tam o Viét
Nam. Nghién ctru ndy phéan tich mot cach tong hop nhat tac dong cua bién ddi khi hau d6i véi
Viét Nam dén nam 2050. Cac phan tich trong nghién ciru ¢6 ba dic diém quan trong. Thit nhdt,
nghién ctru 4p dung cach tiép can ciu tric tir dudi 1én. Cac phan tich trong nghién ctru dua vao
cac mo hinh cdu tric két ndi kich ban khi hau véi cac két qua kinh té. Thir hai, cach tiép can vé
phan tich tac dong ¢ nghién clru nay twong ddi tong hop so voi cac nghién ciru tic dong khac,
theo 6 kénh: ning suét cdy trong, su san co ciia nguon nudc cho thuy loi, thuy dién, hé théng
duong giao thong, nude bién dang va bdo. Cudi ciing, nghién ctru 1ong ghép két qua du bao vé
bién ddi khi hau cta 56 kich ban theo moé hinh Tuan hoan tong thé (GCM) dugc st dung trong
Béo céo tac dong lan thir tu ciia Uy ban lién chinh pha vé bién d6i khi hau (IPCC). Su két hop ba
dic diém nay 1a dic trung cua bao céo, gitip xem xét mot cach rat chi tiét vé tac dong cia bién
d6i khi hau ddi voi Viét Nam. Viée sir dung nhiéu kich ban cia mé hinh dy bao vé bién d6i khi
hau dac biét quan trong boi vi tac dong cua bién d6i khi hau co6 thé thay ddi rat nhiéu theo cac
kich ban du bao khac nhau. Nhu vay, viéc lya chon két qua du bao ciia mdt sb kich ban nhat dinh
thay vi cac két qua khac c6 thé anh huong khong nho dén cac két luan. O day, toan bo két qua
cta 56 kich ban bién do6i khi hiu déu dugc xem xét.

Khi hiu Viét Nam néng hon va c6 thé khd hon trong twong lai

Nhiét d6 trung binh cta Viét Nam du bao s& ting 1én khoang trén dudi 1,5 do C véi hau hét
cac két qua déu gén gia tri trung vi. Ddi vai tat ca cac khu vuce & Viét Nam, nhiét do tang trong
khoang tir toi thiéu dudi 1 d6 C dén t6i da 1a hon 2 d6 C. Dy bao vé luong mua mang tinh khong
chic chin nhiéu hon so vé4i du bao vé nhiét do. Viét Nam duogce du bao s& ¢o luong mua giam nhe,
theo d6 nhiing thay doi lugng mua trung vi déu mang gia tri 4m trong tit ca 56 kich ban khi hau
tuong lai. Tuy nhién, do am cta ca nudc va & tat ca cac khu vuc trong mdt chirng myc nao do co
thé c6 xu hudng giam nhiéu hon 1a tang. D4i véi tat ca cac tinh va cac kich ban du bao, két qua du
bao trong khoang tir vi phan (25% dén 75%) cho két qua hodc ting hodc giam vé luong mua. Gia
tri t6i da va tdi thiéu nam trong khoang ting 10%-20% va giam 10%-15%. V& tong thé, do luong
nude boe hoi tang va luong mua trung binh giam nhe, diéu kién khi hau cta Viét Nam sé& c6 xu
huéng khé hon mic du thay d6i cua gi tri trung vi khong 16n.

Két néi bién ddi khi hau véi két qua hoat dong kinh té

Danh gia tac dong kinh té cuia cac kich ban bién ddi khi hau duogc thuc hién béng mot loat cac
mo hinh chuyén nganh. So d6 1 mé ta dong thong tin qua cic mé hinh ngudn nude va luu vuc song
két n6i v6i 3 mo hinh nganh wéc luong tic dong dén nong nghiép, niang luong va co sé ha tang.
Mb hinh luu vuc song quyét dinh dong chay trong mé hinh ngudn nudc sau d6 wéc lugng duoc
lugng nudce cho ho hinh thiy dién. M6 hinh luu vuc song du bao tan sudt va mirc do lut 10i va cung
v6i lwong mua va nhiét do quyét dinh mirc d6 pha huy duong sa trong mé hinh ha tang co s¢. Dy
bao vé khi hau tryc tiép tac dong dén san xuit nong nghiép trong mé hinh trong trot. Cudi ciing, két



qua tac dong trén dugc chuyén vao mo hinh kinh té da nganh dé udc luong tac dong cua bién doi
khi hau dbi véi nén kinh té. Ching t6i ciing 16ng ghép mot kénh tac dong thir tu 1a tic dong cua
mat dat do nudc bién dang va bio.

So @6 1: Khung khé mé hinh tich hop
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M6 hinh cén bang Dién tich dat ngdp lut
tong thé (DCGE)  [¢~7777 do nudc bién ding va
bao

Nguén: Nhom tac gia.

Nguon nuoc va thuy dién

M6 hinh luu vuc song “CLIRUN” 1a m6 hinh mé rong cia hé md hinh thuy hoc dugc xay
dyng nham phan tich tic dong ctia bién ddi khi hau dén dong chay. Nudc dugc dua vao mo hinh
CLIRUN thong qua luong mua va thoat ra bang bdc hoi va dong chay. Su khac biét gitta dong
chay vao va ra 1a sy thay d6i vé trit nudc va nude ngam. Tong sb 22 tiéu luu vuc song, voi dién
tich tir 1.500 dén 45.000 km® duoc xac dinh trong mé hinh. M6 hinh hoa sy luu chuyén qua bién
gidi giita cac luu vuc song 13 rat quan trong bai vi tat ca cac song chinh & Viét Nam déu chay qua
cac nudc khac trude khi vao Viét Nam.



D6 thi 2 thé hién dong chay theo thang cua nhitng nim 2040 cho phuong 4n gbc va cho 56
kich ban du bao khi hau sé dugc xem xét trong tuong lai. Dong chay cua 56 dy bao khi hau duoc
trinh bay dudi dang hop va diém. Trong d6, diém mau d6 thé hién su thay ddi dong chay trung vi;
hop thé hién két qua trong khoang 25%-75% (tit phan vi), cac diém & mép thé hién gia tri 16n nhat
va nho nhit da loai bo nhing gia tri ngoai vi. Nhimng gia tri ngoai vi dugc thé hién bang dau cong
(+). Vé mit tong thé, ¢ tim qudc gia, vao thoi gian trude nhimg nim 2040, tinh mua vu cia dong
chay va mirc do cua dong chay c6 xu hudng khong thay doi nhiéu.

Do thi 2: Dong chay trung binh hang thang so véi kich ban goc va két qua dong chay
cua 56 kich ban GCM (2041-2050)

Dong chay (mm)

O vi tri ha luu véi dong chay manh nhét 1am cho Viét Nam trd nén dé bi ton thuong trudc
nhimng thay doi & dau ngudn. Vi vay, dong chay udc lugng duge tir mé hinh CLIRUN duoc chuyén
sang mo hinh ngudén nudc (WEAP), md hinh mé phong su quan Iy ngudn nude tir tat ca cac luu
vuc sdng xuyén bién gidi trong lanh thé Viét Nam va ¢ ving dau ngudn (thuong luu). Nude cho
cac nganh va sir dung cho sinh hoat duoc quyét dinh bén ngoai mé hinh WEAP, sau d6 mé hinh
woc luong gia tri t6i wu vé sir dung nudce cho thuy loi va kha nang du trir dé t6i da hoa loi ich rong.

San xudt thuy dién dua vao su két hop ctia dong chay va do cao so véi muc nude bién dé san
xudt dién nhd quay cac tude bin. C6 14 nha méy thuy dién 16n ¢ Viét Nam. Ching t6i st dung mo
hinh thaty dién c6 tén goi 1a “IMPEND”, bit ngudn tir mé hinh xay dung cho Ethiopia (Block va
Strzepek, 2010). IMPEND 1a mé hinh tdi wu va hach toan ngudn nudc st dung thong tin dau vao
vé dong chay, su thoat hoi nudc va hd chira s& quyét dinh luong dién san xuét va chi phi lién quan.
Thém vao d6 14 dy an thuy dién c¢6 quy mo trung binh 16n dang duoc xay dung va dugc tinh dén
trong cac phan tich & day. Tong san lugng dién san xuét trong dai han tir cac nha may thuy dién
nay duoc udc tinh 1a khoang 22.656 GWH. Trong kich ban gbc, cac tham sé cia IMPEND duoc
wéc tinh theo cong suat hién nay va quy hoach phat trién giai doan 2010-2050 ciing nhu két qua vé
dong chay va nudc bdc hoi tir két qua mo hinh CLIRUN va WEAP. IMPEND sau d6 dugc chay



theo 56 kich ban bién d6i khi hau, véi gia dinh khong c6 su thay dbi trong quy hoach thuy dién
(nghia 14 su thay d6i trong san luong dién san xuat 13 do nhitng bién ddi khi hau cht khong phai do
xay dung thém dap ngan).

D6 thi 3 minh hoa thay d6i vé san xudt thuy dién so véi kich ban gdc trong céc thap ky. Trung
binh, san luong thuy dién c6 xu hudng giam chut it trong tit ca cac thap ky. Tuy nhién, san lugng
thily dién ciing rat co thé ting. Mirc d6 dao dong ciia san lugng dién co xu hudng ting theo thoi gian
(trir nhitng nam 2030). Pén nam 2050, san luong thay dién c6 thé bi anh hudng trong khoang trén
dudi 18%. Tuy nhién, khoang mot nira cac két qua kich ban vé san luong dién c6 thé nam trong
khoang trén dudi 5%. Thém vao d6, trong khi & kich ban gdc, san lugng thay dién chiém hon 35%
tong san lugng dién san xuét thi ty trong ndy c6 xu hudng giam xudng 8% trudc nam 2050. Nhu vy,
viéc thay d6i vé san luong thity dién it quan trong hon ddi voi nén kinh té theo thoi gian.

Do thi 3: Tac dong cia bién ddi khi hau dén san xuit thiy dién
(phén trim thay doi so véi kich ban goc)
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Co 56 ha ting

Nhiéu nghién ciru khang dinh su quan trong cua duong giao théng dén ting trudng kinh té.
Ca ly thuyét va kinh nghiém thuc té cho thiy co so ha tang 13 mot yéu t6 quan trong tac dong dén
tang truong kinh t& va giam do6i nghéo. O hau hét cac nudc dang phat trién, dau tu cho xay dung
duong chiém phan 16n ngan sach cong va tong dau tu. Néu dau tu cong nodi chung va dau tu cho hé
théng dudng ndi riéng c6 y nghia quan trong d6i voi ting truong kinh té va giam do6i nghéo thi sy
suy giam cua ching ciing c6 tic dong khong nho. Bién d6i khi hau c6 thé tic dong dén hé thong
giao théng; qua trinh van hanh; va nhu cau dich vy giao thong. Chinowsky va cong sy (2011a) ghi
nhan chi phi du tinh ctia bién d6i khi hau dén hé thong dudng trong 10 nudc ¢6 nén kinh té va vi tri
dia 1y khac nhau. Nhom tac gia minh hoa chi phi co hdi ciia viéc thay d6i hé thong duong dé tmg
phé vai bién ddi khi hau.



Nhitng mbi quan hé dugc phat hién trong nghién ctru ciia Chinowsky va cong su (2011a)
duogc thé hién trong mé hinh mé phong hé thdng duong dong co6 tén goi 1a “CliRoad”. Mé hinh mé
phong hé théng duong bi pha huy theo tudi ké tir khi duoc xay dung (hodc tudi tho 20 nam), loai
duong (cap 1, cip 2 va cip 3), kiéu duong (nhya, soi hay dat) va khu vuc cho mdi nim trong giai
doan md phong 1a 2007-2050. Trong khi cac yéu td khac dugc moé phong nhu nhau giita cac ving
thi nhiing yéu td vé khi hau (lwong mua, nhi¢t do va i lut) dugc thay ddi theo vung. CliRoad dugc
16ng ghép vao mé hinh can bang tong thé dong trong phan tich kinh té. Vi vay, két qua mé hinh
CliRoad s& dugc mé ta & phan sau ciing v6i nhitng tac dong kinh té khac.

Nong nghiép

Néng nghiép 1a mot trong nhitng khu vuc quan trong ctia Viét Nam, chiém 16% thu nhap
qudc dan. Chung toi sir dung md hinh trong trot c6 tén goi la ‘CliCrop’ dé mé phong tac dong cua
kich ban gdc va cac kich ban bién d6i khi hau dén san luong cdy trong dugc tudi tiéu va 1én nhu
cau nudc cho thuy loi. Phién ban dac biét cia mo hinh CliCrop dugc xdy dung riéng cho lua.
CliCrop duoc thiét ké dic biét dé nim bat duoc nhitng tac dong cua bién d6i khi hau.

Do thi 4 minh hoa su thay ddi vé san lugng cua cac vu chinh. Nhiing két qua nay dya trén cac
gia dinh luong nudc dap ung dugce nhu cau vé thuy loi. Véi gia dinh nhu vay, dén nam 2050, bién
d6i khi hau 1am giam san luong cdy trong nhung khong nhiéu. D6i v6i hau hét cac mua vu, giam
san luong trung vi khoang dudi 5%. San luong cé thé ting nhung khong tang ddi véi tit ca cac loai
cay trong. Viéc giam san lwong nhiéu, hon 10% ciing c6 thé xay ra cho tit ca cac loai cAy nhung
nhitng két qua nhu vay chi & mot vai kich ban bién d6i khi hau. Mia 1a trudng hop ngoai 18, san
lwong trung binh giam khoang 7% va c6 kha ning sut giam dén hon 20%.

Pé can bang cung ciu vé nudc cho thity loi, ngudn cung nudc tir md hinh WEAP dugc so
sanh véi cdu vé nudc thuy loi tir mo hinh Clicrop. Trong bdi canh bién déi khi hau, nhin chung,
nhu cau thiy loi khong duoc dap ung co thé gia ting. Hop trong D6 thi 5 thé hién thiéu hut vé
nude cho thiy loi ctia 56 kich ban bién doi khi hau twong ddi so véi kich ban gbc. Gia tri trung vi
dat khoang 2,1 ty mét kh6i nude dén nam 2050. Trudng hop xau nhét, mic nude thiéu hut tdi da
khoang 7 ty mét khdi. Hay luong nudc thiéu hut trung vi ting khoang 3%. Doi véi lta, san lugng
thay d6i chu yéu do thay ddi vé kha nang dap tng nhu cau nude tudi tiéu.

Do thi 4: Phan trim thay d6i san lwgng tir md hinh CliCrop cho néng nghiép
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Cht thich: Cay I/nam: Cay lau ndm khac; Cay h/nam: Cay hang nam khac.



Po thi 5: Thiéu hut nwée twéi tidu so véi kich ban goc
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Viing duyén hdi, nude bién ding va bdo

Nhitng dy bao vé muc nudc bién s& dang thudng khong chic chan va ¢ bién d6 dao dong rat
16n. Mot sd nghién ctru gan ddy du bio muc nudc bién s& dang cao hon 1 mét trudc nam 2100
(Nichols va Cazenave, 2010). Béo cdo d4nh gia 1an thi 4 ciia Uy ban lién chinh phu vé bién d6i khi
hau (IPCC) xuét ban nam 2007 du bao mirc tang trung binh 1a 60cm trudc nam 2100. Trude 2050,
nude bién co thé dang tbi thiéu 1a 16 cm va t6i da 1a 38 cm.

Phan tich nudc bién dang cho Vi¢t Nam bi han ché boi chat lugng sb liéu vé do cao so véi
muc nudce bién. Péi voi khu vue thép, nhom nghién ctru chi cé thé léy thong tin vé d6 cao so voi
muc nude bién véi thude do co ty 18 mot mét. Dé xem xét tac dong cua nhitng do cao nay trong cac
kich ban nudc bién dang trong pham vi sb lidu sén co, mot sb gid dinh da dugc dua ra. Bac biét,
chung t6i gia dinh phan bo vé dat nong nghiép va duong giao théng giéng nhau & cac khu vuc hanh
chinh. Vi vay, néu mot ntra dién tich du bao bi ngdp do nudc bién dang thi mét ntra dat nong
nghiép va hé thong dudng trong khu vuc d6 dugc wdc tinh sé& bi pha huy.

Db thi 6 thé hién ty 1¢ dién tich udc tinh c6 d6 cao so véi muc nude bién thip hon Im va bén
phai thé hién gia tri cua hé thong duong cé trong dién tich d6. Khu vuc ddng bang song Ciru Long
12 mbi quan tAm dic biét boi ty trong ving dat ¢ dd cao so véi muc nude bién dudi 1 mét rat 1n.
Khu vuc dong bang song Hong ciing can dugc quan tim mic du voi mic do it hon.



Po thi 6: Ty 1¢ dién tich bi ngap d6i véi khu vue c6 dd cao so voi mue nuwée bién dwéi 1m
va gia tri ciia h¢ thong dwong wéce tinh nim trong khu vue d6

Nwéc bién dang cua

Nwéc bién dang . VietNam
clia Viét Nam Tong Chl phi thiét hai
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Chii thich: Nghién ciru ndy chi xem xét nhitng phan ldanh thé ciia Viét Nam ma ching t6i ¢6 théng tin
dé phan tich vi vay ban do trong do thi trén khong co y dinh phan anh day du tat ca cac vung lanh tho cua
Viét Nam.

Phan tich chi tiét két hop gitta nudc bién dang va dang bdo do bio duoc thuc hién cho dong
bang song Hong. Tac dong cuia bién d6i khi hau dén bio co thé bao gdm thay doi vé cuong do, tan
sudt va duong di ctia cac con bao. Thay doi vé nhiét do 1a yéu t6 quan trong trong thay ddi cia bao
nhung boi vi bao 1a hién tugng tuong ddi hiém, su khac biét trong cac hoat dong tao bao co thé c6
dén nam 2050 kho c6 thé phan biét dugc voi phuong phap hién nay. Do dé, chung toi gia dinh tan
suat va cuong do cua bao la c¢d dinh.

Nudc bién dang co thé c6 tac dong quan trong qua viéc gia ting sy pha hity cta bio. Nudc
bién cao hon tao ra cac con bdo c6 nude bién dang cao hon va lam tang muc d6 va do sau cua nudc
dang bdo trong cac khu vuc vén da dé bj ton thuong dbi véi 16¢ ving duyén hai. Hon thé nita, du
bao vé nudc bién dang dén nim 2050 mic du bat dinh nhung thuong vin dang tin cy hon so voi
du bao bao. Nhin chung, mirc dang cua nudc bién c6 thé lam cic con bdo hién nay trd 1én nguy
hiém hon déng ké.

Su két hop giita dang bio va nudc bién dang dugc xem xét cho dong bang song Hong. D6 thi
7 cung cap udc luong thay doi thoi gian quay lai ctia dang bio co tan suat 100 nim hién nay do két
qua ctia nude bién dang. Hién tugng thién tai co chu ky 100 nam hién nay & Ha Noi c6 thé xay ra
v6i tan suit cao hon trong kich ban nuéc bién dang. Dén nam 2050, thay vi thién tai xay ra 100
ndm mot 1an thi ¢ thé xay ra 65 nim mot 1an trong kich ban nude bién dang thap va 54 nim trong
kich ban nudc bién dang cao. Tuong tu d6i voi thoi gian quay lai cta cac con bio khac. Su thay
d6i thoi gian quay tré lai ndy c6 y nghia twong d6i quan trong. Thién tai xdy ra trong vong 100 nam
1a trinh dién cua ding bio khoang 5 mét. Khoang 42,5% GDP cuia dong bang song Hong duoc udc
tinh nam & do cao dudi 5 mét so véi muc nude bién. Con sd nay cho ca Viét Nam vao khoang 9%
GDP. Xem xét van dé nay trong nghién ctru ctia chung toi 13 pht hop bai vi Noy (2009) chi ra rang
thiét hai do thién tai c6 mdi quan hé chit ch& voi tang trudng kinh té giai doan hau thién tai.



Po thi 7: Thay ddi vé thoi gian quay lai ciia cac con bio tan suat 100 nim do nwée bién ding
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Mo hinh Kinh té vi md da nganh

Két qua ctia cac mo hinh ¢ trén dugc chuyén sang mo hinh can bang tong thé ciia Viét Nam
dé udce tinh tac dong kinh té cia kich ban gdc va cac kich ban bién doi khi hau, bao gom tac dong
tir bdn linh vuc quan trong dén toan b nén kinh té (nghia 1a mbi lién hé gian tiép hodc cac mbi lién
két trong toan bo nén kinh té). Cac quyét dinh kinh té trong mo hinh cin bang tong thé dong 1a két
qua ctia qua trinh ti vu hoa phi tap trung cta nha san xuat va ngudi tiéu dung trong mot nén kinh
té co cac moi quan hé chat ché. Dé thich ung voi bién ddi khi hau, cic co ché thay thé duoc dién ra
dé dap lai nhiing thay doi twong dbi vé gia, bao gdm ca su thay thé giita cac nhan td san xuat, giira
hang nhap khiu va san xuit trong nudc, giita xuat khau va tiéu dung nodi dia. M6 hinh cia Viét
Nam c6 8 vung, 30 nganh, bao gdm ca nganh san xuat dién, dich vy van tai va 10 nganh nong
nghiép. Ba muoi bay yéu td san xuat bao gdm: ba loai lao dong (phén theo trinh do cap tiéu hoc, co
s& va trung hoc sau d6 dugc phan t6 tiép theo nong thon va thanh thi), von, dit nong nghiép, von
ndéng nghiép, gia cAm va thily san. Vén nong nghiép, dit nong nghiép, gia cdm va thuy san duogc
chia ra theo 8 viing. Viéc phan chia chi tiét theo ving va nganh gitp phan anh két cau ciia nén kinh
té va anh huong dén két qua ctia mo hinh.

Bién d6i khi hau anh huéng dén ting truong kinh té va phuc loi trong mé hinh can bang tong
thé dong (DCGE) qua bon nhém yéu td. Thir nhat, ning suat thay doi trong nong nghiép duoc lay
tir m6 hinh CliCrop/WEAP va sau d6 mé hinh cén bang tong thé dong quyét dinh ngudn lyc phan
b6 cho mdi loai ciy trong dua vao kha ning sinh loi twong di ciia nd so vé6i cac nganh khéac (nghia
1a diéu chinh ndi sinh). Thi hai, mé hinh DCGE tryc tiép 10ng ghép su thay doi trong san xudt thuy
dién tir IMPEND. Thur ba, CliRoad duoc 10ng ghép tryc tiép vao md hinh DCGE. Do dai cta hé
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thdng dudng giao thong tir CLIROAD duoc sir dung trong mo hinh DCGE dé gitip quyét dinh tang
truong ning suat. Hé thdng dudng ngin hon s& lam giam ning sudt van tai va ting chi phi van
chuyén hang hoa tir noi san xuat dén nguoi tiéu dung. Cubi cing, mé hinh DCGE xem xét tac dong
clia nuéc bién dang bang cach giam dién tich dat canh tac va hé théng duong giao thong & mdi khu
vue boi dién tich dat bi ngdp lut udc tinh nhu da trinh bay ¢ trén. Thém vao do, tdic dong ctua bao
cling dugc xem xét. Nhitng kénh tac dong khac dugc ghi nhdn nhung chua dugc xem xét chinh
thire vi du nhu anh hudng vé strc khoe, du lich.

Tac dong cua bién ddi khi hau sé dién ra trong thoi gian dai vi vay viéc xem xét qua trinh
dong 1a hét sirc quan trong. Tinh chat dong dé quy cia mo hinh DCGE cho phép mé hinh niam bat
duogc thay ddi hang nam vé ty 1& tich tu von vat chat va von con nguoi va thay doi cong nghé. Vi
vay, vi du néu bién d6i khi hau giam san lugng ndng nghi€p hodc san lugng thuy dién trong mot
nam nao do, no6 cling s€ giam thu nhap, va kéo theo la tiét kiém. Nhiing sut giam tiét kiém d6 dan
dén giam dau tu va giam san xuat tiém ning. Tuong tu nhu vay, chi phi duy tri duong cao hon lam
giam dau tu co so ha tang va giam d6 dai cua hé thdng duong hién tai va tuong lai. Nhitng su kién
bat thuong, nhu lii Iyt do bio, ciing pha hiy co so ha tang gy ra nhiing tac dong lau dai. Nhin
chung, tham chi sy khéac biét nhé nhung duoc tich lai cling gdy anh hudng 16n dén két qua kinh té
trong dai han. M6 hinh DCGE cuia chung t6i dugc thiét ké phu hop dé ndm bat dugc nhiing anh
huong nay.

Tac dong ciia bién ddi khi hau dén ting trudng Kinh té

Dé udc tinh chi phi kinh té ctia bién d6i khi hau cho Viét Nam, diéu dau tién 1a can xay dung
duoc kich ban géc, thé hién xu hudng phat trién, chinh sach va nhiting dinh hudng uvu tién trong
truong hop khong c6 bién d6i khi hau. Kich ban gbc cung cAp hudng ting truong va thay déi co
cAu ctia nén kinh té giai doan 2007-2050 va lam co s& dé so sanh. V&i cac gia dinh & kich ban gdc,
kinh t& Viét Nam tang khoang 5,4% hang niam véi ty trong nong nghiép trong GDP giam tir 16%
xudng 7,6% giai doan 2007-2050. GDP binh quan dau nguoi tang lién tuc din dén phic loi ho gia
dinh binh quan dugc cai thién dang ké.

Pé nhéan dinh tic dong cua bién d6i khi hau dbi voi ting truong va phat trién kinh té, cac
kénh tac dong néu trén dugc xem x¢&t lan luot. Tong theé 6 kénh dugc xem xét dudi day dudi ti€u de
la tén cua cac kich ban.

1. Nong nghiép. Tac dong cua thay d6i nhiét do va lugng mua dén san luong cay tréng duoc

chia theo khu vuc c6 két hop voi nhu cau thuy loi khéng dugce dap tng.

2. Puong giao théng. Tac dong cna bién d6i khi hau tir mé hinh CliRoad.

3. Thuy dién. Phan trim thay d6i trong san xut thay dién duoc mé phong.

4. Nuéc bién dang thip. Bén nam 2050, nudc bién gia dinh ting khoang 16 cm. Gia ting nay

tuyén tinh theo giai doan mé phong.

5. Nudc bién dang cao. Nudc bién gia dinh ting 38 cm dén nim 2050 va duoc mod phong
gidng nhu kich ban nuéc bién dang thap.

6. Bao. Xac suat cua cac con bao dugc mo phong cho 56 kich ban va chi xem xét tac dong
bién ctia nudc bién dang.



Nhimng kich ban nay duoc mo phong theo cach ting dan. Do d6 kich ban Pudng giao thong
bao gém ca cac cu sdc trong kich ban Nong nghiép va cu sdc trong kich ban Puong giao thong.
Kich ban cudi cung, Bao, bao gém ca cac cu soc cua 3 kich ban dau va kich ban Nudc bién dang
cao. Véi kich ban Nudc bién dang thap, tac dong ciia bdo do dang bao nho va khong trinh bay.

Do thi 8 trinh bay gia tri GDP thyc trung binh cta giai doan 2046-2050 cia tat ca cac kich
ban. Gia tri trung binh dugc xem xét dé tranh tac dong cta cac cl sdc vao timg nim cy thé. Bat dau
v6i kich ban Nong nghiép, tic dong cua bién doi khi hau twong ddi nhe khi chua tinh dén anh
hudng cta nude bién dang. Hay noi cach khac, trong kich ban nay, chi ¢é tic dong qua anh hudng
dén nang suat cdy trong tom tit trong Do thi 4 va thiéu cung nudc cho thily loi tom tit trong DO thi
5 duoc tinh dén. Tac dong cua nhing ch séc ndy ddi voi nén kinh té va ting trudng 1a tuong ddi
thap boi hai Iy do. Thtr nhat, ban than cac ci sdc khong 16n xét trén moi khia canh. Thir hai va
quan trong la ty trong nong nghi¢p trong GDP giai doan 2046-2050 khong 16n. Ty trong nay chi
dao dong & khoang 7% dén 8% GDP cho tit ca cac kich ban. Béi vi ty trong nong nghiép giam
(day 1a xu hudng thyc té), nhitng thay d6i hodc suy giam trong néng nghiép sé c6 anh huéng khong
dang ké dén nén kinh té va téc do ting truong chung.

Déi vai kich ban Pudng giao thong ¢ Do thi 8, tac dong cia bién d6i khi hau tré 1én manh
hon va ciing ¢6 thé tich cuc nhung c6 kha ning tac dong tiéu cuc nhidu hon & tim qudc gia. Nhimng
tac dong nay dugc truyén tir mé hinh CliRoad (khong bao gdm tac dong 1én hé thdng duong do
nude bién dang). D6 thi 9 cung cip phan bd do dai hé théng dudng so véi kich ban gbc khong co
bién ddi khi hau. Nhu da dé cap o trén, CliRoad duoc léng ghép truc tiép vao md hinh DCGE. B
dai hé thong dudng anh huong dén tdc d6 ting ning suét cac yéu td tong hop trong moé hinh. Thém
vao do, dau tu vao hé thdng dudong dugc gia dinh ty 18 thuin voi tc d6 ting chi tiéu chinh phi. Két
qué cla cac twong tac nay 1a o dai hé thong dudng khac nhau trong céc kich ban.

Do thi 8: GDP thue theo gia sian xuit (trung binh giai doan 2046-2050)
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Do thi 9: Chi s6 dd dai hé thong dwong so véi kich ban goc
(trung binh giai doan 2046-2050).

Puong giao Thay NBD NBD Léc
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Trong mot s6 kich ban, hé théng duong dai hon so véi kich ban géc. Cac kich ban kho hon
c6 xu hudng thuén loi hon cho dé dai h¢ théng duong do khong bi It va mua lam x61 mon. Tuy
nhién, hau hét cac kich ban lam giam do dai cta hé thong duong. Piéu nay do 3 nguyén nhan. Thi
nhat, tit ca cac kich ban bién d6i khi hau GCM déu 1am nhiét do ting. Nhiét do tdi da cang cao
cang nang cao toc do xuéng cép cua duong trir khi duong duoc thiét ké c6 thé chéng chiu duogc voi
nhiét do cao. Trong mo hinh, thiét ké nay khong dugc xem xét do d6 nhiét d6 ting lam ting chi phi
duy tu duong, giam dau tu xdy duong méi. Thtr hai, mic du luong mua trén ca nudc giam nhe
nhung cuong d6 mua c¢6 xu hudng ting 1én din dén ting tbc d6 x6i mon dudng giao thong, dic biét
1a duong dat. Thir ba, gia ting cudng d6 mua trong hau hét cac kich ban dan dén ting nhe tan suét
va cuong do i lut. Trong mot vai kich ban GCM, 11 lut véi quy mo 16n trd 1€n thuong xuyén hon
dan dén giam hé thong duong.

Xubng cip hay pha hity co s ha tang khac véi tic dong nong nghiép boi vi nhimng tac dong
nay dién ra trong thoi gian dai. Mot khi duong bi cudn trdi, tac dong tiéu cuc cua nd van con dén
tan lac duong dugc lam lai. Tuy nhién, véi nguén luc cho duong giao thong la ¢d dinh, viéc lam lai
duong do 1i cudn troi 1am giam ngudn luc cho viée xay duong mai hodc stra chita duy tu hé thong
duong hién c6. Vi vay, d6i voi dudng giao thong, bién doi khi hau anh huong dén hé théng dudng
hién c6 va do d6 anh hudng dén tdc d6 ting ning suét cua cac nganh san xuat. Do tac dong do co
tinh cong don nén cang 1on theo thoi gian. Nguogc lai, trong ndng nghiép, bién ddi khi hau anh
huéng dén san xuét trong mot thoi gian nhat dinh nhung khong nhét thiét anh huéng dén toc do
tang ciia tiém nang san xuat theo thoi gian. Néu diéu kién ting truong khong thuan lgi, san xuat
giam, va diéu kién thuan loi thi san xuét tang.

Kich ban thir ba duoc dién ta trong Do thi 8, bd sung thém cu soc lién quan dén thuy di¢n.
Nhu di trinh bay trong D6 thi 3, tac dong dén thuy dién vé co ban ¢ xung quanh gia tri 0 trong
nhitng ndm 2040. Tuy nhién, trong nhimg nam 2020 va 2030 khi thiy dién chiém ty trong 16n
trong ngudn dién, tac dong c6 thé tiéu cuc. Nhitng anh hudng nay lam giam nhe toc do ting truong
trong giai doan va dan dén giam nhe GDP binh quan giai doan 2046-2050 ¢ tat ca cac kich ban.
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Tac dong cua nudc bién dang nhu chi ra trong Do thi 8 tiéu cuc & tt ca cac kich ban, 1am
GDP giam. Nuéc bién dang khong lién quan tdi kich ban GCM lya chon. Vi vy, ¢t sdc nude bién
dang nhu nhau dugc mé phong cho tat ca cac kich ban. C6 hai yéu té chi phdi thiét hai tir nude
bién dang 1a thi¢t hai dat nong nghi¢p va thiét hai hé théng duodng giao thong. Nhu da nhan manh &
trén, sb lidu vé do cao so véi mit nude bién duoce do béng mét trong khi bién ddi khi hau lam cho
nudc bién dang khoang 38 cm trude nam 2050 (co thé 16n hon nhiéu téi ndm 2100). Két qua 1a
khong thé phan tich tac dong chinh xac ciia nude bién dang néu khong c6 thém cac gia dinh. Ching
t6i, gia dinh rang voi 38 cm nudc bién dang, 38% dién tich ngap khoang 1 mét so voi muc nudc
bién s& khong thé san xuét duge. Chung t6i ciing gia dinh rang dién tich nay bao gdm cau thanh co
ban cua dat ndng nghiép va hé thdng duong giao thong. Cac loai von khac nhu may moc, nha cua
bi anh huong trong kich ban Bao s€ duoc trinh bay ngay dudi day.

Kich ban Bio xem xét tac dong két hop cta bdo va nudce bién dang so vai kich ban gbc. Nhu
da thao luén, ching t6i gid dinh khong c6 su thay ddi vé tan suét va cuong dg cua cac con bao. Hau
hét cac pha hity cua bdo 1a do toc do gid, tuy nhién, yéu td nay duogc giir ¢d dinh cho ca kich ban
gbc va cac kich ban khac. Nhu vay, tac dong ciia bdo do bién ddi khi hau sé& 1a tac dong két hop
giita dang bdo va nudc bién dang. Nudc bién dang 38 cm lam dang bao anh hudng sau hon nita vao
dat lién va tang dat ngap lut trong ving bi anh hudng.

Tuy nhién, tong tic dong kinh té khong qua 16n. D thi 10 cho thdy phan trim suy giam cta
GDP giai doan 2046-2050. Kich ban Khéng c6 nudc bién dang 1a kich ban Thuy dién (nghia 1a két
hop cua kich ban Nong nghiép, Puong giao thong va Thity dién). Kich ban nudc bién dang thap
gdy tac dong it nhit trong cac kich ban. GDP trong giai doan d6 nam trong khoang +, - 0,25 va -
2,5% v6i hau hét cac két qua roi vao khoang -0,5 dén -1,5%. Véi kich ban Nudc bién dang cao va
Bio, GDP trong giai doan 2046-2050 thap hon tir 0,5 dén 3,0%.

Po thi 10: Giam GDP thuec so v6i kich ban goc (trung binh giai doan 2046-2050)
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Boi vi ting truong 1a mot qua trinh, nhitng suy giam GDP néi trén dan dén giam sat nho toc do
tang truong trung binh hang nam trong giai doan méd phong (2007-2050). Trong kich ban Bio, tdc do
taing GDP binh quéan giam tir 0,01 diém phan trim dén 0,08 diém phan trim. Hay néi mot cach khac,
néu toc d6 ting trudng binh quan hang nim cua kich ban gbc khong c6 bién ddi khi hau 1a 5,4% thi toc
do tang truong cho kich ban co bién d6i khi hau dao dong trong khoang 5,32 dén 5,39%.

Trong khi bién doi khi hau khong 1am suy giam nhiéu téc do ting truong kinh té binh quan
trong 40 nam t6i thi tac dong ctia n6 khong hé nho. Thém vao d6, phan tich cho thay bién d6i khi
hau gay can trd nén kinh té va dén nam 2040 tré 1én tuong ddi 16n. Gid trj hién tai thuan cua thiét
hai theo kich ban dugc minh hoa trong Do thi 11 va theo thap ky cua kich ban Bao trong Do thi 12.
Gi4 tri hién tai rong cua thiét hai c6 thé 1én dén khoang 40 ty USD niam 2007 trong truong hop xiu
nhat. Thiét hai udc tinh trong khoang tir 8 dén 21 ty USD. Mic du c6 truong hop c6 nhimng tac
dong tich cuc khi khong c6 nude bién dang, cac kich ban khi bao gdm tit ca cac tac dong (kich ban
Nudc bién dang thap, Nudc bién dang cao va Bao) déu tao ra gia tri hi¢n tai thuan am. D6 thi 12
nhan manh réng mac du ty 1€ chiét khau chi c6 5%, gia tri hién tai thuan cta cac tac dong cua bién
d6i khi hau ting theo thoi gian va cao nhit vao nhitng nam 2040. Diéu nay 1a do tac dong tit yéu
ctia nuéc bién dang.

Po thi 11: Gia tri hién tai thuin cia thiét hai theo kich ban (2008-2050).
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Po thi 12: Gia tri thiét hai hién tai thuin theo thap ky ciia kich ban Bio.
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Tém tat va két luan

Tinh dén nam 2050, nhitng bién doi vé khi hau c6 thé xay ra 1a: nhiét d6 tang 1 dén 2 d6 C;
luong mua c6 xu hudng giam nhe va lugng nude bdc hoi ting nhe. Sy két hop giita giam nhe
luong mua véi ting nhe nude boc hoi dan dén thoi tiét sé kho hon. Dong nudc cling c¢6 sy thay doi
nhe, kha ning ting va giam 1a nhu nhau (gié tri trung vi giam nhe). Nhiing thay d6i nay khong du
manh dé tao ra syt giam 16n vé san lugng nong nghiép va ciing khong gia ting manh cac hién
tuong thoi tiét cuc doan vi du nhu lut 11, co thé de doa dén co s ha téng. Hon thé nita, san xuét
thuy dién c6 xu hudng bi anh hudng tiéu cuc nhung khong 16n dé c6 thé giy ra mot ¢t phanh gip
cho tang truong kinh té.

Nuéc bién dang co thé tao nén tac dong manh nhét, dic biét khi nudc bién dang cao va khi
két hop voi bdo. Pong bang song Ciru Long dic biét dé bi ton thuong véi ty 18 dat bi ngap dén nim
2050 1a 16m trong kich ban nudc bién dang cao. Nhin tong thé, dén nam 2050 bién doi khi hau tac
dong tiéu cyc dén ting truong kinh té cua Viét Nam. Tuy nhién, dudi goc d6 kinh té vi mé, nhimng
tac dong dén khoang trudc nam 2040 khong 16n. Nhitng yéu té khac c6 thé dong vai tro quyét dinh
hon dbi véi tang truong kinh té ciia Viét Nam trong vong may thap ky toi.

Céc sb liéu udc tinh vé gia tri thiét hai hién tai thuan cho thdy tac dong cua bién d6i khi hau
¢6 thé dang quan tAm va nén c6 chinh sach diéu chinh kip thoi. Nhitng hanh dong chinh sach bao
gom:

- Pau tu vao hé thong thong tin dé theo ddi tac dong ciia bién doi khi hau, bao gdm nang cap

hé thong thong tin dia 1y, tap trung vao dit liéu do cao so voi mat nude bién déi voi nhiing
tinh c6 d6 cao thip, ven song va theo ddi du bao qudc té vé nudc bién dang;

- Phat trién va da dang hoéa cay tréng chiu nhiét;
- Nang cao hi¢u qua su dung nudc;

- Thay doi tiéu chuan thiét ké co so ha tang dé ddi pho vé6i su thay doi thudng xuyén cua khi
hau va thoi tiét nong 1én vi du nhu thiét ké duong giao thong.

Mdi quan tdm chinh sach 16n nhét 13 tac dong ctia nudc bién dang két hop vai bio. Vé co
ban, co6 hai lya chon chu dong. Thu nhat, chinh phu Viét Nam c6 thé hudng cac hoat dong kinh té
dau tu dén cac dia diém cao. Thi hai, chinh phu dau tu chuén bi co s& ha tﬁng han ché nhirng tac
dong tiéu cuc ctia nudc bién dang trong twong lai. Nhitng lua chon nay khong loai trir nhau va céc
quyét dinh tng pho voi bién ddi khi hau khong nhét thiét phai ban hanh ngay lap tirc. Tuy nhién,
trong khi cin c6 thém cac nghién ctru khac, két qua nghién ctru hién nay cho thiy huéng cac hoat
dong vao ving dat cao hon ¢ thé c6 hiéu qua kinh té va chic chin d& rai ro hon. Ly do dé phan
d6i dau tu cho co s ha tang 1a van dé vé von dau tu. Ca chi phi cia viéc xdy dé bao ciing nhu von
d6 vao d6 déu co thé phai déi mat voi rai ro 1a khu vuc d6 nam trong ving anh huong dang ké cua
bdo. Vi vay, lya chon dau tu co so ha ting dé tmg pho véi bién doi khi hau ludn cé chiu rai ro 13
ton that rat 1on. Dbi vai chién luge chuyén dan cac hoat dong san xuét 1én vung dét cao, cac hoat
dong dugc thyc hién dan dan do d6 c6 hiéu qua nhung can duoc trién khai sém, trong vong 10 nam
td1, dac biét trong truong hop néu du bao vé kich ban nudc bién dang cao tré thanh hién thuc.
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TAC PONG CUA BIEN POI KHI HAU PEN TANG TRUGNG
VA PHAT TRIEN KINH TE CUA VIET NAM

1. Giéi thiéu

Giéng nhu & nhiéu nuée, Viét Nam quan tam dén tac dong cua bién d6i khi hau dén tang
truong va phat trién kinh té. Bao cdo nay trinh bay phan tich tong hop vé tac dong cua bién ddi khi
hau cho Viét Nam. Béo céo tap trung phén tich tac dong dén nam 2050. Ba yéu té trong phan tich
can duge dé cap o0 day. Thu nhét, cach tiép can ciu tric tir dudi 1én duogc ap dung ¢ nghién ctru
nay. Cac phan tich dwa vao hang loat mé hinh ciu tric ndi nhiing kich ban bién d6i khi hau voi két
qua vé kinh té. Tht hai, so v6i cac phan tich tac dong khac, cach tiép can trong bao cao ndy tuong
d6i tong hop, xem xét 6 kénh tac dong quan trong: san lugng cay trong, nudc cho thay loi, san xut
thity dién, hé thong duong giao thong, nudc bién dang va bdo. Cudi cling, phan tich xem xét du bao
khi hau cta 56 kich ban ciia mo hinh tuan hoan tong thé (GCM), sir dung trong Bao cdo danh gia
lan thtr tu ctia IPCC. Su két hop giita 3 yéu t trén 1am cho bao cdo mang nét didc trung riéng biét
va cho phép nhiing phén tich chi tiét vé tic dong ctia bién doi khi hau cho Viét Nam. Viéc sir dung
nhiéu kich ban bién d6i khi hau dic biét quan trong. Két qua bién d6i khi hau rat khac nhau qua cac
kich ban. Do d6, viéc lua chon mét so kich ban bién doi khi hau thay vi lya chon céc kich ban khac
c6 thé anh huong 16n dén cac két luan dua ra. O ddy, cac két qua vé bién ddi khi hau cua 56 kich
ban dugc stir dung.

Céch tiép can duoc trinh bay trong Do thi 1-1. D thi chi ra cac dong thong tin trong hé thong
phan tich. Nhu dugc trinh bay trong do thi, du bao vé khi hau cho kich ban gbc va kich ban bién
d6i khi hau khac dugc chuyén tai sang tac dong kinh té qua cdc mé hinh chuyén dung. D6 13 mé
hinh vé luu vuc song va ngudn nudce, 3 md hinh nganh xem xét tac dong bién doi khi hau dén nong
nghiép, niang luong va co s ha ting. M6 hinh luu vuc song quyét dinh dong chay trong mé hinh
ngudn nude, sau d6 mé hinh nay udc luong luong nude cho san xuét thuy dién va dap Gmg nhu cau
thuy loi. M6 hinh luu vuc song cling du doan tan suat va cuong do 11, cung voi lugng mua va nhiét
d6 quyét dinh gia tri duong bi pha hay trong mé hinh co s ha tang duong. Xem xét tac dong cia
bién d6i khi hau anh huéng dén nong nghiép trong mé hinh trong trot. Cudi cing, két qua cua cac
mo hinh trén dugc chuyén tai sang mo hinh kinh té da nganh dé udc tinh tac dong kinh té cta bién
ddi khi hau. Chting t61, cling xem xét kénh tdc dong nganh thu tu quyét dinh thiét hai vé dat, co s&
ha tdng va von tir nude bién dang cling nhu két hop gitta nudc bién dang va bio.
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Po thi 1-1: Khung mé hinh tich hep.

M5 hinh tuan hoan tong

thé (GCM)
Nhiét dé
Luong mua
v
M0 hinh Ivu vye song Lut lgi
(CLIRUN)
Dong chay
Mb hinh ngudn nue
> (WEAP)
Nhu cau nwde Dong song
thiiy loi Béc hoi nuée
\4 \4 \ 4 A 4
M5 hinh miia mang Mb hinh thay dién M5 hinh co s¢ ha tAng
(CLICROP) (IMPEND) (CLIROAD)
Nd‘ng sudt Culn(g; Zang bo dz‘i l}é thong
trong trot wong wong
A 4
Mo hin}} can béng téng «-—-- dDi_én tzch b‘?i?t ’;‘%ép Zu‘t
thé (DCGE) btz nudc bién dang va
do

Nguén: Nhom tac gia

Phan tich sau trinh bay trong bao cao dugc xuét phat tir nhitng van dé dang duoc quan tim dé
cap trong cac nghién ctru. Dasgupta va cong su (2007) chi ra tinh dé bi ton thuong trong truong
hop nude bién dang. Adger (1999) dé cap dén ton thuong xa hoi, tap trung vao ving duyén hai cia
Viét Nam. Géan day nhit, Yu va cong su (2010) cho rang “Viét Nam c6 thé 1a mot trong nhiing
nude bi tac dong manh nhat cia bién dbi khi hau” théng qua nghién ctru tap trung hoan toan vao
khu virc nong nghiép. Ngan hang thé gi6i (2010c) trinh bay nd luc dau tién trong danh gia tic dong
dén tang truong trong twong lai. Nghién ctru cho thay bién dbi khi hau sé& tac dong dang ké t6i mot
s6 khu vuc va mot sb nganh; tuy nhién, tac dong kinh té vi mo c6 thé tuong ddi thép, it nhat 1a dén
nam 2050. Tuy nhién, nghién ctru nay chi sir dung ba kich ban bién ddi khi hau va xem xét mot sb
it kénh tac dong.

B4o c4o nay c6 cau trac nhu sau: Phan 2 tom tat cac kich ban bién d6i khi hau qua 56 vong
chay cia GCM. Muc 3 dén 6 tom tit cach thirc xem xét tac dong kinh té cua cac kich ban bién dbi
khi hau. Muyc 7 trinh bay két qua tap trung vao ting truong kinh t& dén nam 2050. Muc 8 tom tit va
két luan. Chung t6i phat hién rang GDP giai doan 2046-2050 c6 thé cao hon khoang 0,25% va thap
hon khoang 3,0%, trong do hau hét cac kich ban roi vao khoang -0,5 dén - 2,0%. Boi vi tdng
truong 1a mot qué trinh, vi vady muc sut giam do chiém ty trong nho trong tdc do tang truéong hang
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nam trung binh giai doan mé phong (2007-1050). Trong kich ban Bio, toc do ting trudng trung
binh hang nim giam khoang tir 0,012 dén 0,08 diém phan tram.

Trong khi bién d6i khi hau khong gay ra sy suy giam nhiéu trong tc do ting truong kinh té
trung binh ciia 40 nam t4i, y nghia ctia né khong nho. Thém vao dé, phan tich chi ra rang bién do6i
khi hau giy can tr& dén nén kinh té ngy cang manh hon va dic biét 16n trudc nhitng nam 2040.
Gia tri thiét hai hién tai rong (voi chiét khau 5%) trong truong hop x4u nhét 1én téi 40 ty USD (gia
nam 2007). Mic thiét hai trung binh nam trong khoang 8 dén 21 ty USD. Hon thé nita, mic du voi
ty 1& chiét khéu 5%, gia tri thiét hai hién tai rong do bién d6i khi hau ting dan theo thoi gian va lén
dén dinh diém vao nhitng ndm 2040. Hau qua 1a, dic bi¢t trong truong hop thiéu Véng chinh sach
giam thiéu toan cau, tic dong 16n hon nhidu c6 thé xay ra trong nira cudi thé ky 21 véi sy két hop
ctia kich ban nuéc bién ding va bio giy ra tham hoa 16n.

2. Cac kich ban bién d6i khi hau

Bién d6i khi hau trong tuong lai rat kho dinh doan do su phuc tap cua hé théng khi quyén trai
dat va do cac yéu t6 tac dong cua loai ngudi. Cac mo hinh tuan hoan téng thé (GCM) hién nay
phdong doan nhiéu kich ban bién ddi khi hau, dic biét & tim quéc gia (xem Solomon va c{ng su,
2007). Piéu nay do su khac biét trong khoa hoc mé hinh hoa hé thong khi hau toan cau va do su
khoéng chic chan trong viéc nén kinh té toan cau s& van hanh nhu thé nao trong nhiéu thap ky t6i.
Su khong chéc chin d6 ngu ¥ rang cac mé hinh GCM phai dugc sir dung dé du bao bién ddi khi
hau trong twong lai cho nhiéu kich ban phat thai c6 thé dua trén cac gia dinh khac nhau vé dan s6
trong tuong lai, tién bo cong nghé, hiép dinh toan cau vé giam thai cac bon.

Pugc trinh bay 1an dau tién tai Bao cao ddc biét vé kich ban phat thai cua Uy ban lién chinh
phu vé bién d6i khi hau (IPCC) (2000), kich ban phat thai A2, A1B, va B1 dai dién ba kich ban cia
thé ky 21 véi 2 gia dinh vé tac dong ctia con ngudi toi bién doi khi hau. Trong kich ban A2, toan
cau hoa tién trién khong nhanh ldm, chil yéu 13 hoi nhap trong timg khu vuc, ting dan sb tuong d6i
nhanh, ting truong GDP ting tuong ty nhu kich ban gdc, str dung nang luong toan cau twong d6i
16n, str dung dat bao ham duy tri téc d6 hién nay va c6 nhiéu sy thay d6i, ngudn niang lugng sin c6
khong nhiéu, thay doi cong nghé dé ting cuong tiét kiém ning luong rat cham va dic biét khong
tap trung vao cac giai phap dé giam thiéu nham tmg phé véi bién d6i khi hau.

Kich ban Al mé phong thé ky 21 véi téc d6 toan cau hoa nhanh hon, kinh té khu vuc hoi
nhap v6i nén kinh té toan cau lam giam manh khoang cach GDP binh quan dau ngudi giita cac khu
vuc. Kich ban A1B mé phong thé ky 21 vé6i nén kinh té toan cau héa can bang giita tién bo cong
nghé gia ting hiéu qua s dung ning lugng hoa thach va phat trién cong nghé ning luong tai tao.
Trong kich ban nay, GDP binh quan dau nguoi ctia khu vuc kém phat trién ting dé bat kip véi cac
nén kinh té phat trién, ty 1¢ sinh dé giam trén toan cau cing giam xudéng mot muc kha thap. Tc do
taing GDP toan cau nhanh dan dén muc st dung ning luong rat cao trong khi d6 toc do thay doi
cong nghé nhanh, tip trung vao cong nghé sir dung nang lugng hiéu qua, giam thiéu phat thai khi
nha kinh. Thay d6i str dung dat trong kich ban nay rat it va ngudn nhién liéu van trong kha ning
dap tng nhu ¢ nira cudi thé ky 20.

Kich ban B2 1a kich ban géc. Tbc d6 tang dan $0, tang GDP, st dung nang lugng, st dung dat
nguodn niang luong sin co va thay doi cong nghé lién quan dén ning luong trong thé ky 21 van dién
ra binh thuong, duy tri toc do ctia né nhu nira cudi thé ky 20.
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Trong phan tich nay, kich ban A2, B1, va A1B dugc luya chon dé thé hién tuong ung céc
truong hop bi quan, lac quan va truong hop trung binh. Luong phat thai CO, cong don toan cau
(GtC) tir 1990 dén 2100 cho nhitng trudng hop nay trinh bay trong D6 thi 2-1.

Do thi 2-1: P§ tap trung CO, dwoe du bao béi cac kich ban SRES (IPCC, 2007)
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Pé bao phu hét cac kha niang bién d6i khi hau co thé xay ra, bio cdo nay sir dung két qua tir
22 md hinh tuan hoan tong thé (GCM) cho 3 kich ban trong bao cao dic biét vé phat thai (SRESs)
noi trén. Nhu vay, bao cdo str dung tat ca 56 kich ban khi hau trong tuong lai, dai dién cho tap hop
kich ban duoc xem xét tai Bio cao danh gia 1an thir 4 (AR4) (khong phai tit ca cac kich ban két
hop GCM-SRES dugc xem xét trong AR4).

Két qua cua cac mo hinh nay cho Viét Nam dugc tom tat trong Do thi 2-2 dén DO thi 2-5
dudi dang hop va diém. D) thi 2-2 thé hién su gia tang cua nhiét do trong ca 3 kich ban, SRESs
(A2, A1B, and B1) va theo khu vuc cua Viét Nam. Dya vao nhiing mé hinh nay, nhiét d¢ trung vi
binh quan dén nam 2050 tang khoang nhé hon 1,5 d6 C, vdi cac két qua hoi tu xung quanh trung
vi. Dbi véi tat ca cac khu vuc cua Viét Nam, nhiét do ting tdi thiéu tir dudi 1 do C dén téi da la
hon 2 d6 C.

