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LOI CAM DOAN

T6i xin cam doan day 1a cong trinh nghién ciru cua riéng toi, cac sb liéu, két qua

trong luan &n trung thuc va chua timg duoc ai cdng bd trong bét ky cong trinh nao.

Tac gia luan an

Dwong Anh Quan



LOI CAM ON

Trong qua trinh nghién ciru thuc hién luan an, NCS da nhan duoc su giap do tan
tinh cta hai thay huéng dan khoa hoc: PGS.TS Bui Ngoc Quy va PGS.TS Nguyén Hiéu
cling céc thay cd giéo, can bo, giang vién thudc Vién Tai nguyén va Mai trudng, Dai
hoc Quéc gia Ha Noi. NCS ciing xin cam on céc thay co gido, dong nghiép thudc Truong
Dai hoc Mo - Dia chat Ha Noi, dic biét 1a cac dong nghiép thuoc Bé mdn Ban d6, Khoa
Tric dia - Ban db va Quan 1y dat dai, 43 dong gop rat nhiéu y kién quy bau, hd tro hét
minh cho NCS trong viéc hoan thanh luan an. NCS ¢on nhan dugc nhiéu y kién trao doi
vé chuyén mén ciing nhu sy hd tro vé tai liéu tham khao cua cac nha khoa hoc trong va
ngoai nudc, cic co quan quan 1y nha nude thanh phé Can Tho. NCS xin tran trong cam
on nhitng su gitp d& quy bau nay.

NCS xin tran trong cam on Vién Tai nguy@n va Méi truong, Pai hoc Qudc gia
Ha Noi da tao moi diéu kién dé NCS hoan thanh ban luan an.

NCS ciing xin tran trong cam on su dong vién, khich I¢ cta gia dinh, ban be,

ddng nghiép trong sudt qua trinh hoc tap, nghién cau va thuc hién luan an nay.

Ha Ngi, thang ndam 2025

NCS. Duwong Anh Quan
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MO PAU
1. Tinh cap thiét

Ngép lut 1a mét trong nhitng dang thién tai pho bién nhit trén thé gi6i cling nhu tai
Viét Nam [56], d3 va dang gay ra nhiing thiét hai ning né khong chi vé kinh té (thiét hai
vé tai san; Anh huong phat trién kinh té, san xuét,...) va tinh mang con ngudi ma con
gay ra nhitng hau qua nghiém trong khac vé méi truong nhu: 6 nhiém ngudn nudc, 1a
ngudn phat sinh cac mam bénh,... Theo t6 chirc phi chinh phii v&é méi truong
Germanwatch (Ptrc) Viét Nam 13 mot trong nhitng quc gia chiu tac dong 16n nhat cia
Bién d6i khi hau, dtng thr 13 trén 180 qudc gia theo chi sb rui ro khi hau toan cau giai
doan 2000 — 2021 [39] do vay, cac tac dong cia ngap lut ndi chung va ¢ nudce ta noi
riéng s€ ngay cang nghiém trong trong twong lai. Tai Viét Nam ngép lut dugc chia thanh
2 loai: (1) ngép lut ¢ cac luu vuc song do lwong mua 16n trén Iuu vuc va ngédp lut cuc
bd do mua hodc murc nudc song 16n. Dang ngdp lut luu vyuc song thuong gap & cac hé
théng song mién Trung vé6i luu vuc thu nude 16n, d6 doc cao dan dén dong chay tran
trén khu vuc déng bang cira song, (2) ngp cuc bd thudng xay ra & cac khu vuc dong
bang, thanh phd c¢6 luong mua 16n bat thudng hodc/va chiu tac dong cua triéu cuong ma
ha ting thoat nudc khong dam bao kha ning tiéu thoat. Panh gid rii ro ngap lut 1a hét
stre can thiét, 1a bude dau dé 1ap cac ké hoach tmg pho, giam nhe cic hau qua ma nod giy
ra. Panh gia ri ro ngap lut ndi chung, bao gdm danh gia tac dong xa hoi va tac dong
kinh té cua cac tran 1ii lut[57]. Cac danh gia rui ro, tac dong ctia ngap lut duoc xac dinh
trong cac diéu kién bién d6i khi hdu nham nghién ctru tac dong ciia BDKH tdi sy phat
trién bén virng cta timg dia phuong. Mdi dia phuong trong ca nudc sé& ¢ cac dic trung
vé thién tai n6i chung va ngap lut néi riéng khac nhau. Ddi véi cac dia phuong khu vuc
Pong bang song Ciru Long, ngap lut ¢6 ca loi va hai, trong d6, ngap lut tir 1d thuong
ngudn thudng dem lai lugng phu sa 16n va luong nude can thiét co loi cho phat trién
ndéng nghiép, con ngap lut do mua hodc triéu cudng lai 1a mot trong nhitng tac nhan gay
anh hudng 16n toi sy phat trién cua cac d6 thi trong ving ha luu séng Mé Kéng.