Nhu D6 thi 2-3 cho thdy du bao vé lugng mua khong chic chin nhu dy bao vé nhiét do. Vé
tong thé, Viét Nam c6 kha ning c6 lugng mua giam nhe, thay d6i cua gia tri trung vi mang ddu am
d6i cho tat ca cac kich ban khi hau. Tuy nhién, diéu kién khi hau kho hon chi c6 kha ning xay ra
nhiéu hon mét chut so voi khi hau 4m hon ¢ tim quéc gia. Su khong chic chin nay twong tu cho
tat ca cac ving. Do6i voi tat ca cac tinh va kich ban SRES, gia tri thay doi trong khoang tir phan vi
(thé hién trong khoang hop trong Do thi) c6 ca gia tri ting va giam vé lugng mua. Gia tri 16n nhét
va nho nhat ndm trong khoang rat 16n (ké ca khi loai trir trudng hop ngoai vi), voi gia tri ting
chiém khoang 10-20% va giam chiém khoang 10-15%. Néu xem xét ca diém ngoai vi (ddu + trong
P thi) thi khoang nay cang rong hon.
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Po thi 2-2: Thay ddi nhiét dd trong nhirng nim 2040 so véi kich ban goc
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Chu thich: Pudng ké d6 thé hién thay d6i nhiét do trung vi. Hop minh hoa cac két qua trong khoang gia tri 25-75% két qua (khoang tir
phan vi) va cac diém miéu ta gia tri 16n nhat va nho nhat, ngoai trir nhitng diém ngoai vi. Nhitng diém ngoai vi duoc thé hién bang dau +.
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Po thi 2-3: Thay ddi vé lwong muwra trong nhirng nim 2040 so véi kich ban goc
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Chii thich: Puong ké d6 thé hién thay doi lugng mua trung vi. Hop minh hoa cac két qua trong khoang gia tri 25-75% két qua (khoang
t&r phan vi) va cac diém miéu ta gia tri 16n nhat va nho nhét, ngoai trir nhitng diém ngoai vi. Nhitng diém ngoai vi dugc thé hién bang dau +.
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Po thi 2-4: Thay ddi vé lwgng nuwée boc hoi so véi kich ban goc

1900 A0enalpannaspa® IBofal AL

Thay d6i vé lwong nwéc bée hoi (%)
o

A2 Alb B1 A2 Alb Bl A2 Alb B1 A2 Alb B1 A2 Alb B1 A2 Alb B1 A2 Alb B1 A2 Alb B1 A2 Alb B

Tay Nguyén BB sbéng Béc Trung bd Poéng Bac TayBéc DB song Héng DuyénhaiNam Bong Nam b Trung binh cla
Clru Long trung bd Viét Nam

Chii thich: Puong ké d6 thé hién thay d6i luong nudc bdc hoi trung vi. Hop minh hoa cac két qua trong khoang gié tri 25-75% két qua
(khoang tir phan vi) va cac diém miéu ta gia tri 1on nhat va nhé nhat, ngoai trir nhitng diém ngoai vi. Nhiing diém ngoai vi dugc thé hién
bang du +.
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Thay dbi vé chi s6 dd &m khi hau CMI

Po thi 2-5: Thay ddi vé chi s6 dd am twong doi so v6i kich ban gbc
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D6 thi 2-4 va Do thi 2-5 m6 phong nhiing thay ddi vé lwong nudc bdc hoi tiém ning (PET)
va chi s6 46 4m (CMI). Hai chi sb nay két hop véi cac chi sb6 vé nhiét do va do Am w6t dé cho ra
mot chi sb tong hop thuan. PET miéu ta thay d6i vé ty 1é boc hoi nude. PET bi anh hudng boi nhiét
d6 va 6 4m. Chi s6 @6 am (CMI) (Willmott and Feddema 1992) 14 chi s6 do muc d6 kho khan cua
khu vyc. CMI phu thudc vao lwong mua trung binh hang nim (P) va luong nudc bdc hoi (PET).
Khi hau duoc chia thanh twong d6i kho (hoic twong ddi am) va kho (am) boi vi PET tang (giam)
theo luong mua. CMI duoc x4c dinh nhu sau:

CMI=-1+P/PET  néuPET>P

CMI=0 néu PET = P

CMI = 1-(PET/P)  néuPET <P

CMI c6 gia tri -1 13 rat kho va +1 1a rat 4m u6t. Trong truong hop Viét Nam, do am rat cao
nén han ché sy thay doi ciia PET. Tuy nhién, PET c¢6 xu hudng ting nhiéu hon so véi lugng mua &
hau hét cac khu vuc. Két qua 1a theo CMI diéu kién khi hau & Viét Nam c6 xu huéng trd 1én kho
hon. Nhu vay, mdt lan nita, gia tri CMI cua Viét Nam trong tuong lai tuong doi khong chic chin,
dic biét dbi voi cac ving.

Theo xu hudng qua cac thadp ky, thay d6i trung binh vé nhiét do véi so véi kich ban géc cua
56 md hinh GCM dugc trinh bay trong d6 thi 2-6. Xu hudng thap ky ddi véi lugng mua theo khu
vuc duoc trinh bay trong D6 thi 2-7, D6 thi 2-8 va Do thi 2-9.

Do thi 2-6: Thay déi nhiét d so véi kich ban gbe (2011-2050)
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Po thi 2-7: Thay ddi lwong mua trung binh cho viing phia Bic
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Po thi 2-8: Thay ddi lwong mua trung binh cho khu vye mién Trung
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Po thi 2-9: Thay ddi lwong mua trung binh cho phia Nam
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Mo hinh GCM du bao rat tot xu hudng khi hau nhung khé ¢ thé cho biét sy thay doi thoi tiét
theo tirng ngay. Tuong ty nhu cac nghién ctru cua Yates va Strzepek (1998), Gleick (1991), Hulme
(1989) va Arndt va cong su (2011), nghién ciru nay sir dung cach tiép can “delta” dé wéc luong
luong mua va nhiét do trong twong lai. Theo cach tiép can nay, két qua dau ra vé cac bién khi hau
trong md hinh GCM nhu thay ddi nhiét do va lwong mua duoc ap vao dit liéu khi twong thuy van
quan sat dugc trong qua khtr cia kich ban co s¢ dé xay dung cac kich ban bién d6i khi hau. Phuong
phap tiép can “delta” nay dugc ap dung vio cac bién thoi tiét trong chudi cac quan sat vé khi hau
trong qua khir dé tao ra diéu kién vé nhiét d6 va lugng mua trong twong lai.

Vvé téng thé, cac kich ban khi hiu xem xét nhitng bién dong dang ké theo kich ban
GCM/SRES. Piéu nay dac bi¢t chinh xac ddi véi lugng mua. Tuy nhién, xu hudng nhiét do ciing
thay ddi theo khu vuc va theo thap ky. Bdi vi sy khong chic chin cua 56 kich ban 1a nhu nhau, vi
vay vi¢c xem xét tat ca dau ra cta 56 kich ban nay s€ mang lai tinh chinh xac cao hon la chi xem
xét mdt vai kich ban. Pay 1a mot trong nhiing budc dé tién t6i viée xac dinh cac tac dong cua bién
d6i khi hau mot cach chinh xac hon.

3. Nong nghiép: Tac dong ciia bién d6i khi hau dén sin lweng trong trot va
nhu cau thiy loi

Nam 2005, nong nghiép va 1am nghiép chiém khoang 16% tong san pham qudc nodi (GDP).
Khoang 60% luc luong lao dong dang tham gia hoat dong trong khu vuc ndng, 1am, ngu nghiép.
Thay ddi vé nhiét do, luong mua, do 4m va do man trung binh déu anh huong dén tr@)ng trot, do do
tac dong dén kinh té vi mé.

Lua 1a ciy trong chinh ciia Viét Nam. Cac cdy trong khac bao gdm ca phé, bong, lac, cao su,
duong va ché. Trong nghién ctru ndy, lGa, ca phé, cao su, dudng, ché, ngd (dai dién cho ciy trong
hang nam) va hat diéu (dai dién cay trong lau ndm) dugc mo phong dai dién cho nong nghiép. Viét
Nam duoc chia thanh 8 ving trong phén tich trdng trot: Mién néii phia Bic, Pong bang séng Ciru
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Long, Duyén hai Bic Trung bo, Pong Bic, Tdy Béc, Pong bang song Hong, Duyén hai Nam trung
bd va Pong Nam bo.(1) San luong hang nam va nhu cau thuy loi duge tinh todn cho mdi ving va
duoc trinh bay trong DO thi 3-1 dudi day.

Céc nghién ctru khac nhau c6 nhiéu du doan khac nhau vé tac dong cua bién ddi khi hau dén
tréng trot nhung tat ca déu co két luan chung la khu vuc ndng nghi¢p s€ bi anh huong ti€u cuc.
Zhai va Zhuang (2009) cho thdy bién d6i khi hau c6 thé c6 tac dong tidu cuc khong nho dén ting
truong kinh t& Dong Nam A. Nghién ctru ny sir dung két qua ctia nghién ctru caa Cline (2007), du
bao bién doi khi hau s& 1am giam san luong trong trot xuéng khoang tir 2 dén 15% trude nam 2080.
Cline ap dung két hop phuong phap tiép can thdng ké Ricardian v6i mé hinh trong trot vao 6 mo
hinh Tuan hoan téng thé khi hau (GCM) cia IPCC. Yu va cong su (2010) két luan rang san xut
laa s& bi “ton that nang né” do bién doi khi hau. Nghién ciu nay sir dung mo hinh trong trot
WOFOST (Van Diepen va cong su, 1989; Boogaard va cong su, 1998) két ndi voi mé hinh thuc
nghiém trong trot-ngudn nudc (Thurlow va cong sy 2009) dé danh gia tic dong cia mua va nhiét
d6 dén tréng trot. Nhitng két qua nay sau d6 dugc nbi v6i md hinh thuy hoc va mo6 hinh luu vyuc
song. San xuat lta & dong bang song Ciru Long dugc du bao s& giam khoang 13% dén nim 2050
cht yéu do nudc bién dang. (Yu va cong sy, 2010). Nghién ctru gia dinh nude bién dang 30cm dén
nam 2050. Nghién ctru str dung du bao khi hau cia 3 m6 hinh GCM (du bao udt, trung binh, kho),
bao gdm ca tac dong ctia 30cm nude bién dang trude 2050, gay ngap lut va man hoa.

Po thi 3-1: Ving ciia Viét Nam
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Chii thich: Nghién ciru nay chi xem xét nhitng phan lanh tho cia Viét Nam ma chiing t6i ¢é thong tin
dé phan tich vi vay ban do trong do thi trén khong co y dinh phan anh day du tat ca cac vung lanh tho cua
Viét Nam.

(1) Phan viing nay tuong tng véi phan ving trong néng nghiép ctia mo hinh can bang tong thé dugc trinh bay trong muyc 7.
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3.1. Phwong phap

Nghién ctru nay st dung mo6 hinh CliCrop (Strzepek va Fant 2009). M6 hinh nay 1a nd luc
can bang giira tinh chinh x4c va tinh don gian, tip trung vao uéc lugng tac dong cua bién ddi khi
hau dén nhu cau thuy loi va san Xuét tréng trot phu thudc vao mua. CliCrop la m6 hinh xem xét sy
thiéu hut nudc cho tréng trot, dugc sur dung dé tinh toan tac dong cua thay doi luong mua ddi véi
san luong trong trot va nhu cau tudi tiéu. M6 hinh nay duoc phat trién mo rong cliia cic md hinh
trong trot hién nay, sir dung s liéu lugng mua trung binh va nhiét d6 hang thang dé xac dinh san
luong cay trong. Nhitng mé hinh nay khong nim bat duoc tac dong cia su thay dbi ché do mua,
bién s6 co tac dong manh dén san xuit tr@)ng trot. Nguoc lai voi cdc mo hinh hién nay, CliCrop c6
thé dy doan thay d6i cua san luong cay trong theo thay doi thoi tiét dbi voi ca cay trong phu thudce
vao mua tu nhién, phu thudc vao diéu kién thuy loi cling nhu nhitng thay ddi vé nhu cau thuy loi.

CliCrop ciing dugc xdy dung dé phu hop voi yéu cau tdi thiéu vé sd liéu boi vi cac nghién
cuu thudc linh vuc nay cé thé bi han ché vé sd liéu. Thong tin dau vao cua CliCrop la thoi tiét
(nhiét d6, lugng mua), tham sé dat (ning suat, diém x6i mon), chat dan suat (saturated hydraulic
conductivity), va kha nang ngdm nudc (saturation capacity), va cac tham sb phu thudc vao loai cay
trong.

Tac dong ctia khi hau dén san lugng cy trong dugc mo hinh hoa gian tiép thong qua anh
huong dén d6 4m cua dat qua sy bdc hoi, thoat hoi va sy thim nhép cua nudc mua vao cac téng
dat. M6 hinh st dung tinh chét cua dat va luong mua dé tinh toan d6 tham nhap qua phwong phap
s6 duong cong USDA (Bureau of Reclamation, 1993). M6 hinh sau dé tinh toan d6 am cua mdi
tang dat, tinh toan luong 4m cho phép thim vao nhiing ting dét sau va tinh toan hé sé san luong
clia mua vu sau.

Tinh toan san luong dua vao ty 18 gitta luong nude boc hoi thuc té (ET) va luong nude boc
hoi tiém nang (PET). Gia tri san luong dugc tinh toan cho mdi trong 4 giai doan phat trién va 1 gia
tri cho ca mua vu. Gid tri nho nhét trong 5 gid tri dugc coi la san lugng han ché va dugce coi 1a gia
tri san lugng udc tinh. Mdi gi tri san lugng duoc tinh toan sir dung phuong trinh sau diy (Allen,

va cong su, 1998).
d
-
y,) ETA

%Yield! = Y,
Y

m

Trong do6: Y, 1a san lugng thuc du béo, Y,, 1a gia tri san luong t6i da; & 1a hé s san lugng
cho giai doan phat trién d; ETCY 12 tong cdu ET hang ngay cho trong trot trong giai doan phat trién
d; ETAY 1a tong ET thyc hang ngay cho giai doan phat trién d; %Yield” 12 ty 1& san lugng thyc trén
san lugng tdi da, Hé sb san luong ‘Yield Factor’ dugc tinh toan bdi CliCrop (Allen, et al. 1998).
M&i ndm, sau khi san lwong duoc tinh, néu c6 ngap ting xay ra trong mua vu thi san luong s& giam
duogc tinh theo phuong phap cua Sieben (1974).

ET thyuc duoc tinh 14 ham sb cua luong mua, nhiét do, PET, do 4m cua dat, do sau cua 18, loai
cdy trong, do hoi tu CO, trong khi quyén. Tinh toan nay duogc tinh cho mdi ngay, mdi tang dat.
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CliCrop sir dung phuong trinh ctia Hargreaves c6 chinh stra dé tinh PET (Hargreaves va cong su,
2003). P 4m cua dit dugc tinh bang cach twong ty nhu phuong phap st dung trong mé hinh
SWAT (Neitsch et al, 2005), chi tiét dugc trinh bay trong nghién ctru cua Strzepek va Fant (2009).
Tham s6 cay trong & dy tuong ty nhu nhitng tham sé st dung trong CROPWAT (Allen va cong
su, 1998) duoc sir dung trong tinh toan nay ciing nhu tinh toan cau vé luong nudc bdc hoi (ET)
hang ngay. Do hoi tu CO, tic dong dén cau ET hang ngay cho trong trot theo phuong phap dugc
giai thich trong Rosenzweig va Iglesias (1998). Tham sd cdy trong duge diéu chinh theo nam sir
dung phuong phap xay dung boi Allen va cong sy (1998) vé diéu chinh cau ET cho trong trot va
Wahaj, Maraux, va Munoz (2007) vé diéu chinh khoang thoi gian trong trot, wdc tinh phan tmg ciia
trong trot dao dong so v6i diéu kién thoi tiét “trung binh”.

Pé mo hinh héa san xuét laa & Viét Nam can mot sd thay doi so véi mé hinh CliCrop gdc.
Trong cac giai doan tr(‘Sng lta, cay lua bi chim mdt ph?ln dudi nudce vi vay can c6 thuy loi. Pé mo
hinh héa dic diém nay trong CliCrop, md hinh can duogc diéu chinh dé dat van duy tri trang thai am
udt hoan toan trong khi tréng lta cling nhu do sau nhat dinh cua nude trén mat dat. Néu luong mua
khong di dé duy tri diéu kién nay, mo hinh gia dinh ngudi nong dan sé phai lam thuy lgi. D6i voi
cic mua vu can thuy o1, su khac nhau gitra lugng nudc can cho tréng cay va lugng nudc mua nhan
duoc duoc coi 1a sy thiéu hut vé nude.

Trong nghién ctru nay, mo hinh CliCrop cho lua gia dinh lugng nu’(')rc cho tuoi tiéu duge cung
cap du qua thuy loi. Gia dinh nay lam cho san lugng cao dong thdi nhu ciu vé thay loi cao. Trong
muc vé ngudn nude, nhu cau thuy lgi s& duge so sanh véi cung. Néu cau vuot cung, nguoi nong
dan s€ phai bdé hoang dat, chi lam thuy o1 mot phan hoac trong laa dua vao mua tu nhién. Bat ké
ndéng dan quyét dinh nhu thé ndo trong truong hop ndy, san xuat lua s& giam. Nhiing loai suy giam
san xuat nhu vy khong thé hién trong san luong két qua ciia CliCrop trong phan nay nhung dugc
trinh bay trong phan 4 va phan phan tich toan nén kinh té trong phan 7.

Mo hinh duoc tinh véi sb lidu thoi tiét hang ngay, duoc 1iy tir Nhém nghién ciru nudc bé mat
cua truong dai hoc Princeton (Sheffield, et al., 2006). S6 liéu nay co ty 1¢ 1 do trén 1 do. Vi vay,
CliCrop ciing dugc chay cho ty 1€ phan bo 1 do trén 1 dd cta Viét Nam (Xem Do thi 4-1 vé kich ¢&
phan bd). Tt ca tham sb dat dugc lay tir Co so dir lidu dat cia FAO (Batjes, 2002). Tham s ciy
trong dugc sir dung cé thé tim thiy trong tép thong tin ddu vao cua mo hinh CROPWAT va
AquaCrop, c6 trén trang dién tir cia FAO (fao.org). Thong tin dau vao vé khi hau trong tuwong lai
dugc miéu ta trong myc 2.

3.2. Két qua
3.2.1. Kich ban géc

Bang 3-1 trinh bay hé s6 san luong trung binh cua kich ban gbc theo khu vuc va theo cay
trong trong nghién ctru nay. Hé sb san luong nay duoc trinh bay duéi dang phan sd, theo d6 1 1a
san lwong hoan hao (ciy trong dat san luong tiém ning) va gia tri 0 1a khong c6 san luong. San
luong giam (bat ky gia tri nho hon 1) bi gy ra bai 1y do cing thang vé nudc dy bao boi mo hinh
CliCrop. Nhu di chi ra, dbi voi ltia, dang mé hinh CliCrop-thuy loi dugc str dung, c¢6 nghia la cing
thang vé nudc rat it khi xay ra (két qua 1 cho hé sb san lugng twong ddi cao). Thay ddi vé thiéu hut
nudce va nude bién dang ciing sé anh huong dén san xuét lta. M6 hinh tréng laa duoc mod phong
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cho 3 thoi vu: vu chinh (gifra thang 5 va 8); vu he - thu (gitra thang 4 va thang 6); va vu dong - xuan
(gitra thang 12 va thang 2) (Maclean va cong su, 2002).

Luong nudc bi thiéu trung binh hang nim duogc trinh bay trong Bang 3-2. Luong nudc thiéu
duogc tinh theo do dai ctia chu ky mua vu. Vi dy, mia duogc tréng cd nam do do luong nudc thiéu
hut cho thuy lgi (mm/ndm) dugc tinh cho ca ndm. Thay vao d6, hoa duoc trong trong chu ky 95
ngay do d6 gia tri lugng nudc thiéu hut dugc tinh trong tong thoi gian 1a 95 ngay. Ngb (ghi 14 cay
hang nam) c6 chu ky 1a 135 ngay; cao su la 190 ngay, ché 1a 265 ngay, dicu (1a cdy lau nam) 1a ca
nam va laa la 165 ngay.

Bang 3-1: Hé s6 san hrong cho kich ban gbc ciia Viét Nam

Pong Bac 0,43 0,76 0,84 0,64 0,7 0,72 0,96 0,95 0,96
Tay Béac 0,39 0,97 0,66 0,47 0,68 0,74 0,99 0,84 0,88
Poéng bang séng Hong | 0,41 0,79 0,68 0,52 0,68 0,63 0,98 0,85 0,95
Béc trung bd 0,44 0,90 0,66 0,47 0,65 0,69 0,92 0,80 0,83
Nam trung bd 0,38 0,71 0,74 0,56 0,68 0,65 0,99 0,90 0,96
Tay Nguyén 0,40 0,88 0,80 0,57 0,72 0,71 0,98 0,92 0,93
Bdéng Nam bo 0,37 0,91 0,62 0,47 0,67 0,64 0,99 0,82 0,90
Péng bang

song Ctru Long 0,39 0,68 0,80 0,63 0,66 0,69 0,97 0,95 0,96

Bang 3-2: Thiéu hut nwéc trung binh (mm/chu ky) cho kich ban gbc ciia Viét Nam

Pong Bac 554 113 114 254 239 119 927 1016 984
Tay Béc 567 113 126 349 198 155 918 1102 1127
Péng bing song Hang | 465 84 85 217 178 99 862 950 884
Bac trung b 493 44 95 313 161 119 896 1042 1092
Nam trung bd 534 64 162 395 234 173 877 1040 1058
Tay Nguyén 568 27 139 446 203 154 746 998 1107
Ddéng Nam bo 551 7 110 446 171 91 564 880 989
Poéng bang

song Ctru Long 447 3 87 392 137 81 451 723 834
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3.2.2. Cac kich ban trong twong lai

3.2.2.1. Hé s6 san luwong

Thay d6i hé s6 san lugng cho 7 cdy trong duoc trinh bay dudi dang d6 thi hop va diém tuong
tu nhu cac d thi trong ndi dung du bao vé bién d6i khi hau ¢ phan 2. Mdi hop va diém dién ta két
qua du béo cta 56 cap kich ban GCM. D6 thi 3-2 trinh bay thay d6i hé s6 san luong trung binh cho
Viét Nam dy bao tir mé hinh CliCrop.

Do thi 3-2: Thay doi h¢ sb san lwgng trung binh 2041-2050
so v@i kich ban goc

T T T T
Cay I/nam . S p—
Ché o o .
Cé phé 0 o — . —————
Caosu 0 0y @ —— ———
Cay h/nam. o ——
Mia o] o} I - D |
| | | | 1 | |
-30 25 -20 -15 -10 -5 0 5

% thay ddi san lwong

Do thi cho thiy két qua san luong cé xu hudng thay doi khac nhau ddi véi timg loai cay trong
mac du hau hét cac kich ban déu du doan suy giam vé san luong cho tat ca cac loai cay. Két qua
khac nhau cta cac kich ban phy thudc vao hai yéu td dau vao quan trong. Thtr nhat, tac dong cua
thoi tiét dén mua mang phy thudc vao d6 dai ctia muia vu va thoi gian trong ndm ctia mia vy dy. Du
bao vé khi hau trong tuong lai st dung trong nghién ciru nay cho thiy khi hau thay dbi theo mua
vu. Vi du, mét sd kich ban GCM duy bao rang lugng mua s& ting trong mia déng nhung giam trong
nhimng thang mua hé. Thir hai, mdi loai cdy trong s& co6 4 mua trong CliCrop, ma cac tham sd cia
ting loai cdy trong trong timg mua vu s& tic dong dén két qua cia mo hinh.

Nhu di thao ludn & trén, két qua san lugng cho ciy lta khong phai 1a chi s6 chinh xac cia tac
dong cua khi hau Ién san lugng bdi vi moé hinh CliCrop-Lua 1a mé hinh cay trong c6 10ng sy thiéu
hut nhu cau nude cho thuy loi. Thay vao d6, thay doi nhu cau thity lgi cho cdy laa (sé duoc miéu ta
trong cac trang sau) 1a chi s6 hitu ich vé tac dong cua bién d6i khi hau.

3.2.2.2. Thiéu nuéc

Do thi sau cho thdy sy thay d6i trong thiéu hut nudc (1a chi sé vé su thay d6i nhu cau thuy
loi) d6i voi 7 loai cdy trong str dung dd thi dang hop va diém. PO thi 3-3 trinh bay thay dbi vé nhu
cu thuy loi cua cac kich ban so véi kich ban géc theo gia tri trung binh giai doan 2041-2050 cho
Viét Nam.
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Do thi 3-3: Thay ddi vé nhu cau thiy loi trung binh cia Viét Nam
giai doan 2041-2050 so véi kich ban goc

Lda Béng - xuén : @— 0g

Lua He - thu | t@——o o

Lda chinh —B—

Cay lau nam — — 0

Che e — — o ©

Caphé e —— 0

Cao su e — — 0

Cay hang nam  — — 0

Ml’a | g—-W_—I ; IO | 1 | |
-10 0 10 20 30 40 50 60 70

% thay ddi thiéu hut nuéc

Nhu thay ddi vé san luong, thay ddi vé nhu cau thuy loi phu thugc vao mot s6 tham s6. Nhu
cau thuy loi c6 xu huéng c6 méi lién hé manh hon véi thay d6i vé khi hau boi vi san luong duoc
tinh theo phuong phap “san lugng gidi han”. Theo phuong phap nay (dugc miéu ta trong muc 2.1)
vu mia ma ¢ hé sd san lugong thép nhét duoc coi 13 hé sb san lugng thuc té. Picu nay co nghia la
hé sb san lugng chi phu thudc truc tiép vao mua vu ma cho ra két qua san lugng thép nhat. Mat
khac, gia tri nudc thiéu hut 1a tong nhu cau nudc cua cay trong (lwong nudc cay trong can dé cho
san luong toi da theo 1y thuyét) trir di tong luong nude cdy nhan duoc trén thuc té theo ngdy. Vi
vay, chi s6 vé nhu cau thuy loi nhay cam véi khi hau trong chu ky tong thé cua ciy trong, trong khi
d6 hé s san lugng co thé chi ra thay d6i mang tinh mua vu.

Két qua ciia nghién ctru nay goi ¥ rang nhu cau thuy loi s& hau nhu ting & Viét Nam, voi chi
mot vai truong hop ngoai 18. Diéu nay dugc giy ra boi du doan suy giam do 4m cua dat (giam CMI
va ting PET) lam gia ting lwong nudc thiéu hut.

3.2.2.3. Nudc bién ding va cdc tic dong khdc dén mia mang

Do CliCrop 1a mo6 hinh xem xét cung nudc mua vu mot chiéu nén tac dong cua nudc bién
dang, gia tang 10 lut va cac hién tuong khac khong lién quan dén thay d6i luong mua va nhiét do sé
khong dugce xem xét trong phan ndy. Nudc bién dang va tan sut dang bio cao hon do thay d6i khi
hau c6 thé ting d6 man hoéa ving dat nong nghiép thap ven bién. Néu diéu nay xay ra, nhiéu cay
trong s& giam san luong. Do lua thuong trong & loai dat nay, vi vy san xuat lta thuong d& ton
thuong véi viéc min hoa gy ra boi nudc bién dang va dang bio.

3.3. Két luan

Vi két qua céc kich ban GCM du bao nhi¢t d¢ tang, luong mua co su thay ddi nho (cho hau
hét cac kich ban trong tuong lai) va do am cua dat giam, nguoi Vi¢t Nam s€ phai chuan bi cho mot
diéu kién khi hau kém thuan loi hon véi cdy trong. Hon thé nira, két qua cua nghién ctiru nay duong
nhu goi ¥ rang san lugng ndéng nghiép dén nam 2050 s& c6 thé giam ddi véi tat ca cac ciy trong
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dugc xem xét. Két qua nay ciing chi ra rang nhu cau thuy loi s& ting nhidu hon dang ké so véi sy
suy giam vé san luong, tao nén nhu cau 16n hon d6i v6i nudc cho thay loi. Vi nghién ciru nay 1a
nghién ctru str dung bd s6 liéu toan cau nghién ctru chung cho ca nudc, trong khi d6 san xuat nong
nghiép 13 qua trinh rat phiic tap, vi vdy can c6 nghién ctru chi tiét hon vé tac dong dén trong trot
trude khi dua ra quyét dinh vé cac bién phap thich tng cu thé.

Do ¢6 su bién dong 16n vé khi hau du bao trong twong lai (gdy ra nhiing thay d6i 16n vé san
lugng va nhu cau thuy loi), nhitng nha hoach dinh chinh sach can chuan bi cho trudng hop nhiéu
hién tuong thoi tiét cuc doan co thé xay ra. Nhiing lya chon vé st dung nguén nudc hiéu qua
hon, va chtra nudc nhiéu hon nén duoc can nhic. Vé san xuat trong trot, phuong phap san xuat
truyén thong can phai dugc xem xét lai. Kha ning thay doi vé luong mua va nhiét d6 co thé
khuyén khich nguoi nong dan thich tng bang cach thay ddi cach gieo trong va vu thu hoach.
Giéng cay tréng chiu nhiét tot hon, chiu thiéu hut vé nudc va du thira nude nén duge nghién ctru.

4. Tai nguyén nwéc bao gom thity dién

Bién d6i khi hau trong tuong lai s€ lam thay ddi nhiét do, ché d6 mua va bang tan, do do lam
thay d6i chu ky thity van, ché do tudn hoan nudc toan cau, va cac ché do thoi tiét cia timg qudc
gia. Do nhiing bién d6i nay lam thay d6i nguon va chat luong nudc, dong chay, nén sé& c6 tac dong
tryc tiép dén tai nguyén nudc va hé sinh thai nuéce ngot. Piéu nay lai tiép tuc anh huong dén chirc
nang va van hanh cia co s¢ ha ting nganh nudc hién nay ciing nhu thyc té quan 1y nude.

Do sy tuong tac phirc tap gitra bién d6i khi hau véi cac chu ky thuy van, cung vé6i su khong
chic chin lién quan dén dy bao khu vuc vé su thay ddi cua lugng mua, danh gia tac dong cua bién
d6i khi hau d6i véi ngudn nude va dong chay van con 1a mot thach thirc. NG luc danh gia nhiing tac
dong cua bién d6i khi hau tiém niang 1én dong chay da duoc thuc hién trong nhiéu nghién ctru khac
nhau cho tiéu luu vuc séng quy mé toan cau (Yates va Strzepek nam 1998; Gleick 1991; Hulme
1989). Pi voi phan tich nay, mo hinh CLIRUN-II duoc st dung dé mé phong cac qua trinh thiy
vin va du doan dong chay twong mg tir cac luu vuc cho mdi kich ban. Nghién ctru cling xem xét
su sin co ctia ngudn nude cho thuy lgi va kha ning phat dién cua thuy dién. Panh gia tai nguyén
nuée duoc thuc hién bang cach sir dung mo hinh WEAP dé phan tich tac dong dén ngudn nude
tudi tiéu va phat trién thuy dién cho giai doan 2011 dén 2050. Panh gia bao gdm ca phat trién thay
dién hién co & cac tiéu luu vuc va ké hoach phat trién thiy dién trong tuong lai.

4.1. Tong quan luu vire song va thiy dién

4.1.1. Phén logi tiéu lwu vuc song

St dung bo anh dir liéu dia hinh SRTM — DEM toan cau véi d6 phan giai 90 mét dé phan
dinh ranh gi6i luu vuc va hé théng mang ludi song ngoi. Phién ban phan loai 4 cép cta co quan
Khao sat Pia chat Hoa Ky (USGS) xé4c dinh c6 tong s6 22 tiéu luu vue, voi dién tich tir 1.500 dén
45.000km?. D6 thi 4-1 biéu dién phan loai cac tiéu luu vuc dugc sir dung trong nghién ctru nay.
Mot s6 luu vue song co tinh chét xuyén quéc gia, vi du nhu céac luu vuc song Pa va song Lo. béi
v6i cac tiéu luu vuc ndy, phan thuong ngudn ctia khu vuc ndm & Trung Qudc ciing duoc dua vao
trong phan tich.
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Mién Bic Viét Nam thudc luu vuc hé thong song Hong bao gom tiéu luu vuc séng Pa, song
Thai Binh, song Lo, va tiéu luu vuc song Chu, véi tong dién tich 210.380 km? (s6 liéu tir USGS).
Luu vuc nay hién c6 mat s6 ho chira 16m, cling nhu nhiing hd dang dugc xay dung, chéng han nhu
Hoa Binh va Son La. Luu vuc mién trung 1a mot ph?ln cua vung ven bién, mot dai dat rat hep gitra
ndi va bién. N6 bao gém nhiéu lvu vue nho, riéng biét dugc té)ng hop thanh cac luu vuc 16n hon dé
phan tich trong nghién ctru nay. Phan phia Nam bao gom tiéu luu vuc song Dong Nai va Sé san,
nhung khong bao gom phan phia dudi luu vuc song Mé Koéng va tiéu luu vuc song Ctru Long do
thiéu dir liéu. Dién tich cua céac tiéu luu vuc trong phén tich nay dugc tom tat trong Bang 4-1.

Do thi 4-1: Phan loai cép 4 tiéu luu vue theo b anh dir liéu dia hinh
SRTM - DEM toan ciu véi do phan giai 90 mét

Ky higu

C'i Bién gidi qubc gia
Song e

Tiéu lwu vire séng

N -

N c:

Ba

........
Béng Nai

B/giang-Ky Cung
Gianh-T/han-Huong

L&

M& — Chu s

B sesan-sereptk ' ‘)j’/
B s sinn &
Hl 1 /50n-TiKhic-Kone /'

~ Chui thich: Nghién cvru nay chi xem xét nhitng phan lanh thé cua Viét Nam ma chiing téi c6 thong tin
dé phan tich, vi vdy ban do trong do thi trén khong co y dinh phan anh day du tdt ca cdc vung lanh tho cua
Viét Nam.

4.1.2. Lwgng mwa

Dt li€u nhiét do va lugng mua dugc thu thap tu bd dir liu khi hau toan cau CRU cua Co
quan nghién ciru khi hau(2), san c6 tai DDC IPCC. Mot bo dir liéu vé luong mua hang thang trong
qua khir cho cac khu vuc trén thé gidi tir nim 1901-2000, véi hai do phan giai khac nhau duoc xay
dung va sin c6 thé sir dung trong nghién ctru khoa hoc (2,5 do vi do, 3,75 d6 kinh d6 va 5 do vi
do/kinh d6) (Hulme 1994, Hulme Osborn, va Johns 1998). Bo dir liéu 5 d da duoc tai vé va tong
hop tur 22 tiéu luu vue dé c6 duge mot chudi thoi gian vé lugng mua cho tirng tiéu luu vue duge
lwa chon trong phan tich niy dé xay dung kich ban co s& vé luong mua.

(2) gu23wl1d0098.dat '(Phién ban 1.0) dugc xay dung va cung cép boi Tién s Mike Hulme tai Co quan nghién ciru khi hau,
Dai hoc East Anglia, Norwich, Anh. Cong viéc nay duoc ho trg boi BO Mai truong, Giao thong va ving cia Vuong
quoc Anh (hop dong EPG1/1/48)"
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Bang 4-1: Phan loai va dién tich tiéu luu vie

o . Dién tich Tén
Vi tri Tiéu luu vuc (Kmd) (ngz)

Song ba 104.568
Soéng Lo - Gam - Chay 34.423
Céc luu vuc mién Bic Thdi Binh 27.323
Mi - Chu 24.184
Bing Giang - Ky Cuing 11.849

Khac 8.034 210.380
Song Ca 37.718
Cac luu vige mién Trung |Séng Gianh- Thach Han - Huong 20.101

Séng Thu Bon - Tra Khuc - song Kone 26.233 84.053
Song Ba 13.469
Ciic hun vie mibn Nam s§ san & Sé ré pok 30.143
Dong Nai 42.215

Khac 19.474 105.302

Tong 399.735

Luong mua trung binh hang nim cho céc tiéu luu vuc phia Bac 1a khoang 1.588mm, trong

d6 cao nhét 13 tai tiéu luu vuc séng Chu - M4, véi luong mua dat 1.785mm. Cac tiéu luu vuc

mién Trung va mién Nam c6 lugng mua tuong doi cao hon, véoi gid tri trung binh hang nam

tuong ung 1a 2.431mm va 2.019mm. Phan bd theo khong gian cta lugng mua hang nam duoc

trinh bay trong Db thi 4-2.

Po thi 4-2: Lwong mua hang nim cia céc tiéu luvu vue chinh
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Gi4 tri trung binh, tdi thiéu, t6i da cta lugng muwa hang thang trong qua khi, tir nam 1901 dén
2000, cho cac luu vuc dai dién tai mién Béc, Trung va mién Nam Viét Nam duoc trinh bay trong
D6 thi 4-3, DO thi 4-4, va DO thi 4-5 twong tng.

Do thi 4-3: Lwrgng mua hang thang cia tiéu luu vire sdng phia Bic

Tiéu lwu viee séng Pa
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350 - . I
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- i
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Lworng mwa hang thang (mm)

Po thi 4-4: Lwong mwa hang thang ciia tiéu luu vire song mién Trung

Tiéu lwu ve sdng Gianh-Thach Han-Hwong

800

700

600 -

500 -

400 I |

300 - I . I
200 - I | [ | -l
100 I I . . L b [ ] ..I.
Thang1 2 3 4 5 6 7 8 9 10 11 12

Lweng mwa hang thang (mm)

35



Po thi 4-5: Lwong mwa hang thang ciia tiéu luu vire song phia Nam

Tiéu lwu vipe séng Dong Nai
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4.1.3. Nhigt @p

Dir li¢u nhiét d¢ cling dugc thu thap tr Co quan nghién ctru khi hau trong khoang thoi gian tur
1901 dén 2000. Cac sb liéu dugc tong hop cho cac tiéu luu vuc. Phan bo nhiét d6 hang nam kha
d6ng nhat trén toan tiéu luu vuc (xem D6 thi 4-6), voi nhiét do trung binh 1a 23,3 d6 C. Mic du,
nhiét do c6 xu hudong tang 1én mot chut, nhung van c6 thé gid dinh 1a déng nhét. Theo cac dit liéu,
nhiét d§ chi tang khoang 0,3 d¢ trong vong 100 nam qua tai Viét Nam.

Do thi 4-6: Phan bd nhiét d9 theo khong gian (4 C)
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Xu hudng nhiét do trong qua khir str dung cho kich ban gdc - “Khéng c¢6 bién do6i khi hau”
cho giai doan 2011-2050 dugc trinh bay trong D6 thi 4-7.

Po thi 4-7: Xu huwéng nhiét dd dw bao dén 2050

30
25 | = R S R o S
20
15 - TiéulwvuemiénBic - Puong xu hudng cua tiéu luu vue mién Bic
Tidu uvucmidn Trung —--- Dudng xu hudng cia tiéu luu vie mién Trung
10 +— 4 . s
Tigu luu vire mién Nam Puong xu hudng cua tiéu luu vuc mién Nam
5
D | S . . S S — S .
2010 2015 2020 2025 2030 2035 2040 2045 2050

4.1.4. Dong chay trong qua khwr

S liéu dong chay dugc thu thap tir Vién Khi tuong, Thay van va Méi truong Viét Nam cho
tiéu luu vuc séng Hong, song Thai Binh, va song Pong Nai. S lidu dong chay hang thang nay cho
tiéu luu vuc song phia Bac dugc thu thap cho 19 dia diém trong giai doan tir 1971 dén 2005. Ddi
vé6i tiéu luu vuc song Déng Nai, sb liéu dugc thu thap cho 23 dia diém cling theo thot gian trén.
Thém vao do, sd liéu dong chay trung binh hang thang theo 0,5 do trén 0,5 d¢ dugc thu thap tr b
dir liéu dong chay toan cau xay dung boi Trung tim Dit liéu dong chay toan cau (GRDC). Dir liéu
(gridded dataset) nay dugc tong hop 1én cho 22 tiéu luu vuc séng di dugc xéac dinh.

4.2. M6 hinh héa dong chay bé mit - CLIRUN
4.2.1. Phuong phap

Dong chay nudc bé mat duoc md hinh héa véi md hinh mua-dong chay CLIRUN-II, mé hinh
cap nhat nhét trong hé mo hinh thuy vin, dugc xdy dung cho phan tich tac dong cua bién doi khi
hau dén dong chay (Strzepek va cong su. 2008). CLIRUN-II mé hinh héa dong chay véi dau vao 1a
khi hau va cac dic tinh trung binh ctia ving dat, mé phong dong chay tai khu vuc ctra luu vuc. Vi
phan tich nay, thoi gian hang thang duogc sir dung dé mé phong dong chay dua vao cac bién vé thoi
tiét.

CLIRUN-II ¢c6 mé dun mé phong va mé dun udce tinh. Qué trinh wéc tinh duge dung dé quyét
dinh gia tri cac hé s6 gan véi luu vuc duge xem xét. Dua trén s6 liéu quan sat trong qua kht, mé
hinh trude hét udce tinh cac hé s6 cho 22 luu vuc dua vao sb liéu 100 nam tr 1900 dén 2000. Qua
trinh udc tinh nay xac dinh duoc gia tri pht hop nhat ciia cac hé s6 ciia mdi tiéu luu vuc dya vao
muc tiéu duoge dit trude cho mdi tiéu luu vue.
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Bang 4-2: Tham s6 ciia mé hinh CLIRUN-II

Tham s0 cia mo hinh

Hé s6 chan (Intercept)

Moc nhiét d6 cao

Mdc nhiét 6 thap

Gia tri bao hoa (Saturation Value)

Do day tang thap (Lower Layer Thickness)

Hé s dong chay tang cao (Upper Layer Runoff Coefficient)

Hé s dong chay tang thap (Lower Layer Runoff Coefficient)

Hé sb loc (Percolation Coefficient)

Heé s6 du thira dong chay do mua (Excess Precipitation Runoff Coefficient)

Trong nghién ctru ndy, hai budc udc tinh duge sir dung dya vao hai ngué)n s6 liéu dong chay
hién c6. Déi véi luu vue song Hong va tiéu luu vuc song Pong Nai, s6 liéu dong chay duoc 1y tir
Vién Khi twong, Thuy van va Méi truong. Tuy nhién, ddi vai cac tiéu luu vue con lai, sb lieu dong
chay ciia GRDC 13 ngudn sb liéu duy nhét trong qua kht. Nhu vy, s liéu cho luu vire song Hong
va tiéu luu vuc song Déng Nai str dung cé hai bo s6 liéu. Cac luu vuc khac chi st dung s6 liéu cua
GRDC.

Sau khi wdc tinh cac hé sd, dong chay tir két qua ctia mé hinh ciing dugc kiém tra cac gid tri
khong thyc té bang cach xem xét cac gia tri t6i thiéu va t6i da. Nhitng hé sb c6 duoc tir md hinh
udc tinh nay sau d6 dugc chuyén sang md dun mé phong dé tao ra dong chay tuong tmg véi cac
kich ban bién di khi hau.

4.2.2. Uéc tinh tir 56 ligu dong chdy quan sdt dwoc va dong chiy GRDC

Trong s6 22 tiéu luu vuc cdp 4, s6 liéu dong chay cua 8 tiéu luu vuc c6 thé ldy duogc tir ngudn
tin cay ctia Vién Khi twong, Thity van va Méi truong Viét Nam (IMHEN). S§ liéu trong khoang
thoi gian tr 1971 dén 2005 1a sd liéu cta cac luu vuc song phia Bic (Nam Na, ba, GAm va Pho
bay). Bén canh s6 liéu cua cac tiéu luu vuc song thudc luu vyc song Héng va song Thai Binh, con
¢6 s6 liéu cho 2 tram do dong chay cho tiéu luu vuc phia Nam & Pong Nai. Tong thé, chung toi ¢
thé 14y duoc s liéu dong chay cua 10 trong 22 tiéu luu vuc. 10 tiéu luu vuc séng ndy duge udc
tinh dya vao ca hai bd sb liéu, sb liéu dong chdy quan sat dugc va s6 liéu dong chay toan cau
GRDC; hé s tdt nhat duoc Iva chon dua vao R?va sai sb ciia mé hinh (khac nhau gitra gia tri quan
sat dugc va gia tri mo phong). Két qua tinh toan dugc trinh bay trong Bang 4-3.

38



Bang 4-3: Két qua wéc tinh ciia lru vue tram dong chay co thé quan sat dwgc

Luu vue song Sai s6 mé hinh R?

Nam Na - 6 -0,012 65,21%
Da -7 -0,027 83,01%
P - 8 -0,027 57,01%
Thao - 9 -0,024 76,07%
Thao -10 0,001 79,55%
Gam - 11 -0,012 80,01%
Pho Péy - 21 -0,377 9,48%
Lo-22 -0,034 79,36%

4.2.3. Uéc tinh tir bj s6 ligu GRDC

Hau hét cac luu vuc song déu c6 s liéu dong chay mo phong ph hop véi sé quan sat duge.
S6 lidu vé dong chay trung binh hang thang mé phong va sd quan sat duoc cua tiéu luu vuc song
Pa, song Lo, song Pong Nai duoc trinh bay trong D6 thi 4-8. Bang 4-4 trinh bay két qua wdc tinh
dua vao b sb liéu GRDC.
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Do thi 4-8: S6 ligu qua khir va két qua méd phéng tir mé hinh CliRun-II
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Bang 4-4: U'éc tinh s6 liéu dong chay ciia md hinh dwa vao bd sé litu GRDC

M3 hru Sai sb M3 hru Sai sb

vire song mo hinh | R’ vire séng mé hinh R’
1 0,037 | 94,69%|12 0,000 87,88%
Thai Binh - 2 -0,175 | 76,24%| Thu Bon 0,083 66,27%
Bing Giang 0,065 | 91,98%|Ddng Nai - 14 0,069 89,60%
Sésan & Sé répok 0,006 | 75,20%|Dong Nai - 15 -0,002 93,55%
Thai Binh - 5 -0,105 | 83,67%|Mi - Chu -0,015 92,67%
Da (Nam Na) -0,108 | 82,07%|Ca-17 -0,154 63,46%
Di -7 0,009 | 94,79%|Ca -18 -0,093 82,81%
D - 8 0,094 | 88,36%|Gianh - Thach Han - 19 -0,046 86,21%
Thao - 9 -0,047 | 92,94%|Ba - 20 0,022 49,64%
Thao -10 0,003 | 95,03%|Phé Pay - 21 -0,103 76,43%
Gam - 11 0,012 | 94,63%]|L6 - 22 -0,039 95,18%

4.2.4. Tac dpng ciia bién déi khi hdu dén dong chay

Dong chay trung binh qudc gia hang thang cho kich ban gdc (1950-2000) duoc sir dung dé

tinh phan trim thay ddi ctia dong chay cho mdi luu vuc va mdi kich ban trong 56 kich ban bién doi

khi hau. D thi dang hop vé dong chay cua tat ca cac kich ban bién ddi khi hau dugc trinh bay

trong DO thi 4-9. Két qua cho thay rang dong chay qudc gia vao mua kho nhin chung s& bi giam va

gia tri cyc dai & mua mua s€ cao hon so vai kich ban goc.

Gia tri dong chay hang nam cao nhat, cao hon 20% so véi kich ban gdc, va gia tri thap nhét,
thip hon 16% so v&i kich ban gbc, 1a cia cac kich ban lan luot 1a GISS GCM Al va UKOM
HADGEM BI1. So sanh két qua dong chay trung binh giai doan 2041-2050 dugc trinh bay trong D6
thi 4-10. Nhin tong thé, & tam qudc gia, tinh mua vu ctia dong chay va mirc d6 ciia né co xu hudng

khong thay d6i nhiéu trude nhirng nam 2040.
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Po thi 4-9: So sanh dong chay trung binh hang thang giira kich ban gbc
va 56 kich ban GCM (2041-2050)

Tbng dong chay (mm)

Do thi 4-10: So sanh dong chay hang thang cua kich ban goc
voi két qua dong chay cao nhit va thap nhit tir mé hinh CLIRUN
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Mic du két qua ctiia mot s6 kich ban cho thay dong chay trung binh qudc gia cao hon so voi
kich ban gbc, khong phai tat ca cac tiéu luu vie déu bi anh hudng nhu nhau. Nguoc lai, dong chay
ctia hau hét cac kich ban GCM cho thdy dong chay bi giam dbi véi cac tiéu luu vuc ¢ phia Béc, chu
yéu 1a luu vyc song H@)ng. Tuy nhién, d6i voi mién Trung va mot s tiéu Ivu vie mién Nam, dong
chay gia ting & hau hét cac truong hop. PO thi 4-11 cho thiy sy thay ddi ciia dong chay theo cac
khu vuc cho cac kich ban GCM khé va uét. Két qua cho thiy trong ca hai kich ban dong chay cho
céc tiéu luu vuc phia Bic déu c¢6 xu hudng giam.
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Do thi 4-11: So sanh két qua dong chay theo khong gian
cua kich ban khé va am wdt

Kich ban kho
UKMO - HadGEM1 A1b

Ky hiéu
Thay d6i dong chay
hang nam (mm)

-14--10
-10--5
5-0
_‘ _ 0-5
Kich ban &m wot 5-10
GISS Model A2 'y ! B 10-20

B B 20-20

Chii thich: Nghién ciru ndy chi xem xét nhitng phan lanh thé ciia Viét Nam ma ching t6i c6 théng tin
dé phan tich, vi vdy ban do trong do thi trén khéng cé ¥ dinh phan dnh ddy di tat ca cdc vimg ldnh thé ciia
Viét Nam.

Pé so sanh, Bang 4-5 trinh bay két qua cua 3 kich ban cho két qua dong chay cao nhat & 3
dong dau tién va 3 kich ban cho két qua dong chay thap nhat & 3 dong cudi theo khu vuc. Kich ban
Ukmo hadgeml A1B cho thiy sy sut giam cta dong chay & tit ca cac tiéu luu vyc. Trong khi do,
kich ban Cccma cgem31 A1B cho két qua gia ting dong chay & tiéu luu vuc mién Trung va mién
Nam nhung sut giam ¢ Mién Bic.

Bing 4-5: Két qua dong thay theo khu vue
cua ba kich ban cho két qua cao nhat va thap nhat

GOM _ Tiei:u luu vuce :
Mién Bac Mién Trung Mién Nam
Ukmo hadgeml A1B -15% -14% -16%
Ipsl cm4 A1B -10% 8% 6%
Cnrm cm3_AlB -9% 3% 6%
Giss model er Al -2% 5% 8%
Giss model er A1B. -5% 16% 9%
Cccma cgem31 A1B -6% 21% 15%
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Do thi 4-12 trinh bay sé kich ban ma c6 két qua vé dong chay nhé hon so v6i dong chay &
kich ban géc cho nhirng nam 2040. Do thi mot 1an nita khéng dinh nhan dinh vé sy kho han & mién
Bic. D6 thi 4-13 kha phuc tap, cho thiy dau hiéu thay ddi ciia dong chay twong ddi so véi kich ban
gbc theo nam va theo kich ban GCM.

Do thi 4-12: S6 1an két qua kich ban vé dong chay thip hon kich béan goc

Ky hiéu
o1

| 1-20
B 20-30
I o -0
B 5o -5

Chii thich: Nghién cieu nay chi xem xét nhitng phan ldnh thé cia Viét Nam ma chiing t6i c6 thong tin
dé phan tich, vi vdy ban do trong do thi trén khéng cé ¥ dinh phan dnh ddy di tat ca cdc vimg ldnh thé ciia
Viét Nam.

Do thi 4-13: Su khac biét clia dong chay trung binh hang nim
cuiia cac Kich ban so véi kich ban goc (mm)

Cac kich ban

- -4

T —
L mm mmm  —
2016 2021 2026 2031 2036 2041 2046

Nam

1
2011
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4.3. Phan tich ngudn nwéc: mé hinh WEAP
4.3.1. Phwong phdp va mé hinh héa hé thong
Hé théng Ké hoach va Panh gia ngudn Nudc (WEAP) 1a hé thong hd tro quyét dinh chay trén

phan mém window dé quan 1y ngudn nudc tong hop va phén tich chinh sach. WEAP 14 cong cu
xay dyng mo hinh, str dung dé tao ra cac mo phong vé cung, cau nudc, dong chay, dich vu sinh
thai, nudc ngﬁm va dy trir nudce, van hanh hd chira, 6 nhiém va xu 1y 6 nhiém, bdc hoi, chét luong
nudc, theo céac kich ban chinh sach, thiy van, khi hau, str dung dat, cong nghé va ca yéu td kinh té -
xa hoi.

Trong phan tich nay, mé hinh nay duoc sir dung dé danh gia tic dong cua thay ddi dong chay
va clu vé nude cho thuy loi dén nhu ciu khac nhau vé nguén nudc; su dung nude cho thuy loi,
thuy dién va cong nghiép va sinh hoat ngiy cang gia ting. San luong thuy dién va phan trim nhu
cau khong duoc dap tng 1a hai chi s6 chinh st dung dé danh gid tac dong dén str dung ngudn nudc.

Binh thudng, md hinh WEAP dugc ap dung dé phac thao hé thong dé mo phong kich ban gdc
(kich ban khong c6 bién ddi khi hau), & d6 cung va cau vé nudc duge xac dinh qua mé hinh. M6
hinh tir 46 duoc st dung dé mo phong céc kich ban phi hop trong twong lai. S6 liéu vé dong chay
trong qua khtr trong 40 nam (1951-1991) (dugc miéu ta & muc 3.5) cho truong hop khong ¢ bién
d6i khi hau cho kich ban gbc. Cac kich ban bién d6i khi hau dya vao dong chay tao ra tir 56 kich
ban GCM st dung m6 hinh CLIRUN-II, nhu dugc trinh bay ¢ muyc 3 va yéu cu nude cho thuy loi
két qua ciia md hinh CLICROP cho cac mé hinh GCM tuong {mg.

S6 li€u vé co cau ngudn nudce hién tai va ké hoach phat trién nguén nude trong tuwong lai cho
cac luu vuc song phia Bac, luu vyc song Hong va song Thai Binh va tiéu luu vyc song mién Nam,
chu yéu la Bong Nai dugc cung cap boi Vién Khi twong, Thiy van va Moi truong.

4.3.2. Gida dinh va don gidan hoa moé hinh

Nhu cau thiy lgi: Pon gian hoa lién quan dén cac diém cung vé nudc cho thay loi 14 gia dinh
cac kénh dan chuyén nuéc chi ndi véi cac noi c6 nhu cau va cac dong séng & cung tiéu luu vuc.
Nhu vay, két cdu mo hinh theo gia dinh nay khong xem xét chu chuyén nudc giita cac tiéu luu vuc
va do d6 dic biét can nhic cac truong hop sau:

« Két ndi giira tiéu luu vuc séong Hong va song Thai Binh, luu chuyén khoang 1/3 luong dong

chay tir song Hong trudc khi vao Ha Noi.

« Song Duong: Luu chuyén tir tiéu luu vuc song Dong Nai dén luu vuc Dong Thap Muoi.

Do dién tich dugc thuy lgi héa co thé phan bd theo tiéu luu vuc, nhidu dia diém cung nudc
cho nhu cau thuy lgi duoc xem xét trong cing mot tiéu luu vuc song. Diéu nay c6 nghia 1 s& mo
phdng tac dong ctia cung nudc cho thuy loi ¢ cac dia diém khac nhau & trén cung mat tiéu luu vuc
song. Két cdu nay cho phép mé hinh phan bd ngudn nudc mot cach tét nhat cho thuy loi. P thi 4-
14 13 vi du minh hoa ngudn nudc ¢ tiéu luu vuc séng Pong Nai.
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Do thi 4-14: Phac thao ngudn nwéc trong md hinh WEAP ciia tiéu hru vire song Pong Nai

A

h12
Dongkxiil A
a0z Nhim
Can Don g4 15 Dai Ninh
D15 12 R12
R15.2 R15
Ham Thuan

y DaAMi A D12

(\. Tri An
R15.1

14

Lién quan dén nudc cho thuy dién, WEAP tinh toan luong thily dién phat ra thong qua dong
nudc chay qua tudc bin, dua vao luong nudce chay tur ho chtra va bi han ché boi cong suét tdi da cua
tudc bin. Dbi v6i hd chira, WEAP gia dinh nudc tir cudi ngudn duoc chay dén tude bin nhung viée
bom xa nude tir cac hd chira s& khong qua tude bin.

Luong nuoc chayy = Nudc chay cudi nguony

Luong nudc chay qua tudc bin bi han ché boi cong suat toi da cia tude bin va néu cd qua
nhiéu nudce thi lwong nude du thira duge gia dinh s€ chdy qua mot kénh khac, khong tao ra dién.

Lwong nuwoc qua tuoc biny = Gia tri toi thieu
(Luwong nudc chayy, Cong suat toi da cua tuoc biny )

Ghi ga jun (GJ) dién san xuat hang thang duoc tinh la:

Ghi ga zun dién hang thang = Lwong nudc qua tudc bin x Hé s6 tao dién
4.4. Nhu cau nuéc
4.4.1. Nhu cau thiiy lgi

O Viét Nam, nhu cdu nudc cho thuy loi chiém ty trong 16n trong nhu ciu ngudn nude. Lugng
nudée cho thity loi tang tir 47 BCM 1én 74BCM trong 20 nim qua. Mic du phan trim nudc phan bod
cho thuy loi giam do nhu cau nudc cho tiéu dung va nude cong nghiép ting, nude cho thity loi van
chiém khoang hon 82% tong luong nudc sir dung & Viét Nam nhu dugc minh hoa trong Bang 4-6.
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Bang 4-6: Xu hwéng nhu c?l’u vé nuée cho nong nghiép
va cac nganh kinh té khac (1990 - 2010)

) 1990 2000 2010
Nhu cau str
dung nwéc Nhu cau % Nhu cau % Nhu cau %
vé nuwédc vé nuwédc vé nuwédc

No6ng nghiép 46.976 91 60.929 85 74.035 82
Coéng nghiép va
nwéce sinh hoat 4.659 9 10.997 15 15.918 18
Téng 51.635 100 71.926 100 89.953 100

Nguoén: Chién lrge quan 1y va bdo vé nguon mede ciia Viét Nam - Ban Nguon nwée va thity dién 6/96.

Dién tich canh tac dugc ldy tir bd sd liéu cia mo hinh phan b san xuit theo khong gian
(SPAM) duoc xay dung boi HarvestChoice(3). SPAM cung cép udc tinh toan cau vé quy md, dién
tich va san luong trong trot cho 20 loai cy trong chinh véi do phan giai 13 5 cung phit. Moi ngudi
déu co thé tiép can va sir dung SPAM va co thé c6 dugc thong tin vé 4 chi sb theo khong gian:
Dién tich thu hoach, dién tich dat thuc té, san xuét va san luong.

B0 s6 lidu dién tich dat thuc té tir SPAM 2000 phién ban 3.0.2(4) dugc sir dung trong nghién
ctru ndy. S6 liéu nay dung dé phan b vé dién tich trong trot cho mdi loai cdy trong. Dién tich dat
thuc té dé cap dén loai cay tréng nao duogc tréng ¢ dau trong ndm 2000. B s6 liéu nay khong tinh
dén tinh da mua vu trong 1 nam. Tuy nhién, két qua cua CLICROP vé thiéu hut nude c6 xem xét
dén tinh da mua vu.

S liéu duoc tong hop cho tiéu luu vuc dé c6 duoc dién tich dugc thity lgi hoa hang nam cho
mdi luu vuc song. Dién tich dugc thuy lgi héa hang nam khoang 7,94 tri¢u héc ta, trong do dién
tich tré)ng laa chiém khoang 46%. Mat do tré)ng lua trong bo s6 liéu SPAM duoc chi ra trong Do thi
4-15. 6 thi 4-16 chi ra phan bo dién tich duoc thuy loi héa theo cdy trong co dugc tir bo sb lidu
SPAM 2000.

(3) Séng kién nghién ctru chung dugc didu phdi boi chuong trinh nghién ctru H¢ thong Thyc pham Toan ciu ciia IFPRI va chuong trinh
Thuyec tién va Chinh sach Khoa hoc va Cong nghé Quéc té (InSTePP) HarvestChoice tao ra théng tin gitp huéng dan nhu‘ng déu tu
chién lugc vao néng nghiép nhdm muc tiéu ning cao doi sbng ciia ngudi nghéo ving Sa-ha-ra ciia Chau Phi théng qua san xuét néng
nghiép hiéu qua va lgi nhuan cao hon.

(4) Phién ban 3.0.2 (Phién ban 3 cong bd 14n 2; 5 thang 4, 2010).
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Do thi 4-15: Mat dd trong lia tir bd s6 liéu SPAM

Ky hiéu

.
Mat do (héctal5 phat day cung) U,
Thay lgi cho lua ""‘ .
[ ]o-650
[ 1650-1.930
[ 1.930-3.985
[ 3.985- 6.960
[ 6.960 - 12.034

Chu thich: Nghién curu nay chi xem xét nhitng phan lanh thé ciia Viét Nam ma chung 101 ¢ thong tin
dé phan tich, vi vy ban do trong do thi trén khéng cé y dinh phdan anh ddy di tdt ca cdc ving lanh thé cia

Viét Nam.

Do thi 4-16: Phan bo dién tich dwoc thity loi theo loai ciy trong tir s6 liéu SPAM

Cay dau khac
4%

Khoailang
5%

Mia

5%

6%

Téng dién tich dugc thuy lgi héa dugc md rong voi tbe do 2,9% hang nam trong giai doan
1980-87, 4,58% giita 1988-1994 va s liéu & bao cdo mdi nhat thi téc do nay vao khoang trung
binh 3,4% giai doan 1998-2011. Tuy nhién, khong thé co duoc s6 liéu tin cay lién quan dén ké
hoach m¢ rong dién tich dugc thuy loi hoa trong tuong lai do d6 nghién ctru nay gia dinh rﬁng tiém
nang tdi da cho thuy loi hoa cia Viét Nam la 9,4 triéu héc ta dén nam 2050 (FAO, 2000). Do do,
dién tich dugc thuy loi hoa hién nay duoc du bao tuyén tinh, tang khoang 0,6% hang nam.
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Mb hinh CliCrop dugc sir dung dé du bao lugng nude yéu cau cho thiy loi trong twong lai
trong bdi canh bién ddi khi hau (xem muc 3). M6 hinh nay duoc chay cho tat ca 56 kich ban bién
d6i khi hau, cung cip luong nude thiéu hut hang thang cho céc loai cdy trong khac nhau. Luong
nuée thiéu hut duge nhan véi dién tich thuy loi héa & mdi tiéu luu vuc song dé co téng lugng
nudc can cho thiy loi héa. Lugng nudc sit dung hang nim trén 1 héc-ta duoc cung cip boi
AQUASTAT (FAO 2000), cho thy rang thuy loi tiéu ton mot lugng nude 77,75 ty mét khoi
nuéc cho 1 nim. Tong lugng nudce thiéu hut co duoc tir mé hinh CliCrop cho thiy nhu cau thuy
loi hang nam 1a 54 BCM nhu vay hiéu suat cung thiy loi dat mirc 70%. Mic du c6 thé cai thién
dugc hiéu suit cung thuy loi trong tuwong lai, trong nghién ctru nay gia tri hiéu suit cung nudc
thuy loi 70% duoc sir dung cho tat ca cac kich ban. D0 thi 4-17 va 4-18 trinh bay yéu cau cung
nudc thuy loi dudi dang hop.

Po thi 4-17: Nhu ciu vé nwéc cho thity loi hang nim
theo gia tri tuyét doi va Kich ban goc (dwong do)
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Po thi 4-18: Nhu ciu cung éng thily loi hang nim so véi kich ban goc
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4.4.2. Thuy dién

Thiy dién 1a mot trong nhitng ngudn dién chinh cia Viét Nam. Tong cong suét phat dién cta
cac nha may thuy dién hién nay va cac nha may dang trong qua trinh xay dung ctia Viét Nam la
10.320 MW. Theo T4p doan Pién luc Viét Nam (EVN), cong suat nay co thé ting thém 4.760 MW
dén cudi nam 2020, nang tong cong suét 1én 14.670 MW.

Hién c6 14 nha may thuy dién dang hoat dong ¢ Viét Nam, v6i cong suat lap dat 1a 4.577
MW, cung cip 20.112 GWH dién trong 1 nam. San luong nay chiém khoang 30% tong ning luong
tiém nang cua Viét Nam. Cong sut thuy dién ¢ cac tiéu luu vue duge xem xét trong nghién clru
nay duogc trinh bay tai Bang 4-7.

Bang 4-7: Kha ning san xuét thiy dién hién nay (dén nim 2011)

Luu vuc song bién (MW) Nang lugng dai han (GWH)
L6 Gam 108 430
Pa 1.920 8.160
Ba 70 360
Sé San 1.188 5.791
Pong Nai 1.263 5.177
Sé répok 28 194
Téng 4.577 20.112

Cong suét phat dién cao nhét thude vé luu vuc song Pa; Nha may thuy dién Hoa Binh chiém
khoang 40% tong dién san xuat & Viét Nam. Hai nha may nira s& dugc xay ¢ d¢au ngudn song Pa.
Hai nha may duoc dy kién hoan thanh vao nim 2012, nang téng cong suat dién cua luu vuc song
Pa 1én gan gip doi cong suit hién tai. Bang 4-8 tom tat nha may dién chinh duoc xem xét trong
nghién ctru nay.

Mudi bén dy an thiy dién 16n va trung binh duoc dau tu boi EVN di va dang dugc xay
dung duoc xem xét trong nghién ciru nay. Tong luong dién phat trong dai han cuia ké hoach thiy
dién nay dy kién khoang 22.656 GWH. Nha mdy 16n nhét 1a nha may thuy dién Son La, dy kién
phat 2.400 MW va s& hoan thanh vao cudi nim 2012. Bang 4-9 va 4-10 xac dinh cac dy 4n thuy
dién chinh dang dugc xay dung dugc xem xét trong nghién ctru ndy theo luu vuc song va riéng
biét. Thém vao d6, EVN di xac dinh 408 dia diém tiém niang cho nha may thay dién tai Quy
hoach qudc gia phat trién thily dién c¢& nho. Cac nha may nay c6 cong suat tir 1 dén 30 MW va co
thé tao ra 13.500 GWH v&i tong cong suit 2.887 MW (PECC]1, 2004). Nhiing con sd nay két hop
v6i cac nha may dd va dang xdy dung s& nang ty trong thiy dién cta Viét Nam Ién 86% tiém
ning san xuat dién.
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Bang 4-8: Nha may thiy dién hién tai: Cong suit phat dién va dia diém

San lugng dién

Nha may Dia diém P i (GUE)
Thac Ba L6 Gam 430
Hoa Binh ba 8160
Song Hinh Ba 360
Yali Sé San 3650
Sé San 3 Sé San 1224
Sé San 3a Sé San 475
Pléikrong Sé San 442
Thac Mo Pong Nai 589
Can Pon Pong Nai 290
Ham Thuén Pong Nai 957
Pa Mi Pong Nai 590
Pa Nhim Pong Nai 1025
Tri An Pong Nai 1726
Dray Hling Sé répok 194

Bang 4-9: Nha may thiy dién dang dwoc xdy dung theo cac tiéu luu vue song

Tong san luong

Luu vuc song Cong suét (MW) dién (GWH)
L6 Gém 562 2488
- 2920 12150
Ba 220 825
Sé San 381 1596
Pong Nai 820 2894
Sé répok 840 2703
Tong 5.743 22.656
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Bang 4-10: Nha may thay dién hién tai dang dwgc xay dung

NI i i disgf (lggvnﬁ)
Tuyén Quang L6 Gam 1329,6
Ban Chat L6 Gam 1158,1
Son La Pa 10246
Hudi Quéang Pa 1904,2
Ba Ha Ba 825
Sé San 4 Sé San 1401
Sé San 4a Sé San 195
DPong Nai 3 DPong Nai 607,1
DPong Nai 4 DPong Nai 1103,8
Pai Ninh Pong Nai 1183
Buodn Tua Srah Sé répok 347
Buon Kudp Sé répok 1346
Sé répok 3 Sé répok 815
Sé répok 4 Sé répok 195

4.4.3. Nhu cdu vé nwéc cong nghiép va nwdc sinh hoat

S6 liéu vé nhu cau nudc cong nghiép va nude sinh hoat dugc 1dy tir bo s6 liéu vé nong nghiép
va nudc toan cdu cua FAO, (AQUASTAT), [¢ dia chi: http://www.fao.org/nr/water/aquastat/dbase/
index.stm, cap nhat vao nam 2011]. Nhu cAu nuge do thi 1a téng lugng nudc hang nam khai thac

dugce ngudi dan sir dung truc tiép cho sinh hoat. N6 bao gdm nudc tinh khiét co thé tai ché va ca
ngudn nudc ngam tiém ning di duoc khir mudi hodc nude thai da duoc xtr Iy. Nhu cau nude cong
nghiép duoc tinh dén nhitng nganh ty cung vé nudc, khong st dung nudc phan phdi cong cong,
bao gdm ca nudc lam ngudi cac nha may nhiét dién.

Nhu cau nudc sinh hoat va nuéc cong nghiép tuong tmg 1a 3,074 BCM/nam va 1,206
BCM/nim, tuong duong 13,84 va 35,3 mét khdi trén dau ngudi mdi nim. Nhu cau vé nudc nay
duoc gia dinh ty 1¢ thuan véi dan s6 va do d6 nhu cau nude duoc tinh cho mdi tiéu luu vuc song
dua vao dan s cua khu vuc d6. Nhu cau nay dugc du bao dén nam 2050 theo cac du bao vé tang
dan so.
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Dan s wdc tinh cho céc tién luu vue duge dua vao sb liéu mat do dan sé 2010 cua Mang luéi
thong tin khoa hoc trai dat (CIESIN) cua trudng Pai hoc Columbia [http:/sedac.ciesin.columbia.edu].
S liéu gbc 1a do phan giai 2,5 do cung-phut duoc diéu chinh cho phi hop véi tong s6 ngudi trén 1
km? cta Lién hop qubc. S6 lidu nay dugc tong hop theo 22 tiéu luu vuc st dung trong mé hinh
WEAP.

Do thi 4-19: Ting déan s6 va du bio nhu ciu nuéc sinh hoat
va nuéc cong nghiép hang nim
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4.5. Két qua phan tich ngudn nwéc
4.5.1. Tac dpng dén thiiy lpi

Két qua vé nhu cau khong dugc dap tng trong ddi cia WEAP 1a chi sé chinh dé danh gia tac
dong cua bién ddi khi hau dén ngudn nudc cung cp cho thay loi. Trong kich ban gbc, két qua cho
thiy ngudn nudc di kha cang thang. Trong tiéu luu vuc song Pa va song Pho Pay, nhu cau khong
dugc dap tng hang nim trong dai han trung binh 13 200 triéu mét khéi nude. Pbi vai cac kich ban
bién d6i khi hau, nhin chung nhu cau thily loi khong dugc dap (mg sé ting trong cac nam tiép theo.

Do thi dang hop 4-20 biéu dién thiéu cung nude cho thuy loi cua 56 kich ban GCM so voi
kich ban géc. Gia tri trung vi dat khoang 2,1 BCM cho nam 2050. Truong hop x4u nhit cho théy
lwong nudce thiéu hut t6i da 1a 7 BCM.
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Po thi 4-20: Nhu ciu thiiy loi khong dwoe dap vng so véi Kich ban gbc
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Nhu miéu ta & cac muc trén, bién doi khi hau s& tac dong nhiéu hon dén céc tiéu luu vuc phia
Bic, chu yéu 1a luu vuc song Hong. Diéu nay ciing dugc phan anh trong két qua phan bd vé nhu
cau thity loi khong duge dap Gng theo khong gian, theo d6 lwong nudce thiéu hut nhidu nhat cha yéu
& Iuu vuc song Hong, chii yéu do dong chay giam nhu di phan tich ¢ phan vé dong chay. Hon thé
nita, mac do tac dong ciing c6 khoang dao dong rong hon ¢ cac tiéu luu vuc phia Bic, trong
khoang tir 6BCM thiéu hyt dén 2BCM du thira so véi kich ban gbc. D6 thi 4-21 trinh bay nhu ciu
thuy loi khong duge dap tng so véi kich ban gdc theo 3 viing dén nam 2050.

Po thi 4-21: Nhu ciu thiy loi khﬁng dwoe dap wng so v6i kich ban gbc
cua 3 vung dén nam 2050
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Béng 4-11 trinh bay thiéu hut nudc thuy loi twong tng so véi lugng thiéu hut trung binh ciia
thap ky cua ba kich ban GCM cho két qua tdi thiéu, trung vi va tdi da vé dong chay. Két qua cho
thdy tham chi trong trudng hop dong chay ting (vi du kich ban Ccema cgem31 A1B) luong nude
du thira trong thap ky 2020 s& dan dan duoc sir dung hét do nhu cau thuy loi ngay cang tang.

Bang 4-11: Nhu ciu thiiy lgi khong dwoe dap vng trung binh 10 nim
cia mét so Kich ban bién doi khi hau (don vi triéu mét khoi)

— oz 2011- | 2021- | 2031- | 2041-
Kich ban GEM Dia diém 2020 | 2030 | 2040 | 2050
| Luu vyc mién Bac 1906 | 3750 | 4461 5285

Dong chay toi thiéu - X
Ukmo_hadgem] A1B Luu vuc ml?n Trung 1049 1213 1754 1903
Luu vuc mién Nam 1242 794 1424 1516
Luu vuc mién Béc 594 715 1498 2341

Dong chay trung vi - X
Inmem3 0 B1 Luu vuc mu?n Trung 427 397 868 932
Luu vyc mién Nam 684 363 1400 1503
, Luu vyc mién Bic -1900 | -1435 | -2211 918

Dong chay to1 da - X
Ccema cgem31 A1B Luu vuc mlc?n Trung -255 78 -457 223
Luu vuc mién Nam 325 574 456 741

4.5.2. Tdc dong dén thity di¢n

Gia tri trung vi ctia san luong dién so voi kich ban gdc c6 xu hudng giam nhe trong céc kich
ban bién d6i khi hau. V& tong thé, san luong phat dién cua cic nha may thuy dién sé& bi giam tdi da
1a 14% trong giai doan 2041-2050. Phan trim giam san luong trung binh 10 ndm ciia cac nha may
dugc trinh bay trong D6 thi 4-22.

Po thi 4-22: Cong suit phat thily dién so véi kich ban goc (%)
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Tong cong suat phat dién hién nay sau khi tit ca cic nha may thuy dién hién dang duoc xay
dung di vao hoat dong 1a 42,76 TWH. Kha ning phat dién, dap Gmg nhu cau hang nim cé su bién
dong cao. Do thi 4-23 cho théy do bén cia mot sd nha may thuy di¢n trong 56 kich ban bién ddi khi
hau. Két qua cho th?iy c6 su rui ro tuong ddi 1on vé do bén cta nha may thuy dién 16n nhu Son La,
Hoa Binh, trong khoang +/- 5 % trong 40 nam.

Do thi 4-23: P bén ciia mot s6 nha may thiy dién
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4.6. Chinh sach thich ing
4.6.1. Tiéu lwu viee séng mién Biic

Tac dong chinh vé ngudn nude cua cac tiéu luu vic song phia Bic 1a suy giam dong chay va
gia ting nhu cdu nuéc cho thuy loi. Hau quéa cua su két hop hai tic dong trén sé& 1a sy thiéu hut
nghiém trong ctia ngudn nudce cho thiy loi va do d6 khong dap ung dugc nhu cau. Hon thé nira,
cong suét phat dién cta cac nha may trong khu vuc ciing s& giam nhe.

Nudc cho thuy loi chiém phan 16n nhu cau vé nudc doi voi céc ti€u luu vuc song phia Bac do
d6 str dung hi¢u qua ngudn nudc sé 1a hudng di co ban dé giam thiéu tdc dong ctia bién do6i khi hau
té1 nhu cau nudce cho thuy loi. To1 thi€u hoa lugng nudce ro thoat trong cac kénh va ap dung cong
nghé tot hon c6 thé gidm dang ké nhu cau nudce cho thuy 1oi.

Tap doan dién luc Vi¢t Nam (EVN) da xac dinh mot s6 ho chira nudc da muc ti€u trong khu
vuc. Viéc trién khai hoat dong cua cac ho chira nay c6 thé cung cap nudc cho mua kho, giam thiéu
anh hudng dén cong suat dién va cho phép phan boé nguon nudce téi vu cho thuy loi.

4.6.2. Tiéu luu vuc song mién Trung va mién Nam

Nhu da dé cap & trén, hau hét két qua cac kich ban GCM déu cho két qua gia tdng dong
nudc cho cac tieu luu vuc song mién Trung va mién Nam. Thém vao dd, dong nudc trong mua
udt s€ cao va vao mua kho s€ bi giam. Két qua két hgp cac tdc dong cua viéc tang dong chay, dac
biét vao mua mua s€ gia tang cuong do cua thién tai, nang tan suat li va do phd huy nghiém
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trong cta lii. Hon thé nita, giam dong chay trong muia kho 1am giam thay dién va tao ra thiéu hut
nudc cho thuy loi.

Xay dung thém hd chira da muc tiéu va ting kha nang trit nude s& gitp Viét Nam c6 thé dap
mg nuéc cho mua kho va giam rai ro 1 lut. Mac du anh huéng dén thiy loi do giam nuéc trong
mua kho nho, sir dung nude hidu qua 1a yéu td then chdt; tang hiéu qua thiy loi dong vai trd quan
trong trong viéc giam thiéu tac dong tiéu cuc cta bién d6i khi hau trong tuong lai.

Hién nay, tong nhu cau nudc cho cong nghiép va nudc sinh hoat chiém 18% (Xem Béang 4-6).
Trong twong lai gan, nhu cau nudc nay s& chiém ty trong dang ké do tang dan sd va cong nghiép
hoa nhanh. Tai ché va sir dung hiéu qua hé thong phan phdi nude s& 1a hudng di co ban dé tdi thiéu
hoa tac dong tiéu cuc cua bién d6i khi hau.

5. Puong giao thong
5.1. Puong giao thong va ting truwéng kinh té

C6 rat nhidu nghién ciru khang dinh tdm quan trong ciia co s¢ ha ting dudng sa cho ting
truong kinh té. Trong mot tai lidu hoi thao, Fernald (1999) da nghién ctru s liéu cuia Hoa Ky trong
thoi ky 1953-1989 va két luan rang dau tu vao dudng sa da co tac dong dang ké 1én ting truong
nang suat trong thoi ky 1953-1973 khi hé thdng dudng cao toc lién bang dugc xay dung. Tac gia da
wéc tinh dau tu cong, chu yéu trong duong sa da dong gop 1 diém phan trim trong ting trudng
tong nang suét lao dong (trang 620). Dé dat duoc thanh tiu nay, dau tu rong vao dudng sa da vuot
qua mot phan tu gia tri ddu tu rong cua tu nhan (trang 619). Do d6, dau tu vao hé théng duong sa
cong cong da dong gop tang trudong kinh té ctia Hoa Ky trong sudt thap ky 50 va 60. Sau nim
1973, Fernald khang dinh rang san pham can bién cia dau tu duong sa da giam (vi du hé thong
duong cao tdc lién bang thir hai c6 it lgi ich hon hé thong dudng cao tdc thir nhat).

Céc nudc dang phat trién duong nhu it phai doi mat tinh trang suy giam san pham cén bién
ctia dau tu co s ha ting duong sa do su vugt qué cung boi vi hé théng dudng sa ctia cac nude niy
thudng kém phat trién. Tat nhién, san phim can bién (va trung binh) ctia dau tu co so ha tang co
thé thap bai nhiéu 1y do. Vi du, Chinh phu cac nudc cé thé lang phi cac ngudn luc xay dung cac co
so ha tang kém chit luong va khong can thiét. Tuy nhién, bang ching kinh nghiém cho thiy nhin
chung dau tu vao hé théng duong si cong cong tao ra cac gia tri hop 1y. Vi du, Esfahani va
Ramirez (2003) st dung s6 liéu thong ké hdi quy so sanh giita cac nudc va phat hién rang dong gop
cua dich vu co so ha téng cho GDP la dang ké va cao hon chi phi dau tu. Tuong tu nhu vay,
Calderon va Servén (2004) phat hién ting truong kinh té & cac nude chau My La-tinh ¢6 méi quan
hé tich cuc v&i von co so ha tang va bat binh dang thu nhap giam xudng cing véi s lugng va chat
luong co sé ha ting ting 1én. Gan day, cac tic gia nay da sir dung cung phuwong phap dé tinh cho
cac nude chau Phi va cling cho ra mot két qua twong tu (Calderdn va Servén 2008).

Céc van dé vé phuong phap luan 1am han ché cac nghién ctru thuc nghiém hoi quy giita cac
nude voi nhau (vi du xem Roodman 2009). Tuy nhién, cc nghién ciru & tim qudc gia nhin chung
cling cho ra két qua tich cuc. Vi du, & Viét Nam, Mu va van de Walle (2007) phéat hi¢n rﬁng dau tu
vao duong sa ¢ néng thon mang lai tic dong dang ké d6i voi phat trién thi truong dia phuong. Hon
nita, ho phat hién rang trong khi cac tac dong 1a khong dong nhat dén cac muc thu nhap cia dan cu,
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thi ching co tac dong dén giam nghéo. Trong mot nghién ctru & Nepal, Jacoby (2000) phat hién
rang “viéc xdy dung, mé rong dudng sa mang lai lgi ich on dinh cho cac hd nghéo” (trang 713).
Dillon, Sharma, va Zhang (2011) ciing két luan trong nghién ctru ctia ho rang duong sa néng thon
12 mot khoan chi tiéu cong hitu ich nhét & Nepal. Fan va cac dong tac gia ciing wdc tinh gia tri thu
lai duoc trong dau tu cong & Trung Qudc, An PO va Uganda (Fan et al. 2004; Fan va Chan-Kang
2008; Fan va Hazell 2001; Fan va Zhang 2008). Ho da udc tinh gia tri dau tu chic chan thu lai
duoc khi dau tu vao duong sa, dac biét 1a hé théng duodng sa & nong thon.

Do d6, ca ly thuyét va bang ching thyc tién déu thira nhan rang dau tu vao co sé ha tang la
nhan t6 quan trong cho ting truong kinh té va giam nghéo. O phan 16n cac nudc dang phat trién,
cac khoan dau tu nay déu chiém ty 1¢ 16n trong ngan sach nha nuéc va trong tong dau tu toan xa
hoi. Néu ngudn vén dau tu cong noi chung va khoan von cho ha tang dudng sa noi riéng 1a can
thiét cho tang truong kinh té va giam nghéo thi su suy giam hé théng duong sa nay ciing c6 tac
dong quan trong. Phan tiép theo, ching ta s€ xem xét cac tai licu bién ddi khi hau lién quan dén hé
thng duong sa.

5.2. Puong giao thong va bién d6i khi hau

Céc nghién ciru vé tac dong va thich nghi ciia bién ddi khi hau trong linh vuc co sé ha ting
con & mirc d6 so khai, méi chi nhdn manh cac dé xuat va canh bao chung dua trén cac nghién ctru
vé thoi tiét noi chung. Nghién ctru boi Uy ban nghién ciru giao théng cua Hoa Ky, Uy ban Scotlen,
va co quan duong sa Uc 1a nhitng nghién ctru ddng chu y (TRB 2008; Galbraith va cac dong su.
2005; AUSTROADS 2004). Céc tac gia so sanh cac tham hoa lién quan dén khi hau va cac quan
sat cua ho thu dugc véi cac tdc dong bién d6i khi hau duoc du bao. Mot sb cac nghién ctu udc
luong tac dong cu thé cua nhiét d6, mua, tuyét, gid, swong mu va lii lut 1én duong sa (CCSP 2006).
bi xa hon, cac nghién ctru khac xac dinh cac ving noi ma bién ddi khi hau c6 thé de doa dén co s&
ha téng. Vi dy, duong sd & Canada dic biét bi tén thuong do sy tang nhiét do (Industrial Economics
2010). Twong ty, khi hau & phuong Béc c¢6 thé gay ra sy xudng cp nhanh co so ha ting do sy tan
bang (Jackson va Puccinelli 2006).

Mills va Andrey (2002) xay dung mot khung khé chung vé danh gia tac dong khi hau 1én hé
thong van tai. Ho liét ké cac diéu kién ranh gidi thoi tiét va phan loai cac dang thoi tiét nguy hiém
anh huong dén moi truong co sé ha ting duoc xdy dung, duy tri va st dung. Céc tac gia canh bao
bién d6i khi hau sé& thay d6i bdi canh thoi tiét, anh huong dén tan sd, khoang thoi gian, va tinh khac
nghiét thoi tiét. Cac mbi nguy hiém nay cé thé anh hudng co s ha tang duong sa, kha ning van
hanh, va duong cung cia cac dich vu van tai. Sau cung, anh hudng ctua thoi tiét tac dong 1én linh
vuc ndng nghiép ¢ dia phuong san xuat va do d6 dén sy can thiét va phuong thirc van chuyén céc
san pham noéng nghiép.

Mot diém han ché ciia cic nghién ciru trén 12 méi chi tap trung tac dong tiém ning cia bién
d6i khi hau, va sy thiéu udc tinh chi tiét ctia cac chi phi hay mat mét xay ra do su bién ddi khi hau.
Pé khic phuc han ché nay, Chinowsky va cac dong sy. (2011a) chirng minh céac chi phi tiém tang
ctia bién d6i khi hau 1én co s¢ ha ting dudng sa & 10 nude ¢ vi tri dia 1y va kinh té khac nhau.
Phuong phép nghién ctru cia ho 13 sy mo rong ctia nghién ctru udc luong tac dong cta bién d6i khi
hau 1én cdu dudng cia Stratus Consulting (2010) va nghién ciru tac dong 1én duong sa ¢ khi hau
phuong Bic (Industrial Economics 2010).

58



Céac mdi quan hé dugc dé cap ¢ trén dugc két hop vao mo hinh mé phong hé théng duong sa
tén 1a CliRoad. M6 hinh mé phong nay theo ddi sb lugng dudng sa chia theo tudi tho cia dudng ké
tir khi xay dung (hodc 20 nam duoc xay/nang cap lai), loai duong (cip 1, cip 2, cap 3), kiéu duong
(nhua, soi, hodc dat) va ving cho mdi nim trong khoang thoi gian mé phong tir naim 2007-2050.
Trong khi d6 céac yéu td tac dong khac dugc gitr ¢ dinh & cac khu vuce, cac yéu td thoi tiét (luwong
mua, nhiét dJ va cac sy kién 1 lut) thi khac nhau gitra cdc vung. Boi vi CliRoad duogc tich hop truc
tiép vao trong md hinh can bang tong thé duoc thao luan & dudi nén két qua tir CliRoad sé& dugc
thao luan ¢ phan 7.

Viét Nam dang trong qua trinh ning cdp va md rdng co sé ha tang. Tir cac hai cang dén
duong sa va di€n, Viét Nam da nhén ra céac l¢i ich dai han va ngén han 13 sy can thiét phai tang
cudng hé théng co sé ha ting noi chung. Két hop voi cac ngudn du tu nha nude va tu nhan, Viét
Nam dang thyc hién cac budc nang cap co sé ha tang. Tuy nhién, nguoc lai v6i cac cach tiép can
truyén thong dé phat trién co so ha tang, Viét Nam dang mo rong sy quan tdm dén cac chi phi xay
dung bao gém lam nhe di cac anh huong tiém ting cia bién doi khi hau 1én co s¢ ha tang. Trong
khi cac chi phi nay dugc quan tdm & tat ca cac nude, dic biét & cac nudc dang phat trién noi ma
ngudn ngan sach bd sung can thiét dé giam thiéu tic dong cia bién d6i khi hau con han ché. Nhiing
han ché cta ngén sach 1 nhimng thach thic cia cac nudc dang phat trién dé xac dinh cac mdi de
doa gay ra boi bién d6i khi hau, xdy dung cac chinh sach thich tmg dé thay doi cac du bao, két hop
cac thay d6i & ké hoach phat trién tim trung va dai han, va dam bao kinh phi cho cic dé xuét va
thich tmg can thiét tai thoi diém bat dau cua qua trinh xdy dung.

Céc nghién ctru trudc cia UNFCCC, IPCC, NHTG va cac to chirc khac di ¢ ging dinh
luong anh huong cua bién do6i khi hau 1én cac tai san vat chat trong vai thap ky t6i. Nghién ctru nay
mé rong hudng nghién ciru bang cach xac dinh anh hudng cua bién doi khi hau 1én co sé ha tang
duong giao thong cua Viét Nam nhu 1a mot phan cta chwong trinh nghién ctru phat trién duéi bdi
canh bién ddi khi hau (DUCC) ciia WIDER (UNU). Pudng lat nhua, duong rai soi va dudng dat
duogc lua chon nhu 14 kiéu co s ha tang riéng 1¢ dé danh gia boi vi ching 14 nhan t6 quan trong
phat trién kinh té-xa hoi cua Viét Nam. Nghién ciru co s¢ ha ting xem xét cac kich ban bién doi khi
hau tir toan cau dén qudc gia cu thé vé phan bd cac ngudn luc cho phat trién co s¢ ha tang dén bao
dudng va thich img cho co sd ha tang sin c6. Nghién ciru ndy xem xét cac tac nhan khi hau (bién
ddi lugng mua va nhiét d9) va du bao tdc dong cua myc nudc bién dang 1én 1 mét. Do tam quan
trong clia cac ving duyén hai ddi voi Viét Nam, ca hai loai tic dong trén déu duoc dua vao trong
phan tich anh hudng cia bién ddi khi hau.

Nghién ctru nay duoc thiét ké dé co thé nhan biét rong hon anh hudng cia bién d6i khi hau
dén cac van dé phat trién bao gdm kinh té-xa hoi va giao thong qua phan tich vé co s¢ ha tang
duong giao thong. Nghién ctru nay str dung phuong phap mo rong cua nghién ctiru vé Kinh té hoc
cta thich ung véi bién doi khi hau cia NHTG, dung phuong phap tic nhan-két qua dwa vao ky
thuat dé danh gia tac dong cua bién doi khi hdu dén loai tai san vat chat cu thé (World Bank,
2010a).

Khai ni¢m vé “Chi phi co hoi” dugc st dung trong nghién ctru ndy la dé xac dinh cac loi ich
cua dieu chinh thich g vdi cac dy bao bién doi khi hdu ¢ Viét Nam. Tu khai niém nay, nghién
clru nay cung cap mot toan canh cho cac nha hoach dinh chinh sach dé hiéu rong hon vé tac dong
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clia cac bién ddi khi hau trong tuong lai & nhiéu cip do dén nim 2050. Tom lai, nghién ctru nay
dugc xay dung dé cung cép mot toan canh cho cac nha hoach dinh chinh sach dé tra 161 mot phﬁn
cau hoi “ thich tng bay gid hay mudn hon™? Viét Nam c6 nén tri hodn diéu chinh thich ing voi cac
anh huong bién dbi khi hau 1én co s¢ ha tang hay khong?

5.3. Phwong phap

Phan tich tic dong ctia bién d6i khi hau 1én co so ha tang duong sa Viét Nam can két hop
giita cac kich ban du bao bién dbi khi hau twong lai tir mé hinh khi hau toan cau (GCM), phan tich
tac nhan-phan hdi cua thiét hai vé co so ha tﬁng, phan tich GIS, dy bdo muc nudc bién dang, thong
tin vé chi phi, tinh hinh dia Iy va co s¢ ha tang cua Viét Nam. Diém trong tim cta phan tich 1a
dung phuong phép tic nhan-phan hoi. Phuong phap tac nhan-phan hoi dua trén khai niém céac yéu
t6 ngoai sinh hodc cac tic nhan khi hau c6 anh hudng truc tiép 1én cac nhén t6 trong tim. Trong bdi
canh bién ddi khi hau va co s& ha tﬁng, cac yéu td ngoai sinh la cac dy bao bién d6i khi hau bao
gém su thay ddi myc nuée bién, lugng mua, nhiét do, tan suét bio va tdc do gi6. Cac nhan td trong
tam 1a cac dang co sé ha tang bao gom duong b, dudng tau, phan phdi dién va nude, va cic toa
nha coéng cong. Do d6, gia tri ciia mdi quan hé tac nhan-phan hdi thé hién luong hoa tic dong ma
mot tac nhan cu thé tac dong 1én mot nhan t6 co so ha tﬁng cu thé. Trong truong hop nay, taic dong
clia co sO ha tang duge phan tich boi vi né lién quan tdi cac nd lyc phat trién tong thé. Phan tich
duoc tién hanh theo 2 giai doan, dAu tién xac dinh cac anh huong khi hau 1€n co so ha tﬁng duong
s hién co trong cac vung lya chon va sau d6 xac dinh cac tac dong vé chi phi 1é€n co s¢ ha téng do
dua trén cac ham tac nhan-phan hoi.

Phéan dau cta phuong phap ndy nhan manh st dung cac dau hiéu dé du doan tic dong tiém
tang ctia bién d6i khi hau 1én cac cdu thanh co so ha tang & nhitng ving xéac dinh. Phuong phéap nay
duogc str dung dua trén nhan thire rang cac chinh sach chi dong phong ngira s& 6 loi ich kinh té 16n
hon so véi chinh sach stra chira nhitng thi¢t hai sau khi sy viéc xdy ra. Str dung cach tiép can chu
dong phong ngira, cac tac dong tiém tang c6 thé dugce xac dinh va bién phap thich tmg c6 thé duoc
trién khai tai cac dia diém va thoi gian thich hop. Thong qua viéc sir dung nhiéu kich ban khi hau,
thong qua so sanh dé Iya chon nhitng bién phép thich hop dua trén kha ning xay ra cia cac hién
tuong khi hdu & mot vung nhét dinh. Do tinh khong chic chin trong du bao vé khi hau, c6 mot
nguy co 1a cach tiép can chii dong s& dan dén viéc xay dung qua nhiéu co s ha ting. Quyét dinh
"hdi tiéc" nay dugc bu dip mot phan bang cac khoan tiét kiém duy tri va kéo dai tudi tho con
duong thong qua cai thién viée thiét ké chinh sach. Tiét kiém nay duoc phan 4nh boi cac tinh toan
tiét kiém bao tri trong phén tich nay.

Budc 2 cua phuong phap nghién ctru nhin manh sir dung cac ham sd phan héi dé xac dinh
cac tac dong chi tiét va chi phi. Cac ham sé phan hoi duge st dung két hop véi cac tac nhan khi
hau dé xac dinh cac tac dong. Pac biét, cac tac nhan khi hau dugc xem xét ddi vai cac loai duong
giao thong (dudng 1at soi, dudng rai nhya va dudong dat) dé xem xét tac dong cua cuong do cua
tung tac nhan 1én tung loai dudong. Cac tac nhan khi hau dugc lya chon trong nghién ctu nay la
nude bién dang, lugng mua, nhiét dg, va I lut. Vi du, mtrc dd gia tang cua lugong mua tac dong dén
tudi tho ctia duong chua rai nhya.

Theo cich nay, nghién ctru khong tap trung vao dinh tinh ma quan tim dén dinh luong. Li
lut, lugng mua va nhiét do duoc phén tich trén co sé chudi thoi gian voi cac diéu chinh chi phi
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hang nam dén nam 2050. Cac tac dong ciia nudc bién dang duoc phan tich dong nhét véi kich ban
1 mét nude bién dang do cac han ché vé sd liéu. Viéc du bao ngap lut gia dinh réng tat ca cac hé
théng duong sa trong ving ngap lut s& bi pha hity hoan toan. Do dé, chi phi cho cac tac dong do
nude bién dang dugc xéc dinh 1a chi phi thay thé cho hé théng duong sa bi ngép lut.

5.3.1. Cdc tham sé trong nghién ciru

Trong nghién ctru ndy, mot vai tham sé di dugc xac dinh dé xay dung mot phuong phap nhat
quan va c6 thé so sanh khi xem xét v6i cac loai tai san va trong cac thoi ky khac nhau. Thir nhit, bo
s6 liéu théng nhat va ddng bo vé duong giao thong dugc sir dung dé phan tich trong tat ca cac giai
doan. Hé thong duong giao thong hién nay dugc phan bd (nhu miéu ta & phan dudi) va sir dung cho
céc phén tich trong twong lai. Pidu nay gitp loai bo su khong chic chin xung quanh ké hoach va
thuc té xdy dung hé thong dudng moi. Thir hai, tat ca sb lidu trinh bay & ddy dua trén ty 1& chiét
khau 5%, véi gia nam 2010 1a ndm co sé. Thir ba, kich ban “thich ung” duoc trinh bay song song
v6i kich ban “ khong thich Gmg”. Pay 1a nhing kich ban vé sy lya chon chinh sach quay quanh
bién d6i khi hau va dau tu co s ha tang. Cac kich ban thich tng gia dinh rang khi hau trong tuong
lai duoc du doan va tit ca cac con duong moi dang dugc tai tao bé mit va dugc nang cip day du
nham déap Gng nhitng thay doi khi hau duy kién trong tudi doi cua nhitng con duong. Cac con dudng
nang cép sau d6 dugc coi nhu 1a chéng chiu v6i khi hau”, chong lai sy xudng cip do ting luong
mua hodc nhiét d6 do bién ddi khi hau. Lich trinh bao dudng dugc gia dinh thuc hién binh thuong
va khong duoc tinh vao chi phi do cac hoat dong bao dudng nay van s& dugc thuc hién trong diéu
kién khong c6 bién doi khi hau.

Ngoai cac tham sd co ban ndy, mot bo phuong an thich Gmg nhat quan duoc sir dung cho mdi
loai duong bd va & trong mdi kich ban. D6i v6i loai duong 14t nhya, nang cip thich tng bao gom
pht mot chét két dinh méi, ma né dan hoi hon dé chong lai nhiét d6 bé mat duong ting. Poi voi
cac duong soi, nang cap thich tng dugc tap trung vao cac tic dong mua va Iii lut. Mot con duong
nang cap duoc lam lai bé mat v6i hdn hop so6i nghién va mat duong cii nam sau hon bé mat duong
méi. Kich thude va cong suit cong ngdm duogc gia ting va nam trong chi phi hon hop. Cac duong
dat cling dugc phan tich bao céo ndy dwa trén du béo 1ii Iyt va luong mua ting. Ddi véi duong dat,
lwa chon thich tng 13 nang cép thanh dudng soi di co nang cap thich tmg. Viéc nang cap mot con
dudng dét 1én duong rai soi s€ tao ra mot khoan tiét kiém béo tri boi vi bao tri hang nam ddi véi
duong dat cii s& khong con can thiét nira. Cac lgi ich khac vé thoi gian va chi phi giao thong khong
dugc dua vao trong phan tich chi phi.

5.3.2. Khi hdu va yéu t6 quyét dinh ciia hé thong dwong

Céc phan tich cho NBD va cac tac nhan khi hau khac nhau vé nguén dir 1iéu tac dong bién d6i
khi hau, phuong phap xac dinh tac dong, va chudi thoi gian sir dung, nhung cing mot phuong phéap
phan bd sé lwong duong sa duge sir dung.

5.3.2.1. Phdn bé hé thong dwong

Viéc phan chia va phan bo hé thong dudng hién co vao cac khu vuc dia Iy cu thé 1a quan
trong cho viéc phan tich bién doi khi hau va tac dong trén cac tuyén dudng trong cac khu vuc hanh
chinh cy thé. Cac wéc lugng & tinh cho sé dudng hién c6 dugc xac dinh dya trén qua trinh phan bd
duoc két hop véi yéu t6 dan sé va dién tich ctia mdi tinh theo ty 1& phan trdm so véi ca nude. Cac
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ty 1¢ twong ddi sau d6 dugc sir dung dé xac dinh ty 1& duong sa duoc phan phdi cho mdi tinh. Do
thiéu s6 liéu khong gian GIS v& vi tri chinh xac ciia hé thong dudng trong tinh va quy mé sd liéu co
san, hé théng duong duoc phan bd theo ving hanh chinh va duoc gia dinh rang hé thong dudng
dugc phan b dong déu trén toan khu vuc hanh chinh. Qua trinh phan bd nay dwoc tom tit theo
cong thuc sau:

RA = RN * [((PopA / PopN) + (TA/TN)) /2]
A = Vung hanh chinh (tinh)
PopN = Dan s6, Qudc gia
PopA = Dan s6, viing hanh chinh
TN = Tdng dién tich dat KM?, Quéc gia
TA = Tdng dién tich dat KM?, ving hanh chinh
RN = Hé thong dudng giao thong, Quc gia
RA = H¢ thdng dudng giao thong, ving hanh chinh

Su phan b6 duoc thuc hién cho mdi loai trong 9 loai duong trong phan tich: duong nhya,
duong soi, duong dat, va dudng cp 1, dudng cap 2, va dudng cap 3.

5.3.2.2. Dir liéu duw bao tac dong khi hau

Dit liéu vé sy bién ddi khi hau trong nghién ctru nay duoc léy tr 2 nguén: lIwa chon tur dit liéu
cdc mo hinh tudn hoan toan cau (GCMs) cho phén tich cac tic nhan khi hau va tir du bao NBD cua
Trung tdm cam bién bang tir xa thudc truong dai hoc Kansas cho phan tich NBD. Vé sd liéu GCM,
cac mo hinh GCMs cung cép céc kich ban bién d6i khi hau tuong lai dén nam 2100. Céc sb liéu
dugc su dung dé phan tich bao gém cac kich ban A2, A1B va B1, miéu ta cac kich ban khac nhau
vé phat trién tuong lai trong bao cdo danh gia 1an thir 4 cia Uy ban lién Chinh phu vé Bién dbi khi
hau (IPCC 2007). Chi tiét vé cac kich ban nay dwgc miéu ta trong phan 2.

Pé dua ra mot cach phan tich tin cay vé cac du bao bién ddi khi hau c6 thé Xay ra, tat ca cac
dir lisu GCM duogc chap thuan boi IPCC bao gém cac du bao hoan chinh vé khi hau va lii lut cho
Viét Nam va chiing duoc st dung trong phén tich cac nhan té khi hau 1én hé théng duong sa Viét
Nam. Téng cong c6 25 GCMs duoc st dung cho phan tich. Mdi mot mo hinh khi hau chta dung
cac du bao vé lugng mua hang ndm va nhiét do cao nhét. D& miéu ta mot bl tranh rong 16n vé anh
huong tiém ning cua bién doi khi hau, pham vi va kha ning xay ra cua cac kich ban anh huong
thap, anh huong trung binh va anh huong 16n dugc xem xét trong mdi lién quan dén cac du bao
khac.

pé phan tich tadc dong ctia nudc bién dang, bo s6 liéu duoc xay dyng tor Trung tdm cam bién
bang tir xa ctia truong dai hoc Kansas duoc sir dung. Bo s liéu nay cung cip thong tin vé nudc
bién dang 1 mét hodc cao hon ciia Viét Nam. Céc sb liéu nay duge cung cip cong khai dudi dang
Hé thong thong tin dia 1y (GIS). Thong tin vé& nudc bién dang dugc sir dung dé wdc tinh phan trim
mdi 6 ludi (grid cell) bi “ ngdp”- dat bi ngap khi nudc bién dang 1én cao hon 1 mét. O nhitng noi
dugc du bao bi ngdp, nghién ctru gia dinh réng tat ca 9 loai duong nam trong khu vuc ngap nudc s€
bi pha huy. Phuong phap ham tac dong duge miéu ta trong phan 5.4 duéi day.
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Nham dam béo st dung dir li¢u hoan toan chinh xac, dir li¢u nudc bién dang va ban dd cac
tinh cua Viét Nam duoc chuyén theo hé théng tiéu chuédn 6 dua trén vi do va kinh do. O don vi
nghién ctru khi hdu (CRU) voi1 0,5 d6 vi do va 0,5 do kinh d6 (dién tich khoang 250 kmz) duoc su
dung dé chuyén doi hé théng sb liéu nay (Climate Research Unit Time Series Version 2.1). Nguyén
tic cla su chuyén ddi sb liéu nay la qua trinh chuyén toan bo thong tin dia 1y ctia mdi tinh vao cac
0 trong ban dd theo 6 don vi nghién ctru khi hau. Cu thé, mdi tinh duoc phan bd vao nhitng 6 CRU
nhét dinh tuong ung voi dién tich dia Iy cia chung. Vi du, tinh 1 dugc chuyén vao 30% 06 A va
70% 6 B. Trong truong hgp nay, tinh c6 dién tich twong tmg trong mdi 6 A va B. Trong khu vuc
ma dia diém cta hé thong duong giao thong khong 16 rang, hé thong dudong duoc phéan bd véi ty 18
30% va 70% tuong ung nhu trén dé phén tich tac dong. Két qua ciia qué trinh phan bd nay 1a ki-16-
mét dudng giao thong mdi tinh duoc phan bo twong tng theo 6.

5.4. Cac ham tac dong
5.4.1. Phan tich anh hwong khi hdu GCM: Li lut, lwong mwa va nhiét do

Str dung dir 1iéu khi hau dugc du bao bo1t GCMs da md ta ¢ trén va kich ban co s¢ khong co
su bién ddi khi hau, cac chi phi va anh hudng dén co sé ha téng ¢ thé dugce xac dinh dua trén
phuong phap tac nhan-phan hoi. Nhom nghién ciru da st dung phuong phap dua trén ham tac
nhan-phan hoi ddi véi lugng mua, nhiét d va i lut dugc stir dung trong nghién ctru vé tac dong 1én
co s ha ting & chau Phi (Chinowsky va cac cong su 2011b).

Cac nhoém phan hoi duoc chia ra lam 2 loai: cac anh hudng 18n chi phi xdy dung moi va cac
anh hudng 1én chi phi duy tu. Cac chi phi xdy dung méi tap trung vao chi phi bd sung can thiét dé
diéu chinh thiét ké va xay dung tai san thich Gmg v6i du bao vé bién ddi khi hau trong sudt vong
doi cia tai san d6. Cac anh hudng chi phi duy tu c6 thé ting hodc giam dap tmg yéu ciu thiét ké
trong bbi canh bién d6i khi hau. Trong mdi nhom trén, diéu co ban 1a nham bao ton vong doi cia
co s& ha tang theo thiét ké. Piéu nay xuat phat tir quan diém thién vé nang cap va bao ton co sd ha
tang hon 1 thay thé co s¢ ha ting qua thuong xuyén.

5.4.2. Phwong phdp xem xét tic dong ciia nwéc bién ding

Trong nghién ctru ndy, cac danh gia vé anh hudng khi hau va nudc bién dang dugc phéan tach
riéng biét va khac nhau vé khoang thoi gian. Cac anh huong thoi tiét vé lwong mua va nhiét do
dugc thuc hién trén co s¢ hang ngay va cac két qua duogc téng hop theo thap ky nham dua ra mot
cach nhin toan thé vé anh huong khi hau trong thoi ky trung han. Do thiéu s6 liéu theo thoi gian vé
du bao nudc bién dang, phan tich NBD duogc thuc hién cho kich ban nudc bién dang ngay 1 mét.
Do tin cdy cta phuong phap nay s& duoc thao luan & phan dudi. Tuy nhién, viéc danh gia hai loai
anh huong dua ra du bao va sy hiéu biét thém vé cac anh hudng c6 thé cta bién ddi khi hau, dic
biét ddi voi nhimg ving duyén hai.

Cac du bao vé nude bién dang xuét hién & mot vung cu thé 1a khong chic chin va c6 dao
dong 16n. Mot vai nghién ctru gan ddy di du bao mot kha ning NBD hon 1 mét vao nim 2100
(Nichols va Cazenave, 2010). Bio céo danh gia 1an thtr tr (AR4) ctiia Uy ban lién Chinh pha vé
bién d6i khi hau (IPCC) xuat ban nam 2007 dy bdo muc ting trung binh 60cm vao niam 2100
(IPCC 2007). Cac anh hudng ctia NBD s& khong dong déu trén toan thé gidi va mot sé ving xac
dinh s& bj anh hudng nhiéu hon so véi cac ving khac (Dasgupta va cac cong sy, 2008 va Neumann
va cac cong su, 2000). Nhu da thao luan, Viét Nam dac biét dé bi ton thuong boi1 NBD.

63



Phuong phap danh gia tac dong NBD trong nghién ciru ndy dua trén mot vai gia thiét: (i) co
su phan bd ddng déu hé théng duong sa theo cac ving hanh chinh; (ii) NBD ting 1 mét ngap cac
vung dat ¢6 do cao dudi mot mét; hé théng duong trong cac vung dét bi ngap s€ can dinh vi lai
vinh vién. Chi phi tinh cho dudng giao thong bi ngap 1a chi phi xay dung lai con dudng dé. Vi du,
néu 50% dién tich cuia 6 CRU bi ngap boi nudc bién dang thi 50% hé théng duong trong 6 d6 bi
pha hity. SO ki-16-mét duong bi pha hity s& twong Gng voi phan bo hé thdng duong ban dau tir qubc
gia dén tinh va cudi cung 1a dén cac 6 CRU.

Mot khi sb ki-16-mét duong sa bi ngap dugc xac dinh cho mdi 6 (grid cell), viéc xac dinh cac
chi phi thay thé duong sa méi dugc thuc hién. Cac chi phi thay thé duoc dua trén mdi loai duong
s4 trong mdi 6 CRU. Trong trudng hop nudc bién ding, phan tich chi phi hién tai dugc thyuc hién,
st dung chi phi xdy méi cac ki-16-mét dudng cho mdi loai dudng duge trinh bay trong Bang 5-1.
Céc Iya chon thich ting khac khong dugc phan tich trong nghién ciru nay. Tong chi phi mbi mo
hinh duoc tong hop theo tinh dé cung céap tong chi phi tac dong dén duong giao thong.

Bang 5-1: Chi phi lam lai duwong khi h¢ thong dwong cii bi ngip
do nuwdc bién dang 1én 1 mét

Chi phi xay dwong maéi
DPudng nhua Dudng soi Puong dat
Cap 1 500.000 USD 226.000 USD 128.000 USD
Cap 2 150.000 USD 135.000 USD 75.000 USD
Cap 3 70.000 USD 75.150 USD 41.750 USD

5.5. Pon vi do tac dong

Tac dong cia bién ddi khi hau Ién ha ting duong giao thong co thé do bang mot sb cach.
Trong khi téng chi phi 1a mot thudc do quan trong cho cac nha hoach dinh chinh sach, méot mbi
quan tam khac 1a anh huong tuong dbi ma cac chi tiéu cho bién dbi khi hau co thé duge st dung
cho céc linh vyc quan trong khac, bao gém ca viéc md rong hé théng duong hién co.

Dé cung cip mot cach tong quat vé tac dong cua bién doi khi hau, chung t6i sir dung 3 don vi
do sau:

« Téng chi phi: La cic chi phi udc tinh cia tac dong bién d6i khi hau véi ty 18 chiét khiu 5%.

« Chi phi co héi: La sb lugng dudng trai nhya c6 thé dugce xay dung véi ngan sach tai trg cac

chi phi bién d6i khi hau. Chi phi co hdi duoc tinh bang cach 1y sb tién can thiét dé ung pho
v6i bién d6i khi hau chia cho chi phi cia mot km duong cAp 2 trai nhua, va sau do st dung
sO tién d6 chia cho sd dudng trai nhua hién c6. Con sb nay 1a ty 18 phan trim so v6i duong
trai nhya c6 thé duoc ting 1én néu ngan sach khong duoc phan bo dé tmg pho véi bién doi
khi hau.

« Loi ich thich ing: Loi ich trén % tiét kiém giita truong hop co thich ing va khong thich tng.
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Ba don vi do nay dugc tinh toan cho 2 truong hop c6 thich ung va khong thich ung. Dbi vai
c6 thich tmg, don vi do thir 3 dugc trinh bay. Khai niém tiét kiém duy tu, bao dudng c6 ngy y rang
ngan sach cho duy tu hé théng duong duoc tiét kiém néu bién phap thich trng dugc thuc hién. Céc
khai niém nay duoc trinh bay chi tiét nhu sau:

Thich teng va khong thich irng: Pay 1a hai cach tiép can chinh sach khac nhau dugce xem xét
cho tat ca cac loai dudng va du bao khi hau. Truong hop “Thich tng” duge gia dinh rang cac anh
huong cua bién ddi khi hau da dugc du bao va cac chinh sach thich ung dugc thyc hién 1a nang cép
hé théng duong khi chung duge 1am lai va duy tu. Kich ban thich Gng ganh thém cac chi phi tra
truéc nham giam mirc thiét hai do dy bao ting lwong mua va nhiét do trong tuwong lai. Puong dat
dugc nang cap dé thanh duong lat soi va do d6 giam thiét hai do anh huong lugng mua gia ting.
Kich ban khong thich tng gia dinh khong c6 bién d6i nhu trén duoc thyc hién. Pudng sa duoc xay
dung lai theo céc tiéu chuan trudc d6. Cac chi phi sinh ra tir sy can thiét phai ting chi phi duy tu,
bao dudng cac con duong bi xudng cap dudi tic dong cta bién doi khi hau.