Can Tho 1a thu phu cta khu vuc Tdy Nam B, su phat trién ctia thanh phd nay
phan anh nhimng chuyén bién kinh té x4 hoi cta ca ving kinh té 16n cta Viét Nam. Tir

niam 2004, Nghi quyét 45/NQ/TW di trd thanh chinh sach quan trong nhat trong sy phat
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trién caa Can Tho. Sau 15 nam thuc hién Nghi quyét 45 ctia BO Chinh tri, dén nay nhiéu
muc tiéu, dinh huéng 16n ctia Nghi quyét 45 da duoc trién khai thuc hién dat két qua
quan trong. Kinh té thanh phd ting truong kha, giai doan 2006-2019 dat mirc binh quan
7,23%/nam, cao hon mirc ting trung binh ca nudc. Tong san pham binh quan ddu ngudi
nim 2024 dat mic 104,63 triéu dong/ngudi/nam (twong dwong 4.162 USD), ting
10,34% so v&i nam 2023, twong ung voi ting 9,81 triéu dong. Trong 5 thanh phd truc
thudc Trung wong, TP Can Tho ding hang thir 5, xép theo thit ty ting dan 1a Can Tho,
Pa Nang, Ha Noi, TP H6 Chi Minh va Hai Phong.. Vin hoa xa hoi dat nhiéu tién bo,
ting budc khang dinh vai trd trung tim ving dong bang song Ctru Long ¢ mot sb linh
vuc nhu: giao duc - dao tao, y té, vin hoa, khoa hoc- cong nghé, an sinh xa héi dugc
dam bao [1]. Nam 2020, Bo Chinh tri da dua ra nghi quyét 59 NQ/TW vé “Xay dung va
phat trién thanh phé Can Tho dén nim 2030, tim nhin dén nim 2045” trong d6 nhin
manh viéc phat trién kinh té, xa hoi phai gan lién véi muc tidu phat trién bén viing va
g pho bién d6i khi hau.

Trong cac myc tiéu cua phat trién bén virng thanh phd Can Tho, viéc tng pho véi
tac dong cla rui ro thién tai ciing nhu tmg pho bién ddi khi hau 1a muyc tiéu hang dau,
doi hoi sy chung tay cta céc co quan dia phuong, cac nha khoa hoc va nguodi dan thanh
phé [139]. Béi véi thanh phé Can Tho noi riéng va khu vuc Tay Nam B6 néi chung,
viéc phat trién do thi luon ludn gén lién véi viée ung phoé voi 1l lut, xdm nhap man va
sat 16 bo song, bién cling nhu viéc sut gidm phu sa tai cac dong song chinh. Bén canh
d6, sut lun dat ciing 1a mot trong nhirg nguyén nhan co ban tao nén nhiing bt loi cta
d6ng bang Song Ctru Long trude tac dong ciia bién doi khi hau, dic biét 1a nudc bién
dang va cac bit thuong vé lugng mua [130]. Nhiam dbi pho véi nhitng van dé vé bién
d6i khi hau, Chinh phu Viét Nam da dua ra Nghi quyét 120/NQ-CP ngay17/02/2017
nham dua ra cic quyét sach ung pho dua trén khai niém vé “thuan thién”, thich nghi va
tmg dung cac phuong phap tng pho dua vao tu nhién. Viéc 4p dung nghi quyét 120 da
dem lai nhitng két qua tich cuc cho viing dong bang SCL [138].Tai Hoi nghi lan thir 3
vé phat trién bén vitng déng bang séng Ctru Long thich tmg v6i bién ddi khi hau, Tha
tuéng chinh phi1 dd yéu cau cac dia phuong va cac b, nganh chi dong Gmg pho véi bién
d6i khi hau. Diéu nay tao tién dé cho cac dia phuong, trong d6 c6 Can Tho xay dung

cac quyét sach dé dap g cac muc tiéu phat trién bén virng, tng phé BPKH. Viéc xac
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dinh, danh gia cac thién tai, van dé lién quan dén khi hiu ludn 1a diéu kién tién quyét dé
dua ra cac bién phap thich tng phu hop voi muc tiéu phat trién.

Trong cac thién tai chu yéu tai Can Tho, ngap lut 1a vin dé chinh, xay ra béi su két
hop giita lugng mua 16n, hé théng thoat nude yéu kém va tac dong cua triéu cudng,
muyc nudc song. Bén canh do, kha nang sut lin cling 1a mat van dé 1am trAm trong thém
anh huéng cua ngap lut t6i thanh phd [15]. Dé tng pho véi tinh trang ngép lut, Can Tho
da thuc hién nhiéu bién phap, tuy nhién, dén nay, thuc trang ngap van chua dugc giai
quyét mét cach triét dé. Chinh vi vay, viéc danh gia rai ro do ngap lut do thi tai Can Tho
1a hét strc can thiét dé tao tién dé cho cac bién phap tmg phd, thich nghi va dam bao cac
muc tiéu vé phat trién bén viing cho thanh phd trong diéu kién bién doi khi hau[91].

Trong cac nghién ctru trén thé gidi va tai Viét Nam, dac biét la ddi vé6i khu vuc
Can Tho, cac nghién ctru vé rai ro ngap lut rat da dang. Cac nghién ciru nay tap trung
danh gia nhiéu khia canh cua ngap lut, dac biét 1a ngap lut do6 thi. Tuy nhién, da phﬁn
cac nghién ctru tap trung danh gia mot hodc mot vai yéu td rui ro ngap lut, hodc chua
dua ra khung danh gia mang tinh pho quat, hoic thiéu cac cong cu hd tro qua trinh danh
gia rui ro. Pa phan cic nghién ciru tap trung cho danh gia hién trang ngdp lut ma chua
c6 nhiéu nghién ctru gan két véi cac kich ban bién doi khi hau va lugng hoa duge tac
dong ctia no tdi rui ro ngap lut tai d6 thi. Do do, viéc nghién ctru xay dung khung danh
gia va b cong cu hd trg danh gia rui ro ngap lut la rit can thiét. Bén canh do, viéc ap
dung khung danh gia va cong cu hd tro véi cac bién dong gia tri dau vao cuia BDKH
hoan toan lugng hoa dugc tac dong cua BDKH t61 rui ro ngédp lut do thi vé kinh té - xd
hoi. Chinh vi vay nghién ciru sinh lya chon dé tai “Danh gia rii ro ngap luttrong bdi
canh bién d6i khi hau phuc vu phat trién bén vitng 16i d6 thi thanh phd Can Tho” c6 ¥

nghia khoa hoc va thuc tién.
2. Muc tiéu nghién cau
2.1. Muc tiéu chung

Panh gia duoc rii ro ngap lut 18i d6 thi thanh phé Can Tho thich Gmg véi bién doi

khi hau theo céac kich ban phuc vu phat trién bén virng.
2.2. Muc tiéu cu thé

- Khai quat va h¢ thong hoéa dugce co so 1i luan va thyc tién vé danh gié i ro ngap