Tiét kigm bdo dwing: Tiét kiém bao dudng chu yéu ap dung cho kich ban thich tng va cho
loai duong dat. Mot sb loai chi phi lién quan dén duy tu bao dudng hé thong duong dat nhu hong
hoc do lwong mua hodc do chuyén dong cac loai xe ¢d. Nang cép cac loai dudng ndy bang cach lat
soi 1én bé mat c¢6 thé giam cac yéu ciu duy tu bao dudng hang nim béi vi dudng soi c6 kha ning
viing chic hon d6i voi mua va cac loai xe ¢d. Do do, tiét kiém duy tu bao dudng bao g@)m ca hai
loai: tiét kiém chi phi duy tu truyén thong cho duong dét va chi phi duy tu chéng lai nhitng hong
héc gy ra do luong mua ting dudi tac dong ctia bién do6i khi hau.

5.6. Cac két qua nghién ciru

Phan tich két hgp anh hudng cua i lut va thay d6i khi hau (lugng mua, nhiét do) 1én co s ha
tang duong sa Viét Nam cung cAp mot bire tranh tong thé vé anh huong khi hau tiém tang dén nam
2050. Cac sb liéu trinh bay trong phan nay 1a tong chi phi anh huong vé xdy mdi, duy tu va sira
chita cho hé théng dudng giao thong hién nay cho giai doan 2010-2050. Phén tich cho 2 loai chinh
sach Thich ung va Khong thich tng dugc thuc hién. Gia tri trung vi ctia két qua cac kich ban GCM
c6 thé dai dién cho gia tri trung binh cua 25 kich ban GCM. Tuy nhién, nhu thao luan phén dudi,
céc két qua phan anh trong do thi cho thay két qua cac GCMs c6 su phan bd khong dong déu trong
khoang gié tri két qua. Do d6, phu thudc vao mirc do quan tdm cuia cic nha hoach dinh chinh sach,
céc chi s6 khac nhur gia tri cac cuc hodc gia tri trong khoang ti phan vi ¢6 thé phii hop hon gia tri
trung vi.

Hinh 5-1 cho biét phan 16n cac du bao khi hau (92%) cho thy tac dong sau khi thich tng
khong 16n hon 2,9 ty USD khi da chiét khau. Chi ¢6 2 GCM c6 mirc 46 anh huong 16n nhat voi
tong chi phi 16n hon 7 ty USD. Tham chi ¢ cac du bao thip nhat, tic dong véi chi phi 1,2 ty USD
c6 chi phi co hoi bang 32%, ngu ¥ rang hon 24.000 km duong cap 2, 1at nhya ¢ thé duge xay dung
v6i s6 tién chi cho hoat dong thich tmg véi bién ddi khi hau thip nhat. Kich ban véi chi phi thich
mg thap nhat d6 chi do ludong tac dong thay doi thoi tiét (lwong mua va nhiét do); Phan tich tac
dong GCM dbi voi lii lut cho thay khong co sy gia ting anh hudng 1én hé théng duong sa.
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Po thi 5-1: Tac dong tong hop ciia bién doi khi hau dén dwong giao thong dén nim 2050

£ Tac dong téng hop - C6 thich trng
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Su phan phdi khong dong déu cua cac tac dong tong hop (phan 16n cac dy bao chi phi GCM
nam & 2 nhom thap nhat) 1a do su khong dong déu vé s6 lidu tac dong cua lii Iyt s& duoc trinh bay ¢
dudi. Boi vi tac dong téng hop cua bién ddi khi hau dugc két hop tac dong cua I Iyt voi tdc dong
do thay doi thoi tiét, do vay phan bo khong déu cua tac dong lii lut dugc thé hién trong tac dong
téng hop.

Twong tu nhu truong hop Thich ung, 92% cua két qua GCM (22/25) trong kich ban khong
thich tng dwoc phan bd ¢ 2 nhom thap trong Do thi 5-2. Piéu d6 ngu ¥ rang chi c6 mot vai GCM
c6 tac dong rat 16n. Chi phi tic dong thap nhét cho kich ban khong thich tng ting 49 triéu USD so
v6i chi phi cta kich ban thich ing. Tuong tu, cic két qua GCM trung vi va cao nhat phan dnh mot
su gia tang chi phi turong tng so véi cac kich ban thich ung 1a 660 tri¢gu USD va 11,6 ty USD.
Trong trudng hop nay, loi ich thich ing ngu ¥ rang cac nha hoach dinh chinh sich nén can nhéc
cach tiép can tng ho thich tng dbi voi bién ddi khi hau. Trong kich ban cao nhat, tiép cin thich
rmg c6 chi phi co hoi bang 482%, twong tng voi viée xay dung 367.000 km dudng cip 2 mdi néu
céc chi phi d6 khong duoc phan bo cho thich Gmg véi bién ddi khi hau. GCM trung vi ¢6 chi phi co
hoi 92%, tuong tmg véi viée xdy mai 70.000 km duong cép 2, trai nhya.

Do thi 5-2: Tac dong tong hop ciia bién d6i khi hau dén duwong giao thong dén nim 2050

Tac dong tong hop - Khong thich trng
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Tiét kiém duy tu cung cdp cho ching ta mot cong cu phan tich quan trong nham hiéu sau hon
vé 1oi ich cua chinh sach thich ung. Pac biét, boi vi co chi phi xuét hién trong viéc nang cép cac
duong dat va dudng soi, do d6 nd c6 thé 1am ting loi ich kinh té tir tiét kiém hang ndm can thiét cho
duy tu dudng sa co chat lugng thap. Khi tiét kiém duy tu duoc két hop vai loi ich thich Gmg, tiét kiém
nay gan nhu ting gap 3 lan, 1én dén 2 ty USD. Cac loi ich kinh t& va xa hoi khac tir viéc nang cap
duong sa nén dugc dua vao trong phan tich ¢ cac dja phuong va trong qua trinh ra quyét sach.

Trong bang 5-2, phan tich trung vi GCM c6 loi ich thich ing bang 4,8 ty USD. Tiét kiém nay la
chénh léch giita chi phi khong thich ing va thich tmg. Khi tiét kiém duy tu dugc két hop vao loi ich,
tiét kiém nay tang gan gp doi véi tong gia tri 9,3 ty USD. Piéu nay 1am ndi bat cac loi ich tiém ning
tir chinh sach thich tng. Di v6i phan tich GCM thap nhat, chi phi thich tmg thip hon tir 3,6 ty USD
dén 1,9 ty USD bao gdm tiét kiém duy tu. Tiét kiém duy tu 1am giam chi phi thich tmg tuong ddi va
tang loi ich thich ung trong tat ca cac kich ban biéu thi ¢ khac nhau vé loi ich tiét kiém giita hai
chinh séch thich trng va khong thich tng. C6 mot s6 kich ban GCMs khong biéu thi sy khac biét gitra
céc chi phi thich tmg va khong thich Gmg. Diéu nay bat ngudn tir tic dong thay doi thoi tiét trong cac
kich ban nay xuat phat tir cac hién twong ca biét ma cac chi phi stra chita sau khi hién tuong xay ra
nho hon céc chi phi thich tmg. Vi du nhu kich ban MIROC3 2(medres) A2 GCM c6 chi phi thich
g twong dong véi chi phi duy tu lai. Tuy nhién, ké ca kich ban GCM nay ciing c6 loi ich xuat phat
tur thich g ddi véi 1 lut (78 triéu USD). Sy da dang vé cac cép d0 loi ich cho théy su can thiét phai
c6 mot phan tich toan dién cac tac dong tiém tang, bao gdm cac tac dong tiém tang cta bién ddi khi
hau 1én duong giao thong.

Bang 5-2: Chi phi thich ing va khong thich ing va lgi ich thich @ng cuia tac dng tong hop
ciia bien doi khi hau (lwgng mwa, nhiét dg, li lut)

Thich @ng Lgi ich thich &ng
Xép hang GCM (Tri¢u USD$) | Chi phi co hoi bgiftdl:gl“g %Tsr]‘)eg; igilfg;i
Cuc dai |alb_ipsl cm4 $  7.032 141% $ - |$ 11.658 | 341%
Trung vi |alb_inmcm3 0 $ 2.225 51% $ 1.586 | $ 660 42%
Cuyc tiéu |a2 beer bem2 0 | $  1.229 32% $ 453 |$ 49 5%
Khong thich irng

Xép hang GCM (Triéu USDS) | Chi phi co hoi

Cucdai |alb ipsl cm4 $ 18.690 482%

Trung vi |a2 gfdl cm2 1 $ 2.885 92%

Cuyc titu |a2 beer bem2 0 | $ 1.278 37%
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5.6.1. Céc két qua nhigt dd, lwong mwa va lii lut
5.6.1.1. Anh hudéng ciia bién doi khi hdu lén dwong giao thong: Lwong mua va nhiét do

Su phén tach tac dong tong hop nodi trén cho thdy rd hon tic dong cua thay ddi luong mua va
nhiét d6. Nhu dugc minh hoa & P thi 5-3 va 5-4, céc tac dong dugc phan chia theo kich ban thich
mg va khong thich Gmg. Ca hai kich ban thich ung va khong thich img déu co chi phi twong tu,
dugc phan anh trong loi ich thich ing tir 5-10% ctia cac kich ban GCM thap nhat va cao nhét (bang
5-3). Kich ban thich tng hau nhu phan b dong déu véi 12% ciia GCMs trong hai nhom thap nhat
(nhé hon 1,57 ty USD) va 16% cua GCM trong nhom cao nhat (16n hon 2,44 ty USD). Cac kich
ban GCMs con lai dugce phan bd dong déu & cac khoang chi phi (D6 thi 5-3). Phén tich tac dong
khong thich tng c6 sy phan bo hoi thién vé 2 dudi, voi 36% va 28% phan bo twong g trong hai
nhom dau tién va ¢ hai nhém cudi (D thi 5-4).

Do thi 5-3: Tac dong ciia bién doi khi hiu (lwgng mwa va nhiét d9) dén duong giao thong
dén ndm 2050 - % GCMs véi cac két qua twong ung
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Bang 5-3: Chi phi thich &ng va khong thich ing va l¢i ich thich irng
cua tac dong bién doi thoi tiet 1én dwong giao thong (lwgng mura, nhiét do)

Thich &ng Lgi ich thich irng

X [ cor  [ameusns| S | mésen o | oo
Cucdai |alb ccma cgem3 1 $ 2.439 66% $ 1362 | $ 413 10%
Trung vi |bl inmcm3 0 $ 1.892 51% $ 946 $ 6l 5%
Cuyc tiéu |bl_miroc3 2 medres $ 1.549 32% $ 843 $

Khong thich ing

lﬁi‘; GCM (Triéu USDS) (i';il}’@l;i
Cucdai |alb ccma cgem3 1 $ 2.852 76%
Trung vi |a2 gfdl ecm2 1 $ 1953 56%
Cuctitu |bl miroc3 2 medres | $  1.228 37%

Tac dong 11 lut 1én co sé ha téng duong sa cua Viét Nam chu yéu nam & cac du bao tac dong
thap v6i 88% va 92% twong ung cho dy bao ¢ hai nhom thap nhat cho cac phan tich thich ung va
khong thich ing. Trong cé hai trudng hop, mo hinh IPSL_ CM4 A1B GCM c6 chi phi 16n nhat boi
vi n6 ¢6 du bao cao hon vé muc d9 li lut khi so sanh v&i cac GCM khac.

Trong phan tich hai kich ban nay, bay trong sé cac GCMs du bao khong co chi phi tac dong.
Piéu nay c6 nghia la cac kich ban GCM nay du bao khong c6 hién tuong 1ii lut nhidu hon mirc
trung binh cac con lii trong 15 nam thiét ké trong kich ban co sé. Kich ban tac dong thich ing cao
nhat c6 chi phi 4,6 ty USD, chi phi co hoi 1a 75% hodc xdy méi 57000 km duong cép 2, 14t nhya.
Kich ban khong thich g tac dong 16n nhat duge wdc tinh hon 16,2 ty USD. Phéan phéi cac két qua
GCM cho kich ban khong thich (mg nghiéng ning vao nhém thir nhat (92%), nhung gia tri cao nhat
ctia hai GCM c6 thé 1am cho cac nha hoach dinh chinh sach phai quan tdm khi xem xét kha ning
tac dong toi té nhat ciia bién d6i khi hau.

Khi xem xét kich ban tac dong cao nhét, loi ich thich tng 1a 341% - twong tmg gan 260.000
km duong xay méi cép 2 va lat nhya. C6 hai GCMs dugc du bao chi phi tdc dong li lut cao cho ca
hai kich ban. Tuy nhién, kich ban nay can phai dugc xem xét trong mdi lién hé voi kich ban thap
nhat, ngu y rang khong c6 anh huong tir 1 lut. Pidu ndy c6 thé thy trong bang 5-4.
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Bang 5-4: Chi phi thich ing va khéong thich g va loi ich thich tng d6i véi tac dong
cua li lut Ién duwdng sa

Thich uwng Loi ich thich ung
Cucdai |alb_ipsl cm4 $4.625 75% $11.658 341%
Trung vi | a2 ccma cgem3 1 $14 10% $21 29%
Cuc tiéu | Nhiéu kich ban $- 0% $- 0%
Khong thich ung
v cou | (g [ o
Cuc dai alb ipsl cm4 $16.283 416%
Trung vi | a2 giss model e r $35 38%
Cuc tiéu | Nhiéu kich ban $- 0%

5.6.2. Két qud nwéc bién ding

Céc két qua nghién ctru trinh bay ¢ day dugc dya theo kich ban nude bién dang 1m. Khi nudc
bién dang Ién 1m s€ anh hudng dén co s& ha té”mg hién tai cua Viét Nam véi ude tinh 19.000 km
duong sa bi ngap lut va pha hity; chiém dudi 12% toan b hé thong duong sa. Chi phi khoang 297
triéu USD (quy vé gia do la 2010) dé thay thé co s ha ting bi ngap lut (bang 5-5). Dy bao nudc
bién dang phan bd khong ddng déu, v6i phan 16n co sé ha tang bi pha huy thudc cac ving duyén
hai & phia Nam dat nuéc. Co mot vai tinh noi duoc dy bao bi ngap hoan hoan, két qua dy bao ton
that bang hodc gan mirc 100%. Cac tinh d6 1a Bac Liéu, Hau Giang, Soc Tring, Tra Vinh va Ca
Mau. Mudi tinh bi anh hudng 16n nhat nim ¢ dong bang séng Ctru Long va c¢6 muc do pha huy
duong sa trung binh 1a 77%, twong Gmg 15.200 km duong bi pha hity. D6 thi 5-5 minh hoa ty 1é
phan tram phé hity va tong chi phi wdc tinh theo ving va tinh.

Bang 5-5: Tong thiét hai do NBD duéi 1 mét. Quy vé chi phi nim 2010 véi ty 1¢ chiét khiu 5%

% Tong | Tong duong Duong lat | Duong lat | Buong | Duong | Duong
thiét hai | sathi¢thai | socap cap 2 lat cap 3 | so1 cap 3 | khong lat
Téng thiét hai
(KM) 12% 19.142 1.621 3.775 3.719 9.024 1.003
Téng thiét hai
(Triéu SUSD ) - $ 297 $ 115 $ 80 $37 $11
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Db thi 5-5: Tong % va tong chi phi thiét hai wée tinh cho mdt mét NBD
theo tinh va theo viung

Nwéc bién dang
Viét Nam

, « R ~
Nwd&c bién dang Tdng chi phi thiét hai

Viét Nam khi ngap 1 m
Phan tram thiét hai (Triéu USD)
0% o

< 1 B <504
B <=5 [ Is01-507
I < 1o 507514
B <=2 14874
- <= 50% |:|57.1 -$14.2
I <75 51425284
I <= 100%

Chii thich: Nghién ciru ndy chi xem xét nhitng phan ldanh thé ciia Viét Nam ma ching t6i ¢6 théng tin
dé phan tich, vi vdy ban do trong do thi trén khong co y dinh phan anh day du tdt ca cdc vung lanh tho cua
Viét Nam.

5.6.3. Cic két qua theo viing

Viét Nam 1a mot dat nudc cé ving dia 1y da dang, tir viing duyén hai thip dén ving nii cao &
phia Bic. Boi vi anh huong cua bién ddi khi khau 1én cac vung khac nhau, dac bi¢t la tac dong cua
NBD, phan tich cap d6 ving cung cip mot birc tranh sau rong 1én cac ving tiém nang bi anh hudng
ctia bién d6i khi hau. Trong trudng hop Viét Nam, su khac nhau giita chinh sach thich Gng va
khong thich img dua ra mot vi du vé ké hoach thich ung bién ddi khi hau co thé giam nhe cac anh
huodng cua thién tai.

Péi véi phan tich vung, hai GCMs duoc luya chon dai dién cho anh hudng cao va trung vi.
Tuong tng d6 1a CNRM_CM3 A1B va MPI ECHAMS BI1. Ca hai dugc lga chon boi vi ching
dai dién cho anh huéng nhiét d6 ting cao nhat va trung vi. Cac két qua tuong tng cho cip do ving
dugc trinh bay & bang dudi (bang 5-6; Do thi 5-6; bang 5-7; Do thi 5-7). O tit ca céac vung, phuong
an thich tng c6 tong chi phi va chi phi co hoi thap hon cach tiép can khong thich Gmg. Trong cac
phan sau cta bao cdo s& néu bat cac anh huong nay 1én mdi ving ¢ Viét Nam.
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Bang 5-6: Phan tich vang (kich ban khi hiu néng nhat)

CNRM_CM3_AI1B
(Nong nhat)
Viing Th.iAch ung Khong thich irng T,hich Khﬁl}g thich
(Tri¢u USD) (Tr.USD) ung ung

Tay Nguyén 3,5 16,9 10% 48%
Pong bang song Ctru Long 24,2 36,9 129% 197%
Bég Trung B9 va Duyén hai

mién trung 4,6 16,5 16% 57%
Vung nui phia Béc 1,7 14,2 7% 58%
Pong bang song Hong 3,9 252 15% 69%
bong Nam Bo 7,9 25,2 33% 54%

5.6.3.1. Tay Nguyén

Vung Tay Nguyén chiu anh huong thip nhat boi NBD vi khong c6 mot tinh nao bi tan pha.
Viéc khong ¢ tan pha trong ving 1a do nam sau trong ving ndi dia va khong c6 mot tinh nao trong
ving co tiép giap véi bo bién. Do dé, tit ca cac chi phi trinh bay & dudi 1a do tac dong cac tac nhan

thoi tiét va 1d lut.

U'dc tinh tiét kiém cho chinh sach thich img 1 gan 13,4 triéu USD trong kich ban néng nht.
Chi phi nay 1 chénh léch giita mo rong co sé ha tang hién c6 1én gan 50%, ddi nghich véi chi phi
co hdi bang 10% véi chinh sach thich tng.

Do thi 5-6: Tong chi phi thiét hai ¢ cap tinh (triéu USD) theo kich ban néng nhit

Tdng chi phi
Noéng nhéat-Khéng
c6 BP thich &ng
2050, trigu USD

I 5288 -$10.00
I 1001 -525.00
[ s25 .01 - $50.00
[ Iss001-57500
[ 157501 -8100.00
[ s100.01 - $150 00
I 515001 - 5200 00
Il : 520000

Téng chi phi
Nong nhét-Co BP

thich rng

2050, trigu USD
[ 5258 -s10.00

I 5100
| $25.01

[ ss001-
| $75.01 -

-$25.00
-$50.00

$75.00
$100.00

[:| $100.01 - $150.00
I $150 01 - 5200 00
Il > 520000

Chii thich: Nghién ciru nay chi xem xét nhitng phan linh tho cia Viét Nam ma ching t6i c6 thong tin
dé phan tich, vi vy ban do trong do thi trén khéng cé y dinh phan dnh day di tat ca cde ving ldnh thé cia

Viéet Nam.
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Bang 5-7: Phéan tich viung (kich ban khi hiu néng trung binh)

MPI_ECHAMS5_B1
(Nong trung binh)
Ving Thich ing  Khéng thich irng T,hich I?hﬁlrlg
(Tr. USD) (Tr.USD) ung thich ung
Tay Nguyén 7,7 12,9 22% 36%
Pong bang song Ctru Long 27,4 30,3 147% 164%
Bic Trung Bo va duyén hai Trung Bo 6,9 9,5 25% 34%
Vung nui phia Béic 2,9 7,5 12% 31%
Pdng bang song Hong 53 13,1 18% 38%
bong Nam Bo 13,9 21,7 17% 63%

Do thi 5-7: Toéng chi phi thiét hai ¢ cap tinh (triéu USD) theo kich ban néng trung binh

Téng chi phi

Tdng chi phi Nong TB-C6 BP
Néng TB-Khdng thich rng
¢6 BP thich trng 2050, trieu USD
2050, triéu USD

I 5258 51000 I 525551000

2.88 - $10.
[ s10.01-$2500 I s10.01 - $25.00

[ s2501-$5000
[ Iss001-$7500
[ ]s7501-$10000
[ 10001 -$150.00
I 515001 - $200.00
B : 520000

[ $25.01-$50.00
[ Iss001-$7500
[ |s7501-$10000
[ $100.01 - 3150.00
I 150,01 - $200.00
I > 5200 00

Chii thich: Nghién ciru ndy chi xem xét nhitng phan lanh thé ciia Viét Nam ma ching t6i ¢6 théng tin
dé phan tich, vi vdy ban do trong do thi trén khong co y dinh phan anh day du tat ca cac vung lanh tho cua
Viét Nam.
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5.6.3.2. Bong bang séng Ciru Long

Tir cac bang va hinh vé& trong ca hai GCMs, ving dong bang song Ciru Long phai chiu thiét
hai 16n nhat trong ca hai loai chi phi va chi phi co hi tir cac tic dong bién doi khi hau tong hop.
Tac dong nay phan 16n c6 thé tir NBD. Pay la ving phia Nam cuia Viét Nam va phan 16n dién tich
dat & day c6 d6 cao 16n hon 3 mét hoac thép hon so véi mit nude bién. Mudi ba tinh ¢o ngdp lut do
NBD uéc tinh trong pham vi tir 14%-99,5% tong hé thong duong sa. Su ngap lut ndy ciing co tac
dong lén nganh nong nghiép va cac nganh khac trong vung. Ll va ngap lut theo mua tir cac con
bao 16n va cac sy kién thoi tiét tu nhién giy ra quan ngai rang NBD c6 thé lam tram trong thém anh
hudng va lam ting lugng mua va lut dudi su bién doi khi hau. Cac chi phi khong thich ung trong
vung chiém 77% (24,2 tri¢u USD) cua téng chi phi NBD cho toan quéc. Cac tinh Bac Liéu, Hau
Giang, Soc Trang, Tra Vinh va Ca Mau c6 ty 1& du bao ngap lut tir 96-100%. Su két hop giira tan
pha do NBD véi du bao lut va su gia ting lwong mua chiém ty 1& chi phi 16n hon so véi tat ca cac
vung khéc.

5.6.3.3. Ving Bdc Trung Bé va Duyén hdi mién Trung

Tac dong cua bién doi khi hau 1én ving Bic Trung B va viing Duyén hai mién Trung c6 kha
nang dat 16,5 triéu USD cho kich ban khong thich img néng nhat. Kich ban nay c6 chi phi co hoi
bang 57%, so v&i chi phi co hoi chinh sach thich Gmg 1a 16%. Diéu d6 giup tiét kiém mot khoan
tién 1a 11,9 triéu USD. O kich ban néng trung binh c¢6 tac dong thap hon (34% va 25% cho kich
ban khong thich tng va thich tmg) nhung van cé cic bang chimg loi ich tir kich ban thich tmg.

Trong ving nay, udc tinh 1% tong luong dudng sa bi anh huong boi NBD. Su ngép lut nay
nam trong pham vi 0,03%-1,3%. Pha Yén co ty 1é ngap lut uwéc tinh bang 44 km dudng so véi Pa
Néng udc tinh bang 29 km duong bi pha huy.

5.6.3.4. Ving nili va trung du Bdc B

Véi kich ban thich Gmg, ving ndi va trung du Bic Bo c6 chi phi co hdi va tong chi phi thap
nhat do bién d6i khi hau. Nguyén do mot phan 1 anh huong cia NBD nho: tac dong 10n nhét thap
hon 1% & Bic Giang v6i mot tac dong bang 0,06% hoic twong duong 3km dudng. Tac dong bién
d6i nhiét do, lwong mua va 1 lut c6 mot chi phi tiém tang bang 14,2 triéu USD, nhung véi kich
ban thich tng né co6 thé giam xudng con hon 1,7 triéu USD. Trong ving nay, chinh sach thich tng
6 thé ¢6 loi ich vé co sé ha tang 16n hon va tiét kiém mot khoan déng ké.

5.6.3.5. Dong bang séng Hong

Tac dong cuia NBD 1én viing dong bang song Hong c6 ty 1¢ trung binh 6%, nhung trong pham
vi céc tinh tir 0-21%. Céc tac nhan khi hdu c6 mot anh hudng 1én co s ha tang duong sa va co loi
ich tir chinh sach thich img gan bang 21,3 triéu USD duéi kich ban néng nhét. Tiét kiém chi phi co
héi tir chinh sach thich ing tuong tu gitra cac kich ban néng trung binh va cyc dai trong vung nay.
Tuy nhién, tiét kiém chi phi co hdi tir cac kich ban khong thich trng c6 sy khac biét dang ké 12 38%
va 69% tuong (mg véi cac kich ban néng trung binh va cyc dai. Do mat do dan s trong ving dong
bang song Hong va khu vuc d6 thi, bao gom Ha Noi kha dong duc, nén tac dong tiém tang trong
kich ban tdi té nhét lén kinh té trong vung nén dugc can nhéc va xem xét.
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5.6.3.6. Dong Nam B¢

Vung Pong Nam B6 1a ving nho hon nhung bao gdm nhiéu trung tam d6 thi quan trong, bao
g6m thanh phé H6 Chi Minh va céc tinh. Pham vi tic dong ciia NBD tir 0-21%, véi thanh phd Ho
Chi Minh & muc trén 20% lut 16i. V&i udc tinh tong hé thong dudng sa 1a 6.800 km, thi udc tinh sy
thiét hai khoang 1.360 km. Dya trén mat do dan s6 va khu vuc chinh tri va kinh té quan trong trong
vung, phan tich rui ro vé 1{i lut va cac tic nhan khi hau 1én hé théng duong s nén dugc xem xét.
Tiét kiém do chinh sach thich tng 1a 17,3 triéu USD trong ving Pong Nam B6 1a mot truong hop
dién hinh cho tac dong cua chinh sach chu dong thich tmg dé dam bao méi lién két trong tinh.

5.7. Céac han ché

Nghién ctru nay dya trén mot vai cac nhan td chinh do d6 ¢6 su khong chic chin trong phan
tich dinh lugng. D@t liéu khi hau dugc trinh bay ¢ day dua trén pha 3 du 4n (CMIP3) so sanh mo
hinh nhan d6i trong Chuong trinh nghién ctru khi hau thé gigi (WCRP’s) va hé thong dit liéu da mo
hinh (Meehl et al 2007). Hé thong dit liéu trinh bay theo cac cach tiép can hién tai trong mo hinh
héa bién doi khi hau tiém nang, nhung n6 dugc dua trén mo hinh xac suat. Do vay c6 do khong
chic chin trong nghién ctru lién quan dén tic dong khi hau. Pay 1a mot 1y do giai thich tai sao
nghién ctru hién tai sir dung nhiéu kich ban khi hau dé dua dén céc két luan. Hon nita, nhu d3 trinh
bay & phan trén, nghién ctru nay dua vao két qua cac nghién ctru hién co dé nhan biét cac tac dong
cac tac nhan khi hau. Mac du cac nghién ctru d6 da duogc ghi nhan, udc tinh chi phi dinh lugng
trong nghién ctru nay phu thudc vao két qua cua cac nghién ciru d6. Cac van dé nhu cac loai duong,
cac diéu kién dia phuong, cac k¥ thuat xay dung va bao tri duong déu co thé anh huong dén ude
tinh chi phi. Boi véy, cac két qua chi phi dinh luong c6 thé khac nhau khi dya trén cac két qua

nghién ctru khac nhau.

Céac han ché cua phan tich NBD da duoc thao luan ¢ céac phﬁn trudc, nhung sé dugc dé cap lai
& day. Nguyén do thiéu sé liéu lién quan dén phan phdi, thoi gian va do cao cia NBD trong cac dy
bao tuong lai, nén phan tich déng nhat nudc bién cao 1 mét di dugc sir dung trong bao céo nay.
Diéu nay c6 thé dugc cai thién néu c6 nhiéu cac dir liéu thoi tiét dang tin cdy. Tuy nhién, nghién
clru nay cling da cung cdp goi ¥ cho phan tich theo cic vung va mién d& bi tén thuong nhiéu do
NBD béi ching nam & do cao thfip so véi mat nudce bién.

Céc han ché nay nén duoc can nhéc khi phan tich cac két qua dinh luong ciia nghién ciru. Tuy
nhién, mdi quan hé dinh tinh duoc trinh bay & day van gilt nguyén tham chi néu cac nghién ciru
tham khao duogc thay doi. Pac biét, tic dong twong ddi dén ca nudc va cac phat hién chung cua
nghién ciru s& van giit nguyén.

5.8. Thao luin va két luan

Su quan trong cta hé théng dudng sa ddi véi phat trién va ting truong dai han & Viét Nam
doi hoi su tham gia ctia cac quan chire Chinh phi trong viéc cin bang giira nhu cdu ngin han véi ké

hoach dai han. Thém nira, cac anh hudng bién do61 khi hau tiém tang lam tang sy can thiét vé can
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bang boi lgi ich tiém ning tir mot quyét dinh co kha ning khong xay ra trong mot vai thap ky.
Nghién ctru nay gidi thiéu mot phuong phap dé xem xét dinh lugng céc tic dong. Phuong phap
ham s6 tac nhan-phan hoi cho thiy tiém nang tich hop cac nhan t6 anh huong nhu thay doi nhiét
0, 1 lut, va lugng mua véi phuong phap tinh chi phi truyén théng dé dy bao cac chi phi tac dong
cho cac dia phuong cu thé. Ngoai ra, str dung cac chi tiéu hién tai, hé thong duong bd va cac tac
dong chi phi dugc tinh toan, nghién ciru cung cdp mot mot chi s ban dau vé cac chi phi co hdi cho

mdi dia phuong.

Nghién clru nay minh hoa réng dua vao tac dong ctuia duy béao thay ddi nhiét d6 va luong mua,
chi phi co hdi cho Vi¢t Nam can co nghién ctru sau thém bdi cac quan chitc Chinh phu. Dac biét,
viéc bao gém ca tiét kiém duy tu khi chinh sach thich ing dugc lya chon la can thiét dé thu duoc
tac dong téng thé cta bién doi khi hau Ién co sé ha tﬁng duong sa. Pac biét quan trong, do sy khac
biét vé dia Iy nén Viét Nam can phai c6 mot burc tranh toan dién vé céc tac dong tiem tang cua bién
d6i khi hau. Bang viéc két hop phan tich NBD, nghién ctru ndy cung cip co so dé chi ra cac thach
thirc quan trong cia bién d6i khi hau 1én Viét Nam. Vi hon 3.400 km dudng bién, phia Pong cua
Viét Nam d& bi ton thuong do cac tic dong muc nudc bién dang. Pia hinh: thip, dong bang bang
phang ¢ phia Nam va phia Bic, Tay Nguyén, doi nai déc, mién nai xa vé phia Bic va Ty Bic.
Nhu da néu trong bao cao, dia hinh dia Iy nhu vay tao ra mét kich ban ma thiét hai 16n 1€n co sé ha
tang duong sa co thé xay ra néu nudc bién dang 1én 1 mét.

Két qua ctia nghién ciru ndy ngu ¥ rang cin mot nghién ctru sdu hon & cip do dia phuong, cip
huyén noi ma céc thiét hai khdc liét tur ngdp lut dugc du bdo. Cac bién phép thich ung nhu dé bién,
gia ¢ va dinh vi lai hé théng duong nén dugc xem xét. Tuy nhién, nén can nhéc vé khung khé thoi
gian khi nudc bién dang xay ra va lidu co can xay dung co s ha ting néu ving dat bén canh bi ngap

lut. Mdi van dé nay nén dugc xem xét chi tiét hon trong cac nghién ctru tiép theo & cap do ving.

Nhin chung, nhitng con s nay thiét 1ap co sé ma tir d6 doi hoi Viét Nam can c6 cach tiép can
d6i voi nhitng thach thirc vé bién doi khi hau. Céc chi phi co hoi két hop voi cac tac dong bién d6i
khi hau tiém tang lam cham tré ké hoach phat trién ha tﬁng. Su cham tré nay duoc két hop véi tac
dong tiem nang vé x4 hoi nhu tiép can cac dich vu thiét yéu va viéc giai toéa cac nut that kinh té bi
tri hodn. Thach thuc dbi véi cac co quan Chinh phu 14 1am nhu thé nao dé can nhéic vo sb cac yéu
cau trai nguoc nhau lién quan dén céc tic dong tiém tang trong chinh sach dé dat dugc sy can bang

gitra nhu cau ngan han va tdc dong dai han cua bién doi khi hau 1én co s¢ ha tang.

Tom lai, phwong phap nghién ciru duoc xdy dung trong nghién ctru nay 1a bude di dau tién
hudng t6i phat trién mot danh gia kinh té toan dién va tong hop céac tac dong cua bién do6i khi hau
1én co s6 ha ting. Cac két qua tir nghién ctru nay sé giup ich cho cac mé hinh kinh té phan tich toan
dién céc tac dong cua bién doi khi hau 1én nén kinh té. Thach thtrc d6i v6i Chinh phu tir cac két qua
cudi cling ctia phan tich nay 13 1am sao dé két hop vo sé cac yéu cau xung dot vao trong chinh sach
dé dat duoc su can béng gitra nhu cau nge"ln han va céc tac dong dai han cua bién dbi khi hau 1én co
sO ha tang.
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6. Vung duyén hai, nwéc bién dang va bio

Chuong ndy xem xét tac dong cia muc nude bién dang va dang bio 1én ving dong bang song
Hong ciia Viét Nam. Ving dong bang song Hong bao gom 9 tinh: Bic Ninh, Ha Nam, Hai Duong,
Hung Yén, Nam DPinh, Ninh Binh, Thai Binh, Ha Tay (nay da sap nhdp vao Ha No6i), va Vinh
Phuc; va hai thanh phd 16n 1a Ha No6i va Hai Phong. Phan 16n dién tich dong bang nam & ving dat
thap. Thanh phé Ha No6i ndm & vi tri trung binh trén muc nude bién 8 mét. Cac thanh phd/tinh 16n
khac trong ving bao gom Hai Phong va Nam Dinh déu nam cao hon trung binh 3 mét so v&i muc
nude bién. Hinh 6-1 miéu ta khu vuc nghién ctru cho phan tich nay.

Bang viéc két hop cac kich ban nudc bién dang (NBD) cho nim 2050 v6i muc d6 dang bio
cao nhét cho con bdo tan suat xuat hién 100 nim hién nay, béo céo nay phéan tich ving dat bi ngap
lut vinh vién va cac vung ngap lut tam thoi. Dir liéu do cao so véi mit nude bién 90 mét cua diéu
tra dia Iy Hoa Ky dugc su dung dé xac dinh cac vung bi ngédp lut. Ba kich ban NBD dugc can nhéic
v6i mire dang khac nhau: thap (0,156 mét), trung binh (0,285 mét) va cao (0,378 mét). Su dang tran
nude bién tr md hinh SLOSH duoc sir dung dé xac dinh mirc dang nudc bién cao nhét tir cac con
bao trong pham vi nghién ctru (Jelesnianski va cac cong su., 1992).

Chuong nay bao gdm 3 phan. Phan thtr nhét trinh bay thong tin chung vé 1d lut duyén hai ¢
ving dong bang song Hong. Phan tht hai mo ta phuong phap phén tich ap dung. Phan tht ba trinh
bay cac két qua phan tich va thao luan. Phan tich ctia chung t6i phat hién rang nudc bién dang dén
nam 2050 c6 thé ting tan suit cua cac con bio co chu ky 100 nam, ching két hop véi dang bio
khoang x4p xi 5 mét véi tan suat xuat hién 1a 60 naim. Udc tinh 10% GDP cua Ha Noi bi thiét hai
do ngép lut vinh vién do nudc bién dang va 40% GDP bi ton thuong do pha hiy cua dang bio
trong giai doan cu thé. Chung t6i két luan rang bién phap thich tng cho ving duyén hai, nhu c6 ké
hoach d6i pho voi anh hudng cia bién, va xay dung tuong va dé chan bién chic chin, 1a can thiét

dé dbi phé véi cac nguy co nay.
6.1. Tong quan: Bio lut ven bién & Viét Nam

Trong s cac nudc dang phat trién, cac nghién ctru gan day cho thiy Viét Nam s& 1a mot
trong nhirng nudc dé bi tén thwong nhit ctia nudc bién dang. St dung 6 chi s danh gia,
Dasgupta va cdc céng si (2009) danh gia tac dong cuia NBD 16n 84 nudc dang phat trién ving
duyén hai. Str dung cac chi s vé sir dung dit, dan s6, GDP, quy mé d6 thi, quy mo dit nong
nghiép, va dién tich dam 13y, Dasgupta va cdc céng sw (2009) chirng minh Viét Nam 1a mot trong
5 nude chiu anh hudng nhat véi kich ban 1 mét nudc bién dang. Hon nita, NHTG (2009) xép
hang Viét Nam 1a mot trong 12 nudc vay von cia NHTG chiu anh hudng 16n nhét d6i véi nude
bién dang do bién doi khi hau.
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Do thi 6-1: Vung nghién ciru dong bing song Hong

Thal Nguyen

Bac Giang

HaNoI Bacininh]
- HaNuai
Ha Dong

Hang Gai
. *

HUngRven)

FlajNam| ~ 0=

['J-"JI'I'I Dinh S Thai Binh

NinthBinh

Ot o * e Sl

KV doéng bang séng Hoéng
11,001 558
Hé théng dan nudc BB séng Hong
Cac tinh thuéc BB song Hong
& Thanh phé

@Dindustrial Beonomics
Decerrber 2010

Chii thich: Nghién ciru ndy chi xem xét nhitng phan lanh thé ciia Viét Nam ma ching t6i c6 théng tin
dé phan, tich vi vdy ban do trong do thi trén khong co y dinh phan anh day du tat ca cac vang lanh tho cua
Viét Nam.

S¢ di Viét Nam 1a mot trong nhitng qudc gia chiu anh hudng nhiéu nhét trén thé gidi 1a do
mot phan vi tri ctia cac trung tim thanh phd 16n va phan 16n dién tich trong trot nam & vi tri thap.
Niam 2010, ving dong bang song Hong, bao boc thu dd Ha Noi co dan sd chiém 23% tong dan s6
Viét Nam (GSO, 2010). Céc tinh trong ving c6 mat do dan s6 dong dic nhat ¢ Viét Nam, ngoai trir
Thanh phé HO Chi Minh (GSO, 2010). D) thi 6-2 miéu ta mat ¢ dan s tap trung va dat duyén hai
thip ¢ ving dong bang song Hong. Ving dong bang song Hong ciing 1a mot trong nhirng ving dat
nong nghiép chu yéu ciia dat nude. Gan 60% ho gia dinh trong ving thu nhap phu thudc vao hoat
dong nong nghiép (World Bank, 2010b).
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Gitra nam 1954 va 2000, trung binh c6 6,9 con bao/nam anh hudng téi dét lién doc theo bor
bién Viét Nam (MoNRE, 2003). Cip d6 gié manh va muc nudc dang két hop voi cac con bio
gdy ra pha huy 16n d6i v6i vang duyén hai. Luong mua di kém véi cac con bio cling gy ra lii lut
rong 16n trong cac ving thip hon mdt mét so véi muc nude bién. Két qua cac tran lut pha huy
dang ké cac ving dat thip nhu céc tinh trong ving dong bang song Hong va giy ngap lut ruong
laa. Bang 6-1 miéu ta lich sir cdc con bdo dd pha huy ving dong bang séong Hong trong thoi gian
1990 va 2008.

N

Do thi 6-2: Dan s6 nam & vung thip & dong bang song Hong

Dan sé cua khu vye thap Mat dé dan sé (2010)

Cao 11705187
Population Data From
Center for Intemnational Earth Science Information MNetwork (CIESIN), Columbia University; United Nations
< Food and Agriculture Programme (FAO). and Centro Internacional de Agricultura Tropical (CIAT), 2005
Thap Gridded Population of the World: Future Estimates (GPWFE). Palisades, NY: Socioeconomic Data and
Applications Center (SEDAC), Columbia University Available at hitp //sedac. ciesin columbia.edu/gpw.
e N Downloaded 12/20/2010.
D6 cao so vé&i mwe nwéc bien i o Fiati
E o) Az 2 - HydroSHEDS 3-arc-second SRTM data. For a description of this dataset, see Lehner, B., Verdin, K.,
at dwdi 5 mét Jarvis, A (2006): HydroSHEDS Technical Documentation. World Wildiife Fund US, Washingtan, DC.
Aeaoa . Available at http://hydrosheds cr.usgs.gov.
:! Dat trén 5 mét Downloaded 11A4/2010.
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Chii thich: Nghién ciru ndy chi xem xét nhitng phan lanh thé ciia Viét Nam ma ching t6i c6 théng tin
dé phan tich, vi vay ban do trong do thi trén khong co y dinh phan anh day du tat ca cac vang lanh tho cua
Viét Nam.
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Bang 6-1: Lich sir cic con bio nhiét d6i giy thiét hai & dong bing song Hong
trong giai doan 1990 - 2008.

S6 nha mét Dién tich néng nghiép bi mat
(Nha) (Ha)
Nam/ o e . D, cudn | Mat mot | Dién tich | Dién San
thang IR EBUIDE MDA sach phan | lda bjpha [tichlGa| pham |San pham
hay bi mat |trang trai| trang trai
bi pha bi mat
huy
T9/05 B&o sb 7 Hai Phong, Thai Binh, Nam
(Damrey)  |Binh, Ninh Binh 626 | 35.886 | 139.649 | 1.300 | 12.128 1.000
T9/05 Bao s6 6 Hai Phong, Thai Binh, Nam
Binh, Ninh Binh 1 138 42.129
T7/05 Bdos62  |Hai Phong, Thai Binh, Nam
(Saola) Binh, Ninh Binh, Ha Nam 2 206 48.534 4.027
T8/03 Bdo s6 3 Hoa Binh, Ha Tay, Bac Giang,
Bac Ninh, Hai Duong, Ha
Nam, Hung Yén, Hai Phong,
Thai Binh, Ninh Binh, Nam
Binh 201 3.400 130
T9/96 Bdos64  |Nam Ha, Thai Binh, Hai
Phong, Ninh Binh 3.190 | 74.050 21411 | 2615 8.420 3.190
1996 Bdos62  |Nam Ha, Thai Binh, Hai
Phong, Ninh Binh, Hoa Binh,
Ha Noi, Ha Tay 20.842 | 444.017 | 117.002 |39.504 | 11.773 7.645
T8/95 B&o s6 5 Ninh Binh, Nam Ha, Thai Binh 1.500
T7/91 B&o sb 3 Hai Phong 5 1.500

Nguén: CCFSC, 2010.

C6 hai con bdo manh nhat anh huong dén Viét Nam trong vong 30 nim qua gy ra 1o dat nam

2005 (Mai va cdc céng sw., 2009). Con bio Sao La, cuong do6 nho hon trong 2 con, vao dat lién

ngay 31/7, anh huong chu yéu dén cac tinh duyén hai 1a Quang Ninh va Hai Phong. Stc gié gan

mit bao dat cAp do chin theo thang diém ciia Beaufort (75-88 km mdi giod). Sao La giy ra nhiéu km

dé bién bi thiét hai, dic biét 1a trén dao Cat Hai noi ma dé da phai thay thé hoan toan (Mai va cac
cong su, 2009).

Con bao Damrey vao dét lién Viét Nam vao ngay 27/9, dugc biét dén nhu 1a mot con béo

manh nhat vao Viét Nam trong vong 50 nim qua. Damrey anh huéng dén tat ca cac tinh duyén hai
& dong bang song Hong véi cap do 12 theo thang diém Beaufort (118-133 km/h) ¢ mat bdo. Bio
16n cung véi triéu cuong dan dén hé thong dé bién bi ngdp lut trong ving. Dang bio ctia Bio
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Damrey dat dén do cao tir 3-4 mét va gay ra tinh trang nudc bién xam nhdp vao ndi dia tur 3-4 km.
Lii quét sau Damrey ph4 haty it nhat 1.194 ngdi nha va gy ra hu hong 11.576 ngdi nha khac &
ving cao hon. Hon 130.000 hecta rudng lta bi ngép va hu hong, phan 16n rudng laa nay chua duge
thu hoach trudc khi bdo Damrey dén (Mai va cdc cong sw., 2009). Mic du rat kho dé lién két cac
su kién riéng 1¢ nhu cac con bao tan pha ndm 2005 véi bién ddi khi hau, cac con bio 16n nhu thé
nay rd rang ching minh tinh d& bi ton thuong cua khu vuc do khi hau gay ra.

Cac mdi de doa tir cac con bdo & Viét Nam duoc gia tang dudi tac dong tiém tang cua bién
d6i khi hau, bao gém nudce bién dang va lugng mua tang 1én. Muc nudc bién & Viét Nam duoc ude
tinh 13 ting tir 2,5 cm dén 3 cm trong vong 1 thap ky do bién ddi khi hau (MoNRE, 2003). Hon
nira, di¢n tich cac vung déng béng dugc du kién s& giam theo thoi gian, co6 thé 1am trAm trong thiét
hai gay ra boi sy dang 1én muyc nude bién ¢ ving dong bang song Hong. Trir khi ¢c6 mot hé thong
dé bién cao dugc xdy dung, néu khong thi nudc bién dang sé din dén giam dién tich dat hon nita &
ving dong bang song Hong. Bién doi khi hau du kién 1am ting tinh d& bi ton thuong do khi hau
cua Vi¢t Nam, lam gidm lugng mua trong mua khd va tang lugng mua trong mua mua. Nhin
chung, lwong mua trung binh hang nim du doén sé& ting (MoNRE, 2009). Ngap lut, mat dat va xam
nhap min giy ra boi su gia ting muc nude bién, lugng mua ting va cac hoat ddng con bio gay ra
s& gay ra mdi de doa nghiém trong cho nong dan. Gitta nam 1976 va 2005, lii lut va nudc ngap min
1am hong 40.000 hecta dét trong trot va pha hiy trén 100.000 tin luong thuc (Mai va cdc cong su.,
2009). Ty 1& pha huy co thé ting do bién doi khi hau. Nhiing tac dong nay co6 thé dugc cam nhan
thong qua xuét khau nong nghiép va c6 thé anh hudng dén an ninh luong thuc qubc gia (Chaudhry
va Ruysschaert, 2007).

Bio ciing gop phan lam x6i mon bd bién nghiém trong ctia Viét Nam, duy kién sé toi t& hon do
bién d6i khi hau (Mai va cac cong sy, 2009). Viét Nam da phai chiu ca hai x6i mon doc bd bién
khong duogc bao vé, va x6i mon dat boi, ddn dén dao sau x6i mon thém cac bai bién o phia trudc dé
bién (Mai va cac cong su, 2009). O Viét Nam, x6i mon doc bo bién an sau vao dat lién tir 10-20
mét/nam, trong khi x6i mon dat bdi xuat hién véi ty 1¢ tir 0,3-0,6 mét/nim. Trong 100 nim qua, bo
bién tai Viét Nam da an sau vao bo khoang 3.000 mét va khoang 18.000 ha dat da bi mat (Mai va
cac cong su, 2009).

6.2. Cac phwong phap

Céc anh hudng cta bién doi khi hau 1én bio bao gdm su thay doi cuong do, tin suat va duong
di ctia con bio riéng 1¢. Sy thay ddi nhiét d6 1a mot nhan 6 tiém tang thay ddi tinh chat cua bao,
nhung vi bao 1a nhitng sy kién tuong ddi hiém, nén sy khéac biét vé hoat dong tao bao co thé xay ra
truée nam 2050 rit kho phan biét voi phuong phap hién hanh. Bai vi dit liéu lich sir vé dang bio ¢
Vi¢t Nam la thua thét, do d6 phuong phép ngoai suy tir cac con bao trudce 1a khong hiru ich.

Anh huong cta nude bién dang 1a mot anh huong quan trong khong kém cua bién d6i khi hau
d6i voi nhitng thiét hai tiém tang c6 thé dan dén tir con bio. Muc nudc bién dang cao hon lam cho
nudc dang do bio v4i mot "khoi diém" cao hon, diéu nay co thé lam ting cudng d6 va do sdu cua
nude dang dbi véi khu vuc vén di dé bi ton thuong véi cac con bao ven bién. Hon thé nita, du bao
vé nudc bién dang dén nam 2050, mic du co d6 khong chic chan nhung van dang tin cdy hon so
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v6i du bao vé bao. Nhin chung, sy gia ting muc nude bién s& lam cho cic con bao hién c6 gy ton
hai nhiéu hon dang ké, ngay ca khi c6 sy thay doi nho vé hoat dong tao bdo. Phan tich nay tap
trung vao anh hudng bién du doan dang tin cdy hon cia NBD 1én mirc d6 va tan suét xuat hién cia
céc con bdo vbn c6 do phé huy manh. St dung b dir li€éu mo6 phong cho cac con bao va dang bao
cung voi ba du bdo cho NBD trong tuong lai tai Viét Nam, ching to61 udc tinh anh hudéng cua bién
d6i khi hau gay ra do NBD Ién rui ro do bdo. Phuong phéap tong thé gdm 4 budc sau:

1. Mé phéng hoat dong ciia bdo trong suét thdp ky 21. Phuong phap cua ching t6i tao ra
3.000 su kién thoi tiét, va ude tinh cac su kién nao tré thanh béo va duong di cua cac con bao.

2. S dung cdc trwong gié nhw la cac dau vao cho mé hinh dang bdo. Chung t6i st dung mo
hinh SLOSH cuia Dich vu Thoi tiét Qubc gia Hoa Ky dé wéc tinh viéc nude dang do gid trong bio
tao ra dang bao 1én vung duyén hai.

3. Tao ra ham phan phoi lily ke cua chiéu cao dang bdo cho cac viung chinh duoc lyva chon
trong pham vi mé hinh. Céac két qua SLOSH tao ra cho mdi sy kién mo phong cung cap mot kich
ban co sd, cho chiéu cao song cac con bao sau nay, khong c6 nudce bién dang.

4. Udc tinh anh huong ciia NBD [én thoi gian quay tré lai cua cac con bdo. St dung phan
phdi ciia dang bio trong truong hop co sd, sau d6 chung toi wéc tinh NBD tang tan suat dang bio
¢6 tinh pha hity nhu thé nao cho ba kich ban cia NBD trong tuong lai vao nam 2050.

Chung t6i miéu ta tom tit timg budc trong cac phan sau.
6.2.1. Tao bdo

K¥ thuat tao bao tir cac sy kién hién tai bét dau bﬁng viéc thu thap dir li€u cac con bao, duong
di va cuong d9g, vi du nhu céi dugc goi la suu tap "theo doi tdt nhat" thuc hién boi cac trung tam du
bao nhu Trung tdm nhiét ddi du bao khi quyén (TPC) va Trung tdm canh bao bdo-Hai quan Hoa
Ky (JTWC). Cr sau gio cap nhat vi tri trung tim ciia con bdo cung v6i cudng do wdc tinh, hoic toe
d6 gio tdi da hodc ap suit trung tAm trong khoang thoi gian nao d6. Panh gia rai ro ban dau (vi du
nhu Georgiou va cac cong su, 1983; Neumann, 1987), sir dung ham phan phdi chuan, chang han
nhu phan phdi lognormal hodc phan phdi Weibull ddi véi phan phdi cuong do tdi da cua tat ca cac
tran bdo lich sir trong vong ban kinh quy dinh cia diém quan tdm. Sau d6, bang cach rat ngiu
nhién tir phan phdi d6, nhitng danh gia rai ro sém sir dung cac moé hinh tiéu chuin cua cac cau tric
xuyén tam cua cac con bao, cung vdi tdc d6 dich chuyén va thong tin dd bd vao dat lién, dé udc
lwong muc gié t6i da dat duogc tai cac diém quan tam. Mot nhuoc diém 16 rang ciia phuong phap
ngoai suy lich sir nay 1a du doan tan sb cho cac con bio co cuong do cao la kha nhay cdm véi hinh
dang 2 phia dudi cua phan phdi duge st dung. Ly do chinh c6 thé chi yéu la co it dir lidu dé xac
dinh cac phan dudi nay.

Nhiéu phuong phap danh gia rui ro gi6 bao truc tiép dua vao dit liéu theo ddi con bao lich st
dé wéc tinh tan suit cua cac con bio di qua diém quan tam, va do d6 phai gia dinh rang sy tién trién
vé cuong do 1a doc 1ap bai duong di cua cac con bio. Hon nita, phuong phap cudng do twong d6i
chic han thét bai khi cac con bio di chuyén vao khu vuc c6 cudng d6 nho. Pay thuong 1a trudng
hop & vi dJ cao hon, noi con bao huy di¢t hang loat xuét hién, mac du khong thuong xuyén. Trong
khu vye nhu vay, lich str ghi lai 1a cyc ky thua thdt nén khong c6 kha nang ap dung.
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La mot bude tién dé vuot qua nhitng kho khin nay, ching t6i da phat trién mot ky thuat dé
tao ra s6 luong 16n tong hop cac dudng di cia bdo, véi mdi duong di, chung t6i chay mé hinh s
kép, da duoc xac dinh dé moé phong cudng do bio. Phuong phap niy dugc dua trén tao gidng ngiu
nhién cho mot luu vuc dai duong nhét dinh c6 nhiéu ddi v4i bio nhiét d6i yéu, va su dung mot mo
hinh cuong do dé xé4c dinh cai nao trong s6 do phat trién thanh strc manh cua bdo nhiét d6i. Mot bod
loc dugc stir dung dé hudng cho mo hinh tao bao lya chon cac duong di trong mdt khoang cach nhét
dinh voi mot dia diém hodc mot khu vire quan tdm, chang han nhu 13 mot thanh phd hay mot quan.
Khi loc cac hudng di, mot ban ghi s6 lwong duong di bi loai bo, diéu nay dugc sir dung dé tinh toan
tan suét tong thé ciia cic con bio qua bd loc. Trong cong viée nay, ching t6i dd chon trung tim
thanh phd Ha Noi 1a diém trong tam; két qua 13 chiing t6i mé phong dugc cac con bio cé tac dong
16n dén Ha Noi va cac tinh trong viing dong bang song Hong.

Mot khi cac duong di cua bao da duoc thiét 1ap, mo6 hinh cuong d6 bao kép dugc chay theo
cac duong di dugc chon dé dua ra lich su cua toc do gid tdi da. Mo hinh nay duoc diéu khién boi
thong tin hang thang vé khi hau, khi quyén va ap suat trén dai duong, nhung ciing xem xét xung
quanh mdi truong gi6 thay doi ngau nhién theo thoi gian theo cic budc duge mod ta trude day. Mo
hinh kép duoc xac dinh nay dua ra toc d6 va ban kinh gié t6i da, nhung do sé liéu do phan giai
khong gian kém, cac khia canh chi tiét ciia cau tric tim bao khong duoc sir dung & ddy. Thay vao
d6, chiing toi str dung s6 liéu ban kinh gio, phu hop véi két qua dau ra dé udce tinh sirc gio tdi da tai
cac diém cd dinh trong khong gian di tir trung tdm con bdo. Phuong phép tong thé da dugc mo ta
trong mot sb nghién ctru dugc cong bd (xem vi duy, Emanuel va cac cong su 2008).