16



lut d6 thi;

- Xay dung dugc quy trinh, khung danh gia va cong cu danh gia rai ro do ngap lut
t6i kinh té - xa hoi cua khu vuc nghién ctru ;

- Panh gia duoc rui ro, tdc dong cua ngap lut té1 dan cu, kinh té xa hoi tai 161 do
thi Can Tho tir 46 xay dung kich ban rai ro ngap lut trong tuwong lai véi sy bién doi khi

héu tai 161 d6 thi Can Tho;
3. Ngi dung nghién ciru

- Tong quan tinh hinh nghién ciru danh gi rai ro kinh té xa hoi ctia ngap lut do thi
tai Viét Nam va trén thé gioi.

- Nghién ctru co sé khoa hoc ctia danh gia ruai ro kinh té - xa hoi cua ngap lut, dac
biét 1a ngap lut d6 thi tir 46 dé xuat quy trinh, cong cu danh gia rai ro pht hop véi hién
trang khu vyc nghién ctru va dir licu san co.

- Thuc nghiém déanh gié rti ro kinh té x4 hoi cua ngap lut do thi tai 161 do thi thanh
phé Can Tho. Ap dung céc cong cu danh gia rai ro dé dy bao tac dong cia bién d6i khi
héu toi kinh té - xa hoi khu vuc nghién ctru.

4. Pbi twong va Pham vi nghién ciru
4.1. Poi twong nghién ciru

Déi tuong nghién ctru cta luan 4n 1a cac van dé vé Rui ro kinh té - x4 hoi do ngap
lut d6 thi dudi tic dong cua bién ddi khi hau.
4.2. Pham vi nghién ciru

- Pham vi vé khong gian: Luin an nghién ctru trong pham vi khong gian cta toan
b6 161 d6 thi ctia thanh Phd Can Tho bao gém toan bo cac phuong thudc quan Ninh Kiéu
(Ngoai trir phan phia Nam rach Cai Son ctia phudng An Binh), va phudng Bui Hitu
Nghia, phan b hiru song Binh Thily ctia cac phuong An Théi, Long Hoa, Long Tuyén
thudc quén Binh Thuy.

Pham vi vé khoa hoc: Luan an sé& tap trung nghién ctru co s¢ khoa hoc cling nhu
phan tich va danh gia rai ro do ngap lut dbi véi cac d6i twong dan cu, kinh té xa hoi noi
chung va cho 15i ctia d6 thi Can Tho noi riéng.

5. Piém méi cia luan an
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- Nghién ciru va xay dung dugc bo cong cu phu hop danh gia rai ro kinh té - xa
hoi do ngap lut gay ra cho 18i d6 thi thanh phé Can Tho.
- Ap dung bo cong cu danh gia rui ro kinh té - x& hoi do ngap lut tir d6 xac dinh

duoc cac tac dong cua bién ddi khi hau tai 18i d6 thi cua thanh phé Can Tho.
6. Luan diém bao vé

Lu4n diém 1: M6 hinh hoa két hop GIS 13 cong cu danh gia rai ro ngap lut hiéu
qua, cho phép tu dong hoa qua trinh danh gia.

Luén diém 2: B6 cong cu danh gia da xac dinh duoc cac dong cua bién d6i khi hau
t61 rti ro kinh té x4 hoi cua ngap lut & 16i d6 thi cia thanh phd Can Tho theo kich ban
bién doi khi hau.

7.'Y nghia khoa hoc va thuec tién

7.1. Y nghia khoa hoc

- Nghién ciru gop phan 1am 1 co so khoa hoc vé danh gia rui ro lut do thi tai thanh
phé Can Tho, dénh gia xac dinh céc rii ro kinh t& - x4 hoi, thiét hai c6 thé giy ra boi
ngap lut do thi theo cac kich ban bién d6i khi hau.

- Két qua nghién ctru hd tro cho cac nha quy hoach phat trién d6 thi nhanh chéng
dua ra nhiing giai phap thich tng kip thoi nham nang cao kha ning chéng ngap cho
thanh phé Can Tho ciing nhu ddm bao cac muc tiéu phat trién bén viing trong twong lai.
7.2. Y nghia thuc tién

- Két qua nghién ciru 14 tai liéu tham khao c6 gia tri di voi cac nha quan 1y do thi,
phong chéng thién tai va ing pho bién dbi khi hau nham muc tiéu phat trién bén ving
tai cac vung d6 thi PBSCL.

- Két qua danh gia raii ro dinh tinh va dinh lugng c6 thé hd tro giai phap thich tng,
giam nhe tinh trang ngap lut d6 thi tai 161 d6 thi Can Tho nham hd trg thanh phé trong
cong tac ing phé véi ngap lut va bién doi khi hau.

8. CAu tric caa luan an

Luén an dugc trinh bay trong 149 trang, v6il12 hinh, 35 bang biéu bao gom phan
mé dau, két luan - kién nghi va tai liéu tham khao va dugc trinh bay trong 3 chuong:

Chuong 1: Téng quan c&c van dé nghién cau

18



Chuong 2: Khéi quat vé khu vuc nghién ciru, cach tiép can va phuong phap nghién
ciu

Chuong 3: Két qua nghién ctu va thao luan
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CHUONG 1 TONG QUAN CAC VAN PE NGHIEN CcUU
1.1. Céc khai niém co ban
1.1.1. Khai nigm phat trién bén viing

Phat trién bén viing 12 mot trong nhimg muc tiéu 16n nhit cua cac chuong trinh
phat trién trén thé gi6i. Tir ndm 1992, phat trién bén viing dua trén khai niém vé “su bén
viing” trd thanh trung tam cua cac cudc thao luan. Pén nam 2012, tai hoi nghi Rio+20,
khai niém vé phat trién bén viing tiép tuc duoc cung c6[40]. Tuy nhién khai niém vé
PTBV da bt du tir trude d6 kha 1au.

Niam 1987 danh dau mot budc phat trién mai ciia PTBV khi lan dau tién, mot cong
thire két ndi chung gitra xa hoi, kinh té va sinh thai duoc dua ra tai Hoi dong thé gidi vé
Moi truong va Phat trién [25].Khai niém vé PTBV dugc dua ra tai day va duoc ap dung
tai Rio 5 nam sau d6. Khai niém d6 dugc st dung rong rai trong hang ngan cac nghién
ctru vé PTBV sau nay [25]:

“Phat trién bé vitng 13 su phat c6 thé dap tmg duoc nhitng nhu ciu hién tai ma
khong anh huodng, ton hai dén nhitng kha nang dap Gmg nhu cau cia thé hé twong lai”
[28].

Theo d6, PTBV c¢6 thé duoc xac dinh bao gém 2 khai niém chinh:

- Khai niém vé nhu ciu tiéu thu néi chung va nhu cau cua thé gidi ddi voi tai
nguyén noi chung.

- Y tudng vé su han ché mang tinh bét budc vé cong nghé va td chirc vé kha ning
dap Gmg ctia moi truong dbi voi nhu cau hién tai va tuong lai.

Tai Hoi nghi thé gigi vé phat trién bén vitng 2002, nhiéu thao luan dugc dua ra
theo, PTBV tro thanh mot trong nhiing van dé néng khi céc quéc gia dong y thuc thi
Chuong trinh 21 cua hoi nghi Rio 1992 [97].

Pén nam 2012, Hoi nghi Rio+20 danh ddu budc chuyén minh manh mé cua thé
gidi trong PTBV Véi su ra doi ciia cac muc tiéu phat trién bén viing (SDGs), sau do
duoc dua vao chuong trinh phat trién cia LHQ 2015[121]. Cac muc tiéu phét trién bén
vitng bao gém 17 muc, 169 tiéu chuan va 304 tiéu chi danh gia lién quan t6i 194 quéc
gia thanh vién LHQ. 17 muyc tiéu chinh d6 dugc trinh bay dudi hinh 1.1.
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17 MUC TIEU PHAT TRIEN BEN VUNG CUA LIEN HIEP QUOC

1 Xéa nghéo ) ' 3 Cudcsong 4 Chat lugng 5 Binh déng Nudic sach va
> khoe manh

gido duc gidi Vé sinh

it | - 7]

§ Viéctam dang Cong nghiép, Giam bat " (ong 12 Tiéu dung va
hoang va Tang Doi mdi va binh déng LY viing San xuét ¢6
trudng kinh té Cosdhating : trach nhiém

ai | & alidz | O

Hanh dong iing Tai nguyén Tai nguyén Hoa binh, Cong Hop tac € hién
13 phé vdi bién doi 14 nudc 15 dat 1 6 bang va Thé 17 thuc héa cac
khi hau ché viing manh muc tiéu

Hinh 1.1. Cac muyc tiéu phat trién bén viing (UN 2015) [121]

Dua trén cac muc tiéu PTBV, cac chinh sach, thé ché duoc cac quéc gia ap dung
theo diéu kién cua ting qudc gia. Cac muc tiéu PTBV, vi thé ciing c¢6 su can nhic khac
nhau gitra cac quéc gia trén thé gii [121].Tai Viét Nam, cac muc tiéu PTBV ciing duoc
dua vao trong cac ké hoach hanh dong cua chinh phu tir nam 2017 véi 4 khéi tap trung
dugc trinh bay trong mot ké hoach chién lugc hop nhat do Chinh phu phdi hop véi LHQ
xuit ban. Cac khdi tap trung nay bao gom:

- Khéi tap trung 1: Pau tu vao con nguoi; bao gdm cac muc tiéu 1,2,3,4,5,6.

- Khéi tap trung 2: Dam bao kha ning thich ung voi khi hdu va méi truong bén
virng; gém cac muc tiéu 2,5,6,7,9,11,12,13,14,15.

- Khéi tap trung 3: Thinh vuong va hop tac; bao gom cac muc tiéu 5,8,10,12,17.

- Khdi tap trung 4: Thiic day cong ly, hoa binh va quan trj toan dién; gém cac muc
tiéu 5,10,16.