Pbi v6i mdi diém quan tim, mo hinh cuong d6 duoc chay trong mot mod phong Monte Carlo
v6i hang ngan vong lap dé dua ra s6 lidu thong ké mong mudn, chang han nhu xac suat tbc do gio.
Ca hai phuong phap tao dudng di tong hop va cac mé hinh xac dinh d hiéu qua dé ude tinh xac
suét bao theo mirc ¥ nghia thong ké pht hop voi phan mém tinh toan phu hop.

6.2.2. M6 hinh “ Bién, hé va nwéc ding vao dit lién do bio”

Bién, hd va nudc dang vao dat lién do bio (SLOSH) 1a mot md hinh tinh toan duoc phat
trién boi co quan quan 1y trudng hop khan cap lién bang (FEMA), cong ty quan doi cia Hoa Ky
(USACE), va co quan dich vy thoi tiét Qubc gia (NWS) dé udc tinh d6 sau ciia dang bao do cac
con bao lich sur, cac con bao gia thuyét hodc du bdo thong qua xem xét stc ép, kich thudc, tdc
d6 chuyén tiép, duong di, tbc do gié ciia bdo va cac dir liéu dia hinh (Jelesnianski va cac cong
su, 1992).

Pau ra d6 hoa tir mo hinh hién thi chiéu cao dang bao cho mdét khu vuc cu thé. Chiéu cao
duoc do bﬁng don vi feet cao hon so vi mirc tham chiéu ciia md hinh (do6 1a mirc do cua dir liéu
quan tric hoc Qudc gia (NGVD) dugc tham chiéu vé d6 cao cho hau hét cac ban dd. Ngoai cac yéu
t6 khac, mo hinh SLOSH duogc quyét dinh bdi cac trudng gid bit ngudn tir k¥ thuat tao bio nhu
trinh bay ¢ trén.

Céc tinh toan tao dang bao dugc ap dung cho bo bién mot dia phuong cu thé, léng ghép cac
dic diém cu thé cua vinh va song, d6 sdu nudc, cau, duong giao thong va cac dic diém khac.
Chung t6i da ma hoa cac khia canh nay cta 6 ludi trong SLOSH, va chung 1 cau thanh theo thoi
gian co ban cia phuong phap st dung.
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M6 hinh SLOSH thuong chinh x&c trong pham vi cOng hodc trir 20%. Vi du, néu moé hinh
tinh toan sy kién c6 dang bao dinh diém 12 10 feet, thi gia tri dinh co thé quan sat dugc nam trong
khoang tir 8-12 feet. Cac tai khoan mé hinh cho thuy tridu c6 thé ting thém dang ké chiéu cao
nudc, bang cach xac dinh muc thily triéu ban dau, nhung khong bao gdm lugng mua, dong song
hodc cac song do gio. Chi c6 do cao cua lii do gio dugc xem xét trong SLOSH.

Piém d6 bd cua bio vao dat lién 1a rat quan trong dé xac dinh cac khu vuc s& bi ngap boi
dang bio. Thong tin nay ciing ¢ san tir phuong phap tao bao da thao luan & trén, nhung tinh chat
téng hop cta nhiing két qua nay va chi mang tinh dg bdo nén vi¢c xac dinh dia diém dd bo co
tinh chat khong chic chin. Chung toi 4p dung mé hinh SLOSH nhu céc nha xdy dung mé hinh
go1 y: dé xac dinh muc dang bao tdi da cho mot vj tri nhung diém d6 bo cta bio cb tinh chat
khéng chic chan.

6.2.3. NBD va anh hwong thoi gian quay tré lgi cia bdo

Céc két qua dang bdo tir kich ban co so, khong c6 NBD, cung cép thong tin vé xac sudt vé
chiéu cao dang bdo tai mot diém cu thé trén bd bién trong tuong lai. Chiing toi str dung két qua nay
dé xac dinh x4c suat ctia dang bdo trong thé ky 21. Puong cong dang bio sau d6 c6 thé thay do6i dé
phan anh cac anh hudng ciia nudc bién dang 1én chiéu cao dang bio. Anh hudng ciia NBD 1én thoi
gian quay trd lai ciia bdo co thé woc lugng dugce. Viée stra d6i dudng cong dugc thuc hién cho ba
kich ban NBD dén nam 2050.

Tac dong cua syt lun dét ciing dugc sir dung dé danh gia tac dong nude bién dang trong khu
vuc. That khong may, khong c6 dir lidu thity tridu cho cac dia diém trong ving dong bang song
Hong. Tuy nhién, sir dung s6 liéu xu huéng cia muyc nude bién trung binh gan Hon Dau tir bo sd
liéu muc nudce bién trung binh (PSMSL, 2005), muc lun dong bang song Hong dat xap xi 0,03 m
(30 mm) vao nam 2050. Muc thay d6i nho nay s& khong co tac dong dang ké dén két cua chinh toi
va do d6 dugc bd qua.

Ba kich ban NBD dugc str dung, kich ban thép (0,156m), kich ban trung binh (0,285m) va
kich ban cao (0,378m). Day la cac kich ban dugc sir dung dé phan tich hd trg du 4n cia Ngan hang
thé giéi vé Kinh té hoc ctia Thich tmg v6i bién d6i khi hau (World Bank, 2010a) va chung dugc
dua trén nghién ctru ciia Uy ban lién Chinh phu vé bién ddi khi hau (IPCC) (Meehl va cdc cdng su.,
2007) va Rahmstorf (2007). Kich ban thap dua trén trung diém cia cic két qua moé hinh GCM béo
cédo trong cac AR4 IPCC (Meehl va cac cong su, 2007.); Cac kich ban trung binh dua trén mé hinh
hoa cia Rahmstorf (2007) vé tac dong NBD cua kich ban nhiét do A2; va kich ban cao dya trén
kich ban tbi da cia Rahmstorf (2007).

Ham s cho anh hudng ciia NBD 1én thoi gian quay trd lai ciia bdo duoc tao ra qua quy trinh
sau. Thir nhat, chiéu cao dang bao cho mdt "con bao tham chiéu” trong co so dir li€u géc duoc xac
dinh. Trong cac két qua trinh bay & dudi, ching t6i chon chiéu cao ctia cac con bdo tan suat 100
nam ma khong c¢6 nudc bién dang lam tham chiéu. Sau do, ching t6i thay do6i cac dudng cong cia
bdo cho ba kich ban NBD dé xac dinh thoi gian quay trd lai ctia bao cho mdi kich bén. Cubi cung,
ham héi quy wéc luong bang phuong phap binh phuong nhod nhat duoc sir dung dé xac dinh méi
quan hé gitra thoi gian tro lai ciia bao va mirc 6 NBD. Thong thuong mdi quan hé nay khong phai
1a tuyén tinh.
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6.3. Cac két qua

Céc két qua ctia qua trinh 4 budc nay duoc trinh bay & dudi. PO thi 6-3 trinh bay dudng di
ctia 10 con bio dugc tao ra tir qua trinh dugc trinh bay & trén. Nhitng con bio nay c6 téc do gid 16n
nhat. Mau sic cta cac dudng di biéu 16 cudng d6 cia mdi con bao theo mirc do Saffir-Simposon:
tor cuong do thép nhat, mau xanh bién (cép 1), mac do cao hon, mau xanh 14 cay (cép 2), mau vang
(cAp 3), mau da cam (cdp 4), va mau do cudng do manh nhét (cap 5). Pudng di ciia cac con bio
biéu thi rang cac con bio dat cip d6 5 c6 thé anh hudng dén Ha Noi, dugc miéu ta & phan giita bén
tay trai ciia do thi. Cac con bdo nay bat ngudn tir phia Nam va giam nhanh cudng d6 khi ching
dich chuyén Ién dét lién mién Bic.

Po thi 6-3: Cac dwong di clia bio

10 con bao I&n nhat tai Ha Noi

30N -

10N

110E 130E 150E

Chii thich: Nghién ciru ndy chi xem xét nhitng phan lanh thé ciia Viét Nam ma ching t6i c6 théng tin
dé phan tich, vi vdy ban do trong do thi trén khong co y dinh phan anh day du tat ca cac vang lanh tho cua
Viét Nam.

Do thi 6-4 minh hoa duong cong cho tbc do gi6 & Ha No6i. Bao tan suat 100 nam co téc do gid
130 knots, dugc phan vao cip do 4 theo bang phan chia ciia Saffir-Simpson. Con bio véi tan suat
xuét hién 10 nam/lan co toc dd gi6 90 knots, thudce loai cép dd 2. Sy phan bd thoi gian quay trd cua
bdo c6 mdi lién hé chit ché voi rai ro tir dang bao theo udc tinh cua mo hinh SLOSH. Do thi 6-5
mo ta cac duong dich cong ciia cac con bio dudi cac kich ban khac nhau. Khi dang bdo dot bién
xay ra c6 kha ning dang bio khé cao, voi mot sd truong hop 1én dén gan 11 mét.
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Do thi 6-4: Toc dd gi6 va wéc tinh thoi gian quay lai
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Cubi cing, Do thi 6-6 cung cdp cho chung ta cac udc tinh thay déi thoi gian quay lai ciia bio
c6 tan suat xuat hién 100 ndm/lan theo cac kich ban NBD. Pudng cong thoi gian quay lai duoc ude
tinh boi ham mil va da thirc. Mic du chi ¢6 mot vai diém mau, ham da thirc biéu 16 hé s6 giai thich
16n nhat (R?). Nhu di trinh bay & do thi, con bado tan suat 100 nim & Ha Noi c6 thé xuét hién
thuong xuyén hon véi NBD. Thay vi xuét hién 100 nam/lan, dén nam 2050, chung dugc udce tinh
xuat hién 65 nam/lan trong kich ban NBD thap, 59 nim/lan trong kich ban NBD trung binh va 54
nam/lan trong kich ban NBD cao. Tuong tu sy giam bdt nay duoc thiy trong cac thoi gian quay lai

cua cac con bao khac.

Do thi 6-5: Pwong cong dang bio tir két qua ciia md hinh SLOSH truwdng hop c6
va khong cé thay doi vé mwe nwéc bién
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Do thi 6-6: Udre tinh thoi gian quay tr¢ lai cua cac con bao xudt hién c6 tin suit 100 nim

v6i cac kich ban NBD
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6.4. Cac tac dong kinh té

Nwé&ce bién dang (mét)

Tir phan tich nay, nudc bién dang s& dan dén ngap lut vinh vién mot phan dang ké cua nhiing

vung thap ¢ dong bang song Hong. Hon nita, ding bdo s& dan dén gia ting tan suat va muc do ngap

lut. D6 thi 6-7 mo ta cac vung chiu anh hudéng nang nhét tr NBD va sau do 1a dang bao. Céac vung

chiu anh huong nay s€ phai chiu cac mirc d¢ thi¢t hai khac nhau do NBD va dang bao. Cac vung

dat thip s& bi ngap hoan toan trong thoi gian dai, gy thiét hai 16n hon trong khi cac ving dat cao

hon s€ chiu anh hudéng nho hon. Nghién ctru nay bi han ché bai so li€u vé dd cao so vo1 mat nude

bién.Voi cac so li€u tot hon vé do cao so voi muc nudc bieén, nghién clru trong tuong lai c6 kha

nang thuc hién mot phan tich khong gian sau hon vé cac rii ro & cac dia phuong nhit dinh thudc

khu vuc déng bang séng Hong.
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Do thi 6-7: Cac viing bi anh hwéng béi nuwée bién diang va dang bao dén nim 2050

Khu vwc bi anh hwéng cua nwéc
bién dang va dang bao
~ ] Fa R
Do cao so v&i mwe nwéc bien ‘fm;m

[ b4t bj anh hudng bdi NBD Elevation Data From:

HydroSHEDS 3-arc-second SRTM data

— vy 2 i h a For a descrij f this dataset, Lehner, B.,
[ |péta/huong bdibao dang  Foyzceseimton ofths e s Letioer

~ A .2 ) Techn . World Wildlifs
[ |4t khong bi anh huéng e e US, Wachingion 0+
Available at http://hydrosheds. cr.usgs.gov.
Downloaded 11/14/2010,

©Industrial Economics
October 2010

Chil thich: Nghién ciru nay chi xem xét nhitng phan lanh tho cia Viét Nam ma chiing t6i ¢é thong tin
dé phan tich, vi vay ban do trong do thi trén khong co y dinh phan anh day du tat ca cdac vung lanh tho cua
Viéet Nam.

Céc thong tin thém vé rdi ro tai san do NBD va dang bdo c6 thé biét dugc thong qua sd lidu
vé st dung déat ¢ cac vang duyén hai trong ving dong bang song Hong, bao gdm cac tinh Nam
Dinh, Thai Binh, Hai Phong va Ninh Binh. Bang 6-2 cung cép chi tiét thém vé sb lugng dat thanh
thi, nong thon hién tai, dat thuong mai, cong nghiép, co quan, ndng nghiép, thuy san, ruéng lua va
dat rimg trong cac tinh nay. Diéu dé ciing cho biét chi tiét sd luong dat bi ngap lut vinh vién do
NBD (cac ving dudi 1 mét nude bién) va cac ving bi ngap lut boi dang bao xuat hién 100 ndm/lan
(cac ving nam dudi 5 mét nudc bién).

Bang 6-2 cho thay ty 1& dang ké cac tinh duyén hai trong ving dong bang song Hong chiu anh
huéng tir myuc nude bién dang va dang bio. Hon 70% dién tich véi gid tri sir dung dat cao nhu dat do
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thi, dét sinh hoat nong thon, thuong mai va cong nghiép chiu anh hudéng ngap lut cao dén 5 mét. Hon
90% dét str dung cho trong laa ciing bi anh huong. Diéu ndy lam gia ting quan ngai khi ving dong
bang song Hong san xudt gan mot nira san luong laa gao toan qudc. (Mai va cdc céng sw, 2009).

Dir liéu gia tri dat s& 1a cong cu Iy twong cho viéc danh gia thiét hai kinh té lién quan dén
dang bio va nudc bién dang. Béi vi dit lidu gia tri dat chi tiét & Ha Noi khong c6 san, trong nghién
ctru nay, GDP da duoc sir dung nhu 1a mot chi sé thay thé cho gia tri dat. Sir dung phuong phap mo
hinh danh gia tinh ton thuong twong tac va dong (DIVA) cua Vafeidis va cde céng su., 2008,
nghién ctru nay sir dung sb liéu dan s6 ciia Trung tdm hé thdng thong tin khoa hoc trai dét thé gisi
(CIESIN, FAO, and CIAT, 2005) két hop véi s6 liéu GDP udc tinh cua Viét Nam cho nam 2010
(CIA, 2009) dé tinh toan chi s6 thay thé cac gia tri dat.

Pbi v6i dat bi ngap lut, bat ky gia tri dt nao cling bi mat vinh vién. Dang bdo 1am tén that
GDP hang nam ctia nim bdo xay ra. Gia dinh ctia phuong phap nay cho rang dia phuong c6 dan sb
dong hon thi c6 gia tri cao hon. Gid dinh nay c6 thé danh gia thép mot sb dia diém co it dan sb hodc
c6 thé ca nhiing noi dan s nhiéu nhung chung toi tin rang day 1a mot gia dinh hop 1y khi xem xét
thiét hai trén mot khu vuc twong d6i 16n. Mot cach tiép can tuong tu ciing da duoc sir dung trong
md hinh DIVA cho nhiéu nam (Vafeidis va cdc cdng sir, 2008).

Bang 6-3 trinh bay GDP c6 nguy co bi thiét hai vinh vién do NBD va bi anh hudng trong mot
thoi gian nhat dinh khi con bdo tan suit 100 ndm xuét hién. Udc tinh 6,53 ty USD c¢6 nguy co bi
thiét hai & ving dong bang song Hong do NBD va mdt khoan thiét hai nita 25,4 ty USD do béo tan
suat 100 nim gy ra. Cac sd liéu nay chiém 10,9% va 42,5% GDP & ving dong bang song Hong.
Tén that nay chiém 2,36% va 9,18% tong GDP toan qudc.

Bang 6-2: Dién tich dit sir dung - tong hién tai va dién tich chiu rii ro béi NBD
va dang bao trwdc nam 2050

) St dung dét
Vung dwoc YT o NG canh
tinh toan z, 2+~ o | Dat & nOng .| Cong ong o ean| CAN N
bat & do thi thén Thwong mai nghiép Co quan nghiép Thay san déng lia Rirng
DIEN TiCH HIEN TAI & CAC TINH DUYEN HAI DPONG BANG SONG HONG (KM2)
Cao hon so
in mat nwéc
bién 103 725 25,0 19,8 127 149 358 3.040 214

DIEN TiCH BI ANH HUGNG VINH VIEN B&I LU LUT (SLR) VA NGAP LUT (DO CON BAO TAN SUAT 100 NAM XUAT
HIEN, KM2)

Duwédi 1 mét 15,7 97,9 2,36 5,06 11,6 21,0 241 455 32,0
Duwéi 5 mét 76,2 635 18,3 15,7 90,8 81,9 349 2.800 80,2

TY LE % CUA DIEN TiCH DAT BI NGAP VINH VIEN VA NGAP LUT
Dudi 1 mét 0,15 0,14 0,09 0,26 0,09 0,14 0,67 015 | 0115
Duéi 5 mét 0,74 0,88 0,73 0,79 0,72 0,55 0,97 092 | 038

Chu ¥: S6 liéu dugc 1am tron 3 chir s6.

89



Bang 6-3: Thiét hai GDP hang nim do NBD va dang bdo dén nim 2050

N . . Quy nap GDP hang nam %I/GDP trong vung 0 "
Ving dweec tinh toan (triéu USD 2010) nghién ciu % GDP cho Viét Nam
DAT HIEN TAI & CAC TiNH DUYEN HAI PONG BANG SONG HONG
Cao hon so véi mat nwédc
bién $59.700 100% 21,6%

VUNG CHIU RUI RO DO NGAP LUT LAU DAI (SLR) VA Bl CHIA CAT LU (SU’ KIEN 100 NAM/BAO)
Du6i 1 mét $6.530 10,9% 2,36%

Duwéi 5 met $25.400 42,5% 9,18%

Chu ¥: S6 liéu duge 1am tron 3 chit sb.

Nguon: S6 liéu dén sé tir Trung tam hé thong thong tin khoa hoc trdi ddt; GDP/dau ngueoi ¢ Viét Nam tir
co quan tinh bao Trung wong Factbook (https.//www.cia.gov/library/publications/the-world-factbook/index.html).

6.5. Thao luan

Phan tich nay dua ra mot bang ching trong khung kho phén tich rii ro do dang bio va NBD
gay ra cho mdt vung cua Vi¢t Nam. Mac du con mot vai han ché s6 lidu d3 duoc néu, nghién ctru
da xdy dung phuong phap dé danh gia thiét hai theo khong gian do NBD va dang bio voi dir liéu
hién c6 trong ving dong bang song Hong. Trong kich ban co s khong ¢6 NBD, md hinh hoat dong
va duong di ctia con bdo di cho thay cac con bdo hoat dong trong ving dong bang song Hong xay
ra khong thuong xuyén nhung nghiém trong. Thay doi duong cong dang bio cila cc kich ban
NBD so v&i kich ban co so 1am ting rui ro. Dién tich liiy ké bi anh huong dbi voi mot s6 loai dat
va gia tri GDP twong g dugc sir dung dé udc tinh tac dong kinh té va rai ro tir NBD va dang bio.
Do han ché vé dit liéu vé dd cao so véi mue nude bién, cac khu vuc bi anh huong chi co thé dugc
xac dinh & muc téng hop. Do do, chi co su phan biét dién tich bi anh huoéng do NBD so voi dién
tich bi anh hudng boi dang bao.

Céac ham y ciia nghién ctru ndy cho cac chinh sach thich tmg & ving dong bang song Hong
d6i v6i bién doi khi hau twong lai dua ra nhitng hudng nghién ctru thi vi cho twong lai. Cac lua
chon thich tng cho ving bi anh hudng gdm xay dung hoic gia ¢ dé bao mai va hién ¢, xay dung
hé thong dé diéu phong chdng thity triéu anh huong dén khu vuc ndng nghiép, nang cao cic cong
trinh xay dung d& bi ton thuong & ving thip, vung chiu lii lut va ké hoach quan 1y tai thiét tir cac
khu vuc phai ddi mat véi nhitng rui ro nghiém trong nhét. Lva chon khac 1a co thé sir dung cac
chinh sach tai chinh, chiang han nhu cac chuwong trinh bao hiém cay trong va tai san. Nhitng chuong
trinh nhu vay, gidng nhu tit ca cac chuong trinh khac, nén dugc phan tich can than vé khia canh tai
chinh va kinh té. Trong bién phap tai chinh, can quan tdm dén phi bao hiém dé dam bao cong bang,
hi¢u qua va hop ly.
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Thong thuong, cac chién luge nhu vay duoc phan tich va dugc goi ¥ chi sau khi danh gid loi
ich-chi phi & d6 c6 can nhic voi gid tri ciia dat dai va cac cong trinh cd nguy co riii ro, cac chi phi
thich mg va thoi gian cta nhitg rui ro. Cach tiép can dwoc xem xét trong nghién ciru cta
Neumann va cac cong su (2010) cho cac vung cia Hoa Ky. That khong may, cac s6 liéu do cao so
voi muce nude bién va s6 liéu kinh té hién c6 cho nghién ctru nay tai Viét Nam khong dﬁy du dé co
thé thuc hién phén tich. Véi tiép tuc hop tac va ddi thoai giita cac bén lién quan dia phuong va cac
nha phan tich, cac phuwong phap tiép can sang tao méi s& lap ddy nhitng khoang tréng sb liéu nham
hd trg phan tich rii ro va thich tng t6t hon, va do d6 co thé hd tro lap ké hoach thich ung trong khu
Vuc rui ro tdt hon.

7. Tac dong dén nén Kinh té

Pé xem xét tac dong ctia bién doi khi hau dén ting trudng va phat trién kinh té, cac kénh tac
dong dugc thao luan & cac muc trude 1an luot duoc xem xét. TAt ca, sau kénh tac dong hoac kich
ban dugc xem xét. Cac kénh duoc liét ké dudi day v6i phan chir in nghiéng 1a tén cia timg kénh
tac dong/kich ban.

1. Nong nghiép. Tac dong cua thay doi lugng mua va nhiét do toi tréng trot theo khu vuc két
hop véi viée khong dap tng duge nhu cau thay loi.

2. Puong giao théng. Tac dong cia bién ddi khi hau tir mé hinh CliRoad.

3. Thiy dién. Thay d6i phan trim ciia san xut thiy dién dugc ap dat nhu mé ta trong D6 thi
4-22.

4.NBD thdp. Nuéc bién dang khoang 16 cm dén nam 2050. Muc nudc bién ting dan theo
giai doan mo6 phéng.

5.NBD cao. Nuéc bién dang khoang 38cm dén nim 2050, dugc md phong giéng nhu kich
ban NBD thip.

6. Bdo. Xac suit bio dugc md phong gidng nhau trong 56 kich ban, chi c6 tic dong bién cia
bdo do nude bién dang dugce coi 1a ct séc cia mo hinh trong kich ban nay.

Céc kénh tac dong nay dugc md phong theo trinh ty ting dan. Vi vay, kich ban Puong giao
thong s& bao gdm ca cu sdc cua kich ban Nong nghiép va ct sé¢ qua kénh duong giao thong. Kich
ban cubi cung, Bio, bao gdbm céc ¢l sdc cta ba kich ban dau két hop véi kich ban NBD cao. Boi vi
v6i nudce bién dang thap, tac dong cua bio do dang bido gay ngap lut qua nho dé trinh bay ¢ day.

7.1. M6 hinh kinh té da nganh

Két qua ctia cac mo hinh cua timg linh vuc & trén duoc chuyén xuéng mé hinh can bang tong
thé dong (DCGE) cho Viét Nam, ude tinh tic dong kinh té cta kich ban gdc va kich ban bién d6i
khi hau, bao gém céc tac dong tran tir bon linh vuc dén tong thé nén kinh t& (nghia 1a ca cac mbi
lién hé gian tiép trong tong thé nén kinh t€). M6 hinh DCGE ciia chiing t6i thudc loai mé hinh CGE
tan ¢ dién co cdu (xem Dervis et al. 1982).(5) M6 hinh DCGE nhu vy phut hop véi phan tich tac
dong cua bién d6i khi hau. Mot 13, mod hinh mé phoéng van hanh cua nén kinh té thi truong, bao

(5) V& chu hinh chi tiét cia mo hinh DCGE chung, xem Diao va Thurlow (2012). Nghién ctru 4p dung m hinh tuong tu cho
bién doi khi hau gan day, xem Arndt va cong su (2008, 2010).
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gdm cac thi trudng lao dong, von va hang hoa va do d6 co thé danh gia diéu kién kinh té s& thay
d6i nhu thé nao thong qua su thay doi vé gia ca va thi truong. Thir hai, mé hinh DCGE dam bao
rang nhitng rang budc cia nén kinh té dugc xem xét, didu nay dic biét quan trong trong du bao
bién d6i khi hau trong dai han. Cudi ciing, m6 hinh CGE xem xét chi tiét cic nganh va duoc vi nhu
“phong thi nghiém” dé luong héa cac kénh tac dong khic nhau ciia bién d6i khi hau dén hiéu qua
hoat dong cting nhu cAu trac cta nén kinh té.

Céac quyét dinh kinh té trong moé hinh DCGE 1a két qua cua cac quyét dinh tdi wu hoa cua
ngudi san xuat, nguoi tidu dung trong nén kinh t& c6 mdi quan hé chit ché. Cac co ché thay thé
duogc thé hién trong mo hinh khi ¢ su thay doi vé gia twong dbi, bao gdm thay thé giita cac yéu t6
san xudt, giita nhap khau va hang san xut trong nudc, giita xuat khau va tiéu ding noi dia.(6) Mo
hinh cia Viét Nam c6 8 khu vuc va 30 nganh, bao gém dién, dich vu van tai va 10 nganh nong
nghiép. M6 hinh c6 37 yéu td san xuat bao gom: ba loai lao dong (phéan theo trinh d¢ gido duc —
tiéu hoc, trung hoc co s¢ va phé thong trung hoc, sau d6 dugc chia tiép theo nong thon, thanh thi),
von, dat ndng nghiép, gia stic va ca. Vén nong nghiép, dat, gia suc va ca dugc chia theo 8 vung.
Nhitng phan loai chi tiét theo ving va nganh nhu vy cho phép mé hinh cé thé thé hién dugc ciu
tric nén kinh té va anh huong dén két qua moé hinh.

Tac dong cua bién d6i khi hau dén ting truong kinh té va phiic loi xa hoi trong mo hinh
DCGE thong qua 4 co ché chinh: Thir nhit, thay d6i ning suit ciia néng nghiép theo lwong mua
dugc lay tir md hinh Clicrop/WEAP va sau 6 DCGE quyét dinh phan b6 nguon luc cho ting loai
cay trong phu thudc vao kha niang sinh 101 twong d6i cta nganh do so véi cac hoat dong khac (tir 1a
quyét dinh noi sinh). Thir hai, DCGE truc tiép 16ng ghép nhiing thay ddi trong san xuét thiy dién
tr mo hinh IMPEND. Thtr ba, CliRoad duoc 16ng truc tiép vao md hinh DCGE. Do dai cua hé
théng giao thong vung tir CliRoad dugc sir dung trong mé hinh DCGE dé giup quyét dinh téc do
ting ning suat. Hé thong giao thong ngin hon 1am cho ning suét dich vu van tai thdp hon va ting
chi phi van chuyén hang hoa gitta ngudi san xuat va nguoi tiéu dung. Cudi cing, mo hinh DCGE
10ng ghép tac dong cia NBD bang cach giam dién tich dit canh tic trong mdi khu vuc bang dién
tich dat ngap lut wdc tinh & trén. Cac kénh tac dong khac nhu stc khoe va du lich duoc ghi nhan
nhung khong dugc xem xét & nghién clru nay.

Khung thoi gian dai xem xét tac dong ciia bién d6i khi hau cho thiy tinh dong & ddy rat quan
trong. Cau trac dong dé quy ctia mod hinh CGE cua chiing t6i cho phép nam bat dugc thay doi hang
nam veé ty 18 tich liiy von con nguoi va von vat chat va thay doi cong nghé. Vi du, néu bién ddi khi
hau giam san lugng thuy dién va nong nghi€p trong mdt ndm nao do, thi thu nhap s€ giam, do do
giam tiét kiém. Giam tiét kiém dan dén giam dau tu va giam san luong tiém ning.(7) Tuong tu nhu
vay, chi phi bao tri duong giao thong cao hon din dén dau tu ha tang it hon va giam d6 dai hé
thong dudng hién tai va trong tuong lai. Nhitng hién tugng thoi tiét cuc doan nhu 1 Iut cling gay ra
thiét hai vé co so ha ting c6 anh huong lau dai. Nhin chung, chi mét sy khac biét nho cong don lai
c6 thé gay ra nhitng khac biét 16n vé két qua kinh té trong thoi gian dai. M6 hinh DCGE ctia chiing
t6i c6 thé mo phong duoc nhitng tac dong do.

(6) He s6 co gidn ctua ham san xudt va thuong mai duoc Iy tir Dimaranan (2006).

(7) Do tap trung vao tac dong dai han, dong “vi m6” gia dinh réng thay dbi tong hap thu cua nén kinh t& dwoc phan bd cho
tiéu dung, dau tu cong va tu nhan thong qua thay d01 phan phdi trung lap trong ty 1¢ tiét kiém (xem Lofgren va cong su,.
2002). Tlet kiém chinh phu linh hoat, thué suat c6 dinh va ty gia thuc diéu chinh dé duy tri can ddi, can can véng lai
dugc quyét dinh ngoai sinh.
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7.2. Két qua: Tac dong cia bién d6i khi hau
7.2.1. Kich ban goc

Pé ude tinh chi phi kinh té cua bién d6i khi hau cho Viét Nam, trudc tién can xac dinh kich
ban gdc, thé hién xu hudng phat trién, chinh sach ciing nhu dinh hudng uu tién trong trudng hop
khong c6 bién doi vé khi hau. Kich ban gdc cung cdp mot khung ting trudng va thay doi co cdu
kinh té hop 1y cho Viét Nam tir 2007 dén 2050 va dugc st dung lam co so dé so sanh.

Tang truong kinh té trong md hinh DCGE duoc quyét dinh bai tée do tich liy cac yéu td san
xuat va bién ddi cong nghé. Dbi v6i cung lao dong, chung t6i gia dinh lyc lugng lao dong so cép,
trung cp va cao cip ting vai toc do 2,5%; 2%; va 1,5%. Ching toi gia dinh rang dién tich canh tac
s& tang 1% hang ndm 1am cho san xuét néng nghiép tang truong phu thudc nhidu vao cai tién cong
nghé hon 1a mé rong di¢n tich dét canh tac. Tién bo vé trinh do dao tao cua luc lugng lao dong
duogc gia dinh ting ning suit véi gia dinh ning suét lao dong trung cap va cao cap tang (voi toc do
ting twong ung 12 2% va 1%/nam) va khong ting v6i lao dong so cap. Tang hang nim vé san xuat
thity dién va hé thong dudng dugc quyét dinh trong mé hinh cac linh vuc nay sir dung s6 liéu qua
khir vé bién dbi khi hau. Theo gia dinh trén, kinh t& Viét Nam tiép tuc ting truong véi téc do
5,4%/nam véi dong gop cua nong nghiép trong tong san pham qudc ndi (GDP) giam tir 16% xudng
con 7,6% trong giai doan 2007-2050. Tdc do ting truong dwong kha cao niy dan dén cai thién lién
tuc dang ké phuc loi trung binh ctia ho gia dinh.

7.2.2. Tdc dong dén nén kinh té

Do thi 7-1 trinh bay GDP thuc trung binh cho giai doan 2046-2050. Gia tri trung binh duoc
trinh bay dé han ché tac dong cua sbc trong mot nam nhét dinh nao do. Bit dau véi kich ban Nong
nghiép, két qua cho thiy tac dong cta bién d6i khi hau kha 1a nhe khi thiét hai vé dt do nudc bién
dang khong duogc xem xét. Hay néi cach khac, kich ban nay chi xem xét tac dong cua cac cl soc
duogc tom tit trong DO thi 4-8 va nhu cau thily loi khong dugc dép ung trong D6 thi 4-9. Tac dong
ctia nhitng ¢t sdc ndy ddi v6i nén kinh té va ting trudng twong d6i nho boi hai 1y do. Thir nhat, ban
than cac ct sdc khong 16n trén moi khia canh. Thir hai, quan trong hon 1a ty trong ctia ndng nghiép
trong GDP dén giai doan 2046-2050 khong 16n. Diéu nay duoc chi 16 trong D6 thi 7-2, theo do ty
trong nay 1a 7% dén 8% d6i voi tat ca cac kich ban. Boi vi ty trong nong nghiép ¢ xu huéng giam
dan (pht hop véi xu hudng thuc té), su thay d6i hodc sut giam trong san xuat nong nghiép tac dong
dén nén kinh té va ting truong chung ngay cang nho.

Déi voi kich ban Puong giao thong thé hién trong D thi 7-1, tic dong cua bién ddi khi hau
trd nén manh hon, c6 thé co tac dong tich cuc nhung kha nang xay ra tac dong ti€u cuc nhiéu hon &
pham vi qubc gia. Tac dong nay dugc dan dit boi mo hinh CliRoad (ciing nhu & trén, ¢ ddy loai trir
nhirng ton that vé ha ting do nudc bién dang). PO thi 7-3 mod ta tom tat phan bo do dai hé thong
duong giao thong so véi kich ban gbc, khong c6 bién d6i khi hau. Nhu d trinh bay o trén, CliRoad
dugc 16ng truc tiép vao md hinh CGE. Do dai hé théng duong tac dong dén ting ning suét trong
md hinh. Thém vao dé, dau tu vao duong giao thong dugc gia dinh tang ty 1€ thuan véi chi tiéu
chinh phu.. Két qua 1a d dai hé thong duong khac nhau cho céc kich ban.
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Po thi 7-1: Mirc GDP thure té theo gia san xuét (trung binh tir 2046 dén 2050)

Néng Budéng giao

- . m £ £ .
nghiép thong Thuay dien  NBD Thap NBD cao Loc xoay

8,15
8,1 -

S L1

o | ] | [ l

7,85 -
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7,65 . : ; ; :

Pon vi tién VND thuc

Do thi 7-2: Ty trong nong nghiép trong GDP (trung binh giai doan 2046-2050)

Néng BPudng giao

nghiép théng Thay dién  NBD Thap NBD cao Loc xoay

0,082
0,08

0,078 - T T T

0,076 -

Ty trong

0,074

0,072 4

0,07

0,068

0,066 T T T T T

Trong mdt sd kich ban, do dai hé thdng duong dai hon so véi kich ban gdc. Cac kich ban khé
hon c6 xu hudng thuan lgi hon véi duong giao thong do giam kha nang bi x61 16 do mua va lut.
Tuy nhién, hau hét cac kich ban déu cho théy su sut giam do dai hé théng duong. Diéu nay do 3
yéu t6. Thir nhat, tat ca kich ban GCM déu cho két qua 1a nhiét d6 tang. Nhiét do tdi da cao hon
lam tang toc d6 xudng cap ciia duong nhua trir khi hé thong duong duoc cai thién cho phu hop vai
diéu kién nhiét 6 cao hon. M6 hinh khong thé hién su diéu chinh vé thiét ké duong, do d6 nhiét do
cao din dén gia tang chi phi duy tri bao dudng duong, vi vay giam dau tu méi vao duong giao
thong. Thir hai, tham chi lugng mua trén toan qudc giam nhe nhung cuong d6 mua cd xu hudng
tang dan dén téc do xo6i 1, ddc biét d6i voi duong dat. Thir ba, ting cudng dd mua din dén ting
nhe tan suat va cuong do lut & hau hét cac kich ban. Vai kich ban GCM cho két qua lut 16i 16n ¢
thé tré 1én thudng xuyén hon, dan dén suy giam dang ké hé thong duong.
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Po thi 7-3: Chi s6 dd dai hé thong dwong so véi kich ban goc
(trung binh giai doan 2046-2050)

Puwdng giao
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Sy tan pha hodc xudng cap ctia co s ha ting co tac dong khac véi tac dong ctia san xuat nong
nghiép do cac tdc dong nay con kéo dai. Mot khi duong bi x6i1 16, tac dong ti€u cuc s€ con kéo dai
cho dén khi duong dugc lam lai. Tuy nhién, véi nguén luc phan bd cho lam duong la c¢d dinh, viéc
lam lai nhitng doan duong bi x6i 16 mua 16n hodc lut 16i lam cho nguén lyc dé lam duong mai
hodc duy tu duong cii bi giam di. Do d6, bién d6i khi hau tic dong dén ty 1é tich liiy hé thong
duong giao thong, do d6 anh huong dén ting ning suit cta khu vuc san xuat. Do ty 18 tich liy
duong bi anh hudng, tic dong cia no co thé cong ddn va trd 1én kha 1on theo thoi gian. Nguoc lai,
d6i voi nong nghiép, bién d6i khi hau (nhu dwgc mo hinh hoa) tic dong dén san xuat nong nghiép
trong mot thoi gian nhat dinh nhung khong nhat thiét tic dong dén tdc d6 ting nang luc san xut
theo thoi gian. Néu diéu kién ting truong kém di thi san xudt giam, néu t6t 1én thi san xuét ting.

Kich ban thit ba thém céac ca sdc nhu mo ta & DO thi 4-22 lién quan dén thuy dién. Nhu Do thi
4-22 cho thdy, tac dong dén san xuit thiy dién vé co ban dao dong xung quanh gia tri 0 trong
nhitng niam 2040. Tuy nhién, trong nhitng nam 2020 va 2030, khi thuy dién chiém ty trong 16n hon
téng cung dién, tic dong tro thanh dau 4m. Tac dong nay lam giam nhe ting truong trong giai doan
md phong, 1am cho GDP binh quan (cta tit ca 56 kich ban GCM) giai doan 2046-2050 giam nhe.
Moét diéu dang chu y la GDP cuc dai cua tat ca cac kich ban GCM & kich ban Thuy dién déu giam
so v6i kich ban Pudng giao thong. Nén luu ¥ ¢ day thoi tiét kho thuong tot hon cho dudng giao
thong nhung khong tbt cho san xut thay dién.

Nudc bién dang cé tac dong tiéu cuc trong tat ca cac kich ban va vé co ban lam giam GDP.
Nhu di thao ludn, nudc bién dang khong c6 quan hé ddi véi kich ban GCM cu thé nao duoc lua
chon. Vi vay, ap dung céc cu séc nudc bién dang giébng nhau cho tit ca cac kich ban. Hai kénh
truyén dan thiét hai do nudc bién dang 1a thiét hai dat néng nghiép va thiét hai vé dudng giao
thong. Nhu da nhin manh & trén, dit liéu do sdu so véi mit nudce bién chi cd & dang dd cao theo
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tirng mét trong khi bién d6i khi hau du bao c6 thé lam cho nude bién dang 38 cm dén nam 2050 (co
thé dang cao hon nhiéu dén nim 2100). Két qua 1a khong thé phan tich mot cach chinh xéac tac
dong cua nude bién dang dén nam 2050 néu khong c6 thém gia dinh. Chung t6i gia dinh rang voi
38 ¢cm nude bién dang, 38% dién tich dat co do sau dudi 1m nuée bién sé bi ngdp. Ching t6i cling
gia dinh rang dién tich nay c6 phan dang ké 1a dat nong nghiép va duong giao thong. Nhitng dang
von khac nhu may moc, ha ting co s khac khong bi anh hudng boi vi chiung c6 thé duoc di doi
hoac dugc xay dung ¢ nhitng khu dét c6 d6 cao so véi muc nude bién cao hon. Véi nhirng gid dinh
nhu vay, kich ban NBD cao vé co ban sé& ¢6 tac dong tiéu cuc nhiéu hon so véi kich ban NBD thép.

Kich ban Bio xem xét tic dong ctia bdo so vai kich ban gdc. Nhu di dé cap, ching toi gia
dinh rﬁng khong c6 thay ddi vé tan suét hodc cuong do cua bao. Nhirng thiét hai ciia bao phu thudc
vao van tdc gi6; tuy nhién, yéu tb nay dugc gitr ¢ dinh & ca kich ban géc va céc kich ban bién d6i
khi hau. Két qua la tac dong cua bién d6i khi hau trong kich ban Bao 1a do su két hop gitra dang
bdo va nude bién dang. 38 cm nudc bién dang gy dang bdo vao siu trong dat lién va ting do sau
ngap dudi nude ciia ving dat bi anh huong.

Boi vi bdo 16n hon giy ra dang bdo manh hon va dit ngap nudc 16n hon, nén chung toi gia
dinh rang thiét hai bién ting khong tuyén tinh vdi sttc manh cua bio. Diéu nay duge minh hoa & Do
thi 7-4, miéu ta thiét hai bién tdi thiéu, t6i da va trung binh gin véi 15c va 38 cm nudc bién dang.
M&i ndm trong 56 vong chay GCM, 16¢ duoc sbc mot cach ngdu nhién. Két qua 1a du kién sé& thay
mot sb con 16¢ manh trong it nhéat mot kich ban GCM mdi nam. Trong khi tdc dong trung binh co
thé nho tham chi dén nam 2050 (khoang 0,1% hodc 1/1000 cua thiét hai vat chat), thiét hai tir bio
manh hon s& nhiéu hon rat nhiéu, cao hon khoang 0,6% tong von so v&i bdo thudng. Nhimng thiét
hai nay c¢6 xu hudng lam giam GDP.

Po thi 7-4: Thiét hai bién d6i véi von do Bio va nuéc bién dang
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Tuy nhién, tong thiét hai di véi ting truong kinh té cta bao khong 16n dbi voi GDP cua Viét
Nam. D6 thi 7-5 minh hoa phan trim giam GDP trong giai doan 2046-2050. Kich ban khong NBD
1a kich ban Thuay dién (nghia 1a két hop cac kénh tac dong Nong nghiép, Pudng giao thong, Thiy
dién). Kich ban NBD thip thé hién tac dong nhe nhat so vdi cac kich ban khac. GDP giai doan d6
dao dong trong khoang 0,25% va -2,5% v&i hau hét cac két qua roi vao khoang -0,5% dén -1,5%.
Véi trudng hop nude bién dang cao va bio, GDP giai doan 2046-2050 giam tir 0% dén 2,5%. Hay
n6i cach khac, néu GDP & kich ban gbc 1a 100 giai doan 2046-2050 thi GDP & cac kich ban bién
d6i khi hau s& giam tir 100 dén 97,5. Két qua niy vé co ban phu hop véi két qua cua Ngan hang thé
gi61 (2010c).

Do thi 7-5: Giam GDP thuec té so voi kich ban géc (trung binh 2046-2050)

Khéng NBD NBD Thép NBD cao Bao
0,0%

-0,5% - .‘- '[
-0,1% 4 T
-1,5% - - .‘-

-2,0% - -

-2,5% -

2z

% thay dbi so voi kich ban gbc

-3,0%

-3,5% -

-4,0% -

Boi vi ting trudng 13 qua trinh tich lity, nhimg giam sat vé GDP sé& dan dén nhiing suy giam
nho dbi véi tée do ting truong GDP binh quan hang niam trong giai doan mé phong nhu minh hoa
& Do thi 7-6. Trong kich ban Bao, tbc do tang truong GDP giam tr 0,01 dén 0,08 diém phén tram.
Hay noi céach khac, néu toc do tang trudng binh quan ¢ kich ban géc l1a 5,4% hang nam thi tbc do
tang truong & cac kich ban bién doi khi hau vao khoang 5,32% dén 5,39%. Tém lai, cac yéu t6
khac ngoai bién ddi khi hau c6 thé c6 tim quan trong hon trong viéc quyét dinh tc do ting trudng
ctia nén kinh té Viét Nam dén nam 2050.
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Do thi 7-6: Tac dong ciia bién ddi khi hau dén tdc dd ting trwéng GDP
binh quian hang nam

Khéng NBD NBD Thap NBD cao Bao
0,00% T

-0,02% T T T
-0,04% - - - T

-0,06% -

-0,08% J‘

-0,10% -

Piém % giam so va&i kich ban géc

-0,12% -

Trong khi d6, bai vi GDP cta Viét Nam du bao khoang 16n hon 500 ty USD dén nim 2050,
gia tri thiét hai do bién ddi khi hau trong cac kich ban dudi dang gia tri tuyét d6i cta cac kich ban
1a 16n. D thi 7-7 minh hoa gia tri hién tai rong cua thiét hai giai doan 2007-2050, do luong bﬁng
khac nhau vé GDP gia san xuat giita kich ban gdc va cac kich ban bién d6i khi hau. Gia tri hién tai
rong duoc tinh toan dua trén ty 1& chiét khau 5%. Tur kich ban tac dong kha quan nhat 1a NBD thap
dén kich ban tac dong kém kha quan nhét 13 Bio, gia tri hién tai rong cua thiét hai dao dong tir 0
dén khoang 40 ty USD (tinh theo gia USD nam 2007). Pa sd cac két qua nam trong khoang thiét
hai tir 6 ty dén 15 ty USD. Thiét hai nay twong ddi 16n va c6 thé han ché dugc tdi da néu c6 chinh
sach thich (mg sang sudt.

Do thi 7-7: Gia tri hién tai rong ciia thiét hai do bién d6i khi hau

Néng Buong giao

nghidp thong Thay dién NBD Thap NBD cao Loc xoay

Ty USD 2007 thyc
]
L
—

-20

-30 A

-40 -

-50 -
Chu thich: Ty 1& chiét khau 5%.
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Cubi cung, Do thi 7-8 trinh bay tinh toan gia tri hién tai rong ctia DB thi 7-7 theo thap ky
cho kich ban Bao. Mic du cac gia tri ndy déu duoc chiét khau theo ndm 2007 theo ty 1& 5%, thap
ky sau nay bi thiét hai nhiéu hon thap ky trudc. Pén nam 2040, gia tri thiét hai 16n dang ké. Néu
tac dong cua bién ddi khi hau tré 1én nghiém trong hon sau ndm 2050, dd thi néu bat mot goiy la
nén sang sudt chuan bi cho cac tac dong ngdy cang trim trong hon cta bién doi khi hau vao cac
thap ky sap t6i.

Do thi 7-8: Gia tri hién tai thuin ciia thiét hai do bién déi khi hau theo thap ky
trong Kich ban Bao (ty USD nam 2007)
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Chu thich: Ty 1& chiét khau 5%.
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8. Két luan

Hudng dén nam 2050, cac tac dong sau day dén khi hau cua Viét Nam duoc du bao: nhiét do
tang khoang mot dén hai do C; lugng mua c6 su thay doi nho véi xu hudng giam va tac dong tuong
d6i nho dén lugng nude bdc hoi. Két hop giita giam nhe lwong mua va ting nhe lugng nude boc
hoi dan dén giam nhe gia tri trung binh/trung vi cua chi s6 d6 Am khi hau, nghia 1a thoi tiét co vé
kho hon. Thay ddi dong chay ciing nho va kha ning giam nhe va ting nhe nhu nhau (thay doi gia
trj trung vi mang gia tri Am nho). Nhitng thay d6i nay khong du 16n dé tao ra sut giam 16n trong san
xuat néng nghiép hoic khong bién d6i 1on dé tao ra (trong hau hét cac truong hop) nhimng bién d6i
16n vé cac hién tugng thoi tiét tiéu cuc de doa co sé ha t?mg. Thém vao d6, san xuét thuy dién c6 xu
hudng bi tic dong tiéu cuc nhung nhimng tic dong d6 khong du 16n dé kim ham ting trudng kinh té.

Nudc bién dang tao ra tdc dong kinh té 16n nhat, dic biét khi nude bién dang cao va khi nudc
bién dang két hop v6i bio. Pong bang séng Ciru Long dic biét dé ton thuong véi ty trong 16n dién
tich dat bi ngap dén nam 2050 trong kich ban nudc bién dang cao. Nhin chung, bién d6i khi hau tac
dong tiéu cuc dén tuong lai ting truong kinh té Viét Nam dén ndm 2050. Tuy nhién, tic dong do
dén nam 2050 s& khong qua 16n. Cac yéu td khac ngoai bién ddi khi hau c6 kha ning 1a yéu td quan
trong quyét dinh téc do ting trudng kinh té trong vai thap ky téi.

Tuy nhién, gid tri hién tai rong cua thi¢t hai chi ra réng tac dong kinh té vi md cua bién doi
khi hau co thé dang phai xem xét va can co nhiing chinh sach thich tng kip thoi. Chinh sach thich
{rmg bao gom:

- Pau tu vao hé théng thong tin dé giam sat tic dong cta bién doi khi hau, bao gom cai tién
hé théng thong tin dia 1y, tap trung vao hé théng dit liéu dd cao so v&i mat nudce bién cho
cac tinh thdp, dong séng va theo ddi chit ché du bao vé mirc nude bién dang toan cau;

- Phat trién da dang cdy trong c6 kha ning chiu nhiét cao;
- Cai thi¢n hi¢u qua stir dung nudc;

- Thay d6i thiét ké tiéu chuan ctia hé thong co so ha tang nhu dudng giao thong phu hop véi
diéu kién khi hau nong hon va thay d6i nhiéu hon.

Sy Iwra chon chinh sach nghiém tc xoay quanh tac dong cta nude bién dang két hop véi bio.
V& co ban, c¢6 hai lya chon: Thtr nhat, chinh phu Viét Nam cé thé hudng cac hoat dong kinh té tap
trung vao nhimg ving dit cao. Tha hai, chinh phu c6 thé dau tu vao co s ha ting. Hai lya chon
nay khong loai trir nhau va quyét dinh tng pho voi bién d6i khi hau khong can phai ra ngay 1ap tirc.
Tuy nhién, trong khi cAn c6 thém nhiéu nghién ciru, chimg ¢ hién nay cho thay lua chon hudng
céc hoat ddng vao ving dat cao hon c6 kha ning hiéu qua hon va chéac chan d& rui ro hon 1a khong
c6 hanh dong gi. Ly do quan trong phan ddi Iya chon dau tu co s& ha tz‘?lng 12 n6 c6 thé c6 thiét hai
rat 16n. Ca chi phi xdy dung co so ha tang va chi phi ma vén dau tu bo ra dé dau tu trong khu vuc
du bao ¢6 rui ro rat 16n vé bio trong twong lai. Nhu vy, voi lwa chon ndy, ludn ludn c6 kha ning
thiét hai s& rat 16n, 16n hon nhiéu so véi dau tu xay dung co s¢ ha téng.

Mit khac, ddi voi lua chon huong dén hoat dong kinh té vao vung dét an toan va cao hon thi
hau hét cac dau tu dén nam 2050 chua duoc thuc hién. Nhu vay, tinh dé ton thuong phu thudc chu
yéu vao lya chon dja diém trong twong lai. Nhu da thao lun, rui ro do nudc bién dang chu yéu tap
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trung (nhung khong hoan toan) vao ving dong bang song Ctru Long. Tham chi ké ca truong hop
khong tinh dén bién d6i khi hau, co nhiéu 1y do dé phat trién cac khu d6 thi ngoai thanh phd Ho6 Chi
Minh (va Ha Noi). Vi vay, chinh sach phat trién cac khu d6 thi khac co thé 1a lya chon “khong héi
tiéc” trong twong lai khi tinh hinh nudc bién dang dwoc cai thién do cac nd lyc chinh sach giam
thiéu toan cau hodc do nhiing diéu chinh trong cac két qua nghién ctru khoa hoc. Tuy nhién, dé
chién lugc ung phé dan dan duoc thuc hién va c6 hiéu qua, vi¢c hudng cac hoat dong kinh té vao
cac vung dit cao hon nén dugc trién khai sém, dic biét néu cac du doan vé kich ban nuéc bién
dang cao c6 xu huéng phi hop voi dién bién vé nude bién dang quan sat dugc trén thuc té.
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Executive Summary

Introduction

Like many countries, Vietnam is concerned about the potential implications of climate
change for economic growth and development. This paper presents a highly comprehensive
analysis of climate change impacts for Vietnam. The paper focuses on implications for economic
growth and development out to 2050. Three elements of the analysis merit special mention. First,
a bottom-up structural approach is employed. The analysis relies upon a series of structural
models that link climate outcomes to biophysical and eventually economic outcomes. Second,
relative to most impact analyses, the approach is highly comprehensive incorporating six
important impact channels: crop yields, irrigation water availability, hydropower production, road
infrastructure, sea level rise, and cyclone strikes. Finally, the analysis incorporates climate
projections from 56 General Circulation Model (GCM) runs employed for the Fourth Assessment
Report of the IPCC. The combination of these three elements is unique and affords a very detailed
examination of the implications of climate change for Vietnam. The use of multiple climate
projections is particularly important because, as will be shown, the implications of climate change
for Vietnam can vary strongly across projections. Consequently, choice of one limited set of GCM
runs over another limited set can strongly influence conclusions. Here, the full range of outcomes
across 56 future climates is presented.

A hotter and possibly drier future climate for Vietnam

The median expected temperature increase for Vietnam is somewhat less than 1.5 degrees
Celsius with most outcomes clustered near the median. For all regions of Vietnam, temperature
increases range from a minimum of slightly less than one degree Celsius to a maximum slightly
more than 2 degrees Celsius. Precipitation projections are considerably more uncertain than
temperature projections. Vietnam is expected to experience a mild decrease in precipitation in that
the median change is negative across all 56 climate futures. Nevertheless, wetter conditions are
only somewhat less likely than dryer conditions at the national level. This uncertainty extends to
all regions. For all provinces and climate projections, the inter-quartile range (between the 25th
and 75th percentile of outcomes) includes both increases and decreases in precipitation. Maximum
and minimum values are also broadly arrayed with increases in the 10-20 percent range and
decreases in the 10-15 percent range. Overall, due to increased evapotranspiration and a mild
decrease in median precipitation, climate conditions in Vietnam tend to become more arid, though
the median change is not dramatic.

Linking climate change to biophysical and economic outcomes

The atmospheric projections for the baseline and climate change scenarios are translated into
economic impacts via a series of specialized sector models. Figure 1 shows the flow of
information through the integrated river basin and water resource models down to three sector
models that estimate impacts on agriculture, energy and infrastructure. River basin models
determine stream flows for water resource models, which then estimate water availability for
hydropower models. The river basin model also predicts flood frequency and severity, which,
together with precipitation and temperature, determines road damages in the infrastructure model.
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Climate projections directly affect agricultural production in the crop models. Finally, biophysical
results are passed down to a multi-sector economic model that estimates the economy-wide
impacts of climate change. We also include a fourth sectoral impact channel that determines land

losses from sea-level rise and cyclone

strike.

Figure 1: Integrated modelling framework

(GCM)General
circulation models
(GCM)

mperature
Precipitation

v
basin models

loods

(CLIRUN)

(WEAP)Water resource

»
»

models (WEAP)

Irrigation wate
demand

\4

models (CLICROP)

yields

\4

ower models
(IMPEND)

y supply

Streamflow
Evapotranspiration

\ 4 v
ructure model

(CLIROAD)

network length

\ 4

(DCGE)Economy-wide
model (DCGE)

Source: Authors.

Water resources including hydropower

strikeLand inundation
from sea-level rise

and typhoon strike

The ‘CLIRUN?’ river basin model is an extension of a class of hydrologic models developed

specifically to analyse the effects of climate change on runoff. Water enters CLIRUN via

precipitation and leaves via evapotranspiration and runoff. The difference between inflow and

outflow is the change in soil or groundwater storage. A total of 22 sub-basins, areas ranging from

1,500 to 45,000 km?, were identified. Modelling trans-boundary river basins is crucial since all

major rivers in Vietnam traverse other countries before entering Vietnam.
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Figure 2 illustrates runoff by month in the 2040s for the historical baseline and for the 56
future climate projections considered. The latter are represented using a box and whisker plots. In
these plots, the red line represents the median temperature change; the box illustrates the middle 25-
75 percent of outcomes (the inter-quartile range); and the whiskers represent the maximum and
minimum values with outliers discarded. Outliers are illustrated with a plus (+) sign. Overall, at the
national level, the seasonality of runoff and the levels tend not to move dramatically by the 2040s.