C0 thé thay, xuy@n sudt tir cac khéi niém ban dau téi cac muc tiéu phéat trién bén
viing, tng pho vai bién doi khi hau ciing nhu phong chdng giam nhe thién tai ludn Ia

mot trong nhitng muc tiéu quan trong nhat.
1.1.2. Khai nigm vé bién doi khi hgu va tdc dpng ciia bién déi khi hgu
Khi hau, “climate”, theo dinh nghia ctia Hiép hoi khi twong Hoa Ky: “Cac khia

canh thay doi tir tir ciia hé thong bé mat khi quyén - thay quyén - dat. N6 thuong duoc

dic trung vé gia tri trung binh c6 thé chap nhan dugc cua hé théng khi hau trong cac
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khoang thoi gian tir mot thang tro 1én, 6 tinh dén su bién thién theo thoi gian cua céac
dai luong trung binh nay.”[34]. Theo Luat Khi twong thuy van 2015, “Khi hau Ia tong
hop céac diéu kién thoi tiét & mot khu vuc nhét dinh, dic trung boi cac dai luong théng
ké dai han cua cac yéu td khi twong tai khu vuc d6”.

Theo dé, bién d6i khi hau (BBPKH) duoc dinh nghia 1 “su bién d6i c6 hé thdng
trong viéc théng ké cac yéu t6 khi hau nhu nhiét d6, lwong mua, gio, khi 4p,... qua vai
thap nién hoic dai hon” [34] hoic theo Luat Khi twong thaty van 2015: “Bién doi khi
hdu 1a su thay d6i cua khi hau trong mot khoang thoi gian dai do tac dong cua cac diéu
kién tu nhién va hoat dong cua con ngudi, biéu hién bai sy néng Ién toan cau, myc nuée
bién dang va gia ting cac hién tugng khi tuong thity vin cuc doan”. Nhu vay, bién doi
khi hau c6 thé duoc danh gia qua thoi gian dai quan sat. Mac du con nhiéu tranh luan vé
nguyén nhan gay ra bién d6i khi hau, nhung thuc té vé bién ddi khi hau da hién hitu
bang cac théng ké rat cy the. Tir 1995 dén 2007, nhiét d6 cia 13 nam trung binh di ting
1én 0.18 d6 C. Tur béo céo cua Uy ban lién chinh pha vé bién d6i khi hau (ICCP) nim
2007[58], chling ta c6 thé thay nhiét d6 bé mit trai dat dang tiang 1én kha nhanh nhu hinh
1.2.
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Hinh 1.2. Diz liéu quan trdc bién déi nhiét @ bé mat trdi dat trich tir bao céo cua
IPCC 2007[59].

Theo bao cao vé quan ly rui ro cua IPCC 2012 [57], BPKH dan dén sy bién doi
I6n vé cac dai luong khi hau trong d6 cac bién dong nay duoc chia lam 2 nhom: Cac
hién twong cuc doan va thién tai.

CA4c hién tweng cuc doan 13 khi cac bién dong thoi tiét viot qua mac trung binh
hang nam. Trong khi do, thién tai dugc dinh nghia la cac anh huong téi hoat dong cua
mot cong dong hoic x& hoi do cac hién twong hiém hoa tuong tac voi cac diéu kién dé
bi ton thuwong dan dén cac anh hudng téi con ngudi, tai san, kinh té hay méi truong doi
hoi phai trién khai cac bién phap (ing phd va phuc hoiTheo d6, mot s6 du bao duoc dua
ra rang BPKH sé la thach thirc 16n nhat d6i voi tuong lai ciia con ngudi [60].

Bién d6i khi hau tai Viét Nam.

Trong B4o céo Pic biét cua Viet Nam vé quan Iy rai ro thién tai [14] d4 dua ra
nhitng két luan rat rd rang vé bién d6i khi hau va tac dong cua no téi Viét Nam. Theo
d6, BDKH tai Viét Nam ciing nhu trén toan thé giéi ¢d su dién tién khong dong déu,
nhung lai 13 nguyén nhan chinh thiic ddy tan suat, cuong d6 cua cac hién tuong cuc doan
thoi tiét nhu bao, 18, han han, swong mudi, ndng néng. .. Theo nghién ctu trén, tan suat
cac con bdo 16n d6 bo vao 1anh th Viét Nam c6 xu huéng ting 1én trong 40 nim qua
(1975-2015), bén canh d6 1a cac dot 1ii 16n dién ra trén dién ngay cang rong va thiét hai
ngay cang ting. Theo cac b&o cdo cua Tong cuc Phong chéng Thién tai [11]-[13], thiét
hai tir thién tai ctia cac ndm 2018, 2019 va 2020 lan Iuot 1 20000 ti dong, ~6800 ti dong
va hon 39000 ti dong. C6 thé noi, cac thién tai khi hau dang 1a mot trong nhitng tc nhan
I6n nhét can tro sy phat trién cua kinh té, x& hoi Viét Nam. Bén canh thiét hai vé kinh
té, c4c thién tai ndy con gay ra su mat mat I6n vé con ngudi, sinh ké va méi truong.
1.1.3. Cdc khdi ni¢gm vé ddnh gid riii ro thién tai va cdc thanh phén ciia riii ro thién
tai.

Rui ro tir cac thién tai ty nhién 12 mot ham caa hiém hoa tuong tac véi tinh dé bi
t6n thuong va cac yéu té hirng chiu [86]. Tuy nhién trudc do, tai cac hoi nghi cua IPCC
vao cac ndm 2001 va 2007, viéc dinh nghia rui ro dugc xac dinh bang cong thac (1.1).

R=f(H,V) (1.1)
trong d6 R 1a rai ro, H 1a hiém hoa va V la tinh dé b ton thuong [26], [61].
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O dinh nghia nay Hiém hoa duoc coi la tAc nhan tiém tang c6 thé gay hai cho con
ngudi, moi truong, Kinh té x& hoi. Cac tac nhan nay co thé la cac yéu té tu nhién hoic
tac d6ng nhan tao. Trong khi d6, tinh d& bj ton thuong duoc coi 1a mirc d6 ma mot hé
théng c6 thé nguy hai hoic khdng con kha niang chiu dung dé véi cac tac dong cua
BPKH bao gdm céc bién dong thoi tiét va cac cuc doan. Tinh d& bj tén thwong 14 ham
cua dic trung, mirc do va cuong do bién dong cua cac yéu td khi hau téi mot hé thdng
bi phoi 16, gan lién vai su nhay cam va kha nang tng pho cua hé théng d6 [60]. Cac
danh gia nay duoc 4p dung cho téi nam 2012, va dugc ap dung trong luat phong chong
thién tai caa mot sé nudc, trong d6 c6 Viét Nam.

Tai hoi nghi IPCC 2012[57], cac nha khoa hoc da théng nhat duoc cong thirc chung
dé xac dinh hiém hoa tu nhién nhu hinh 1.3 [57]:

Thién tai

Tinhtrang dé 1

KHi HAU bi tn PHAT TRIEN
thuong

Quan ly
rdiro
thién tai

Thich &rng
vé&i BDKH

Bién dbi
tw nhién n ,
sur kKién khi

y ' RUI RO
BDKH do u

con nguwi
gayra

Murc d6 phoi
bay trwérc
hiém hoa

Phat thai khi nha kinh

Hinh 1.3. C4c yéu té cua rui ro thién tai (IPCC 2012)

Theo d6 viéc danh gia rai ro thién tai ty nhién bao gém 3 thanh phan chinh Hiém
hoa, Tinh dé b tén thuong va Mirc d6 phoi 6. Quan hé gitta Rui ro va 3 thanh phan nay
duoc xac dinh thong qua coéng thuc 1.2.

R=f(H,V,E) (1.2)

Trong d6, R 1a rui ro; H,V,E lan luot 12 Hiém hoa, Tinh d& bj tén thuong va Muc
do phoi 10.

Theo d6, hiém hoa dugc dinh nghia 1a kha nang xay ra mot su kién vat ly do tu
nhién hoac nhan tao c6 thé dan dén sy ton that vé con ngudi, sic khoe ciing nhu giy
thiét hai, ton that vé vat chat.

Tinh dé bj ton thwong dugc dinh nghia 1a xu huéng hoic khuynh hudng bi anh
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huong bat lgi. Khuynh hudng nhu vy tao thanh mot dic tinh bén trong cua yéu t6 bi
anh huong. Trong linh vuc rui ro thién tai, diéu ndy bao gom cac dic diém cta mot
ngudi hoic mot nhom ngudi va hoan canh cua ho anh hudng dén kha niang du doan, doi
phd, chdng choi va phuc hdi sau nhitng tac dong bat lgi cua cac su kién vat Iy [129].

Mirc dd phoi 19 1a sy xuat hién cua con nguoi, sinh ké, dich vy mai truong, tai
nguyén, ha ting hoic céac gia tri kinh té, x4 hoi, van héa nam trong ving chiu tac dong
cua hiém hoa; do vay, c6 thé bi thiét hai, nguy hiém [57].

Céc khéi niém vé 3 thanh phan trén 1a twong d6i dé hiéu nhung lai kho khan trong
viéc danh gia trong thyc té [120]. Boi viéc phan dinh céc yéu té caa rui ro thién tai
thuong khong rd rang, cac nghién ctru danh gia thuong dugc phan ra hai hudng chinh
1a danh gia dinh tinh va dinh lugng. Trong ca hai huéng nay, GIS déu duoc st dung nhu
mot cong cu cyc ky quan trong [128].

Qua trinh danh gia rii ro thién tai:

Dua trén cac khung danh gia cia IPCC [56], [62], ba budc duoc xac dinh tac dong

cua bién doi khi hau téi céc thién tai nhu hinh 1.4.

Ké hoach phat
trién

Hoat dong ban Panh gia rii ro

dau

* bacmuc
ti€éu phuc hoi

* Lanh dao
chinh tri

* Tao lap doi
ngu

« Lién két

cbng chung

* Hiém hoa

* Mtrc dg photi
16

« Tinh dé bi

ton thuong

va kha ning

thich tng

« Cac nhu cau
thich nghi

* Phat t;ién
cac ké hoach

* Banh gia

» Pat ca vu
tién

» Phan ky va

thuc thi

Ma rong thong tin, Giao duc va Hop tac

Hinh 1.4. Qud trinh xdc dinh tdc dong cua bién doi khi hdu téi thién tai [120].

Nhu vay viéc danh gia rui ro thién tai tré thanh mot khau quan trong trong qué

trinh ang phé bién ddi khi hau. Dua vao cac thanh phan cua rai ro duge xac dinh, mot

quy trinh danh gia rai ro thién tai tong quét co6 thé dugc xac dinh nhu hinh 1.5:
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d6 phoi 16 chién lugc

Tinh toan kha

nang hiém hoa

Hinh 1.5. Quy trinh danh gia rui ro thién tai[86]

Trong thyc té, khung danh gia rui ro thién tai va cac quy trinh danh gia rai ro thién
tai dugc &p dung chung cho dai da sb céc thién tai. Theo do, tuy thudc vao dang, loai
hinh thién tai, cac yéu té thanh phan cia danh gia rai ro c6 thé duoc xay dung va xac
dinh bang nhiéu phuong phap khac nhau, nhung khung dénh gia chung la giéng nhau.