Figure 2: Monthly average runoff comparison of base case and all the 56 GCM runoff
output (2041-2050)

Total Runoff (mm)

Being furthest downstream potentially makes Vietnam vulnerable changes in upstream
reservoir policies. Therefore, the estimated stream flows from CLIRUN are passed down to a
water resource model (WEAP) that simulates the management of all trans-boundary river basins
within Vietnam and upstream. WEAP exogenously determines water allocation for industrial and
domestic use, and then optimizes storage capacity and irrigation flows so as to maximize net
benefits.

Hydropower generation relies on a combination of flow and elevation drop of water to
generate electricity by turning turbines. There are 14 large-scale hydroelectric facilities in
Vietnam. We use a hydropower planning model called ‘IMPEND’ that was originally developed
for Ethiopia (Block and Strzepek 2010). IMPEND is a water accounting and optimization model
that uses information on streamflow, evapo-transpiration and reservoir attributes to determine
energy generation and associated project costs. In addition, 14 medium to large hydropower
projects are under construction and are considered in this analysis. The total long term energy
generation from these hydropower plants is estimated to be about 22,656 GWH. For the baseline
scenario, IMPEND was calibrated to the existing capacity and expansion plan for 2010-2050, as
well as to stream flow and evapotranspiration results from CLIRUN and WEAP. IMPEND was
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then rerun for the 56 climate change scenarios, initially assuming no change in the baseline’s
expansion plan (i.e., deviations in hydropower generation are solely attributable to climate change
and not to changes in dam construction).

Figure 3 illustrates the changes in hydropower generation relative to the baseline by decade.
At the median, hydropower generation is expected to decline very slightly in all decades.
However, increases in hydropower production are also possible. The range of levels of
hydropower production tends to expand with time (with the exception of the 2030s). By 2050,
hydropower impacts range between approximately plus or minus 18 percent. However, about half
of all outcomes fit in a much tighter range of about plus or minus five percent. In addition, while
hydropower represents more than 35% of total energy production in the base, this share is
expected to decline through time falling to about 8% by 2050. As a consequence, the implications
of variation in hydropower production are less important in a macroeconomic sense through time.

Figure 3: Climate impacts on hydropower generation in percent difference from baseline
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Numerous studies confirm the importance of road infrastructure for economic growth. Both
theory and evidence suggest that infrastructure investments are important determinants of
economic growth and poverty reduction. In most developing countries, these investments
represent commensurately large shares of public budgets and total investment. If the stock of
public capital in general and the road stock in particular is material to growth and poverty
reduction, then the rate of depreciation of that stock is also material. The implications of climate
change can affect transportation infrastructure itself; its operation; and the demand for
transportation services. Chinowsky et al. (2011a) document the potential costs of climate change
on road infrastructure in ten geographically and economically diverse countries. They illustrate
the opportunity costs of diverting infrastructure resources to climate change adaptation.
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The relationships developed by Chinowsky et al. (2011a) are incorporated into a dynamic road
network simulation model labelled “CliRoad”. The simulation model tracks the road stock broken
by age since construction (or 20 year rehabilitation), road class (primary, secondary, tertiary), road
type (paved, gravel, or unpaved), and region for each year over a simulation period from 2007-2050.
While the stressor response functions are constant across regions, the climate inputs (precipitation,
temperature, and flood events) are disaggregated by region. CliRoad is incorporated directly into the
dynamic computable general equilibrium model used for economic analysis. Hence, results from
CliRoad are described below together with other economywide impacts.

Agriculture

Agriculture is one of Vietnam’s most important sectors, accounting for about 16 percent of
national income. We use a generic crop model called ‘CliCrop’ to simulate the impact of the
baseline and climate change scenarios on rainfed and irrigated crop yields and on irrigation water
demand. A special version of CliCrop for paddy rice is also developed. CliCrop was specifically
designed to capture climate change impacts.

Figure 4 illustrates changes in yield for principal crops. These results presume that sufficient
water is available to meet demand for water by irrigated crops. Under this assumption, climate
change reduces yields by 2050 but not dramatically. For most crops, the median reduction in yield
is less than five percent. Yield increases are possible but not likely for all crops considered. More
dramatic declines of greater than ten percent are also possible for all crops considered but these
outcomes tend to be confined to a relatively few GCM projections. The exception is sugarcane,
which shows a median decline in yield of about seven percent with reductions greater than 20
percent possible.

To assess the balance between irrigation water supply and demand, the water supply from
the WEAP and water demand from CliCrop are compared. Under climate change, the analysis
indicates that unsatisfied irrigation demand will generally increase. Box plots of unmet water
supply for irrigation relative to the reference case for the 56 GCM runs are shown in Figure 5. The
median value reaches about 2.1 billion cubic meters (BCM) for the year 2050. The Worst case
scenario indicates a maximum deficit reaching seven BCM. In percentage terms, the median
increase in unmet demand is about three percent. For paddy rice, production variation is
principally determined by the variation in unmet irrigation demand.

Figure 4: Percent changes in yield from CliCrop for agriculture
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Figure 5: Unmet Irrigation demand with respect to Base case scenario
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Coastal zones, sea-level rise and cyclones

Projections on the amount of sea level rise that will occur are uncertain and vary widely.
Some recent studies have predicted a future sea level rise (SLR) higher than 1m by 2100 (Nichols
and Cazenave, 2010). The Fourth Assessment Report (AR4) of the Intergovernmental Panel on
Climate Change (IPCC) published in 2007 predicts an average of 60 cm by 2100 (IPCC 2007). By
2050, we expect 16 centimeters of SLR as a lower bound and 38 centimeters of SLR as an upper
bound.

Analysis of SLR for Vietnam is constrained by the coarseness of elevation data. For low
lying areas, the team was able to obtain information on elevations by one meter contour line. In
order to consider the implications of these levels of SLR given the available data, additional
assumptions are required. In particular, we assume a uniform distribution of farmland and road
infrastructure through the administrative regions. Therefore, if half of a given area or “grid cell” is
projected to be inundated by sea level rise, then half of the farmland and the road infrastructure in
that area or cell is estimated to be destroyed.

Figure 6 illustrates, in the left hand panel, estimates of the share of area at less than one
meter of elevation and, in the right hand panel, the value of current road infrastructure located at
less than one meter of elevation. The Mekong river delta is of particular concern with very large
shares of the region estimated to be at less than one meter of elevation. There are also concerns in
the Red river delta though to a lesser extent.
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Figure 6: Share of area inundated for one meter of sea level rise and value of road
infrastructure estimated to lie at less than one meter of elevation
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Note: This study covers those parts of Vietham that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

Detailed analysis of the combination of SLR and storm surge due to cyclones was undertaken
for the Red river delta. The effects of climate change on cyclones can include changes in the
intensity, frequency, and the track of individual storms. Changes in temperature are a potentially
important factor in altering storm patterns, but, because cyclones are relatively rare events,
differences in storm generation activity that might be experienced by 2050 are difficult to discern
with current methods. As a result, we assume that cyclone frequency and intensity remains constant.

Sea-level-rise may have an important effect by magnifying the potential damage that may
result from cyclones. Higher sea level provides storm surges with a higher “launch point” for the
surge, which may increase both the real extent and the depth of the surge in areas already
vulnerable to coastal storms. In addition, future sea-level rise, while uncertain, is more reliably
forecast to 2050 than future storm activity. In general, the increase in sea level would make
existing storms significantly more damaging.

The combination of storm surge and SLR is investigated for the Red river delta. Figure 7
provides estimates of the changes in effective return time for the current 100-year storm surge
event as a result of SLR. The historical 100-year event at Ha Noi can be expected to occur more
frequently with SLR. Rather than occurring every 100 years, by 2050, it can be expected to occur
approximately every 65 years in the Low SLR scenario and every 54 years under the High SLR
scenario. Similar reductions are seen in the return periods of other design storms as well. This
drop in return period can have significant implications. The 100-year event exhibits a storm surge
of approximately five meters. In the Red river delta, approximately 42.5% of GDP is estimated to
be produced at elevations less than five meters. This amounts to about 9% of total GDP for
Vietnam. This is very relevant to our analysis as Noy (2009) shows that damages from natural
disasters are strongly correlated with subsequent economic growth.
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Figure 7: Estimated change in effective return time for the 100-year storm as a result of SLR
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Multi-sector macroeconomic model

The sector model results discussed above are passed down to a dynamic computable general
equilibrium (DCGE) model of Vietnam, which estimates the economic impact of the baseline and
climate change scenarios, including spillovers from the four focal sectors to the rest of economy
(i.e., indirect or economy-wide linkages). Economic decision-making in the DCGE model is the
outcome of decentralized optimization by producers and consumers within a coherent economy-
wide framework. To adapt to climate changes, a variety of substitution mechanisms occur in
response to variations in relative prices, including substitution between factors, between imports
and domestic goods, and between exports and domestic sales. The Vietnam model contains 8
regions, 30 sectors, including electricity generation, transport services and 10 agricultural
subsectors. Thirty seven factors of production are identified: three types of labour (by education
level- primary, secondary, and tertiary and then further divided between rural and urban zones),
capital, agricultural land, agricultural capital, livestock, and fish stocks. The agricultural capital,
land, livestock and fish stocks are distributed across the eight subnational regions. This sectoral
and regional detail captures Vietnam’s economic structure and influences model results.

Climate change affects economic growth and welfare in the DCGE model via four principal
mechanisms. First, productivity changes in rainfed agriculture are taken from CliCrop/WRM and
the DCGE then determines how much resources should be devoted to each crop given their
profitability relative to other activities (i.e., ‘endogenous adaptation’). Second, the DCGE model
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directly incorporates fluctuations in hydropower production from IMPEND. Third, CliRoad is
incorporated directly into the DCGE model. The length of regional road networks from CLIROAD
is used in the DCGE model to help determine the rate of productivity growth. A shorter road
network lowers transport productivity and increases the cost of moving goods between producers
and consumers. Finally, the DCGE model incorporates the effects of SLR by reducing the total
amount of cultivable land and road infrastructure in each region by the land inundation estimates
presented above. In addition, the effects of cyclone strikes are magnified. Other potential impact
channels are recognized but not explicitly considered, such as health and tourism.

The long timeframe over which climate change will unfold implies that dynamic processes
are important. The recursive dynamic specification of our DCGE model allows it to capture
annual changes in the rate of physical and human capital accumulation and technical change. So,
for example, if climate change reduces agricultural or hydropower production in a given year, it
also reduces income and hence savings. This reduction in savings displaces investment and lowers
production potential. Similarly, higher road maintenance costs imply less infrastructure
investment and shorter road networks both now and in the future. Extreme events, such as
flooding due to cyclone strikes, also destroy infrastructure with lasting effects. Generally, even
small differences in accumulation can cause large differences in economic outcomes over long
time periods. Our DCGE model is well suited to capture these path dependent effects.

Climate change impacts on economic growth

In order to estimate the economic cost of climate change for Vietnam, it is necessary to first
specify a baseline scenario that reflects development trends, policies and priorities in the absence
of climate change. The baseline provides a reasonable trajectory for growth and structural change
of the economy from 2007 to 2050 that can be used as a basis for comparison. Under baseline
assumptions, Vietnam’s economy grows at about 5.4% per annum, with agriculture’s contribution
to gross domestic product (GDP) falling from 16 percent to 7.6 percent during 2007-50. This
strongly positive growth in per capita GDP leads to continued significant improvements in
average household welfare.

In order to assess the implications of climate change for growth and economic development,
the impact channels discussed in the earlier sections are introduced one by one. In all, six impact
channels are considered. These are listed below with the name of the scenario at the beginning.

1. Agriculture. Impacts of temperature and precipitation changes for crop production by
region combined with unmet irrigation demand.

2. Roads. Implications of climate change from CliRoad.

3. Hydropower. Percentage changes in hydropower production are imposed.

4. SLRIlow. Sea level rise is assumed to reach 16 centimeters by 2050. This rise occurs
linearly over the simulation period.

5. SLRhigh. Sea level rise is assumed to reach 38 centimeters by 2050 and is imposed in the
same manner as SLRlow.

6. Cyclone. Probabilistic cyclone strikes across each of the 56 scenarios with only the
marginal impact due to sea level rise imposed as a shock.
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These scenarios are imposed in a cumulative fashion. So, the scenario Roads contains the
shocks for Agriculture and for Roads. The last scenario, Cyclones, contains the shocks from the
first three scenarios as well as SLRhigh. With low sea level rise, the marginal impact of cyclones
due to elevated storm surge is small and is not presented.

Figure 8 shows the average level of real GDP for the period 2046-2050 across all scenarios.
The average is presented in order to limit the implications of shocks in a particular year.
Beginning with agriculture, we find the implication of climate change to be relatively mild with
impacts of sea level rise excluded. In other words, only the implications of the yield shocks
summarized in Figure 4 and unmet irrigation demands summarized in Figure 5 are imposed. The
implications of these shocks for the national economy and for growth are relatively small for two
reasons. First, the shocks themselves are not particularly large in most instances. Second and
importantly, the agriculture share of GDP by 2046 to 2050 is, as indicated above, not very large.
The agriculture share of GDP by 2046-50 varies strictly between seven and eight percent of GDP
across all scenarios. Because the agriculture share of GDP tends to decline (a strong empirical
regularity), variations or reductions in agricultural GDP have an increasingly muted effect on the
national economy and overall economic growth rates.

For the roads scenario depicted in Figure 8, the implications of climate change become more
pronounced and may be positive but are more likely to be negative at a national scale. These
implications are driven by CliRoad (again, excluding infrastructure lost due to sea level rise).
Figure 9 provides a summary of the distribution of road network length relative to the baseline no
climate change scenario. As indicated earlier, CliRoad is incorporated directly into the CGE
model. Road network length influences the rate of total factor productivity growth in the model.
In addition, investment in roads is assumed to move proportionately with growth in government
spending. As a result of these interactions, road network length differs in every scenario.

Figure 8: Level of Real GDP at Factor Cost (average from 2046-2050)
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Figure 9: Index of road network length relative to the baseline (average of 2046-2050)
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In some scenarios, road network length is greater under climate change than without climate
change. Dryer scenarios tend to be more favorable to road network length due to reduced
washouts from precipitation and flooding. Nevertheless, most scenarios generate reductions in
road network length. This is due to three factors. First, all GCM scenarios produce increases in
temperature. Higher maximum temperatures increase the rate of degradation of paved roads unless
steps are taken to make roads more robust to higher temperatures. In the model, these adjustments
are not undertaken and so rising temperature leads to higher maintenance costs, which in turn
displace new road investment. Second, even though nationally precipitation declines slightly, the
intensity of precipitation tends to increase leading to a higher rate of washouts particularly for
unpaved roads. Third, the increase in precipitation intensity leads to, in most scenarios, a small
rise in the frequency and intensity of flooding events. In a few GCM runs, large scale flooding
events become much more frequent leading to important declines in the total road stock.

Degradation or destruction of infrastructure is different from agricultural impacts because
the effects on infrastructure endure. Once a road is washed away, its negative effect remains until
the road is rebuilt. However, with constant resources allocated to roads, reconstruction of a section
of road that is washed away due to heavy rainfall or flooding implies fewer resources available for
construction of new roads or regular rehabilitation of existing roads. Hence, for roads, climate
change influences the rate of accumulation of the road stock, which in turn influences the rate of
productivity growth in productive sectors. Because rates of accumulation are influenced, the
effects can accumulate and become relatively large over time. In contrast, for agriculture, climate
change (as modeled) influences production in a given year but not necessarily rates of growth in
productive capacity through time. If growing conditions are poor, production declines; however, if
growing conditions are favorable, production levels are favorable.

The third scenario depicted in Figure 8 adds the shocks with respect to hydropower. As shown
in Figure 3, impacts on hydropower production are essentially centered about zero in the 2040s.
However, in the 2020s and 2030s, when hydropower represents a larger share of total electricity
supply, the impacts tend to be negative. The effect is to slightly reduce growth over the period
resulting in a slight reduction in median GDP (across GCM runs) during the period 2046-2050.
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The implications of sea level rise, as shown in Figure 8, are negative across all scenarios and
basically shift the distribution of GDP outcomes downward. Sea level rise is uncorrelated with the
particular GCM selected. Hence, the same sea level rise shocks are applied across all scenarios.
The two principal drivers of losses from sea level rise are loss of agricultural land and loss of road
infrastructure. As emphasized earlier, elevation data was obtained at one meter steps while climate
change is expected to deliver at most 38 centimeters of sea level rise by 2050 (but potentially
much more by 2100). It is, as a result, impossible to analyze the exact impacts of sea level rise to
2050 without additional assumptions. We assume that, with 38 centimeters of sea level rise, 38
percent of the area submerged by one meter of sea level would become unavailable. We also
assume that this area constitutes principally agricultural land and road infrastructure. Other forms
of capital, such as machines and significant permanent structures, are placed at risk in the cyclone
scenario, to which we now turn.

The scenario Cyclone considers the marginal impact of the combination of cyclones and high
sea level rise relative to the baseline. As discussed, we assume that there is no change in the
frequency or intensity of cyclone strikes. Much of the damage from cyclone strikes is a function of
wind velocity; however, this is held constant between the baselines and the climate change
scenarios. As a result, the marginal impact of cyclones due to climate change is restricted to the
interactions between storm surge and sea level rise. Thirty eight centimeters of sea level rise causes
the storm surge to extend further inland and increases the depth of submersion in affected areas.

Nevertheless, the total effects on economic growth are not exceedingly large. Figure 10
illustrates the distribution of the percent reduction in the level of GDP during the period 2046-
2050. The scenario labelled “No SLR” is the Hydropower scenario (e.g., the combination of
Agriculture, Roads, and Hydropower). The SLRIow represents the least strong distribution of
impacts considering all impact channels as well as low SLR. The level of GDP in that period
ranges between +0.25 and -2.5 percent with the majority of outcomes between -0.5 and -1.5
percent. With high sea level rise and cyclones (scenario Cyclone), the level of GDP in the period
2046-2050 is between 0.5 and 3.0 percent lower.

Figure 10: Reduction in real GDP relative to the baseline (average 2046-2050)
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Because growth is a cumulative process, these reductions in GDP levels translate into a
small reduction in the average annual GDP growth rate over the simulation period (2007-2050). In
the cyclone scenario, the average GDP growth rate is reduced by between 0.01 percentage points
and 0.08 percentage points. In other words, if the expected average baseline growth rate without
climate change is 5.4 percent per annum, then the growth rate would be expected to be between
5.32 and 5.39 percentage points.

While climate change is not expected to dramatically reduce the average economic growth rate
over the next 40 years, the implications of climate change are not trivial. In addition, the analysis
points to climate change as imposing an increasingly heavy drag on the economy with the
implications becoming potentially large by the 2040s. The net present value of losses is illustrated by
scenarios in Figure 11 and by decade for the scenario "Cyclone" in Figure 12. The net present value of
losses is potentially substantial amounting to about 40 billion real 2007 USD in the worst case. The
expected level of losses runs from about 8 to 21 billion USD. While positive outcomes are possible
when SLR is excluded, the scenarios with all effects included (SLR low, SLR high, and Cyclone) all
generate a negative net present value. Figure 12 further reveals that, despite the discount rate of five
percent, the net present value of climate change impacts increases through time with the strongest
impacts expected in the 2040s. This is principally due to the inexorable effects of sea level rise.

Figure 11: Net present value of losses by scenario (2008-2050)
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Figure 12: Net present value of losses by decade for the scenario **Cyclone*
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Note: A discount rate of 5% is applied in both Figures 11 and 12.
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Summary and Conclusion

Going out to 2050, the following effects on climate are observed: temperature rises by about
1-2 degrees centigrade; there are relatively mild effects on precipitation with a slight tendency
towards a decrease and relatively mild effects on evapo-transpiration. The combination of a light
decrease in rainfall and increase in evapo-transpiration leads to a mild "drying" of a wet climate.
Changes in runoff are also mild and about as likely positive as negative (median slightly
negative). These changes are typically not sufficient to generate large declines in agricultural
production nor are they projected to generate (in most instances) very large increases in events,
such as inland flooding, that would threaten infrastructure. In addition, hydropower production
tends to be negatively affected but the effects are not so large as to serve as a major brake on
economic growth.

Sea level rise delivers some of the largest effects, especially when the level is high and when
sea level rise is combined with cyclone strike. The Mekong river delta is particularly vulnerable
with significant shares submerged in 2050 under the high sea level rise scenario. Overall, climate
change worsens the economic growth prospects of Vietnam out to 2050. Nevertheless, in a
macroeconomic sense, the effects, out to about 2040, are not particularly large. Other factors are
likely to be more important determinants of growth rates over at least the next few decades.

As the net present value numbers indicate, the effects of climate change are appreciable and
adaptation policies are merited. This adaptation agenda includes:

- investment in information systems to monitor climate change impacts including improved
geographic information systems with emphasis on elevation data for low lying provinces,
river flow, and close following of global sea level rise projections;

- development of heat resistant crop varieties;
- improved efficiency of water use; and

- changes in design standards for infrastructure such as roads to handle a warmer and more
variable climate.

The most serious policy choices concern the implications of sea level rise combined with
cyclone strike. There are essentially two pro-active options. First, the government of Vietnam
could channel economic activity in an evolutionary fashion towards higher ground. Second, the
government could invest in protective infrastructure. These are not mutually exclusive options and
decisions in response to climate change do not need to be made immediately. Nevertheless, while
more study is required, the available evidence indicates that a gradual channelling of activity to
higher ground is more likely to be economically efficient and is certainly less risky. A major
detractor to protective infrastructure investments is that they raise the stakes. Both the costs of
protective coastal infrastructure and the capital that will inevitably be placed in the shadow of that
protection are vulnerable to cyclone strike of sufficient magnitude. Hence, with a protective
strategy, there is always the possibility that one will lose a great deal alongside the certain costs of
building the protective infrastructure. For the gradual evolution strategy to in fact be gradual and
hence efficient, the channelling of economic activity to higher ground should probably begin
soon, certainly within the next ten years or so, especially if the upper ends of sea level rise
projections are being realized.
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IMPLICATIONS OF CLIMATE CHANGE
FOR ECONOMIC GROWTH AND DEVELOPMENT IN VIETNAM

1. Introduction

Like many countries, Vietnam is concerned about the potential implications of climate
change for economic growth and development. This report presents a highly comprehensive
analysis of climate change impacts for Vietnam. The paper focuses on implications for economic
growth and development out to 2050. Three elements of the analysis merit special mention. First, a
bottoms-up structural approach is employed. The analysis relies upon a series of structural models
that link climate outcomes to biophysical and eventually economic outcomes. Second, relative to
most impact analyses, the approach is highly comprehensive incorporating six important impact
channels: crop yields, irrigation water availability, hydropower production, road infrastructure, sea
level rise, and cyclone strike. Finally, the analysis incorporates climate projections from 56 General
Circulation Model (GCM) runs employed for the Fourth Assessment Report of the IPCC. The
combination of these three elements is unique and affords a very detailed examination of the
implications of climate change for Vietnam. The use of multiple climate scenarios (GCMs) is
particularly important. As will be illustrated, results can vary strongly by GCM. Consequently,
choice of one limited set of GCM runs over another limited set can strongly influence conclusions.
Here, the full range of outcomes across 56 future climates is presented.

The approach employed is illustrated in Figure 1-1. It shows the flow of information through
the analytical system. As illustrated in the figure, climate projections for the baseline and climate
change scenarios are translated into economic impacts via a series of specialized sector models.
These include integrated river basin and water resource models and three sector models that
estimate impacts of biophysical change on agriculture, energy, and infrastructure. The river basin
models determine stream flows for the water resource models, which then estimate water
availability for hydropower and irrigation. The river basin model also predicts flood frequency and
severity, which, together with precipitation and temperature, determines road damages in the road
infrastructure model. Climate projections directly affect agricultural production in the crop models.
Finally, biophysical results are passed down to a multi-sector economic model that estimates the
economy-wide impacts of climate change. We also include a fourth sectoral impact channel that
determines land, infrastructure, and capital losses from sea level rise as well as the combination of
sea level rise and cyclone strike.
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Figure 1-1: Integrated modelling framework
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The in-depth analysis presented in this report is motivated by serious concerns expressed in
the literature. Dasgupta et al. (2007) point to vulnerability to sea level rise. Adger (1999) considers
social vulnerability with an emphasis on the coastal regions of Vietnam. More recently, Yu et al.
(2010) declared that "Vietnam is likely to be among the countries hardest hit by climate change"
though their study focuses exclusively on the agricultural sector. The World Bank (2010c) presents
a first attempt to aggregate a series of effects into an assessment for growth prospects. They find
that climate change will have significant impacts on some regions and sector; nevertheless, the
macroeconomic impacts are likely to be relatively modest, at least out to 2050 (p. xviii). They
employ, however, only three climate change scenarios and consider a more limited number of
impact channels.

This report is structured as follows: Section 2 summarizes climate change scenarios across
the 56 GCM runs. Sections 3 to 6 summarize how the climate results are converted to biophysical
and economic outcomes. Section 7 presents results with a focus on economic growth to 2050.
Section 8 summarizes and concludes. We find that for the period 2046-2050, GDP is likely to be
approximately 0.25 percent higher to 3.0 percent lower, with most outcomes concentrated between
-0.5 and -2.0 percent. Because growth is a cumulative process, these reductions in GDP levels
translate into small reduction in the average annual GDP growth rate over the simulation period
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(2007-2050). In the cyclone scenario, the average GDP growth rate is reduced by between 0.01
percentage points and 0.08 percentage points.

While climate change is not expected to dramatically reduce the average economic growth
rate over the next 40 years, the implications of climate change are not trivial. In addition, the
analysis points to climate change as imposing an increasingly heavy drag on the economy with the
implications becoming potentially large by the 2040s. The net present value of losses (discounted
at five percent) is potentially substantial amounting to about 40 billion real 2007 USD in the worst
case. The expected level of losses runs from about 8 to 21 billion USD. In addition, despite the
discount rate of five percent, the net present value of climate change impacts increases through
time with the strongest impacts expected in the 2040s. Consequently, especially in the absence of
global mitigation policy, much stronger impacts can be anticipated in the second half of the 21st
century, with the combination of sea level rise and cyclone strike presenting a particular menace.

2. Climate Change Scenarios

Future climate change is inherently difficult to predict due to the complexity of earth
atmosphere system and to the human factors that influence it. Existing general circulation models
(GCMs) produce a wide range of potential climate futures, especially when examined at the country
level (see Solomon et al. 2007). These are due to differences in the science of modelling global
climate systems and to uncertainty over how the global economy will evolve in coming decades. The
latter uncertainty implies that GCMs have to be used to project climate change outcomes for a
number of possible ‘emission scenarios’ based on different assumptions about future populations,
technological advancements, and global agreements to reduce carbon emissions.

Initially presented in the Intergovernmental Panel on Climate Change (IPCC) Special Report
on Emissions Scenarios (2000), the A2, A1B, and B1 emission scenarios represent three different
possible 21* centuries in terms of the human factors which influence climate change. In the A2
scenario, globalization proceeds less rapidly. economic development and integration is primarily
intraregional, population grows relatively rapidly, global GDP growth occurs at a rate similar to
that in the baseline scenario, global energy use is relatively high, land use varies between
maintaining its current rate and more rapid change, energy resource availability is relatively low,
and technological change which increases energy efficiency is slow and not particularly focused on
climate change-mitigating solutions.

The Al scenario family represents a 21* century in which globalization proceeds more
rapidly, integrating regional economies into a global economy and sharply reducing regional per
capita GDP disparities. The A1B scenario represents a 21% century in which the globalized
economy balances its technological pursuits between increasing the energy efficiency of fossil fuel-
powered processes and developing renewable energy technologies. In this scenario, as less
developed regions’ GDP per capita rises to parity with those of developed economies, birth rates
decline to globally converge at a relatively low rate. The rapid growth of global GDP in this
scenario leads to very high amounts of energy use, while the rapid pace of technological change
and its focus on energy efficient technologies mitigates the resultant emission of greenhouse gases.
Land use changes very little in this scenario, and fuel resources remain as obtainable as they were
at the end of the 20" century.

The B2 scenario is the baseline scenario. ‘Business as usual’ population growth, GDP
growth, energy use, land use change, energy-related resource availability, and energy-related
technological change all maintain their late 20™ century rates through the 21% century.
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In this analysis, the A2, B1, and A1B scenarios were selected to represent the pessimistic, the
optimistic, and the average cases, respectively. The total global cumulative CO, emissions (GtC)
from 1990 to 2100 for these selected cases are compared in Figure 2-1.

Figure 2-1: Atmospheric Carbon Dioxide Concentrations Projected
by the SRES Scenarios: (IPCC, 2007).
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In order to capture the full range of possible climate change outcomes, this report employs
results from 22 General Circulation Models (GCMs) across the three special report emissions
scenarios (SRESs) in focus above. In all, the report employs 56 future climates, which represent the
set of climate futures considered for the Fourth Assessment Report (AR4) of the IPCC (not all
GCM-SRES combinations were included in AR4).

The outcomes of these models for Vietnam are summarized in Figure 2-2 to Figure 2-5 using
box and whisker plots. Figure 2-2 illustrates temperature increase by the three SRESs considered
(A2, A1B, and Bl) and by region of Vietnam. Based on these models, median expected
temperature increase by 2050 is somewhat less than 1.5 degrees Celsius, with most outcomes
clustered near the median. For all regions of Vietnam, temperature increases range from a
minimum of slightly less than one degree Celsius to a maximum of slightly more than two degrees
Celsius.

As Figure 2-3 illustrates, precipitation outcomes are considerably more uncertain than
temperature outcomes. Overall, taking each GCM and SRES as equally unlikely, Vietnam is
expected to receive a mild decrease in precipitation in that the median change is negative across all
climate futures. Nevertheless, dryer conditions are only slightly more likely than wetter conditions
at the national level. This uncertainty extends to all regions. For all provinces and SRES scenarios,
the inter-quartile range (the "box" in box and whisker plots) includes both increases and decreases
in precipitation. Maximum and minimum values are also broadly arrayed (even with outliers not
considered), with increases in the 10-20 percent range and decreases in the 10-15 percent range.
Consideration of results that are considered outliers (the + signs) extends this range even further.
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Figure 2-2: Temperature anomalies during the 2040s relative to baseline climate
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Figure 2-3: Precipitation anomalies in the 2040s relative to baseline climate
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Figure 2-4: Changes in potential evapotranspiration relative to baseline
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Figure 2-5: Change in the climate moisture index relative to baseline
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Figure 2-4 and Figure 2-5 illustrate changes in potential evapotranspiration (PET) and the
climate moisture index (CMI). These two indicators combine measures of temperature and
wetness to produce an indicator of net outcomes. PET illustrates changes in the rate of
evaporation. PET is influenced by temperature and humidity. The climate moisture index (CMI)
(Willmott and Feddema 1992) is an indicator of a region’s aridity. The CMI depends on average
annual precipitation (P) and potential evapotranspiration (PET). A climate is classified as semi-
arid (semi-humid) and then arid (humid) as PET increases (decreases) relative to precipitation.
The CMI is defined as:

CMI=-1+P/PET whenPET>P
CMI=0 when PET =P
CMI =1-(PET/P)  when PET <P

A CMI of -1 is very arid and a CMI of +1 is very humid. In the case of Vietnam, the already
high levels of humidity limit the change in PET. Nevertheless, PET tends to rise by more than
precipitation in most regions. As a result, according the CMI, climate conditions in Vietnam tend
to become more arid. There is, again, considerable uncertainty about Vietnam’s future CMI value,
especially at the sub-national level.

In terms of decadal trends, the average change in temperature, with respect to the base-case
for all 56 GCMs, is illustrated in Figure 2-6. Decadal trends for precipitation by region are shown
in Figure 2-7, Figure 2-8, and Figure 2-9.

Figure 2-6: Temperature changes from the reference (2011-2050)
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Figure 2-7: Average precipitation change for northern catchments
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Figure 2-8: Average precipitation change for central catchments
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Figure 2-9: Average precipitation change for southern catchments
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While GCMs are useful for forecasting trends in climate, they are less useful for predicting
day to day weather variability. Following Yates and Strzepek (1998), Gleick (1991), Hulme
(1989), and Arndt et al. (2011), this study make use of the ‘delta’ approach to derive future levels
of precipitation and temperature. In this approach, GCM output of climatic variables, such as
decadal anomalies for temperature and precipitation changes are imposed over historical observed
meteorological data of the baseline period to construct climate change scenarios. This ‘delta’
approach is applied over the base case historical weather variables to generate future temperature
and precipitation conditions.

Overall, the climate scenarios considered exhibit considerable variations across GCC/SRES
scenario. This is particularly true for precipitation. Nevertheless, trends in temperature also vary
by region and by decade. As the 56 future climates in focus here are all regarded as equally
unlikely, the diversity in climate outcomes points to the desirability of considering all 56 possible
climates rather than selecting only a few. This represents a step towards considering the more
robust implications of climate change.

3. Agriculture: Impacts of Climate Change on Crop Yields and Irrigation
Demand

In 2005, agriculture and forestry accounted for about 16% of gross domestic product (GDP).
About 60% of the workforce was engaged in agriculture, forestry, and fishing related activities.
Changes in mean temperature, precipitation, soil moisture, and salinity all impact crop production,
which can in turn impact Vietnam's macroeconomy.

Vietnam’s major cash crop is rice. Others include coffee, cotton, peanuts, rubber, sugarcane,
and tea. For this study, paddy rice, coffee, rubber, sugarcane, tea, maize (to represent other annual
crops), and cashews (to represent other perennial crops) were modelled to represent the
agriculture sector. Vietnam was split into eight regions for the crop analysis: Central Highlands,
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Mekong River Delta, North Central Coast, North East, North West, Red River Delta, South

Central Coast, and South East.] Annual yield and irrigation demand was calculated for each of
these regions. These regions are shown in Figure 3-1 below.

Other studies have predicted a range of possible impacts to crops in Vietnam, although all
have concluded that the impact will be harmful. Zhai and Zhuang (2009) found that climate
change is likely to have non-negligible negative effects on Southeast Asia’s economic output.
This study used results from Cline (2007), who predicted that the effects of climate change would
decrease crop production by two to 15 percent by the 2080s. Cline applied a combination of a
Ricardian-statistical approach with crop models to the mean of 6 IPCC climate General
Circulation Models (GCMSs). Yu et al. (2010) comes to the conclusion that rice production will be
“severely compromised” by the effects of climate change. This study uses the WOFOST crop
model (Van Diepen et al. 1989; Boogaard et al. 1998) linked with an empirical hydro-crop model
(Thurlow et al. 2009) to assess the effects of precipitation and temperature on crops. These results
are then linked to a hydrological model and a river basin model. Paddy rice production in the
Mekong Delta is predicted to decrease 13% by 2050 due principally to sea level rise (Yu, et al.
2010). The study assumes a 30 cm rise by 2050. The study used the climate predictions of 3
GCMs (a wet, medium, and dry projection), including the effects of a 30 cm sea level rise by
2050, causing inundation and salt water intrusion.

Figure 3-1: Regions of Vietnam
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Note: This study covers those parts of Vietham that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

1 This corresponds to the regional disaggregation of agriculture in the dynamic computable general equilibrium model
described in section 7.
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3.1. Methods

For this study, the CliCrop model (Strzepek and Fant 2009) was used. This model is an
attempt to balance accuracy and simplicity with an emphasis on estimating the effects of the
changing climate on irrigation demand and rain-fed crop production. CliCrop is a generic crop
water deficit model used to calculate the effect of changing daily precipitation patterns on crop
yields and irrigation water demand. The model was developed in response to the available crop
models, which use monthly average rainfall and temperature to produce crop outputs. These
monthly models do not capture the effects of changes in precipitation patterns, which greatly
impact crop production. In contrast to the existing models, CliCrop is able to produce predicted
changes in crop yields due to climate change for both rain-fed and irrigated agriculture, as well as
changes in irrigation demand.

CliCrop was also developed to require a minimal input set, since most of the studies suitable
for the CliCrop model have limited data available. The inputs into CliCrop are weather
(temperature and precipitation), soil parameters (field capacity, wilting point, saturated hydraulic
conductivity, and saturation capacity), and crop-specific parameters that describe crop behaviour.

The effects of climate on the crop yield are modelled indirectly in the soil layers through the
extraction of soil moisture caused by evaporation and transpiration and the infiltration from
precipitation into the soil layers. The model uses the soil properties and precipitation amount to
calculate the infiltration using a version of the USDA Curve Number method (Bureau of
Reclamation, 1993). The model then calculates the soil moisture in each soil layer, calculates the
amount of moisture allowed to percolate into the deep soil layers, and calculates a yield
coefficient at the end of the growing season.

Yield calculations are based on the ratio of actual evapotranspiration (ET) and PET. Five
yield values are calculated; one for each of the four development stages, and one for the whole
season. The least of the five, considered the limiting yield, is reported as the estimated yield value.
Each Yield value is calculated using the equation below (Allen, et al. 1998).

d
Y. ke 1o ETCd
Y ETA

%Yield® :i—a

m

Where Y, is the predicted actual yield, Y,, is the maximum yield; KS is the yield

coefficient for development stage d; ETC? is the sum of daily ET crop demand for development
stage d; ETAY is the sum of daily actual ET for development stage d; %Yield” is the ratio of actual
yield over maximum yield, the ‘Yield Factor’ reported by CliCrop (Allen, et al. 1998). Each year,
once the yield is calculated, the yield is reduced if any waterlogging occurred during the growing
season based on a method developed by Sieben (1974).

Actual ET is calculated as a function of precipitation, temperature, PET, soil moisture, root
depth, crop type, and atmospheric CO, concentration. This calculation is done each day, for each
soil layer. CliCrop uses the Modified Hargreaves equation to calculate PET (Hargreaves et al,
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2003). Soil moisture is calculated using a bucket-type scheme similar to the method used in the
SWAT model (Neitsch et al, 2005), details are given in Strzepek and Fant (2009). Crop specific
parameters similar to the ones used in CROPWAT (Allen, et al. 1998) are used in this calculation,
as well as in the calculation of the daily ET crop demand. The atmospheric CO, concentration
affects the daily ET crop demand, which follows the methods explained in Rosenzweig and
Iglesias (1998). The crop parameters are adjusted from year to year using methods developed by
Allen, et al (1998) — adjusting crop ET demand - and Wahaj, Maraux, and Munoz (2007) -
adjusting crop stage durations, which estimate the local crop’s reaction to deviations from
‘average’ climate conditions.

In order to model the rice paddies, which are significant for Vietnam, some modifications
had to be made to the original CliCrop model. During the paddy crop stages, rice paddies are
completely submerged in water (which typically requires irrigation). In order to model this using
CliCrop, the code was adjusted so that the soil remains at complete saturation during these paddy
stages, as well as a certain depth of ponding on top of the soil. If precipitation is not enough to
satisfy this condition, the model assumes the farmer will irrigate. For all irrigated crops, the
difference between the amount of water required by the plant and the amount received due to
precipitation is termed the water deficit.

For the purposes of this section, CliCrop-PaddyRice assumes there is sufficient water
available via irrigation. This assumption results in high yields and high levels of irrigation
demand. In the water resources section, irrigation demand will be compared to irrigation supply. If
demand exceeds supply, the farmer will need to leave some of the field fallow, partially irrigate,
or leave some of the rice paddies rain-fed. Whatever the farmer decides in this case, paddy rice
production will decrease. This type of production decrease is not shown in the Yield Factor
produced by CliCrop shown in this section but is presented in section 4 captured in the
economywide analysis presented in section 7.

The model was calibrated with daily weather data originally sourced from the Land Surface
Hydrology Research Group at Princeton University (Sheffield, et al., 2006). This data is at a scale
of 1-degree by 1-degree. For this reason, CliCrop was run for each 1-degree by 1-degree grid in
Vietnam (See Figure 4-1 for grid size). All required soil parameters were derived from the FAO
Soils Database (Batjes, 2002). Generic crop-specific parameters were used, which can be found in
the CROPWAT and AquaCrop model input files, publicly available on the FAO website (fao.org).
Future climate inputs are as described in section 2.

3.2. Results
3.2.1. Baseline Scenario

Table 3-1 shows the average yield factor for the baseline scenario for the regions and crops
used in this study. These yield factors represent a fraction, where 1 is perfect yield (the plant
reaches its full yield potential) and 0 is no yield. The reductions in yield (any value less than 1)
are caused by water stresses predicted by the CliCrop model. As indicated, for paddy rice (PR), an
irrigated version of the CliCrop model was used, meaning that water stresses on the crop are
minimal (resulting in relatively high yield factors). Changes in water deficit and sea level rice will
aslo affect rice production. Paddy rice was run for three growing seasons: main season, planting
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between May and August; summer-autumn, planting between April and June; and Winter-spring,
planting between December and February (Maclean, et al., 2002).

The annual average water deficit is shown in Table 3-2. Each of the water deficit values is
dependent on the length of the growing season cycle. For example, sugarcane is grown all year, so
the total irrigation demand (in mm/year) represents the sum of the water deficit for the whole year.
Alternatively, horticulture has an average growing cycle of 95 days, so these values for
horticulture represent the sum over about 95 days. For maize (used as a proxy for Annual Crops),
the length of the crop cycle is 135 days; for rubber, 190 days; for coffee, 190 days; for tea, 265
days; for pistachios (used for Perennial Crops) , full year; and for paddy rice (PR), 165 days.

Table 3-1: Average Yield Factor for the Base Scenario for Vietnam

Region Sugarcane S ggs Rubber Coffee  Tea CI:g;r).s MPaFizn SurFr)lI-?Aut Wi:zpr
North East 0.43 0.76 0.84 0.64 0.71 0.72  0.96 0.95 0.96
North West 0.39 0.97 0.66 0.47 0.68 0.74  0.99 0.84 0.88
Red River Delta 0.41 0.79 0.68 0.52 0.68 0.63  0.98 0.85 0.95
North Central Coast 0.44 0.90 0.66 0.47 0.65 069 0.92 0.80 0.83
South Central Coast 0.38 0.71 0.74 0.56 0.68 065 0.99 0.90 0.96
Central Highlands 0.40 0.88 0.80 0.57 0.72 071  0.98 0.92 0.93
South East 0.37 0.91 0.62 0.47 0.67 064  0.99 0.82 0.90
Mekong River Delta 0.39 0.68 0.80 0.63 0.66 069 0.97 0.95 0.96
Table 3-2: Average Water Deficit (mm/cycle) for the Base Scenario for Vietnam
Region Sugarcane Ann.Crops Rubber Coffee Tea Per.Crops PR Main PR .PR
Sum-Aut Win-Spr
North East 554 113 114 254 239 119 927 1016 984
North West 567 113 126 349 198 155 918 1102 1127
Red River Delta 465 84 85 217 178 99 862 950 884
North Central Coast 493 44 95 313 161 119 896 1042 1092
South Central Coast 534 64 162 395 234 173 877 1040 1058
Central Highlands 568 27 139 446 203 154 746 998 1107
South East 551 7 110 446 171 91 564 880 989
Mekong River Delta 447 3 87 392 137 81 451 723 834
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3.2.2. Future Scenarios
3.2.2.1. Yield Factors

The changes in the yield factors for the 7 crops are illustrated using the box and whisker plot
technique in a manner similar to the figures showing the predicted climate changes in section 2.
Each box and whisker plot represents the PDF of the projections of the 56 GCM-scenario pairs.
Figure 3-2 shows the changes in yield factor predicted by CliCrop averaged over Vietnam.

Figure 3-2: Changes in Yield Factor from Baseline to the 2041-2050 Mean for Vietnam
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As this plot shows, the yield results tend to vary for the different crops, although most of the
GCM-SRES climate projections predict a yield decrease for all crops. The variations shown
across the different crops are likely based on two primary input categories. First, the weather
affecting the crop is dependent on the length of the growing season and the months on which the
growing season falls. The future climate projections used in this study predict climate changes
that are seasonal. For example, some of the GCMs might predict that precipitation will increase in
the winter months but decrease in the summer months. Second, each crop undergoes four growing
seasons in CliCrop, which could be more or less important for the resulting yield, depending on
the crop-specific parameters.

As discussed previously, the yield results for paddy rice are not an accurate indicator of the
climate effects on yield, since CliCrop-PaddyRice is an ‘irrigated’ water deficit crop model.
Alternatively, the changes in irrigation demand for paddy rice (described on the following pages)
is a useful indicator of the effects of a changing climate.

3.2.2.2. Water Deficit

The following figure shows the changes in water deficit (an indicator for changes in
irrigation demand) for the 7 crops using the box and whisker plot technique. Again, the box and
whisker plot represents the PDF of the projections of the 56 GCM-scenario pairs. Figure 3-3
shows the predicted changes in irrigation demand from the baseline scenario to the 2041-2050
mean from the CliCrop results averaged over Vietnam.
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Figure 3-3: Changes in Irrigation Demand from Baseline to the 2041-2050
Mean for Vietnam
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Like the changes in yield, the irrigation demand changes are dependent on a number of
parameters. As an indicator, irrigation demand tends to have a stronger correlation to changes in
climate because the yields are calculated using the ‘limiting yield” approach. In the limiting yield
approach (described briefly in Section 2.1) the stage with the least yield factor is output as the
actual yield factor. This means that the yield factor is only directly dependent on the crop stage
that results in the least yield. On the other hand, the water deficit values are the sum of crop water
demand (the amount of water the crop needs to yield the theoretical maximum) subtracted by the
actual ET (the amount of water the crop received) on a daily basis. So the irrigation demand
indicator is sensitive to the climate during the entire crop cycle, while the yield factor could be
showing a seasonal change in climate.

As shown, the results from this study suggest that irrigation demand will mostly increase
over Vietnam, with only a few exceptions. This is caused by the predicted decrease in soil
moisture (decrease in CMI and increase in PET), which causes an increase in water deficit.

3.2.2.3. Sea Level Rise and Other Impacts on Crop Production

Since CliCrop is a 1-dimensional crop water stress model, the impacts of sea level rise,
increased floods, and other phenomena that are not related to changes in on-site precipitation and
temperature are not taken into account in this section. Sea level rise and more frequent storm
surge caused by climate change would significantly increase salinization in low lying farms along
the coast. If this occurs, many crops will experience reduced yields. Since paddy rice is typically
grown in these areas, rice production is particularly vulnerable to salinization caused by sea level
rise and storm surge.

3.3. Conclusions

With the GCMs predicting temperatures rising, small changes in precipitation (for most
future climates), and decreases in soil moisture, the people of Vietnam should be prepared for
more unfavourable climate conditions for crop production. Furthermore, the results of this study
seem to suggest that agricultural yields will likely decrease by 2050 for all of the crops
considered. These results also indicate that irrigation demand will increase more dramatically than
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the predicted yield decrease, causing a greater need for readily available irrigation water. As this
study is a general study for the country using global datasets, and agricultural production is a
highly complex process, a more detailed crop impact study is suggested before specific adaptation
decisions are made.

Considering the fairly large variation in predicted future climates for Vietnam (causing the
large variation in the yield and irrigation demand results), planners should be prepared for more
severe extremes. Options for developing more water efficiency and storage capacity should be
considered. Also, in terms of crop production, traditional agricultural methods should be
reconsidered. The possibility of a shift in seasonal precipitation and temperature might be cause
for encouraging farmers to adapt by changing the planting and harvest seasons accordingly. Crop
genotypes more resistant to higher temperatures, water deficit stresses, and excess water stresses
should also be considered.

4. Water Resources Including Hydropower

Future climate change and variability will cause changes in temperature, precipitation
patterns, and snowmelt thus altering the hydrologic cycle, global circulation patterns, and local
weather patterns. As these alterations change water availability, quality, and stream flow, it will
have a direct impact on water resources and freshwater ecosystems. This, in turn, will affect the
function and operation of existing water infrastructure as well as water management practices.

Due to the complex interactions of climatic variables with the hydrologic cycle, together
with the uncertainty involved in regional projections of how precipitation may change, assessment
of the impact of climate change on water availability and stream flow remains a challenging issue.
Assessing potential climatic change impacts on stream flow has been attempted in different
studies applied to global sub-basins (Yates and Strzepek, 1998; Gleick 1991; Hulme 1989). For
this analysis, the CLIRUN-II model is used to simulate the hydrologic process and predict
corresponding runoff from the catchments for each scenario generated. The analysis also
considers irrigation water availability and hydropower generating capacity. Water resource
assessment is conducted using the WEAP model to analyze impacts on irrigation water
availability and hydropower energy generation for the time span of 2011 to 2050. The assessment
includes current hydropower in the sub-basins and future planned hydropower development.

4.1. Hydrology and Catchment Overview
4.1.1. Sub-Basin Classification

A Shuttle Radar Topography Mission (SRTM) global Digital Elevation Model (DEM) of 90
meters resolution was used to delineate the catchment boundaries and derive drainage networks. A
total of 22 sub-basins, areas ranging from 1,500 to 45,000 km?, were identified based on United
States Geologic Survey (USGS) Level 4 classification. Figure 4-1 shows the sub-basin
classification used in this analysis. Some of the catchments are trans-boundary, for example the
Da and Low river basins. For these sub-basins, the upstream portion of area that extends into
China is also included in the analysis.
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Northern Vietnam belongs to the Red River System Basin containing the Da, Thai Binh, Lo,
and Cu sub-basins, with a total area of 210,380 square km. This basin contains some of the
existing large reservoirs, as well as those under construction, such as Hoa Binh and Son La. The
central catchment is the coastal sub region, a very narrow land strip between mountains and sea. It
is composed of many small, separate basins which are aggregated into larger catchments for this
analysis. The lower part includes the Dong Nai and Sesan sub-basins, but excludes the lower part
of the Mekong’s river basin and the Cuu Long sub-basin due to Lack of data. The areas of sub-
basins included in this analysis are summarized in Table 4-1.

Figure 4-1: Level 4 sub-basin classification delineated from STRM global DEM
data 90 meter resolution
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Note: This study covers those parts of Vietham that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

4.1.2. Precipitation

Temperature and precipitation data are obtained from the Climatic Research Unit’s2 CRU
Global Climate Dataset, available through the IPCC DDC. A historical monthly precipitation data
set for global land areas from 1901 to 2000 gridded at two different resolutions (2.5 degrees latitude
by 3.75 degrees longitude and 5 degrees latitude/longitude) has been constructed and is available for
use in scientific research (Hulme 1994, Hulme, Osborn, and Johns 1998). The 5 degree dataset was
downloaded and aggregated over the 22 sub-basins to derive a precipitation time series for each sub-
basin selected for this analysis for the base case historical precipitation scenario.

2 u23w1d0098.dat' (Version 1.0) constructed and supplied by Dr Mike Hulme at the Climatic Research Unit, University of East Anglia,
Norwich, UK. This work has been supported by the UK Department of the Environment, Transport and the Regions (Contract EPG
1/1/48)."
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Table 4-1: Sub-basin classification and areas

Area Total
Location Sub-basin (Square Km) (Square Km)

Da 104,568
Lo - Gam - Chay 34,423
Northern Catchments Thai Binh 27523
Ma - Chu 24,184
Bang Giang -Ky Cung 11,849

Others 8,034 210,380
Ca 37,718
Central Catchments Gianh - Thach Han - Huong 20,101

Thu Bon - Tra Khuc - Kone 26,233 84,053
Ba 13,469
Southern Catchments Sesan & Serepok 50143
Dong Nai 42,215

Others 19,474 105,302

Total 399,735

The average annual precipitation for the northern sub-basins is about 1588 mm, where the
highest is in the Ma Chu sub-basin, with a value of 1785 mm. The Central and the southern sub-
basins have relatively higher rainfall, with average annual values of 2431 mm and 2019 mm,

respectively. The spatial distribution of annual rainfall is shown in Figure 4-2.
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The average, minimum, and maximum monthly rainfall patterns over the historical years
1901 to 2000 for representative catchments in the north, central, and southern Vietnam are
provided in Figure 4-3, Figure 4-4, and Figure 4-5 respectively.

Figure 4-3: Monthly rainfall pattern for northern sub-basins
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Figure 4-4: Monthly rainfall pattern for central sub-basins
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Figure 4-5: Monthly rainfall pattern for southern sub-basins
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4.1.3. Temperature

Temperature data is also obtained from the Climatic Research Unit for the historical time
period of 1901 to 2000. The gridded dataset is aggregated for the sub-basins. The annual
temperature distribution is fairly uniform across the sub-basins (see Figure 4-6), with an average
temperature value of 23.3 degrees Celsius. Although there is a slight trend in the rise of
temperature, it can be assumed to have stayed uniform. According to the data, temperature has
only risen about 0.3 degrees in the past 100 years in Vietnam.

Figure 4-6: Spatial distribution of temperature in degrees Celsius
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The historical temperature pattern used for the base case scenario - “No climate change”, for
the years 2011 - 2050 is shown in Figure 4-7.

Figure 4-7: Historical temperature pattern projected forward to 2050
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4.1.4. Historical Runoff

Runoff data was obtained from the Vietnam Institute of Hydrology, Meteorology, and
Environment for the Red River, Thai Binh, and Dong Nai sub-basins. This monthly runoff dataset
for the northern sub-basins was obtained for 19 locations covering the time from 1971 to 2005.
For the Dong Nai sub-basin, data was obtained for 23 small catchments covering the same time
span. In addition to that, gridded monthly average runoff data of 0.5 degrees by 0.5 degrees was
obtained from a global runoff database generated by the Global Runoff Data Centre (GRDC). This
gridded dataset was aggregated to the 22 sub-basins identified.

4.2. Modelling Surface Runoff - CLIRUN
4.2.1. Methodology

Surface water runoff was modelled with the rainfall-runoff model CLIRUN-II, the latest
model in a family of hydrologic models developed specifically for the analysis of the impact of
climate change on runoff (Strzepek et al. 2008). CLIRUN-II models runoff as a lumped watershed
with climate inputs and soil characteristics averaged over the watershed, simulating runoff at a
gauged location at the mouth of the catchment. For this analysis, monthly time step is used to
simulate the runoff from weather variables.

CLIRUN-II has simulation and calibration modules. A calibration procedure is used to
determine the coefficient values that are specific to the catchment under consideration. Table 4-2
illustrates these calibrated coefficients. Based on observed historical data, the model was first
calibrated using 100 years of data covering 1900 to 2000 for each of the selected 22 basins. The
calibration procedure gave rise to best estimated values of coefficients for each sub-basin under
the preset calibration goal.
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Table 4-2: CLIRUN-I1 model parameters

Model Parameters

Intercept Coefficient

High Temperature Threshold

Low Temperature Threshold

Saturation Value

Lower Layer Thickness

Upper Layer Runoff Coefficient

Lower Layer Runoff Coefficient

Percolation Coefficient

Excess Precipitation Runoff Coefficient

In this analysis, two calibration steps were used based on the two sources of stream flow
data available. For the Red River basin and Dong Nai sub-basin, observed stream flow data was
available from the Vietnam Institute of Hydrology, Meteorology, and Environment. For the
remaining sub-basins, however, GRDC runoff data was the only available source of historical
runoff data. Consequently, the Red River basin and Dong Nai sub-basin were calibrated using
both datasets. However, the remaining catchments were only calibrated using the monthly average
runoff data from GRDC.

After the calibration procedure was finished, the resulting modelled runoff was also checked
for any unrealistic runoff by looking at minimum and maximum values. The coefficients obtained
as a result of this calibration procedure are then fed to the simulation module to generate runoff
corresponding to the climate change scenarios.