Déi v6i Hiém hoa, cac dang thién tai thudng duoc phan 1am 2 dang chinh: cuc b
va khu vyc. Cac dang cuc bo c6 thé bao gdom cac dang thién tai c6 tac dong véi dién tich
nho nhu 16¢, sét; cac dang khu vuc c6 thé bao gdm nhiéu dang nhu bao, 1, han hén,
nhiét d6 cao, mua 10n,... Hiém hoa thudng dugc danh gia dua trén pham vi, cuong do,
thoi gian dién ra, chu ky lap lai,...cua dang thién tai duoc danh gia.

Tinh dé b t6n thuong duoc danh gia bang tong hop cua 2 khdi nhém chi sé chinh:
Do nhay va Kha niang chdng chiu. Ca 2 nhém chi s nay thuong dwoc danh gia thong
qua céc chi sé dan sinh - kinh té - x4 hoi cia khu vuc xay ra thién tai. Cac chi sé nay
con dugc goi la céc chi tiéu danh gia, dugce xac dinh thong qua qua trinh phan tich da
chi tiéu.

Mtic d phoi 16 cia cta khu vuc chiu thién tai thuong duge danh gia thong qua
thdng ké, danh gia vé gi tri, thoi gian chiju thién tai cia con ngudi va cac d6i tuong kinh
té x4 hoi dudi tac dong cua thién tai. DSi v6i khung danh gia IPCC 2007 thi Muc do
phoi 16 dugc coi 1a mot hop phan trong Tinh dé b ton thuong, tuy nhién, d6i véi cap
nhat IPCC 2014 va 2020, Muc do phoi 16 dugc danh gia thanh mét yéu té doc lap. Didu
nay c6 dugc la do sy phat trién manh cua cac cong cu phan tich va sy sin sang cia cac
dix liéu hién nay.

Tuy thudc vao loai hinh thién tai, cac ky thuat danh gia rui ro sé duoc ap dung mot
cach cu thé. Panh gia rui ro phu thudc rat Ion vao dic diém, tinh chat va mac do sin
sang cua cac di liéu.

1.1.4. Cdc khdi niém chung vé mé hinh héa ngdp lut

1.1.4.1. M6 hinh hoa va mo hinh thuy van va thuy luc
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M6 hinh hoa (Modeling)

M6 hinh hda Ia qué trinh xay dung va sir dung cac mé hinh (models) dé biéu dién cac

hé thdng thuc té hodc cac hién twong ty nhién[19], [51]. M hinh c6 thé ¢ dang toan

hoc, dd hoa, vat Iy, hoic s hoc, va duoc sir dung dé:

Du doan: Du do4n hanh vi hoic két qua trong tuwong lai dua trén cac diéu kién
dau vao.
Ti vu hoa: Tim cach cai thién hiéu suat hoic giai phap tét nhat cho véan dé.

Quyét dinh: H tro dua ra cac quyét dinh chién luoc hoic ky thuat.

Trong linh vuc thay vin, mé hinh héa thuong tap trung vao viéc biéu dién cac hién

tuong lién quan dén nude, nhu mua, dong chay, thoat nudc, va cac yéu té khi hau.

M6 hinh thay van (Hydrological Modeling)

M6 hinh thuy van 14 qué trinh st dung cac phuong phéap toan hoc va sé hoc dé mé phong

c4c qua trinh ty nhién lién quan dén nudc trong hé théng thiry van[48], bao gom cac dau

Vao:

Mura: Luong mua va su phan b theo khdng gian va thoi gian.

Dong chay tran bé mat (Surface runoff): Nudc chay trén bé mit dat.

Tham (Infiltration): Nudc tham vao trong dat.

Béc hoi va thoat hoi nudc (Evaporation and Transpiration): Nudc tir mat dat hoac
tir thuc vat chuyén vao khdng khi.

Dong chay ngam (Groundwater flow): Chuyén dong caa nudc ngam trong dat.

Muc tiéu cuza mo hinh thuay van

Hiéu va du béo cac hién tuong thiy van nhu 1ii lut, han han.

Tinh toan lugng nude trong cac luu vuce song dé quan Iy ngudn nuée.

Thiét ké va danh gia hiéu qua caa cac cong trinh thay loi.

Pénh gia tac dong cua bién d6i khi hau va hoat dong con nguoi 1én chu trinh

nudcC.

Phan logi m6 hinh thuy van

M6 hinh khai niém: St dung céc khai niém dé mé ta cac qué trinh thay vian trong
d6 ap dung cac phuong phéap toan hoc nham biéu dién méi quan hé gitra cac thanh
phan caa mé hinh va dir liéu.

M® hinh vat ly: Dya trén cac thuc nghiém xay dung mé hinh.
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- M6 hinh thong ké: str dung c&c md hinh toan hoc dé md ta cac khai niém vé di
liéu va tuong quan gitra cac dir liéu thuy van
M6 hinh thay lwc (Hydraulic Modeling)
M hinh thay lec 13 mot loai mé hinh chuyén biét dung dé biéu didn va phan tich chuyén
dong cua nudc trong cac hé thong tu nhién (sdng, ho, bién) hoic nhan tao (6ng dan,
cdng thoat nudc, dap)[41]. Md hinh nay duya trén cac nguyén ly vat Iy, dic biét 1a:
- Can bang khdi lugng: Nudc khdng bi mét hoic tao ra mot cach ngau nhién.
- Can bang dong lugng: Dong chay chiu anh hudng bai trong luc, ap suat, va lec
ma sét.
Phéan logi mo hinh thuy luc
- M0 hinh vat ly: M6 phong thuc té trong phong thi nghiém, vi du nhu tao ra mot
doan song hoic kénh nhan tao dé nghién ctu dong chay.
- M0 hinh toédn hoc: Str dung cac phuong trinh toan hoc (vi du: phuong trinh
Navier-Stokes, phuong trinh Saint-Venant) dé biéu dién dong chay.
- M0 hinh sé (Numerical Models): Sir dung may tinh va phan mém dé mé phong
cac hoat dong thuy dong luc hoc, chiang han nhu HEC-RAS, SWMM, MIKE
11/21.