4.2.2. Calibration from Observed Stream flow Data and GRDC Runoffs

Out of the 22 level-4 sub-basins, it was possible to obtain reliable runoff data from The
Vietnam Institute of Meteorology, Hydrology, and Environment (IMHEN) for eight of these sub-
basins. The data spans the years 1971 through 2005 for the northern Vietnamese basins Nam Na,
Da, Thaom, Gam, and Pho Day. Within the Red River and Thai Binh River basins at sub-basin
outlets, data for two more runoff stations were available in the southern sub-basins in the Dang
Nai catchment. In total, we were able to obtain observed runoff data for 10 out of the 22 sub-
basins. These 10 sub-basins were calibrated both on observed stream flow data and GRDC global
runoff data; the best parameters were selected based on R? and model error (the difference
between observed and simulated outcomes). Results of the calibration are indicated in Table 4-3.
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Table 4-3: Calibration result of catchments with observed stream flow stations

Catchment Model Error | R-squared
NamNa - 6 -0.012 65.21%
Da- 7 -0.027 83.01%
Da- 8 -0.027 57.01%
Thao - 9 -0.024 76.07%
Thao -10 0.001 79.55%
Gam- 11 -0.012 80.01%
Pho Day - 21 -0.377 9.48%
Lo- 22 -0.034 79.36%

4.2.3. Calibration from GRDC datasets

The majority of the catchments exhibited a good fit between the observed and simulated
runoffs. The observed and simulated monthly average runoffs are shown for the Da, Lo, and Dong
Nai Sub-basin catchments shown in Figure 4-8. Table 4-4 presents the outputs obtained from
calibration based on the GRDC datasets.
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Figure 4-8: Historical observed and Clirun-11 simulation results

runoft

Basin 2: Da-7
T

P aiasi
e
—

I L
250 300

a 350 400
maonth
Basin 8 Lo-22
14 T
—— runoff
obs
12~
10
8
B
=
2
G ar
Fas
O 1 1 1 1 1 1 1
[+] 50 100 150 200 250 300 350 400
month
Basin 7: Pho Day-21
10 T T T
o B
8
THF
g
(4] 50 100 150 200 250 300 350 400
month

158




Table 4-4: Runoff model calibration based on GRDC datasets

Catchment Id Model Error R2 Catchment Id MOl R2
Error
1 -0.037 94.69% |12 0.000 | 87.88%
Thai Binh- 2 -0.175 76.24% |Thu Bon 0.083 | 66.27%
Bang Giang 0.065 91.98% |Dong Nai-14 0.069 | 89.60%
Sesan & Serepok 0.006 75.20% |Dong Nai- 15 -0.002 | 93.55%
Thai Binh- 5 -0.105 83.67% |Ma -Chu -0.015 | 92.67%
Da (NamNa) -0.108 82.07% |Ca-17 -0.154 | 63.46%
Da- 7 -0.009 94.79% |Ca-18 -0.093 | 82.81%
Da- 8 0.094 88.36% |Gianh- Thach Han - 19 -0.046 | 86.21%
Thao - 9 -0.047 92.94% |Ba-20 0.022 | 49.64%
Thao -10 0.003 95.03% |Pho Day - 21 -0.103 | 76.43%
Gam- 11 -0.012 94.63% |Lo- 22 -0.039 | 95.18%

4.2.4. Climate change impacts on runoff

Monthly national average runoff for the baseline (1950 - 2000) was used to calculate a
percent change in runoff for each basin and each of the 56 climate projections. Box plots of the
runoff from all the climate change scenarios are shown in Figure 4-9. Results indicated that the
dry season national runoff will generally be reduced, and the wet season peak will be higher than
in the base case scenario.

The highest annual runoff, with 20% higher than the base case, and the lowest national
annual runoff, 16% lower than the base case, are obtained for GISS GCM ¢h Al and UKOM
HADGEM BI scenarios, respectively. Comparison of the results, averaged over 2041 through
2050, 1s provided in Figure 4-10. Overall, at the national level, the seasonality of runoff and the
levels tend not to move dramatically by the 2040s.
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Figure 4-9: Monthly average runoff comparison of base case and all the 56 GCM
runoff output (2041-2050)
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Even though some of the models have shown higher national average runoff than in the
baseline scenario, not all sub-basins are affected equally. On the contrary, the runoff from most of
the GCMs shows a decrease in runoff for the sub-basins in the northern part of Vietnam, mainly
the Red River basin. For the central and some of the southern sub-basins, however, the runoff has
shown to increase in most of the cases. Figure 4-11 shows the spatial distribution of change of
runoff for GCMs resulting in national highest and lowest runoffs, and in both cases it shows a
pattern of decreasing runoff in the northern sub-basins.
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Figure 4-11: Spatial comparison of runoff result for dry and wet scenarios
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Note: This study covers those parts of Vietham that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

For comparison purpose, the top three CGM models resulting in the highest runoff and the
bottom three GCMs giving the lowest runoff by region are shown in Table 4-5. Ukmo hadgeml1
A1B shows a decrease in runoff in all the sub-basins. On the other hand, Cccma cgem31 A1B
shows increases in central and southern sub-basins, but a decrease in the Red River sub-basin.

Table 4-5: Top three GCM model for highest and lowest runoff by region

Sub-Basins
GCM

Northern Central Southern
Ukmo_ hadgeml A1B -15% -14% -16%
Ipsl cm4 A1B -10% 8% 6%
Cnrm cm3_AlB -9% 3% 6%
Giss model er Al -2% 5% 8%
Giss model er A1B. -5% 16% 9%
Ccema cgem31 A1B -6% 21% 15%
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Figure 4-12 reports the number of times less runoff than the Base case is obtained during the
2040s. This figure strongly reinforces the picture of drying in the north. Figure 4-13 is
complicated figure that provides an indication of the change in runoff relative to the base case by
year and by GCM.

Figure 4-12: Number of times less runoff than the Base case is obtained
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Note: This study covers those parts of Vietnam that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

Figure 4-13: Annual Average Runoff Difference from the base case (millimeters)
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4.3. Water Resources Analysis: WEAP Model
4.3.1. Methodology and System Modelling

The Water Evaluation And Planning (WEAP) system is a Windows-based decision support
system for integrated water resources management and policy analysis. WEAP is a model-
building tool, used to create simulations of water demand, supply, runoff, evapotranspiration,
infiltration, crop irrigation requirements, instream flow requirements, ecosystem services,
groundwater and surface storage, reservoir operations, and pollution generation, treatment,
discharge, and in-stream water quality, all under scenarios of varying policy, hydrology, climate,
land use, technology, and socio-economic factors.

In this analysis, this model is employed to evaluate the impact of changing runoff and
irrigation water demand on the competing demands of water management; growing municipal and
industrial (M&I), hydropower, and irrigation water use. Hydropower energy generation and the
percentage of unmet consumptive demand are two of the main indicators used for impact
assessment on resource utilization.

Normally, the WEAP model is applied by configuring the system to simulate a base-case
scenario (i.e., no climate change) for which the resource availability and demands are already
determined. The model is then used to simulate plausible futures scenarios. Historical monthly
runoff data spanning 40 years (1951 -1991) (described in section 3.5) with no climate change is
used for the base case scenario. The alternative scenarios are based on the runoff generated
corresponding to the 56 GCMs modelled using CLIRUN-II, as described in section3, and
irrigation water requirement outputs computed using CLICROP for the corresponding GCM
models.

Schematics of existing and planned water resource development options for the northern
catchments, the Red and Thai Binh River basins, and the southern sub-basin, mainly Dong Nai,
are provided by the Vietnam Institute of Hydrology, Meteorology, and Environment.

4.3.2. Assumptions and Simplifications

Irrigation Demand: The simplification involved in representing water supply points for
irrigation demand is that water transmission links only connect demand sites and rivers within the
same sub-basin. This configuration doesn’t consider transfers between sub-basins, and thus
special consideration is made for the following cases:

e The link between the Hong and Thai Binh sub-basins, transferring approximately 1/3 of
the flow from the Red River before Hanoi.
e Duong River: Transfer from Dong Nai sub-basin to the Dong Thap Muoi catchment.

Since irrigated area could to be distributed over the sub-basin, multiple locations of demand
nodes of water extraction for irrigation demand are considered within the same sub-basin. This
would simulate the effect of water extraction at different locations in a single sub-basin. This
allows the model to allocate the available water in the best possible combination of water
extraction. For, illustration schematization of the Dong Nai sub-basin is shown in Figure 4-14.
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Figure 4-14: Dong Nai Sub-basin WEAP schematization
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With respect to hydropower calculations, WEAP computes hydropower generation from the
flow passing through the turbine, based on the reservoir release constrained by the turbine's
maximum flow capacity. For river reservoirs, WEAP assumes all water released downstream is
sent through the turbines, but water pumped from the reservoir to satisfy direct reservoir
withdrawals is not sent through the turbines.

Releasey = DownstreamOutflow,

The volume of water that passes through the turbines is bounded by the maximum turbine
flow, and if there is too much water, extra water is assumed to be released through spillways that
do not generate electricity.

VolumeThroughTurbiney = Min( Releasey , MaxTurbineFlowy, )

The gigajoules (GJ) of energy produced in a month,

EnergyFullMonthGJy = VolumeThroughTurbiney x HydroGenerationFactor
4.4. Water Demands

4.4.1. Irrigation Demand

In Vietnam, irrigation places the largest burden on water resources. The amount of water
allocated for irrigation development has risen from 47 BCM to 74 BCM in the last 20 years.
Although the percentage of water allocated for irrigation has decreased due to the increased water
demand as a result of industrial development and domestic consumption, irrigation is still
estimated to account for over 82% of Vietnam’s total water utilization, as illustrated in Table 4-6.
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Table 4-6: Trend in water requirement for agriculture and other economic industries
(1990- 2010)

1980 2000 2010

Seciors usin
water 9 Water Vater Water

requirement ) requiremsnt s requirement ]
Agriculture 46,2976 o1 60,929 25 74,035 g2
Industry and
domestic uss 4 65O 0 10,997 15 15,9138 18
Tatal 51,6835 100 71,826 100 859 953 100

Source: The strategy of management and protection of water resource in Vietnam - The Water
Resource and Hydraulic Works Department 6/96.

The extent of the area under cultivation was obtained from the Spatial Production Allocation
Model (SPAM) dataset developed by HarvestChoice3. SPAM provides global estimates of spatial
data for crop production, area, and yield for 20 major crops at 5 arc-minute resolutions. SPAM
made four spatial products available for public use: harvested area, physical area, production, and
yield.

The physical area dataset from SPAM 2000 version 3.0.24 was used in this analysis. It was
used to obtain distribution of area for each crop. Physical area refers to where a specific crop in a
given input system is being cultivated in the year 2000. In this dataset, multiple harvesting
seasons in one year are not taken into account. However, the CLICROP output of water deficit
accounts for multiple growing seasons.

Data was aggregated by sub-basin to produce annual irrigated area by crop for each sub-
basin. Annual irrigated area is about around 7.94 million hectares, in which rice crop accounts for
about 46 percent of the total area. The density of paddy rice cultivation obtained from SPAM
dataset is shown in Figure 4-15. Figure 4-16 shows the distribution of irrigated area by crop as
obtained from the SPAM 2000 dataset.

3 A joint research initiative managed by IFPRI’s Global Food Systems research program and the International Science and Technology
Practice and Policy (InSTePP). HarvestChoice generates information to help guide strategic investments in agriculture aimed at
improving the well” being of poor people in Sub-Saharan Africa through more productive and profitable farming.

4 Version 3.0.2 (Version 3 Release 2; April 5, 2010)
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Figure 4-15: Density of rice cultivation obtained from SPAM dataset
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Note: This study covers those parts of Vietnam that could be analyzed with available information

therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

Figure 4-16: Irrigation area distribution by crop obtained from SPAM database
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The total irrigated area expanded at a rate of 2.9% annually in the period 1980-87, 4.58%
between 1988 and 1994, and the latest reports indicate that it has increased by roughly 3.4% on
average since 1998 - 2011. However, it was not possible to obtain reliable data regarding future
plans for expansion of irrigated area, so this analysis assumed that the maximum irrigation
potential of Vietnam, 9.4 Million hectares (FAO 2000), will be achieved by the year 2050.
Therefore, the current irrigation area is projected linearly. This gave rise to 0.6% expansion of
irrigated area per year.
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The CliCrop model was used to predict future irrigation crop water requirements under
climate change (see section 3). This model was run for all the 56 climate change scenarios,
providing the monthly water deficit for the different kind of crops. This water deficit was multiplied
by the irrigation area in each sub-basin to get the total volume of water required for irrigation.
Annual water use per hectare was provided by AQUASTAT (FAO 2000), which indicated that
irrigation withdraws 77.75 billion cubic meters of water per year. Total water deficit values obtained
from CliCrop model indicated an annual irrigation demand of 54 BCM, indicating an irrigation
supply efficiency of 70%. Although there is a possibility of enhancing efficiency of irrigation
systems in the future, in this analysis, a value of 70% efficiency was adopted uniformly across all
scenarios. Box plots for supply requirements are indicated in Figure 4-17 and Figure 4-18.

Figure 4-17: Absolute annual irrigation water requirement and the base case (red line)
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Figure 4-18: Annual irrigation supply requirement relative to the base case
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4.4.2. Hydropower

Hydropower is one of the major sources of electricity in Vietnam. The total hydropower
generating capacity of existing and under-construction hydropower plants in Vietnam is 10,320
MW. According to Electricity of Vietnam (EVN), this number is expected to grow by 4,760 MW
by the end of 2020, increasing the total installed capacity to 14,670 MW.

There are over 14 hydropower power plants operating in Vietnam currently, with 4,577 MW
of installed capacity providing, long term, 20,112 GWH of energy per year. This number is about
30% of the total energy potential of Vietnam. The hydropower generating capacity in the sub-
basins considered in this analysis is shown in Table 4-7.

Table 4-7: Existing hydropower generating capacity in operation as of 2011

River Basin Power (MW) Long(t(f_?}r\;fnlf)nergy
Lo Gam 108 430
Da 1,920 8.160
Ba 70 360
Se San 1,188 5,791
Dong Nai 1,263 5,177
Serepok 78 194
Total 4,577 20,112

The highest generating capacity is in the Da River basin; Hoa Binh Dam accounts for 40%
of the total electricity generated in Vietnam. Two more plants are being constructed upstream in
the Da River. These are expected to be completed by 2012, increasing the total generation
capacity in the Da River basin to nearly double the existing capacity. Table 4-8 summarizes the
major hydropower reservoirs considered in the analysis.

Fourteen medium to large hydropower projects invested by EVN and under construction are
considered in this analysis. The total long-term energy generation from this hydropower plan is
estimated to be about 22,656 GWH. The biggest plant is Son La Hydropower Plant, projected to
generate 2400 MW and be completed by late 2012. Table 4-9 and Table 4-10 identify major
hydropower projects under construction considered in this analysis by river basin and
individually. In addition, EVN has identified 408 potential sites for hydropower plants in the
National Master Plan for Small Hydropower Development. These sites range from one to 30 MW
of generating capacity, and are capable of generating 13500 GWH for a total capacity of 2,887
MW (PECCI, 2004). This, combined with the existing hydropower and that under construction,
will bring Vietnam to 86% of its generating potential.
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Table 4-8: Existing hydropower plants: location and generating capacity

Dam Location Ann(lgi)&rll)e ey
Thac Ba Lo-Gam 430
Hoa Binh Da 8160
Song Hinh Ba 360
Yali Se San 3650
Se San 3 Se San 1224
Se San 3a Se San 475
Pleikrong Se San 442
Thac Mo Dong Nai 589
Can Do Dong Nai 290
Ham Thuén Dong Nai 957
ba Mi Dong Nai 590
Da Nhim Dong Nai 1025
Tri An Dong Nai 1726
Dray Hling Serepok 194
Table 4-9: Hydropower plants under construction by sub-basin
River Basin Power (MW) Tozzg\%rg)r gy
Lo-Gam 562 2488
Da 2920 12150
Ba 220 825
Se San 381 1596
Dong Nai 820 2894
Serepok 840 2703
Total 5,743 22,656
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Table 4-10: Hydropower plants currently under construction

Dam Location E(I\CI}F{;}S)Y
Tuyen Quang Lo-Gam 1329.6
Ban Chat Lo-Gam 1158.1
Son La Da 10246
Huoi Quang Da 1904.2
Song Ba Ha Ba 825
Se San 4 Se San 1401
Se San 4a Se San 195
Dong Nai 3 Dong Nai 607.1
Dong Nai 4 Dong Nai 1103.8
Dai Ninh Dong Nai 1,183
Tou Srach Serepok 347
Buon Kuop Serepok 1346
Serepok 3 Serepok 815
Serepok 4 Serepok 195

4.4.3. Municipal and Industrial Water Demand

Domestic and industrial water demand data is obtained from AQUASTAT, FAO’s global
water and agriculture database [http://www.fao.org/nr/water/aquastat/dbase/index.stm, updated in
2011]. Municipal water demand is the annual quantity of water withdrawn primarily for the direct
use by the population. It includes renewable freshwater resources as well as potential over-
abstraction of renewable groundwater or withdrawal of fossil groundwater and the potential use of
desalinated water or treated wastewater. The industrial demand refers to self-supplied industries
not connected to the public distribution network, including water for the cooling of thermoelectric
plants.

Values of 3.074 BCM/year and 1.206 BCM/year are converted to per capita per year 13.84
and 35.3 cubic meters for domestic and industrial water demand, respectively. These water
demands are assumed to be directly proportional to population, and therefore water demand
calculation was carried out for each sub-basin according to its total population. These demands are
also projected to 2050 following the population growth rate estimate.
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Population estimates for each sub-basin are extracted from the 2010 gridded population
densities data distributed by the Center for International Earth Science Information Network
(CIESIN), Columbia University [http://sedac.ciesin.columbia.edu]. Original raster data is at 2.5
arc-minutes resolution adjusted to match UN totals in persons per square km. This data is
aggregated by the 22 sub-basins used in the WEAP model.

Figure 4-19: Population growth and annual industrial and domestic water demand forecast
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4.5. Results of Water Resource Analysis
4.5.1. Impact on Irrigation

The relative unmet demand result from WEAP analysis was the main indicator used to
assess the impact of climate change on irrigation water supply. Under the base case scenario,
results indicated that there is already a stress in the system. In the Da and Pho Day sub-basins, a
long-term average of 200 million cubic meters annual unmet demand is observed. For the
remaining scenarios with climate change, the analysis indicates that the unsatisfied irrigation
demand will generally increase in the coming years.

Box plots of unmet water supply for irrigation relative to the reference case for the 56
GCMs is shown in Figure 4-20. The median value reaches about 2.1 BCM for the year 2050. The
Worst case scenario indicates a maximum deficit reaching 7 BCM.
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Figure 4-20: Unmet Irrigation demand with respect to Base case scenario
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As described in the previous sections, climate change will affect the runoff more in the
northern sub-basins, mainly in the Red River basin. This is also reflected in the spatial distribution
of unmet demand, in which the majority of the deficit is occurring in the Red River basin, mainly
as a result of lower runoff in this region, as indicated in the runoff analysis. Furthermore, the
range of results is also wider for northern sub-basins, ranging from 6 BCM deficits to 2 BCM
excesses with respect to the base case scenario. Figure 4-21 shows relative unmet demand in the
three regions for the year 2050.

Figure 4-21: Relative unmet demand in the three regions for the year 2050
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Three scenarios corresponding to GCMs that gave rise to maximum, median, and minimum
runoffs are compared for relative unmet demand on decadal average in Table 4-11. It can be
inferred that even in the case of increased runoft (e.g., the Cccma cgecm31 A1B model) the extra
amount of water available during the 2020s will be depleted by the year 2050 due to the gradual
increase of irrigation water demand.

Table 4-11: Ten years average unmet irrigation demand in million meter cubed for
selected climate change scenarios

; . 2011- 2021- 2031- 2041-
GCM scenario Location 2020 2030 2040 2050
Northern Catchments 1906 3750 4461 5285
Minimum runoff -
Ukmo_hadgem] A1B Central Catchments 1049 1213 1754 1903
Southern Catchments 1242 794 1424 1516
Northern Catchments 594 715 1498 2341
Median runoff - Central Catchments 427 397 868 932
Inmcm3 0 Bl
Southern Catchments 684 363 1400 1503
Northern Catchments -1900 -1435 2211 918
Maximum runoff -
Ccema cgem31 A1B Central Catchments -255 78 -457 223
Southern Catchments 325 574 456 741

4.5.2. Impact on Hydropower

Median hydropower generation shows a slight overall decrease over the climate change
scenarios. Overall, hydropower plants’ generating capacities will be affected by a maximum of a
14% reduction by the years 2041 to 2050. Percentage of reduction for the 10 year average
generating capacity of reservoirs is shown in Figure 4-22.

Figure 4-22: Hydropower generating capacity with respect to the base case scenario (%)

()
T
1

HP production relative to the Reference(%)

b & A

2011-2020 2021-2030 2031-2040 2041-2050

173



The current existing energy generating capacity after the implementation of all hydropower
plants which are currently under construction is about 42.76 TWH. The reliability of hydropower
generation to meet this annual demand will also shows high range of variability. Figure 4-23
shows reliability of hydropower for selected Hydropower plants under the 56 climate change
scenarios used in this analysis. There is a high uncertainty in the reliability of the big HP plants
such as Son La and Hoa Bini ranging within +/- 5 % over the 40 years.

Figure 4-23: Hydropower reliability for selected Hydropower Dams
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4.6. Adaptation Mechanism
4.6.1. Northern Sub-basin

The main impacts on water resource in the northern sub-basins are reduced runoff and
increased irrigation water requirements. Consequently, the combined effect of reduced runoff and
increased irrigation water requirements will results in severe water shortage for irrigation
development and failure to meet irrigation demand. Furthermore, hydropower generating capacity
in the region will also significantly be reduced.

Agricultural water accounts for a huge share of the water utilization in northern sub-basins,
thus implementing efficient utilization of water is essential to reduce future impact of climate
change on irrigation demand. Minimization of water loss in the canals and implementation of
better water application techniques could significantly reduce the irrigation supply requirement.

EVN has identified several multipurpose reservoirs within this region. The implementation
of these reservoirs may serve as storage for the dry season, catering to the reduced hydropower
generating capacity and enabling optimized allocation of resources for irrigation demand.

4.6.2. Central and Southern Sub-basins

As mentioned above, most of the GCM runoff results indicated increased runoff for the
central and southern sub-basins. In addition, the wet season runoff will be higher, but the dry
season flow will be reduced. The combined effect of increased peak flow and higher runoff will
intensify natural disasters, creating more frequent floods and more severe flood damage.
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Furthermore, reduced dry season flow will also decrease hydropower generation and cause water
shortage for irrigation.

Construction of additional multipurpose reservoirs and increasing the system’s storage
capacity will enable Vietnam’s water infrastructure to provide for dry season flow and
significantly reduce the risk of flooding. Although impact on irrigation as a result of reduced dry
season flow is minimal, efficient utilization of water is essential; increasing irrigation efficiency
plays a major role in reducing the future impact of climate change.

Currently, the total water demand for industry and domestic use is 18% (See Table 4-6). In
the near future, this water demand will account for a significant portion of resource allocation due
to population growth and rapid industrialization. Recycling and usage of an efficient water
distribution system will be essential in minimizing the impact of climate change.

5. Road Infrastructure
5.1. Road Infrastructure and Economic Growth

Numerous studies confirm the importance of road infrastructure for economic growth. In a
seminal paper, Fernald (1999) examined data for the United States for the period 1953-1989 and
concluded that road investments had a significant causal impact on productivity growth during
1953-1973 - the period when the interstate highway system was constructed. The author estimated
that public investment, principally in roads, “contributed about one percentage point to total factor
productivity growth” (p. 620). To achieve this gain, net road investment exceeded “a quarter of
the value of net non-residential private investment” (p. 619). Public road investments therefore
contributed to the United States’ strong economic performance during the 1950s and 1960s. After
1973, Fernald asserts that the marginal product of road investments declined (i.e., a second
interstate highway system is less beneficial than the first).

Developing countries are less likely to face a declining marginal product of road
infrastructure investment due to excess supply since road stocks in these countries are often low.
Of course, the marginal (and average) product of infrastructure investment can be low for other
reasons. Governments can, for example, waste resources constructing poor quality or unnecessary
infrastructure. Nevertheless, the empirical evidence is generally favourable to the proposition that
public road investments generate reasonable returns. For example, Esfahani and Ramirez (2003)
use cross-country panel regressions and find that infrastructure services’ contribution to gross
domestic product (GDP) is substantial and exceeds the cost of their provision (p. 443). Similarly,
Calderon and Servén (2004) find that growth in Latin America is positively related to
infrastructure stocks and that income inequality declines with higher infrastructure quantity and
quality. More recently, these authors applied the same techniques to Africa (Calderén and Servén
2008) and reached similar conclusions.

A litany of methodological problems haunts the cross-country regression literature (see, for
example, Roodman 2009). However, country-level studies are also generally positive. For
Vietnam, Mu and van de Walle (2007) find that investment in rural roads has significant average
impacts on the development of local markets. Furthermore, they find that, while impacts are
heterogeneous across income levels, they tend to be pro-poor. In a study of Nepal, Jacoby (2000)
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finds that “providing extensive road access to markets would confer substantial benefits on
average, much of these going to poor households” (p. 713). Dillon, Sharma, and Zhang (2011)
also conclude in their study of Nepal that rural roads are one of the most productive public
expenditures. Fan and his co-authors conduct detailed studies to estimate the returns to public
investment in China, India, and Uganda (Fan et al. 2004; Fan and Chan-Kang 2008; Fan and
Hazell 2001; Fan and Zhang 2008). They consistently find positive returns to road investments,
particularly rural roads.

Both theory and evidence therefore suggests that infrastructure investments are important
determinants of economic growth and poverty reduction. In most developing countries, these
investments represent commensurately large shares of public budgets and total investment. If the
stock of public capital in general and the road stock in particular is material to growth and poverty
reduction, then the rate of depreciation of that stock is also material. We next review the literature
on the implications of climate change for the stock of roads.

5.2. Road Infrastructure and Climate Change

The literature on climate change impacts and adaptation in the infrastructure sector is
primarily qualitative, emphasizing broad recommendations and warnings based on general
weather studies. Research by the Transportation Research Board in the United States, the Scottish
Executives, and Austroads in Australia are notable examples (TRB 2008; Galbraith et al. 2005;
AUSTROADS 2004). The authors compare weather-related disasters and their perceived severity
with predicted climate change impacts. More focused studies estimate specific impacts of
temperature, rain, snow, ice, wind, fog, and coastal flooding on roads (CCSP 2006). Further
studies address areas where climate change may threaten infrastructure unique to that locale. For
example, Canadian roads are particularly vulnerable to rising temperatures (Industrial Economics
2010). Similarly, northern climates may face greater infrastructure degradation due to increased
freeze-thaw cycles (Jackson and Puccinelli 2006).

Mills and Andrey (2002) provide a general framework for considering climate impacts on
transportation. They enumerate baseline weather conditions and episodic weather-influenced
hazards that determine the environment in which infrastructure is built, maintained and used. The
authors note that climate change will alter the weather-related context, affecting the frequency,
duration, and severity of hazards. These hazards can affect transportation infrastructure itself, its
operation, and the demand for transportation services. The latter might include climate effects on
agriculture that alter the location of production and, thus, the need and mode for shipping
agricultural products.

A limitation of the above studies is their focus on a narrow potential impact of climate
change, and their lack of specific estimates of costs or damages that may result from climate
change. In response to this limitation, Chinowsky et al. (2011a) document the potential costs of
climate change on road infrastructure in ten geographically and economically diverse countries.
They illustrate the opportunity costs of diverting infrastructure resources to climate change
adaptation. This response methodology has been extended to estimate climate change impacts on
bridges (Stratus Consulting 2010) and roads in northern climates (Industrial Economics 2010).
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The relationships mentioned above are incorporated into a dynamic road network simulation
model labelled CliRoad. This simulation model tracks the road stock broken by age since
construction (or 20 year rehabilitation), road class (primary, secondary, tertiary), road type (paved,
gravel, or unpaved), and region for each year over a simulation period from 2007-2050. While the
stressor response functions are constant across regions, the climate inputs (precipitation,
temperature, and flood events) are disaggregated by region. Because CliRoad is incorporated
directly into the dynamic computable general equilibrium model discussed below, some results
from CliRoad are left for discussion in section 7.

Vietnam is in the process of improving and expanding all facets of the country’s
infrastructure. From ports to roads and power, Vietnam recognizes the long-term benefits and the
short-term need to enhance the overall infrastructure within the country. Combinations of public and
private funds are being pursued to implement these improvements. However, in contrast to
traditional approaches to infrastructure development, Vietnam is expanding its concern for
construction costs to include mitigating the potential effects of climate change on infrastructure.
While these costs are a concern for all countries, these costs are of particular concern in developing
countries, where the additional funds needed to address climate change concerns are limited. The
limitations on these available funds are challenging developing countries to identify the threats that
are posed by climate change, develop adaptation approaches to the predicted changes, incorporate
changes into mid-range and long-term development plans, and secure funding for the proposed and
necessary adaptations at the commencement of the construction process.

Earlier work by the UNFCCC, IPCC, World Bank and others, have attempted to quantify the
impact of climate change on physical assets that will be affected in the coming decades. The
current study extends these efforts by addressing the effect of climate change on the road
infrastructure within Vietnam as part of the UNU-WIDER Development Under Climate Change
(DUCC) research effort. Paved, gravel and unpaved road inventories were selected as the single
infrastructure type to evaluate because of their economic, social, and development importance to
Vietnam. The infrastructure study examines the extent to which climate change from global and
country-specific climate scenarios will divert resources from the further development of road
infrastructure to the maintenance and adaptation of the existing infrastructure. The analysis
incorporates impacts from climate stressors (precipitation and temperature changes) and projected
sea level rise impact of one meter. Because of its significant coastal zones, both types of analyses
are important when considering climate change impacts.

The study is designed to create a broader understanding of the effect that climate change
may have on facets of development including social, economic, and transport issues by analyzing
the road infrastructure. This study expands upon the methodology established in the Economics of
Adaptation to Climate Change study conducted by the World Bank that introduced an
engineering-based, stressor-response methodology to quantify the impact of climate change on
specific physical assets (World Bank 2010a).

The concept of ‘Opportunity Cost’ is utilized in the study to identify the benefits of
adaptation for the country for the projected climatic changes. From this concept, the study
provides a context for policy and decision makers to further understand the impacts of future
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climate change on Vietnam at multiple scales through 2050. In summary, the study is designed to
provide a larger context for policy makers to address, in part, the question of “adapt now or later?”
Should Vietnam postpone adaptation to potential climate change effects on critical infrastructure?

5.3. Methodology

The analysis of the impacts of climate change on Vietnam road infrastructure requires a
combination of Global Climate Model (GCM) future climate projection scenarios, stressor-
response degradation analysis, GIS analysis, sea level rise predictions, and cost information
within the context of Vietnam and its geography and infrastructure. At the core of this analysis is
the use of a stressor-response methodology. The stressor-response methodology is based on the
concept that exogenous factors, or stressors, have a direct affect on and subsequent response by,
focal elements. In the context of climate change and infrastructure, the exogenous factors are the
individual results of climate change including changes to sea level, precipitation levels,
temperatures, storm frequency, and wind speeds. The focal elements are the individual
infrastructure types including roads, railroads, water and power distribution, and public buildings
among others. Therefore, a stressor-response value is the quantitative impact that a specific
stressor has on a specific infrastructure element. In this case, the impact on road infrastructure is
analyzed as it relates to the overall development effort. The analysis takes a two-phase approach
that first determines the appropriate climate effects on the given infrastructure inventory in the
selected locations and then determines the cost impacts on this infrastructure based on a set of
stressor-response functions.

The first phase of this methodology emphasizes the use of foresight to anticipate potential
climate effects that may impact specific infrastructure components in specific regions. The use of
this approach is adopted based on the concept that proactive design policies will have greater
economic benefit than a reactive approach emphasizing the repair of damages after an event.
Using a proactive approach, potential impacts can be identified and adaptations can be put in
place at appropriate times and locations. Through the use of multiple climate scenarios,
comparisons can be made as to what may be the appropriate level of proactive action based on
likelihood of climate events occurring in a given location. Given the uncertainty associated with
climate, there is the potential that a proactive approach will result in an overbuilding of
infrastructure elements. This “regret” potential is partially offset by the maintenance savings and
expanded lifespan that is obtained by enhancing the design policy. This savings is reflected by the
Maintenance Savings calculations provided in the current analysis.

The second phase of the methodology emphasizes the use of response functions to determine
specific impacts and costs. The response functions are utilized in conjunction with climate
stressors to examine response requirements. Specifically, stressors are examined in the context of
paved, gravel, and dirt road infrastructure components to illustrate the impact of each stressor on
the road infrastructure component based on the intensity of the stressor. The stressors of interest in
the study are sea level rise, precipitation, temperature, and flooding. For example, the potential
increase in precipitation levels is examined as a specific quantitative impact on unpaved roads in
terms of the impact of lifespan based on the degree of increase in the precipitation.
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In this manner, the research diverges from a focus on qualitative summaries to an emphasis
on quantitative estimates. Flooding, precipitation, and temperature are analyzed on a time-series
basis with cost adjustments calculated on a yearly basis through 2050. Sea level rise impacts are
analyzed in a uniform one-meter sea level rise due to data limitations. The inundation projection
assumes that all roadstock in the area will be completely destroyed. Therefore, costing for sea
level rise impacts are determined as the replacement cost for the inundated roadstock.

5.3.1. Parameters of Analysis for Current Study

Within this overall methodology, several parameters have been set in the current study to
create an approach that is consistent and comparable when looking at different assets and time
periods. First, a consistent and uniform roadstock inventory is used for analysis in all time
periods. The existing roadstock is allocated (described below) and utilized for all future analysis.
This eliminates uncertainty surrounding planned and actual future construction of new inventory.
Second, all figures are shown based on a discount factor of 5% relative to a base of 2010. Third,
“Adaptation” options are presented in tandem with “No Adapt” options. These refer to policy
choices surrounding climate change and infrastructure investments. The Adaptation option
assumes that the future climate is predicted and all new roads being re-surfaced are adequately
upgraded to the changes in climate projected during their lifespan. The upgraded roads are then
considered ‘climate proof” against the new impacts of degradation due to increases in precipitation
or temperature due to climate change. Normal maintenance schedules are assumed and not
counted in the costing, as they would have been performed under non-climate change conditions.

In addition to these base parameters, a consistent set of adaptations are used for each road
type and in each scenario. For paved road inventory, the ‘adaptation’ upgrades include a new
binder, which is more resilient to increased pavement temperatures. For gravel roads, adaptation
upgrades are focused on precipitation and flooding impacts. An upgraded road is resurfaced with
crushed gravel mix and a deeper road base is laid. Increased culvert size and capacity is included
in the costing mix. Unpaved roads are also analyzed based on the projected flooding and
precipitation increases. For unpaved roads, the adaptation option is to upgrade the unpaved (dirt)
road to an ‘adapted’ gravel road. The upgrading of an unpaved road to a gravel road provides a
maintenance savings, since annual maintenance assumed on the unpaved road is no longer needed.
Additional benefits to transport time and cost are not included in the costing analysis.

5.3.2. Climate and Inventory Determination

The analysis for SLR and other climate stressors differ in their climate change impact data
source, method of impact determination, and time series application, but the same roadstock
allocation methods are used.

5.3.2.1. Division of Road Inventory

The division and allocation of existing road inventory into specific geographical areas is
important for analyzing climate variations and impacts on roads in specific administrative areas.
Provincial estimates of road inventory were determined based on an allocation process that
combined the relative population and area of each province as a percentage of the national total.
These relative ratios were then used to determine proportional amounts of road inventory that
should be allocated for each province. Due to the lack of GIS spatial data on exact location of
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roads within provinces and the scale of climate data available, once roadstock is allocated to
provincial administrative regions, it is assumed that the roadstock is uniformly distributed
throughout the administrative region. This process is summarized in the following equation,
where:

RA =RN * [((PopA /PopN) + (TA/TN)) /2]
A = Administrative Region (Province)
PopN = Population, National
PopA = Population, Administrative Region
TN = Total KM2 Land Area, National
TA = Total KM2 Land Area, Administrative Region
RN = Roadstock, National
RA = Roadstock, Administrative Region

The allocation is done for each type of the nine types of road analyzed: Paved, Gravel,
Unpaved and Primary, Secondary, Tertiary.

5.3.2.2. Climate Impact Projection Data

Climate change data for the current study was performed with data from two sources: a
selection of the IPCC-approved Global Circulation Models (GCMs) for the Climate Stressor
analysis, and the Center for Remote Sensing of Ice Sheets from the University of Kansas SLR
Projections for the SLR analysis. In terms of the GCM data, the GCMs provide climatological
data for future climate change scenarios through 2100. The data used in this analysis include the
available A2, A1B and B1 scenarios, which represent different scenarios of future development
based on the accepted definitions of the Intergovernmental Panels Fourth Assessment Report
(IPCC 2007). Further details are provided in section 2.

To provide a robust analysis of possible climate change projections, all GCM data sets
approved by the IPCC containing complete data projections for climate and flood data for
Vietnam were used in the Climate Stressor analysis on the Vietnam roadstock. In total, 25 GCMs
were used for analysis. Each of these climate models contains annual predicted precipitation and
maximum temperatures. In an effort to get a broad picture of the potential effects of climate
change, the range and likelihood of the low-impact, medium-impact, and higher-impact scenarios
were developed in relation to other projections.

To analyze the impact of sea level rise, a data set is used from the Center for Remote
Sensing of Ice Sheets from the University of Kansas. This data set provides information for a 1
meter or greater projected sea level rise throughout the context of the Vietnam study. The data is
provided in a publicly available Geographic Information System (GIS) format. The sea level rise
information was used to estimate the percent of each grid cell that would be ‘inundated’ — land
completely covered by more than 1 meter of sea level rise. Where inundation was projected, it
was assumed that all nine types of roadstock located in an inundated area would be destroyed. The
impact function methodology is described in Section 5-4 below.
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To ensure that the application of the data was completed accurately, both the sea level rise
and provincial mapping of Vietnam were translated into a standard grid system based on latitude
and longitude. Climate Research Unit (CRU) grid cells of .5 degree latitude by .5 degree
longitudinal (approximately 250km square area) were the basis of this data translation (Climate
Research Unit Time Series Version 2.1). The basis of this translation is through an overlay
process that translates the geographic information for each province into grid cells. Specifically,
the provinces are allocated to grid cells by percentage of geographic area that corresponds to
specific CRU grid cells. For example, Administrative Area 1 may be allocated geographically
between grid cells A and B at 30% and 70%, respectively. In this case, the province is recorded as
having proportional area allocations in each grid location. In a region where detailed road location
is not available, the roadstock is then uniformly distributed at the same ratio of 30% and 70%,
respectively as the basis for the impact analysis. The result of this allocation process is that the
kilometres of road in each province are allocated proportionally on a grid cell level.

5.4. Impact Functions
5.4.1. GCM Climate Impact Analysis: Flooding, Precipitation and Temperature

Utilizing the climate data projected by the GCMs described above and a baseline no-climate
change scenario, it is possible to determine the costs and impacts on the individual infrastructure
elements based on the stress-response methodology. The authors used an established methodology
based on stressor-response functions for precipitation, temperature and flooding in the context of
road infrastructure in Africa (Chinowsky et al 2011b).

The stressor-response factors are divided into two general categories; impacts on new
construction costs and impacts on maintenance costs. New construction cost factors focus on the
additional cost required to adapt the design and construction when rehabilitating an asset to
changes in climate expected to occur over the asset’s lifespan. Maintenance cost effects are those
maintenance costs, either increases or decreases that are anticipated to be incurred due to climate
change to achieve the design lifespan. In each of these categories, the underlying concept is to
retain the design life span for the structure. This premise was established due to the preference for
retaining infrastructure rather than replacing the infrastructure on a frequent basis.

5.4.2. Sea Level Rise Impact Methodology

For this study, the analyses for climate impacts and sea level rise are analyzed separately
and on different time scales. The climate stressor impacts of precipitation and temperature is done
on a daily basis and results are aggregated to provide decadal numbers to give an overall look at
climate impact over the medium-term. Because of lack of available time-scaled data on sea level
rise projections, the SLR analysis is done at an instant in time utilizing one impact scenario: a
uniform SLR of 1 meter. There are limitations to the robustness of this approach as discussed
below. However, utilizing both impacts of climate give a projection and understanding of the
potentially diverse impacts of climate change, particularly in coastal areas.

Projections on the amount of sea level rise that will occur in a specific region are uncertain
and vary widely. Some recent studies have predicted a future SLR higher than one meter by 2100
(Nichols and Cazenave, 2010). The Fourth Assessment Report (AR4) of the Intergovernmental
Panel on Climate Change (IPCC) published in 2007 predicts an average of 60 cm by 2100 (IPCC
2007). The effects of SLR will not be uniform throughout the world and certain areas will be
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affected at much greater levels than others (Dasgupta et al, 2008 and Neumann et al, 2000). As
has been discussed, Vietnam is particularly vulnerable to SLR.

The SLR impact methodology in this study is based on several assumptions: a uniform
distribution of roadstock through the administrative regions; a uniform one meter SLR estimate
applied to land at or below one meter elevation; and that all inundated land will require permanent
relocation of the roadstock in the area. Costing is applied to the inundated roadstock at the amount
required to rebuild the existing roadstock. For example, if 50 percent of a CRU grid cell is
projected to be inundated by sea level rise, 50 percent of the roadstock in the cell is estimated to
be destroyed. The specific kilometres of road affected will correspond to the initial roadstock
allocation from the national -> provincial -> CRU grid cell levels.

Once the kilometres of roads inundated are determined for each grid cell, the determination
of costs for replacing these roads is performed. The costs for replacement are based on individual
determinations in each grid cell for each road type. In the case of sea level rise, current costing
analysis is done using the cost to build a new kilometer of road of each type as shown in Table 5-
1. Other adaptation options are not explored with this analysis. The totals for each cell are then
combined at a provincial level to provide a total road impact cost.

Table 5-1: Costs of rebuilding inundated roadstock from SLR of one meter

Costs of New Road
Paved Gravel Unpaved
Primary $ 500,000 $ 226,000 $ 128,000
Secondary $ 150,000 $ 135,000 $ 75,000
Tertiary $ 70,000 $ 75,150 $ 41,750

5.5. Metrics of Measuring Impacts

The impact of climate change on road infrastructure can be measured in several ways. While
total cost is an important metric for policy makers, an additional concern is the relative effect that
expenditures being reallocated towards climate change might have on development funding in
other critical areas, including road inventory expansion. To provide a set of metrics for
understanding the broader impact of climate change, we use three metrics as follows:

e Total Cost: The estimated costs of climate change impacts with a 5 percent discount rate
applied.

e Opportunity Cost: The amount of paved road inventory that could have been built with
the funding that is diverted to climate change costs. The opportunity cost is calculated by
first taking the amount of money required for climate change response divided by the cost
of a kilometre of paved secondary road, and then using that amount divided by the
existing paved road inventory. This gives a percentage of paved road inventory that could
have been increased if funds were not allocated to climate change response.

e Adaptive Advantage: The benefit in percentage savings between the Adapt and No Adapt
policies.

182



Using these three metrics, the study results are presented for both a proactive Adapt
approach and a reactive No Adapt approach. For the adaptation approach, a third consideration is
presented, the concept of maintenance savings which indicates the amount of standard
maintenance that will be saved if an adaptation approach is adopted. These categories are detailed
as follows:

Adapt and No Adapt: Two different policy approaches are examined for all road types and
climate projections. The “Adapt” analysis assumes perfect foresight with respect to climate
change impacts and a policy that applies these forward-looking climate projections to upgrade
new roads as they are re-built and maintained. The Adapt Policy scenario incurs up-front costs to
adapt a road to mitigate future damages that are projected from increases in precipitation or
temperature. For unpaved road infrastructure, roads are upgraded to an adapted gravel road and
therefore are less susceptible to increased precipitation impacts. The “No Adapt” analysis assumes
no adaptation changes are put in place. Roads are rebuilt according to previous baseline standards.
The costs incurred are from increased maintenance necessary to retain the design life of the
original road as degradation of the road infrastructure occurs from climate change stressors.

Maintenance Savings: The Maintenance Savings category is included to emphasize the
costs and benefits associated with adaptation in Vietnam. This metric is applied to unpaved (dirt)
roads. Many of the costs related to an unpaved road network are related to precipitation damage or
traffic levels. Upgrading these roads to gravel surfaces can reduce the annual maintenance
requirements since gravel has greater resistant to both precipitation and traffic. Therefore, the
Maintenance Savings category represents both the savings in traditional maintenance that would
have been required for the dirt surfaces, together with the additional maintenance that would be
required due to increased precipitation from climate change

5.6. Study Results

A combined analysis of the flooding and climate (precipitation, temperature) impact on the
road infrastructure of Vietnam provides a picture of potential climate impact through 2050. The
numbers presented in this section are for total cost of impact on new construction, maintenance
and repairs, for the existing road inventory from 2010-2050. An analysis of the Adapt and No
Adapt policy are provided. The median GCM is a reflection of the GCM that is an ‘average’ of the
25 GCMs run. However, as discussed below, the results displayed in the histogram indicate that
the GCMs are not evenly distributed throughout the range. Therefore, depending on the concern
of policy maker, the extremes or quartile numbers may be more appropriate than the median.

As Figure 5-1 indicates, the majority of climate projections (92%) project an impact after
adaptation of no more than USD$2.9 billion dollars when discounted. Only two GCMs project
extreme climate impacts with a total cost greater than USD$7 billion. Even at the lowest
projections, the USD$1.2 billion cost impact has an opportunity cost of 32%, indicating that more
than 24,000 KM of secondary, paved road could be built with the money diverted to climate
change under the lowest, adaptation scenario. The minimum combined Adapt projection is an
impact limited to climate stressors (precipitation and temperature); the minimum flooding-specific
GCM analysis has no increased impact on the roadstock.
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Figure 5-1: Histogram of combined climate impact on road infrastructure through 2050
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The uneven distribution of the combined costs (majority of the GCM cost predictions lie in
the lowest two categories) is due to the uneven distribution of Flooding Impact data as discussed
below. Because the combined climate change impact numbers are the combined flooding and
climate stressor costs, this uneven distribution is carried through to the combined analysis.

Similar to the Adapt analysis, 92% of the GCMs (22 out of 25) in the No Adapt scenario are
in the lower two distributions of the histogram (Figure 5-2). This indicates that only a few of the
GCMs project more extreme climate impacts. The minimum cost impact for the No Adapt
scenario is a USD$49 million increase in cost over the Adapt scenario. Similarly, the median and
maximum GCM results reflect an increase over the adapt scenarios of USD$660 million and
USDS$11.6 billion, respectively. In this case, the adaptive advantage indicates that policymakers
should consider a proactive approach to adapting to climate change. In the maximum scenario, the
No Adapt approach has an opportunity cost of 482%, the equivalent of 367,000 KM of new,
secondary paved road that could be built if costs were not diverted to climate change. The median
GCM has an opportunity cost of 92%, the equivalent of over 70,000 kilometers of new,
secondary, paved roadstock.

Figure 5-2: Histogram of combined climate impact on road infrastructure through 2050
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Maintenance savings provides an important analysis tool for further understanding the
benefits of the adaptation policy approach. Particularly, because there is a cost incurred in the
upgrading of dirt and gravel roads, it can be largely offset economically by the savings from
yearly maintenance required on lower-quality road infrastructure. When Maintenance Savings is
incorporated into the Adaptive Advantage, the savings is nearly tripled, to a total of USD$2.0
billion. The social and economic benefits derived from an upgraded road infrastructure should
also be accounted for in a local analysis and decision-making process.

In Table 5-2, the 'Median' GCM analysis has an Adaptive Advantage of USD$4.8 billion.
This savings is the difference between the No Adapt and Adapt policy costs. When maintenance
savings are incorporated into this advantage, the savings are nearly doubled to a total of USD$9.3
billion. This highlights the potential benefits derived from a proactive adaptive policy approach.
For the ‘Minimum’ GCM analysis, the relative Adapt cost is lowered from USD$3.6 billion to
USDS$1.9 billion including maintenance savings. Maintenance savings lower the relative Adapt
cost and raise the Adaptive Advantage in all scenarios that present a savings incurred between the
Adapt and No Adapt policies. Certain GCMs (not shown) do not present a difference in Adapt and
No Adapt costs. This result is primarily based on climate stressor impacts in these scenarios being
derived from single events where post-event repair costs are equal to or less than the costs of
proactive adaptation. An example is the MIROC3 2(medres) A2 GCM where the cost of
adaptation equals the cost of reactive maintenance. However, even with this GCM a benefit is
derived from Adapting to the Flooding projections (USD$78 million). These varying levels of
benefit display the need for a comprehensive analysis of potential impacts that include the
potential multiple impacts of climate change on the road infrastructure.

Table 5-2: Adapt and No Adapt Costs and Adaptive Advantage for Combined Climate
Change Impact (Precipitation, Temperature, Flooding)

ADAPT Adaptive Advantage
Cost Opportunity | Maintenance | (USD$
Rank GCM (USD$ Million) Cost Savings Million) | Opp. Cost
Maximum |alb ipsl cm4 $ 7,032 141% § - $ 11,658 341%
Median |alb_inmcm3 0 $ 2,225 51% $ 1,586 $ 660 42%
Minimum [a2 bccer becm2 0 $ 1,229 32% $ 453 $ 49 5%
NO-ADAPT
Cost Opportunity
Rank GCM (USD$Million) Cost
Maximum |alb_ipsl cm4 $ 18,690 482%
Median  [a2 gfdl cm2 1 $ 2,885 92%
Minimum (a2 bcer bem2 0 $ 1,278 37%
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5.6.1. Temperature, Precipitation and Flooding Results
5.6.1.1. Climate Impact on Road Infrastructure: Precipitation and Temperature

The disaggregation of the overall climate impact numbers highlights the potential effect of
precipitation and temperature on the climate costs. As illustrated in Figure 5-3 and Figure 5-4, the
impacts are distributed throughout the Adapt and No Adapt scenarios. Both Adapt and No Adapt
have similar costing impacts, which are reflected in the Adaptive Advantage of 5-10% from the
minimum and maximum GCM impact scenarios (Table 5-3). The Adapt scenario has an almost
even distribution, with 12% of the GCMs in the lowest two categories (less than USD$1.57
billion) and 16% of the GCMs in the highest category (greater than USDS$2.44 billion). The
remaining GCMs are fairly evenly distributed throughout the total cost (Figure 5-3). The No
Adapt impact analysis has a slightly more end-weighted distribution, with 36% and 28%
distributed in the first two and last two categories, respectively (Figure 5-4).

Figure 5-3: Histogram of climate (precipitation and temperature) impact on road
infrastructure through 2050 - Percent of GCMs with respective impact results
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Figure 5-4: Histogram of climate (precipitation and temperature) impact on road
infrastructure through 2050 - Percent of GCMs with respective impact results
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Table 5-3: Adapt and No Adapt Costs and Adaptive Advantage for Climate Stressor Impact
on Roadstock (Precipitation, Temperature)
Adaptive
ADAPT Advantage
Cost Opportunity |Maintenance| (USD | Opp.
Rank GCM (USD Million) Cost Savings | Million) | Cost
Maximum |alb ccma cgem3 1 $ 2,439 66% $ 1,362 § 413 10%
Median  |bl_inmem3 0 $ 1,892 51% $ 946 $ 61 5%
Minimum |bl_miroc3 2 medres| $ 1,549 32% $ 843 $
NO-ADAPT
Cost Opportunity
Rank GCM (USDS$ Million) | Cost
Maximum |alb _ccma cgem3 1 $ 2,852 76%
Median  |a2 gfdl cm2 1 $ 1,953 56%
Minimum |bl miroc3 2 medres $ 1,228 37%

The flooding impact on the road infrastructure of Vietnam is weighted towards the lower
predictions, with 88% and 92% of the predictions in the lowest two categories for the Adapt and
No Adapt analyses, respectively. In both analyses, the IPSL_ CM4 A1B GCM is the maximum
cost impact because of its higher projections of flooding increases relative to the other GCM
comparisons.

Under both analyses, seven of the GCMs predict no flooding cost impacts. This indicates
that these GCMs predict no flood events larger than the equivalent of a 15-year flood which is
considered the design baseline for the road infrastructure. The Adapt maximum impact scenario
has a cost of USD$4.6 billion, an opportunity cost of 75% or 57,000 KM of new, secondary,
paved roads. The No Adapt maximum impact scenario is considerably higher at USD$16.2
billion. The distribution of the GCM results for the No Adapt scenario is heavily weighted into the
first category (92%), but the range of the highest two GCMs may raise a concern for policymakers
looking at the potential worst-case climate change impact scenario.

When looking at the maximum impact scenario, there is an adaptive advantage of 341% -
the equivalent of nearly 260,000 KM of new, secondary, paved road network. There are 2 GCMs
that predict high impact costs for flooding in both scenarios. However, this scenario must be
considered in relation to the minimum scenarios which indicate no impact from flooding. This can
be seen in Table 5-4.
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Table 5-4: Adapt and No Adapt Costs and Adaptive Advantage for Impact
of Flooding on Roadstock

ADAPT Adaptive Advantage

Rank GCM (USDCIS/ISitIIion) Oppg:ggimty I\/I(Efl?c?n) Opp. Cost
Maximum alb_ipsl cm4 $4,625 75% $11,658 341%
Median a2 ccma_cgem3 1 $14 10% $21 29%
Minimum Multiple $- 0% $- 0%

NO-ADAPT

Rank GCM (USDCIS/ISitIIion) Oppgggimty
Maximum alb_ipsl cm4 $16,283 416%
Median a2 giss model e r $35 38%
Minimum Multiple $- 0%

5.6.2. Sea Level Rise Results

The study results presented here are based on a one meter sea level rise which is the basis of
the inundation data adopted for the study. A sea level rise of one meter will affect the existing
estimated road infrastructure in Vietnam at an extent of 19,000 KM of road infrastructure
inundated and destroyed; just under 12% of existing road infrastructure. This is a cost of
approximately USDS$297 million in discounted 2010 dollars to replace the inundated
infrastructure (Table 5-5). The projected sea level rise is distributed unevenly, with the majority of
damages affecting coastal regions in the Southern part of the country. There are several provinces
where a complete inundation is projected, resulting in a loss of at or near 100%. These include
Bac Lieu, Hau Giang, Soc Trang, Tra Vinh and Ca Mau. The ten most affected provinces are
located in the Mekong River Delta region and have an average of 77% of road infrastructure
destroyed, a total of nearly 15,200 KM. Figure 5-5 illustrates the percentage damage and total cost
estimates at both regional and provincial levels.

costs at 5% discount rate

Table 5-5: Total SLR Damages from 1 meter SLR. Discounted to 2010

Total % | Total Road | Paved Paved Paved | Gravel |Unpaved
Damage | Damage | Primary | Secondary | Tertiary | Tertiary | Tertiary
Total Damage
(KM) 12% 19,142 1,621 3,775 3,719 9,024 1,003
Total Damage )
($USD Million) $ 297 $ 115 $ 80 $37 $ 54 $11
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Figure 5-5: Depicts the Total Percent Damage and Total Cost of Damage estimated
for one meter SLR by provincial administrative region

Vietnam

Sea Level Rise

Vietham
Sea Level Rise
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B < 7% B 51425284
B <= 100% B > 5284

Note: This study covers those parts of Vietham that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

5.6.3. Regional Level Results

Vietnam is a diverse country with geography ranging from coastal lowlands to higher plains
and mountainous terrain in the North. Because climate change affects these areas differently,
especially SLR impact, a regional level analysis provides a greater understanding of the areas
potentially affected by climate change. In the case of Vietnam, the difference between Adapt and
No Adapt policies provides an example of the effect planning and forward preparation to climate
change can have on mitigating the impacts.

For regional analysis, two GCMs were selected to represent the higher and median impact.
Respectively, these are CNRM_CM3_ A1B and MPI ECHAMS B1. These were selected because
they represent the maximum and median temperature impact increases. Their respective results
are displayed at the Regional level below (Table 5-6; Figure 5-6; Table 5-7; Figure 5-7). In all
regions, the Adapt policy approach has a lower total and opportunity cost than the No Adapt
approach. The following sections highlight these effects in each of the geographic regions within
Vietnam.
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Table 5-6: Regional analysis (maximum hot climate scenario)

CNRM_CM3_AlB
(Maximum Hot)

Region Adapt_ No Ada|_ot oC OC No

(USDMIl) (USDMil) | Adapt Adapt
Central Highlands 3.5 16.9 10% 48%
Mekong River Delta 24.2 36.9 129% 197%
Northern Central Area and Central Coastal Area 4.6 16.5 16% 57%
Northern Midlands and Mountain Areas 1.7 14.2 7% 58%
Red River Delta 3.9 25.2 15% 69%
Southeast 7.9 25.2 33% 54%

5.6.3.1. Central Highlands

The Central Highlands region is least affected by SLR with no provincial damages being
reported. The lack of damages in this region is because there is inland protection and none of the
provinces in the region have coastal boundaries. Therefore, all the costs below are from climate
and flooding impact stressors.

The Adapt policy approximates a savings of nearly USD$13.4 million in the Maximum Hot
Scenario. This cost is the difference between expanding the existing infrastructure by nearly 50%
as opposed to an incurred cost of 10% opportunity cost with the Adapt Policy.

Figure 5-6: Combined Total Cost Damages by Province Level in USD Millions
for the Maximum Hot scenario
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Table 5-7: Regional analysis (median hot climate scenario)

MPI_ECHAM5_B1

(Median Hot)

Region Adap-t No Adapt | OC OC No

(UsDMmil)  (USDMIl) | Adapt Adapt

Central Highlands 7.7 12.9 22% 36%
Mekong River Delta 274 30.3 147% 164%
Northern Central Area and Central Coastal Area 6.9 9.5 25% 34%
Northern Midlands and Mountain Areas 2.9 7.5 12% 31%
Red River Delta 53 13.1 18% 38%
Southeast 13.9 21.7 17% 63%

Figure 5-7: Combined Total Cost Damages by Province Level in USD Millions
for the Maximum Hot scenario
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state.

5.6.3.2. Mekong River Delta

As seen in the tables and figures, in both GCMs, the Mekong River Delta region incurs the
greatest damages in both cost and opportunity cost from combined climate change impacts. This
impact can be largely attributed to the SLR analysis. This is the southernmost region in Vietnam
and the majority of the land area is at an elevation of three meters or lower. The thirteen provinces
have SLR inundation estimates ranging from 14%-99.5% of all road infrastructure. This
inundation also has an impact on agriculture and other existing industries in these areas. Seasonal
flooding and inundation from typhoons and natural weather events are an existing concern that
may be exacerbated by SLR and increased precipitation and flooding under climate change. The
No Adapt costs in this region account for 77% (USD$24.2 million) of the total SLR costs for the
country. The provinces of Bac Lieu, Hau Giang, Soc Trang, Tra Vinh, and Ca Mau have SLR
inundation projections of 96-100%. The combination of the SLR damages with the flooding
projections and increased precipitation accounts for the proportionally higher costs relative to all
the other regions.

5.6.3.3. Northern Central Area and Central Coast Area

The climate change impact on the Northern Central Area and Central Cost Area is
potentially as high as USD$16.5 million using the No Adapt Maximum Hot scenario. This is an
opportunity cost of 57%, compared to an Adapt policy opportunity cost of 16%. This is a savings
of USD$11.9 million. The Median Hot scenario has a lower projected impact (34% and 25%, No
Adapt and Adapt, respectively) but still evidences a benefit from an Adapt policy.

In this region, approximately 1% of the roadstock is affected by SLR. The provincial
inundation ranges from .03% -1.3%. Phu Yen has an estimated inundation of 44 KM of road,
compared to Da Nang’s estimate of 29 KM damaged.

5.6.3.4. Northern Midlands and Mountain Areas

With Adaptation, the Northern Midlands and Mountain Area region has the lowest
opportunity cost and total cost from climate change. This is partially due to the lack of SLR
impact: the greatest impact is less than 1% in Bac Giang, with an impact of 0.06% or 3 KM of
road. The climate impacts from temperature, precipitation and flooding have a cost potential of
USD$14.2 million, but with Adaptation that can be reduced to just over USD$1.7 million. In this
region, an Adapt policy would greatly benefit the existing road infrastructure and save a
significant amount of money.

5.6.3.5. Red River Delta

The impact of SLR on the Red River Delta area has an average of 6%, but ranges within
provinces from 0-21%. The climate impact stressors have an impact on road infrastructure and a
resulting benefit from an Adaptation policy of nearly USD$21.3 million under the Maximum Hot
scenario. The Opportunity Cost savings from an Adapt policy are similar between the median and
maximum scenarios in this region. However, the Opportunity Cost savings from the No Adapt
scenarios have a significant difference with 38% and 69% between the median and maximum
scenarios respectively. Because of the densely populated areas in the Red River Delta and urban
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areas including Hanoi, the potential impact of the worst case scenario on the economy of the
region should be considered.

5.6.3.6. Southeast

The Southeast Region is a smaller region but contains important urban centres including Ho
Chi Minh City and Province. The SLR impact ranges from 0-21%, with Ho Chi Minh at the upper
end of 20% inundation. With a roadstock of approximately 6800 KM, this represents a potential
loss of 1360 KM. Given the population density and important political and economic sectors in
this area, a policy analyzing risk for inundation and climatic stressors on the roadstock should be
accounted for. The Adapt policy savings of USD$17.3 million in the Southeast Region makes a
case for a proactive adaptation policy to ensure connectivity in the province.

5.7. Limitations

The current study is based on several key components which introduce uncertainty into the
quantitative analysis within the study. The climate data presented here is based on the World
Climate Research Programme's (WCRP's) Coupled Model Intercomparison Project phase 3
(CMIP3) multi-model dataset (Meehl et al 2007). The dataset represents current approaches to
modelling potential climate change, but is based on probabilistic modelling. Thus, a degree of
uncertainty is introduced in terms of climate impacts. This is one reason why the current study
utilizes multiple climate models to arrive at conclusions. Additionally, as stated previously, the
study relies on existing material studies to derive the impact stressors. Although the study bases
its findings on recognized authorities and studies, the quantitative cost estimates are dependent on
the findings from these and similar studies. Issues such as specific pavement types, local
conditions, construction and maintenance techniques can all combine to impact specific cost
impacts. Therefore, the quantitative cost results may differ based on alternative studies.

The limitations of the SLR analysis have been discussed in the above sections, but are
restated here. Because of lack of data regarding the distribution, timing, and height of SLR in
future projections, a uniform, one meter analysis was completed for this study. This may be
improved upon if more robust climatic data becomes available. However, this does provide a
guideline for analysis by highlighting regions and areas that are highly susceptible to changes in
SLR due to low-lying coastal elevations.

These limitations should be considered when analyzing the quantitative results of this study.
However, the qualitative relationships presented here will remain consistent even if the referenced
studies are altered. Specifically, the relative impact on the country will remain consistent and the
overall findings remain as stated.

5.8. Discussion and Conclusion

The importance of roads to development and long-term growth in Vietnam requires public
officials to balance short-term needs versus long-term planning. The addition of potential climate
change effects increases the requirement for balance as the potential benefit from a decision may
not appear for several decades. The current study introduces one method for examining these
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effects from a quantitative perspective. The developed stressor-response functions illustrate the
potential to integrate the predicted temperature, flooding, and precipitation changes resulting from
climate change with traditional costing methods to anticipate cost impacts in specific locations.
Additionally, using existing expenditures, road inventories, and the calculated cost impacts, the
study provides an initial indication of the opportunity costs for each country.

The study illustrates that based on the impact of predicted temperature and precipitation
changes; the opportunity cost to Vietnam requires further study by public officials. Specifically,
the inclusion of maintenance savings when adaptation occurs is essential to gain a comprehensive
perspective on the effects of climate change on the road infrastructure. Of particular importance to
Vietnam due to the variance in geography is the need for a holistic picture of the potential impacts
of climate change. By incorporating a SLR analysis, this paper provides a baseline analysis
emphasizing the important challenge that climate change presents to Vietnam. With over 3,400
KM of coastline, Vietnam is susceptible to impacts along the entire Eastern side of the nation
from sea level rise. The Terrain is: low, flat delta in south and north; central highlands; hilly,
mountainous in far north and northwest. As documented in the study, this geography creates a
scenario where extensive damage to road infrastructure may occur if a one meter sea level rise is
realized.

The result of this study indicates that further study should be considered at a local level in
districts where severe damage from inundation is predicted. Adaptation options such as coastal
defences, road hardening, and road relocation should be examined. However, consideration should
be given to the projected time frame when sea level rise may occur and whether some
infrastructure may be needed if neighbouring land area is inundated. Each of these issues may be
considered at a more detailed level in subsequent studies undertaken at regional levels

Overall, these numbers establish a basis from which Vietnam needs to approach the climate
change challenge. The opportunity costs associated with potential climate change impacts have
the potential to further delay infrastructure development plans. These delays are associated with
the potential for social development to be impaired as access to critical services and expansion of
economic ties is delayed. The challenge to governmental organizations is how to incorporate the
multitude of conflicting requirements associated with the potential impacts into a cohesive policy
that achieves balance between short-term needs and the potential long-term effects of climate
change on infrastructure.

In conclusion, the developed methodology represents a first step toward developing an
integrated and comprehensive economic evaluation of the effects of climate change on road
infrastructure. The results from the analysis will inform the economic models that
comprehensively analyze the effects of climate change on the economy of a country. The resulting
challenge to governments from the final results of this analysis will be how to incorporate a
multitude of conflicting requirements into a cohesive policy that achieves balance between short-
term needs and the potential long-term effects of climate change on infrastructure.
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6. Coastal Zones, Sea Level Rise, and Cyclones

This chapter considers the impact of sea level rise and storm surge on the Red River Delta
region of Vietnam. The Red River Delta region consists of nine provinces: Bac Ninh, Ha Namh,
Hai Duong, Hung Yen, Nam Dimh, Ninh Binh, Thai Binh, Ha Tay, and Vinh Phuc; and two
municipalities: Hanoi and Hai Phong. Much of the delta area is characterized by low elevations.
The capital city of Ha Noi is located eight meters above sea level, on average. Other major cities
in the region include Hai Phong and Nam Dinh, which are both located three meters above sea

level, on average. Figure 6-1 depicts the study area for this analysis.

By combining a range of sea-level-rise (SLR) scenarios for 2050 with the potential
maximum storm surge level for the current 100-year storm, this report analyzes permanently
inundated lands and temporary flood zones. U.S. Geological Survey’s HydroSHEDS 90-meter
elevation data is used to identify the inundated and flooded areas. Three SLR scenarios are
considered, each with a different level of rise: low (0.156 meters), medium (0.285 meters), and
high (0.378 meter). The Sea, Lake, and Overland Surge from Hurricanes (SLOSH) model is used
to define the potential maximum surge for simulated storm activity in the study area (Jelesnianski
et al., 1992).

This chapter includes three sections. First, background information on coastal flooding in
the Red River Delta is presented. Second, a thorough description of the applied methodology is
provided. Third, the results of the analysis are presented and discussed. Our analysis finds that
sea-level rise through 2050 could increase the frequency of the current 100-year storm, which is
associated with a storm surge of roughly 5 meters, to once every 60 years. Approximately 10
percent of the Hanoi region’s GDP is vulnerable to permanent inundation due to sea-level rise,
and more than 40 percent is vulnerable to period storm surge damage. We conclude that coastal
adaptation measures, such as a planned retreat from the sea, and construction of a more substantial
seawall and dike system, are needed to respond to these threats.

6.1. Background: Coastal Flooding in Vietnam

Of all developing countries, recent studies have shown Vietnam to be one of the most
vulnerable to sea level rise. Using six indicators, Dasgupta et al. (2009) assess the impact of SLR
on 84 coastal developing countries. Considering the use of land, population, gross domestic
product, urban extent, agricultural extent, and impacted wetlands, Dasgupta et al. (2009)
demonstrate that Vietnam, with one meter of SLR, ranks among the top five most-impacted
countries. Additionally, the World Bank (2009) ranks Vietnam among the twelve Bank client

countries most at risk from sea level rise due to climate change.
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Figure 6-1: Red River delta region study area
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Vietnam is likely to be one of the most vulnerable nations in the word due in part to the
location of major urban centres and intensely cultivated lands in low-lying areas. In 2010, the Red
River Delta region, which surrounds Vietnam’s capital city of Ha Noi, was home to
approximately 23 percent of Vietnam’s total population (General Statistics Office of Vietnam,
2010). The provinces in this region represent the most densely populated in Vietnam outside of
Ho Chi Minh City (General Statistics Office of Vietnam, 2010). Figure 6-2 illustrates the
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confluence of population density and low-coastal land in the Red River Delta region. The Red
River Delta region is also one of the country’s major agricultural regions. Nearly 60 percent of
households in the region depend on income provided by agriculture (World Bank, 2010b).

Between 1954 and 2000, an average of 6.9 typhoons per annum made landfall along
Vietnam’s coast (MoNRE, 2003). The high winds and storm surges associated with these
typhoons inflict a vast amount of damage on the coastal region. Precipitation that accompanies
these typhoons also induces widespread flooding in regions at an elevation of less than one meter
above sea level. These floods result in significant damage to those low-lying regions, like those
within the Red River Delta and floodplain. Table 6-1 outlines the historic cyclone events that have
caused damage to the Red River Delta region between 1990 and 2008.

Figure 6-2: Population of low-lying areas in red river delta region
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Table 6-1: Historic tropical cyclone incidents which have caused damage to the red river
delta region between 1990 and 2008

Housing Lost

Agriculture Lost

(# houses) (Ha)
Date DIOI} Provinces Impacted
Name Collapsed,| Sub- Rice Rice Farm Farm
Washed- meraed Fields, | Fields, | Produce, [Produce,
Away g Damaged| Lost |[Damaged| Lost
Sep-05 | Storm no. 7 | Hai Phong, Thai Binh, Nam
(Damrey) | Dinh, Ninh Binh 626 | 35,886 | 139,649 | 1,300 12,128 1,000
Sep-05 | Storm no. 6 | Hai Phong, Thai Binh, Nam
Dinh, Ninh Binh 1 138 42,129
Jul-05 |Storm no.2 |Hai Phong, Thai Binh, Nam
(Saola) Dinh, Ninh Binh, Ha Nam 2 206 48,534 4,027
Aug-03 | Storm no. 3 | Hoa Binh, Ha Tay, Bac
Giang, Bac Ninh, Hai Duong,
Ha Nam, Hung Yen, Hali
Phong, Thai Binh, Ninh Binh,
Nam Dinh 201 3,400 130
Sep-96 | Storm no.4 |Nam Ha, Thai Binh, Hai
Phong, Ninh Binh 3,190 | 74,050 21,411 | 2,615 8,420 3,190
1996 |Storm no.2 |Nam Ha, Thai Binh, Hai
Phong, Ninh Binh, Hoa Binh,
Ha Noi, Ha Tay 29,842 (444,017 | 117,002 |39,504 11,773 7,645
Aug-95 | Storm no.5 |Ninh Binh, Nam Ha, Thai
Binh 1,500
Jul-91 | Storm no.3 |Hai Phong 5 1,500

Source: CCFSC, 2010.

Two of the strongest typhoons to hit Vietnam in the last 30 years made landfall in 2005 (Mai
et al., 2009). Typhoon Saola, the smaller of the two, made landfall on July 31, predominantly
affecting the coastal areas of Quang Ninh and Hai Phong provinces. Wind force near the eye of
the storm reached nine on the Beaufort scale (75-88 kilometres per hour). Saola caused several
kilometres of sea dike damage, especially on the island of Cat Hai where dikes needed to be
completely replaced (Mai et al., 2009).

Typhoon Damrey, which made landfall in Vietnam on September 27, is considered the most
severe storm to hit Vietnam in the last 50 years. Damrey affected all coastal provinces of the Red
River Delta region with Beaufort scale 12 (118-133 kilometres per hour) wind forces in the eye of
the storm. High storm surges coincident with high tides led to extensive overtopping of sea dikes
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in the area. Storm surges from Damrey reached a height of three to four meters and the seawater
penetrated inland three to four kilometres. Flash floods following Damrey destroyed at least 1,194
houses and damaged another 11,576 in upland areas. More than 130,000 hectares of rice fields
were submerged and damaged, most of which had not been harvested prior to Damrey (Mai et al.,
2009). Although it is difficult to associate singular events like the damaging typhoons of 2005
with climate change, deadly events like these clearly demonstrate the extreme vulnerability of the
region to exaggerated climate variability.

The threat from cyclones in Vietnam is compounded by the potential impacts of climate
change, including sea level rise and increased rainfall. Sea levels in Vietnam are estimated to
increase two and a half to three centimetres per decade due to climate change (MoNRE, 2003). In
addition, delta areas are expected to subside over time, which may exacerbate damage caused by
sea level rise in the Red River Delta. Unless a sufficiently high and strong dike system is built, sea
level rise will further decrease land area in the Red River Delta. Climate change is expected to
increase climate variability in Vietnam, decreasing rainfall during the dry season and increasing
rainfall in the wet season. Overall, annual rainfall is expected to increase (MoNRE, 2009).
Inundation, the loss of land, and saltwater intrusion caused by sea level rise, increased rainfall and
cyclone events will pose serious threats to farmers. Between 1976 and 2005, flooding and
saltwater intrusion contaminated 40,000 hectares of cultivated land and destroyed over 100,000
tons of food (Mai et al., 2009). The rate of destruction may increase due to climate change. These
impacts may be felt through agricultural exports and could possibly affect national food security
(Chaudhry and Ruysschaert, 2007).

Cyclones also contribute to serious coastal erosion in Vietnam, which is expected to worsen
due to climate change (Mai et al., 2009). Vietnam has experienced both structural longshore
erosion, which takes place along unprotected coastlines, and foreshore erosion, which leads to a
deepening of the foreshore in front of sea dikes (Mai et al., 2009). In Vietnam, structural erosion
occurs at about 10 to 20 meters per year, while foreshore erosion occurs at a rate of 0.3 to 0.6
meters per year. Over the past 100 years the shoreline in Vietnam has retreated some 3,000 meters
and approximately 18,000 hectares of land have been lost (Mai et al., 2009).

6.2. Methods

The effects of climate change on cyclones can include changes in the intensity, frequency,
and the track of individual storms. Changes in temperature are a potentially important factor in
altering storm patterns, but, because cyclones are relatively rare events, differences in storm
generation activity that might be experienced by 2050 are difficult to discern with current
methods. Because historical data on storm surges in Vietnam is sparse, extrapolating trends of
past storm activity is generally not useful.

The effect of sea-level-rise is an equally important effect of climate change on the potential
damage that may result from cyclones. Higher sea level provides storm surges with a higher “launch
point” for the surge, which may increase both the real extent and the depth of the surge in areas
already vulnerable to coastal storms. In addition, future sea-level rise, while uncertain, is more
reliably forecast to 2050 than future storm activity. In general, the increase in sea level would make
existing storms significantly more damaging, even for minimal changes in storm activity. This
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analysis focuses on the more reliably forecast marginal effect of SLR on the extent and effective
return period of these already damaging storms. Using a simulated dataset for storms and surges
along with three alternative forecasts for future SLR in Vietnam, we estimate the effect of climate
change induced SLR on surge risk due to cyclones. The overall method involves four steps:

1. Simulate storm generation activity over the 21st century. Our method generates 3000
seeded events, and estimates which of these events become cyclones and where they
might track.

2. Use wind fields as inputs to a storm surge model. We use the U.S. National Weather
Service’s SLOSH model to estimate how wind-driven water during a cyclone event
generates a storm surge over coastal land.

3. Generate a cumulative distribution function of storm surge height for selected key
locations in the SLOSH domain. SLOSH results generated for each of the simulate events
provide a base case of surge heights for future storms, absent sea-level rise

4. Estimate effect of SLR on return time of storms. Using the distribution of storm surge in
the base case, we then estimate how SLR effectively increases the frequency of
damaging storm surges, for three scenarios of future SLR in 2050.

We describe each of these steps briefly in the remainder of this section.
6.2.1. Storm Generation

Existing event set generation techniques begin with historical compilations of hurricane
tracks and intensities, such as the so-called "best track" data compilations maintained by
forecasting operations such as the National Oceanic and Atmospheric Administration's Tropical
Prediction Center (TPC) and the U.S. Navy's Joint Typhoon Warning Center (JTWC). These
records typically contain the storm’s centre-position every six hours together with an estimated
intensity, either maximum wind speed or central pressure, every time period. Early risk
assessments (e.g. Georgiou et al., 1983; Neumann, 1987) fit standard distribution functions, such
as lognormal or Weibull distributions, to the distribution of maximum intensities of all historical
storms coming within a specified radius of the point of interest. Then, by drawing randomly from
such distributions, these early risk assessments used standard models of the radial structure of
storms, together with translation speeds and landfall information, to estimate the maximum wind
achieved at the point of interest. A clear drawback of this historical extrapolation approach is that
frequency estimates for high-intensity events are quite sensitive to the shape of the tail of the
assumed distribution. Mainly because there is little supporting data, these tails are, by nature,
notoriously difficult to quantify.

Many wind risk assessment methods rely directly on historical hurricane tracking data to
estimate the frequency of storms passing close to points of interest, and must therefore assume
that the intensity evolution is independent of the particular track taken by the storm. Moreover,
the relative intensity method must fail when storms move into regions of small or vanishing
potential intensity. This is often the case in higher latitudes, where enormously destructive storms
have occurred, though infrequently. In such regions the historical record is extremely sparse,
resulting in vanishing potentials.
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As a step toward circumventing some of these difficulties, we have developed a technique
for generating large numbers of synthetic hurricane tracks, along each of which we run a
deterministic, coupled numerical model to simulate storm intensity. The method is based on
randomly seeding a given ocean basin with weak tropical cyclone-like disturbances, and using an
intensity model to determine which of these develop to tropical storm strengths. A filter is applied
to the track generator to select tracks coming within a specified distance of a point or region of
interest, such as a city or county. In filtering the tracks, a record is kept of the number of discarded
tracks; this is used to calculate the overall frequency of storms that pass the filter. In this work, we
selected the city centre of Ha Noi, Vietnam as the focal point; as a result, we also capture storms
that have major impacts seaward of Ha Noi, in the Red River Delta.

Once the tracks have been generated, a coupled hurricane intensity model is then run along
each of the selected tracks to produce a history of maximum wind speeds. This model is driven by
monthly climatological, atmospheric and upper ocean thermodynamic information, but also
considers ambient environmental wind shear that varies randomly in time according to the
procedure described previously. This coupled deterministic model produces a maximum wind
speed and a radius of maximum winds, but, owing to the coarse spatial resolution of the model,
the detailed aspects of the radial storm structure are not used here. Instead, we use an idealized
radial wind profile, fitted to the numerical output, to estimate maximum winds at fixed points in
space away from the storm centre. The overall method has been described in several published
sources (see, for example, Emanuel et al. 2008).

For each point of interest, the intensity model is run in a Monte Carlo simulation with
several thousand iterations to produce desired statistics, such as wind speed exceedance
probabilities. Both the synthetic track generation methods and the deterministic models are
efficient enough to estimate exceedance probabilities to a comfortable level of statistical
significance with appropriate computational software.

6.2.2. The “Sea, Lake, and Overland Surge from Hurricanes”” Model

Sea, Lake, and Overland Surge from Hurricanes (SLOSH) is a computerized model
developed by the Federal Emergency Management Agency (FEMA), United States Army Corps
of Engineers (USACE), and the National Weather Service (NWS) to estimate storm surge depths
resulting from historical, hypothetical or predicted hurricanes by taking into account a storm's
pressure, size, forward speed, forecast track, wind speeds and topographical data (Jelesnianski et
al., 1992).

Graphical output from the model displays colour-coded storm surge heights for a particular
area. Heights are presented as feet above the model's reference level, the National Geodetic
Vertical Datum (NGVD), which is the elevation reference for most maps. Among other things, the
SLOSH model is driven by wind fields derived from the storm generation techniques presented
above.

Storm surge generation calculations are applied to a specific locale's shoreline, incorporating
the unique bay and river configurations, water depths, bridges, roads and other physical features.
We coded these aspects of the SLOSH grid, and they are among the most time-intensive
components of the overall method.
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The SLOSH model is generally accurate within plus or minus 20 percent. For example, if
the model calculates a peak 10-foot storm surge for the event, users can expect the observed peak
to range from 8 to 12 feet. The model accounts for astronomical tides, which can add significantly
to the water height, by specifying an initial tide level, but does not include rainfall amounts,
riverflow or wind-driven waves. Only wind-driven “stillwater” flood heights are accounted for in
SLOSH.

The point of a hurricane's landfall is crucial to determining which areas will be inundated by
the storm surge. This information is also available from the storm generation methods discussed
above, but the synthetic nature of those results and the fact that it represents a forecast, adds
uncertainty to the landfall location. We apply the SLOSH model as its developers suggest: to
define the potential maximum surge for a location when the precise landfall location is uncertain.

6.2.3. SLR overlay and effect on storm return times

Storm surge results from the base case, which has no SLR, provide a probabilistic
representation of the likelihood of storm surge heights at a particular point on the coast over a
future period. We use this to define the probabilistic behaviour of storm surges in the 21st century.
This storm surge exceedance curve can then be modified to reflect the effects of sea-level rise on
surge height. The effect of SLR on the effective return time can then be quantified. The
modification of the exceedance curve is done for three future SLR scenarios through 2050.

The impact of land subsidence was also used to assess impact sea levels in the region.
Unfortunately, no tide gauge data were available for locations within the Red River Delta.
However, using mean sea level trend data for nearby Hon Dau from the Permanent Service for
Mean Sea Level (PSMSL, 2005), subsidence in the Red River Delta was approximated at 0.03
meters (30 millimetres) by 2050. A change this small will not have a measurable impact on our
results and was thus ignored.

The three SLR scenarios used are low (0.156 meters), medium (0.285 meters) and high
(0.378 meter). These same scenarios were used in analyses supporting the World Bank’s
Economics of Adaptation of Climate Change (EACC) (World Bank, 2010a) project and are based
on the work of the Intergovernmental Panel on Climate Change (IPCC) (Meehl et al., 2007) and
Rahmstorf (2007). The low scenario is based on the midpoint of the range of GCM model results
reported in the IPCC AR4 (Meehl et al., 2007); the medium scenario is based on Rahmstorf’s
(2007) modelling of the SLR implications of the A2 temperature trajectory; and the high scenario
is based on Rahmstorf’s “maximum’ scenario (2007).

A function for the effect of SLR on effective return time is generated through the following
procedure. First, the storm surge height for a particular “reference storm” in the base case data is
identified. In the results presented below, we chose the 100-year storm surge height without any
sea-level rise as our reference. We then examine the modified exceedance curves for the three
SLR scenarios to determine the modified return period for that storm surge height under each of
three scenarios. Finally, least-squares regression techniques are used to define the relationship
between return period and SLR magnitude. Typically this relationship is not linear.
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6.3. Results

The results of this four-step process are presented below. Figure 6-3 presents the tracking of
ten storms generated from the process outlined above. These represent storms with the greatest
wind speeds. The colours of the tracks indicate the intensity of each storm, according to the Saffir-
Simposon scale: from the least intense, blue (Category 1), up through green (Category 2), yellow
(Category 3), orange (Category 4), and red (Category 5), the most intense. The tracks indicate that
storms that reach Category 5 level can reach the Hanoi area, which is show in the central left of
the map. These storms typically arise from the south and diminish rapidly in intensity as they
move north over land.

Figure 6-3: Storm tracks
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Note: This study covers those parts of Vietham that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

Figure 6-4 shows the exceedance curve for wind-speeds in Hanoi. The 100-year windstorm
is associated with wind speeds of approximately 130 knots, which represents a Category 4 storm
on the Saffir-Simpson scale. A storm with a 10 year return period is associated with wind speeds
of approximately 90 knots, which represents a strong Category 2 storm. The distribution of wind
speed return times correlates well with the risks from storm surges, as estimated by the SLOSH
model. Figure 6-5 shows the exceedance curves for storm surges under a number of different
scenarios. Although sea-level-rise continues unabated, storm surges are insignificant
approximately 65 percent of the time. When storm surge events do occur there is potential for the
surge level to be quite high, with some cases approaching 11 meters.
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Figure 6-4: Wind speeds and estimated return times
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Finally, Figure 6-6 provides our estimates of the changes in effective return time for the
current 100-year storm surge event as a result of SLR. The return-time curve is estimated with an
exponential and a polynomial function. Though there were only a few sampling points, the
polynomial exhibited the greatest coefficient of determination (R?). As shown in Exhibit 7, the
historical 100-year event at Ha Noi can be expected to occur more frequently with SLR. Rather
than occurring every 100 years, by 2050, it can be expected to occur approximately every 65 years
in the Low SLR scenario, every 59 years in the Medium SLR scenario and every 54 years in the
High SLR scenario. Similar reductions are seen in the return periods of other storms as well.

Figure 6-5: SLOSH-estimated storm surge exceedance curve, with and without SLR
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Figure 6-6: Estimated change in effective return time for the 100-year
storm as a result of SLR
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6.4. Economic Impacts

From this analysis, sea-level-rise will lead to permanent inundation of a significant portion
of the low-lying Red River Delta area. In addition, storm surge will lead to increasingly severe
and frequent episodic flooding. Figure 6-7 depicts areas that are at greatest risk from SLR and
subsequent storm surge. The areas at risk will experience varying levels of damage due to SLR
and storm surge. Areas at lower elevations will be flooded more completely and for longer
periods, causing greater damage, while areas at higher elevations will experience less severe
impacts. This research is constricted by the limited availability of high-resolution elevation data.
With higher-resolution elevation data, future work will be able to conduct a more thorough spatial
analysis of the relative risks faced by specific areas of the Delta.
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Figure 6-7: Areas affected in 2050 by SLR and storm surge
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Note: This study covers those parts of Vietnam that could be analyzed with available information
therefore the map in the figure in no way intends to reflect the full territorial integrity of the Vietnamese
state.

More information about the properties at risk from SLR and storm surge can be garnered from
land-use data for the coastal counties in the Red River Delta region, including the counties of Nam
Dinh, Thai Binh, Hai Phong, and Ninh Binh. Table 6-2 provides additional detail on the current
levels of urban residential, rural residential, commercial, industrial, institutional, agricultural,
aquacultural, rice paddies and forest within these provinces.” This exhibit also details the amount of
land at risk of permanent inundation by SLR (areas below a one meter elevation) and episodic
flooding by the current 100-year storm surge event (areas below a five meters elevation).

Table 6-2 shows that significant portions of the coastal provinces within the Red River Delta
are at risk from sea level rise and storm surge. Over 70 percent of areas with high-valued land
uses such as urban residential, rural residential, commercial and industrial uses are at risk from
flooding up to five meters. Over 90 percent of land used for rice paddies is at risk. This is
particularly troubling as the Red River Delta supports nearly half of the country’s rice production
(Mai et al., 2009).

5 This land-use data included areas that were not given a specific designation. In these areas the land-use category is
unknown and thus these areas are not included in these calculations.
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Land value data would be the ideal tool for assessing the economic damages associated with
storm surges and sea level rise. Because detailed land value data in Hanoi was not available for
this study, gross domestic product (GDP) was used as a proxy for land values. Following the
methodology employed in the Dynamic and Interactive Vulnerability Assessment (DIVA) model
(Vafeidis et al., 2008), this study used gridded population data at 2.5-minute resolution from the
Centre for International Earth Science Information Network (CIESIN, FAO, and CIAT, 2005)
combined with estimated 2010 country-level GDP data for Vietnam (CIA, 2009) to calculate a
proxy for site-specific economic values.

For inundated lands, any land value would be permanently lost. Storm surge would result in
a loss of the annual GDP value for the year in which the storm occurs. The implicit assumption of
this methodology is that land with a greater population is of higher value. While there are good
reasons to suggest this may understate values for some less-populous lands (e.g., agricultural
lands) and perhaps for some more-populous regions as well, we believe that this is a reasonable
assumption when considering damages over a relatively large area. A similar approach has been
used in the DIVA model for many years (Vafeidis et al., 2008).

Table 6-3 presents the GDP at risk of being permanently lost due to SLR inundation and the
GDP at risk of being lost in a given year due to episodic flooding by the current 100-year storm
event. Approximately $6.53 billion is at risk in the Red River Delta study area due to SLR and an
additional $25.4 billion is at risk due to storm surge caused by a 100-year storm. These figures
represent 10.9 and 42.5 percent of the total GDP within the Red River Delta study area,
respectively. Considering Vietnam as a whole, GDP at risk within the Red River Delta study area
due to SLR represents 2.36 percent of the total GDP for the country; GDP at risk due to storm
surge represents 9.18 percent of total GDP.

Table 6-2: Land use areas - current totals and areas at risk from SLR
and storm surge by 2050

Land use
Area
considered Urban Rural : Ind- - Agri- | Aqua- | Rice
. ) ) . |Commercial . Institutional ) Forest
Residential | Residential ustrial cultural | cultural | Paddies
CURRENT AREA IN COASTAL RED RIVER DELTA PROVINCES (SQUARE KM)
All Elevations 103 725 25.0 19.8 127 149 358 3,040 214

AREA AT RISK OF PERMANENT INUNDATION (SLR) AND EPISODIC FLOODING (CURRENT 100-YEAR STORM
SURGE EVENT) (SQUARE KM)

Below 1 meter 15.7 97.9 2.36 5.06 11.6 21.0 241 455 32.0
Below 5 meters 76.2 635 18.3 15.7 90.8 81.9 349 2,800 80.2

PERCENT OF LAND AREA AT RISK OF PERMANENT INUNDATION AND EPISODIC FLOODING
Below 1 meter 0.15 0.14 0.09 0.26 0.09 0.14 0.67 0.15 0.15
Below 5 meters 0.74 0.88 0.73 0.79 0.72 0.55 0.97 0.92 0.38

Note: Data rounded to three significant figures.
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Table 6-3: Attributed annual GDP at risk from SLR and storm surge by 2050

Attributed Annual GDP | Percent of total GDP within Percent of total GDP For

Areaconsidered | " iion 2010 Dollars) study area Vietnam

CURRENT AREA IN COASTAL RED RIVER DELTA PROVINCES

All Elevations ‘ $59,700 ‘ 100% ‘ 21.6%

AREA AT RISK OF PERMANENT INUNDATION (SLR) AND EPISODIC FLOODING (CURRENT 100-YEAR STORM
SURGE EVENT)

Below 1 meter ‘ $6,530 ‘ 10.9% ‘ 2.36%

Below 5 meters ‘ $25,400 ‘ 42.5% ‘ 9.18%

Note: Data rounded to three significant figures.

Source: Gridded population data from the Center for International Earth Science Information
Network (http://sedac.ciesin.columbia.edu/gpw/); GDP per capita and GDP for Vietnam from the Central
Intelligence Agency World Factbook (https://www.cia.gov/library/publications/the-world-
factbook/index.html).

6.5. Discussion

This analysis demonstrates a proof of concept for storm surge and SLR risk analysis for a
region of Vietnam. Although several data limitations were identified, a method was developed for
assessing spatial damages from SLR and storm surges with existing data in the Red River Delta
region of Vietnam. In the current baseline scenario without SLR, our simulated storm generation
activity and storm surge modelling showed that cyclones in the Red River Delta region are
infrequent but severe. Modifying the storm surge exceedance curve from the current baseline
scenario to account for SLR modestly increases risk. Cumulative areas affected across several
land-uses and relative GDP values were used to estimate the economic impact and increased risk
from sea-level rise and storm surges. Due to limitations of the elevation data used, affected areas
could only be defined at the integer level. Therefore, only minimal distinction can be made
between areas impacted by SLR versus those impacted by storm surge.

The implications of this analysis for adapting the Red River Delta to future climate change
present an interesting direction for future research. Options for adapting the area to address these
potentially severe risks of inundation and episodic flooding include constructing or reinforcing
new and existing levees, constructing tidal dike systems to address episodic flooding of
agricultural areas, elevating vulnerable structures in low-lying areas subject to episodic flooding
and planning a managed retreat from the areas which face the most severe risks. Alternative
adaptation approaches could utilize financial mechanisms, such as crop and property insurance
programs. Such programs, like all others, should be carefully analyzed for their financial and
economic implications. In the case of financial mechanisms, care should be taken to ensure that
insurance premiums are both actuarially fair and, if they are to be effective, reasonably affordable.
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Typically, such strategies would be analyzed and recommended only after a benefit-cost
assessment that considered the value of the lands and structures at risk, the costs of adaptation and
the timing of the risks. Such an approach is demonstrated in Neumann et al. (2010) for areas of
the United States, for example. Unfortunately, elevation and economic data currently available for
this study in Vietnam was not sufficiently well resolved to support such an analysis. With
continued cooperation and dialogue among local stakeholders and analysts, creative approaches to
filling these data gaps could be designed that would support better risk and adaptation analyses,
which may, in turn, support more refined adaptation planning in this region.

7. Economywide Impacts

In order to assess the implications of climate change for growth and economic development,
the impact channels discussed in the earlier sections are introduced one by one. In all, six impact
channels or scenarios are considered. These are listed below with the name of the impact
channel/scenario at the beginning.

1. Agriculture. Impacts of temperature and precipitation changes for crop production by
region combined with unmet irrigation demand.

2. Roads. Implications of climate change from CliRoad.

3. Hydropower. Percentage changes in hydropower production are imposed in accordance
with Figure 4-22.

4. SLRlow. Sea level rise is assumed to reach 16 centimetres by 2050. This rise occurs
linearly over the simulation period.

5. SLRhigh. Sea level rise is assumed to reach 38 centimetres by 2050 and is imposed in the
same manner as SLRIow.

6. Cyclone. Probabilistic cyclone strikes across each of the 56 scenarios with only the
marginal impact due to sea level rise imposed as a shock.

These impact channels are imposed in a cumulative fashion. So, the scenario Roads contains
the shocks for the Agriculture and Roads impact channels. The last scenario, Cyclones, contains
the shocks from the first three scenarios as well as SLRhigh. With low sea level rise, the marginal
impact of cyclones due to elevated storm surge is too small to merit presentation.

7.1. Multisector Economic Model

Sector model results are passed down to a dynamic computable general equilibrium (DCGE)
model of Vietnam, which estimates the economic impact of the baseline and climate change
scenarios, including spillovers from the four focal sectors to the rest of economy (i.e., indirect or
economy-wide linkages). Our DCGE model belongs to the structural neoclassical class of CGE
models (see Dervis et al. 1982).6 Such DCGE models are well-suited to analysing climate change.
First, they simulate the functioning of a market economy, including markets for labour, capital
and commodities, and therefore can evaluate how changing economic conditions are mediated via

6 For a detailed specification of the generic DCGE model, see Diao and Thurlow (2012). For recent applications of a
similar model to climate change, see Arndt et al. (2008, 2010).
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prices and markets. Second, DCGE models ensure that all economy-wide constraints are
respected, which is crucial for long run climate change projections. Finally, CGE models contain
detailed sector breakdowns and provide a ‘simulation laboratory’ for quantitatively examining
how the individual impact channels of climate change influence the performance and structure of
the whole economy.

Economic decision-making in the DCGE model is the outcome of decentralized
optimization by producers and consumers within a coherent economy-wide framework. A variety
of substitution mechanisms occur in response to variations in relative prices, including
substitution between factors, between imports and domestic goods, and between exports and

domestic sales.” The Vietnam model contains eight regions and 30 sectors, including electricity
generation, transport services, and ten agricultural subsectors. Thirty seven factors of production
are identified: three types of labour (by education level- primary, secondary, and tertiary and then
further divided between rural and urban zones), capital, agricultural land, agricultural capital,
livestock, and fish stocks. The agricultural capital, land, livestock and fish stocks are distributed
across the eight sub-national regions. This sectoral and regional detail captures Vietnam’s
economic structure and influences model results.

Climate change affects economic growth and welfare in the DCGE model via four principal
mechanisms. First, productivity changes in rain-fed agriculture are taken from CliCrop/WEAP
and the DCGE then determines the amount of resources that should be devoted to each crop given
their profitability relative to other activities (i.e., ‘endogenous adaptation’). Second, the DCGE
model directly incorporates fluctuations in hydropower production from IMPEND. Third,
CliRoad is incorporated directly into the DCGE model. The length of regional road networks from
CliRoad is used in the DCGE model to help determine the rate of productivity growth. A shorter
road network lowers transport productivity and increases the cost of moving goods between
producers and consumers. Finally, the DCGE model incorporates the effects of SLR by reducing
the total amount of cultivable land in each region by the land inundation estimates presented
above. Other potential impact channels, such as health and tourism, are recognized but not
explicitly considered.

The long timeframe over which climate change will unfold implies that dynamic processes
are important. The recursive dynamic specification of our CGE model allows it to capture annual
changes in the rate of physical and human capital accumulation and technical change. For
example, if climate change reduces agricultural or hydropower production in a given year, it also
reduces income, which in turn reduces savings. This reduction in savings displaces investment
and lowers production potential.8 Similarly, higher road maintenance costs imply less
infrastructure investment and shorter road networks both now and in the future. Extreme events,
such as flooding, also cause infrastructure destruction with lasting effects. Generally, even small
differences in accumulation can cause large differences in economic outcomes over long time
periods. Our DCGE model is well-suited to capture these path dependent effects.

7.2. Results: Climate Change Impacts

7 Production and trade function elasticities were drawn from Dimaranan (2006).

8 Given our long run focus, our macroeconomic ‘closure’ assumes that changes in aggregate absorption are proportionally
distributed across nominal private and public consumption and investment via distribution neutral changes in savings
rates (see Lofgren et al. 2002). Government savings are flexible, tax rates are fixed and the real exchange rate adjusts to
maintain an exogenously determined current account balance.
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7.2.1. Baseline Scenario

In order to estimate the economic cost of climate change for Vietnam, it is necessary to first
specify a baseline scenario that reflects development trends, policies and priorities in the absence
of climate change. The baseline provides a reasonable trajectory for growth and structural change
of the economy from 2007 to 2050 that can be used as a basis for comparison.

Economic growth in the DCGE model is determined by rates of factor accumulation and
technical change. For labour supply, we assume that the stock of labour will grow at 2.5, 2.0 and
1.5 percent for tertiary, secondary, and primary labour categories respectively. We assume that the
expansion of cultivated crop land will grow at one percent per year making growth in agricultural
production increasingly dependent on the adoption of improved technologies rather than land
expansion. Improvements in the education levels of the workforce are assumed to enhance
productivity growth, with productivity rising for tertiary and secondary workers (i.e., at 2.0 and
1.0 per cent per year, respectively) compared to no factor specific technical advance for primary
educated workers. Baseline annual growth in hydropower generation and regional road networks
are determined by the sector models using historical climate data. Under the above assumptions,
Vietnam’s economy continues to grow at about 5.4 percent per annum, with agriculture’s
contribution to gross domestic product (GDP) falling from 16 percent to 7.6 percent during 2007—
50. This strongly positive growth in per capita GDP leads to continued significant improvements
in average household welfare.

7.2.2. Economy-wide Impacts

Figure 7-1 shows the average level of real GDP for the period 2046-2050. The average is
presented in order to limit the implications of shocks in a particular year. Beginning with
Agriculture, we find the implication of climate change to be relatively mild when the land losses
caused by sea level rise are excluded. In other words, only the implications of the yield shocks
summarized in Figure 4-8 and unmet irrigation demands summarized in Figure 4-9 are imposed.
The implications of these shocks for the national economy and for growth are relatively small for
two reasons. First, the shocks themselves are not particularly large in most instances. Second and
importantly, the agriculture share of GDP by 2046 to 2050 is not very large. This is illustrated in

Figure 7-2, which shows that the agriculture share of GDP by 2046-50 varies strictly
between seven and eight percent of GDP across all scenarios. Because the agriculture share of
GDP tends to decline (a strong empirical regularity), variations or reductions in agricultural GDP
have an increasingly muted effect on the national economy and overall economic growth rates.

Moving on to the Roads scenario depicted in Figure 7-1, the implications of climate change
become more pronounced, and may be positive, but are more likely to be negative at a national
scale. These implications are driven by CliRoad (again, excluding infrastructure lost due to sea
level rise). Figure 7-3 provides a summary of the distribution of road network length relative to
the baseline no climate change scenario. As indicated earlier, CliRoad is incorporated directly into
the CGE model. Road network length influences the rate of total factor productivity growth in the
model. In addition, investment in roads is assumed to move proportionately with growth in
government spending. As a result of these interactions, road network length differs in every
scenario.

Figure 7-1: Level of Real GDP at Factor Cost (average from 2046-2050)
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Figure 7-2: Share of agriculture in GDP (average from 2046-2050)

Share

0.082 -
0.08 -
0.078 - I I T T
0.076 -
0.074 - l J. J- J-
0.072 -

0.07 -

0.068 1
0.066 T T T T T 1

In some scenarios, road network length is greater under climate change than without climate
change. Dryer scenarios tend to be more favourable to road network length due to reduced
washouts from precipitation and flooding. Nevertheless, most scenarios generate reductions in
road network length. This is due to three factors. First, all GCM scenarios produce increases in
temperature. Higher maximum temperatures increase the rate of degradation of paved roads unless
steps are taken to render roads robust to higher temperatures. In the model, these adjustments are
not undertaken, hence temperature rises lead to increases in maintenance costs, which in turn
displaces new road investment. Second, even though nationally precipitation declines slightly, the
intensity of precipitation tends to increase, leading to a higher rate of washouts, particularly for
unpaved roads. Third, the increase in precipitation intensity leads to, in most scenarios, a small
rise in the frequency and intensity of flooding events. In a few GCM runs, large scale flooding
events become much more frequent, leading to important declines in the total road stock.

Figure 7-3: Index of road network length relative to the baseline (average of 2046-2050)
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Degradation or destruction of infrastructure is different from agricultural impacts because
the effects on infrastructure endure. Once a road is washed away, the negative effect remains until
the road is rebuilt. However, with constant resources allocated to roads, reconstruction of a section
of road that is washed away due to heavy rainfall or flooding implies fewer resources available for
construction of new roads or regular rehabilitation of existing roads. Hence, climate change
influences the rate of accumulation of the road stock, which in turn influences the rate of
productivity growth in productive sectors. Because rates of accumulation are influenced, the
effects can accumulate and become relatively large over time. In contrast, for agriculture, climate
change (as modelled) influences production in a given year, but not necessarily rates of growth in
productive capacity through time. If growing conditions are poor, production declines; however, if
growing conditions are favourable, production increases.

The third scenario adds the shocks listed in Figure 4-22 with respect to hydropower. As
shown in Figure 4-22, impacts on hydropower production are essentially centred about zero in the
2040s. However, in the 2020s and 2030s, when hydropower represents a larger share of total
electricity supply, the impacts tend to be negative. The effect is to slightly reduce growth over the
period, resulting in a slight reduction in median GDP (across GCM runs) during the period 2046-
2050. It 1s interesting to note that maximum GDP across all climate scenarios is reduced in
hydropower relative to roads. Recall that dry scenarios are typically favourable to roads, but
would not be favourable to hydropower production.

The implications of sea level rise are negative across all scenarios and basically shift the
distribution of GDP outcomes downward. As discussed, sea level rise is uncorrelated with the
particular GCM selected. Hence, the same sea level rise shocks are applied across all scenarios.
The two principal drivers of losses from sea level rise are loss of agricultural land and loss of road
infrastructure. As emphasized earlier, elevation data was obtained at one meter steps while climate
change is expected to deliver at most 38 centimetres of sea level rise by 2050 (but potentially
much more by 2100). It is, as a result, impossible to analyze the exact impacts of sea level rise to
2050 without additional assumptions. We assume that, with 38 centimetres of sea level rise, 38
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percent of the area that would be submerged by one meter of sea level is assumed to be
submerged. We also assume that this area constitutes principally agricultural land and road
infrastructure. Other forms of capital, such as machines and significant permanent structures, are
unaffected because they can either be moved or will tend to be placed on higher ground. Based on
these assumptions, the scenario SLRhigh is essentially proportionally worse than SLRlow.

The scenario Cyclone considers the marginal impact of cyclones relative to the baseline. As
discussed, we assume that there is no change in the frequency or intensity of cyclone strikes.
Much of the damage from cyclone strikes is a function of wind velocity; however, this is held
constant between the baseline and the climate change scenarios. As a result, the marginal impact
of cyclones due to climate change is restricted to the interactions between storm surge and sea
level rise. Thirty eight centimetres of sea level rise causes the storm surge to extend further inland
and increases the depth of submersion in affected areas.

Because larger storms result in more powerful surges and a greater area inundated, we
assume that marginal damages increase non-linearly with the power of the storm. This is
illustrated in Figure 7-4, which shows the minimum, maximum, and mean marginal loss of capital
stock associated with cyclone strike and 38 centimetres of sea level rise. Each year across the 56
GCM runs, cyclones are drawn randomly. As a result, we strongly expect to see some strong
cyclone activity in at least one GCM in each year. While mean effects are small even out to 2050
(about 0.1 percent or 1/1000 of the stock of capital lost), losses from relatively larger cyclone
events are much more significant, topping out at 0.6 percent of the capital stock for a single event.
These damages shift downward the distribution of GDP outcomes.

Figure 7-4. Marginal damages to capital stock due to cyclones and high sea level rise
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Nevertheless, cyclones’ total effects on economic growth are not large relative to the full
projected GDP of Vietnam. Figure 7-5 illustrates the distribution of the percent reduction in the
level of GDP during the period 2046-2050. The scenario labelled “No SLR” is the Hydropower
scenario (e.g., the combination of the Agriculture, Roads, and Hydropower impact channels). The
SLRlow scenario represents the least strong distribution of impacts, considering all impact
channels as well as low SLR. The level of GDP in that period ranges between a positive 0.25 and
-2.5 percent, with the majority of outcomes between -0.5 and -1.5 percent. With high sea level rise
and cyclones (scenario Cyclone), the level of GDP in the period 2046-2050 is between 0 and 2.5
percent lower. In other words, if baseline GDP were indexed at 100 in the period 2046-2050, GDP
levels would be reduced to between 100 and 97.5. These results are broadly consistent with World
Bank (2010c).

Figure 7-5: Reduction in real GDP relative to the baseline (average 2046-2050)
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Because growth is a cumulative process, these reductions in GDP levels translate into a
small reduction in average annual GDP growth over the simulation period as illustrated in Figure
7-6. In the Cyclone scenario, the GDP growth rate is reduced by between 0.01 percentage points
and 0.08 percentage points. In other words, if the expected average baseline growth rate without
climate change is 5.4 percent per annum, then the growth rate would be expected to be between
5.32 and 5.39 percentage points. In sum, other factors beyond climate change are likely to be
more important in determining overall economic growth rates in Vietnam out to about 2050.
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Figure 7-6: Implications of climate change for average annual GDP growth rates
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At the same time, because Vietnam's GDP is expected to exceed USDS500 billion by 2050,
the losses caused by climate change in these scenarios are large in absolute terms. Figure 7-7
illustrates the net present value of losses over the period 2007-2050, measured in terms of the
difference in GDP at factor cost between the climate change scenarios and the no climate change
baseline scenario. The net present value is obtained using a discount rate of five percent. Taking
the range between the most favourable outcome of scenario SLR low and the least favourable
outcome of the scenario Cyclone, the net present value of losses ranges from about zero to about
USD40 billion (measured in real 2007 USD). The majority of outcomes group in the range
between losses of USD6-15 billion. These are substantial losses that intelligent adaptation policy
could reduce considerably.

Figure 7-7: Net present value of losses due to climate change
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Finally, Figure 7-8 presents the net present value calculation of Figure 7-7 by decade for the
Cyclone scenario only. Even though these values are all discounted back to 2007 (the base year
for the analysis) at a five percent rate, later decades contribute much more strongly to the net
present value of total losses than earlier decades. By the 2040s, losses are substantial. As climate
change impacts are expected to be much more severe after 2050, the figure powerfully highlights
the wisdom of using the next few decades to prepare for gradually more severe climate impacts.

Figure 7-8: Net present value of losses due to climate change by decade for
the scenario Cyclone (billions of real 2007 USD)
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8. Conclusion

Going out to 2050, the following effects on Vietnam’s climate are observed: temperature
rises by about one to two degrees centigrade; there are relatively mild effects on precipitation,
with a slight tendency towards a decrease and relatively mild effects on evapotranspiration. The
combination of a light decrease in rainfall and increase in evapotranspiration leads to a small
decline in the median of the climate moisture index, meaning a mild ‘drying out’ of a wet climate.
Changes in runoff are also mild, and about as likely positive as negative (median slightly
negative). These changes are typically not sufficient to generate large declines in agricultural
production, nor are they projected to generate (in most instances) very large increases in events,
such as flooding, that would threaten infrastructure. In addition, hydropower production tends to
be negatively affected, but the effects are not large enough to serve as a major brake on economic
growth.

Sea level rise delivers some of the largest economic effects, especially when the level’s rise
is high and when sea level rise is combined with cyclone strike. The Mekong River Delta is
particularly vulnerable, with significant shares submerged in 2050 under the high sea level rise
scenario. Overall, climate change worsens the economic growth prospects of Vietnam out to 2050.
Despite this, climate changes macroeconomic impact, out to about 2050, is not particularly large.
Non-climate factors are likely to be more important determinants of growth rates over at least the
next few decades.

Nevertheless, as the net present value of losses indicates, climate change’s macroeconomic
effects are appreciable and adaptation policies are merited. The adaptation agenda includes:

- investment in information systems to monitor climate change impacts, including
improved geographic information systems with emphasis on elevation data for low lying
provinces, river flow, and close following of global sea level rise projections;

- development of heat resistant crop varieties;
- improved efficiency of use of water; and

- changes in design standards for infrastructure, such as roads, to endure a warmer and
more variable climate.

Serious choices revolve around the implications of sea level rise combined with cyclone
strike. There are essentially two proactive options: First, the government of Vietnam could
channel economic activity towards higher ground in an evolutionary fashion. Second, the
government could invest in protective infrastructure. These are not mutually exclusive options,
and decisions in response to climate change do not need to be made immediately. Nevertheless,
while more study is required, the available evidence indicates that a gradual channelling of
activity to higher ground is more likely to be economically efficient and is certainly less risky than
inaction. A major detractor to protective infrastructure investments is that they raise the stakes.
Both the costs of protective coastal infrastructure and the capital that will inevitably be placed in
the shadow of that protection are vulnerable to cyclone strike of sufficient magnitude. Hence, with
a protective strategy, there is always the possibility that one will lose a great deal more than just
the certain costs of building the protective infrastructure.
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The gradual channelling of economic activity to safer, higher elevation zones, on the other
hand, recognizes that the vast majority of the capital stock of 2050 has not yet been built. The
location and vulnerability of that stock is, as a consequence, essentially a matter of choice. As
discussed, sea level rise risks are largely (but certainly not exclusively) concentrated in the
Mekong River Delta. Usefully, even ignoring climate change, there is considerable logic to
fomenting urban development poles outside of Ho Chi Minh City (and Hano1). Hence, policies to
foment other urban development poles are likely to be "no regret" options in the event that sea
level rise concerns are reduced through global mitigation policies or revised scientific findings.
Nevertheless, for the gradual evolution strategy to in fact be gradual and hence efficient, the
channelling of economic activity to higher ground should begin reasonably soon, especially if the
upper ends of sea level rise projections appear to coincide with observed sea level rise.
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