1.1.4.2. Khdi niém vé diéu kién bién va tan sudt hiém hoa
Piéu kién bién (Boundary Conditions)
Piéu kién bién la cac thong tin hoac dit liéu dau vao tai ranh gigi caa cac mién mo phong
duogc sir dung dé xac dinh cach mét hé théng thiy van hoic thay lyc tuong tac véi moi
truong xung quanh trong md hinh[48]. Pay 1a yéu té quan trong dé mé hinh hoat dong
chinh xac va pht hop véi thuc té.
Trong md hinh thiy van, diéu kién bién thuong bao gom:

- Luong mua: Pau vao chinh cua md hinh, cé thé tir dit liéu do dac, vé tinh hozc

gia dinh dya trén kich ban.

- Tham phu thyc vat: Anh huong dén qué trinh bdc hoi va tham.

- Dic diém dat: Do tham, kha ning giir nudc.

- Diéu kién dia hinh: Do dbc, luu vuc, va cac dic diém tu nhién.

- Luong dong chay dau vao/dau ra: Dong nudc tir thuong ngudn hoic cac luu vuc

lan can.
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Trong md hinh thuy luc: Biéu kién bién xac dinh céc ranh giéi vé mit vat ly caa dong

chay:

Diéu kién bién thuong ngudn: Luu lwong hoic muc nudce tai diém dau cua dong
chay.

Diéu kién bién ha ngudn: Muc nuéc hodc luu luong tai diém cudi, thuong gan
lién véi diéu kién moéi truong nhu bién hodc hd, trong dé diéu kién nay 1a cac gia
tri c6 dinh hoac diéu kién dong nhu thuy tridu.

Diéu kién bién mat bén : Nudc chay vao tir cac khu vuc 1an can, vi du nhu nudc

tran bo hodc tir cac nhanh sdng nho.

Tén suat hiém hoa

Tan suét hiém hoa 1a xac suat xay ra cac sy kién tu nhién nghiém trong (nhu 1 lut, han

han) trong mot khoang thoi gian nhat dinh[93]. Pay 1a yéu t6 quan trong trong viéc phan

tich va thiét ké cac cong trinh lién quan dén thuy van va thay lyuc.

Trong md hinh thiy van, tan suat hiém hoa duoc ap dung dé md phong céc su kién cuc

doan, chang han:

Khoang thoi gian lp lai mot sy kién ngap lut trong lich st :100 nam,50 nam, 50
2 nam tuong GNg Vi Xac suat 1%, 2%, hoic 50% mdi nim dé xay ra mot su kién
1ii cu thé.

Han han nghiém trong: Xac dinh chudi thoi gian kho han anh huéng dén dong

chay va tai nguyén nudc.

Tan suat hiém hoa thuong dugc xac dinh théng qua:

Phan tich théng ké: Str dung dix liéu lich sir dé tinh toan xac suat.
Phan phéi xac suat: Vi du: Phan phbi Gumbel hoic Log-Pearson Type 111 cho cac

su Kién li1.

Trong mé hinh thity lec, tan suat hiém hoa duoc str dung dé thiét ké va kiém tra céc

cong trinh nhu:

Dap, hd chira, va ké bao vé.
Hé thdng thoat nude do thi.
Cac sy kién nhu mua 16n trong vong 24 gio (dugc xac dinh bang phuong phap
thiét ké muwa) hodc sy kién thuy tridu cao duoc dwa vao dé danh gia kha nang chiu

dung cta cong trinh trudc cdc kich ban cuc doan.

29



1.2. Téng quan vé danh gia rii ro thién tai do ngap lut trén thé giéi

Lii lut 1a mot trong nhirng dang thién tai gay nhiéu ton that nhat trén thé gisi, chinh
vi vay cac nghién ctru vé danh gia rui ro do 1 ciing dwgc nhiéu nha nghién ciu quan
tam. Trong viéc danh gia rui ro thién tai do 1i lut, cac thanh phan ciing s& bao gom Hiém
hoa, Tinh dé bi ton thuong va Muc d6 phoi 16. C4c thanh phan nay dugc danh gia dua
trén khung danh gia caa IPCC [56] nhung dugc chuyén biét hda danh cho thién tai ngap
lut. Trong d6, Hiém hoa ngap lut duoc xac dinh bang dic diém cua ngap bao gom murc
nudc Ngap, van toc ngap, thoi gian ngap va chu ky 1ap lai caa ngap lut theo khung thoi
gian.

Duya trén quy trinh danh gid rui ro thién tai chung, danh gia rui ro thién tai do 11 lut
c6 thé duoc chia thanh 2 dang: dinh tinh va dinh lugng.

Déi v6i hudng danh gia dinh tinh, cac yéu té caa rai ro thién tai co thé dugc danh
gia riéng ré hoic gop chung ty vao muc dich va mirc do sin cé cua dir liéu [128]. Mot
s6 nghién ciru khi danh gia rai ro s& xac dinh rui ro bang hiém hoa twong tac véi tinh
trang dé bi ton thuong nhu nghién ctru cia Chen Yunva cong su [31], [75], nghién cau
cua Mishra va cong su [31], [75], hoac chi dua vao yéu té hiém hoa nhu nghién ctu cia
Y.Shen va cong sy [101]. Bén canh d6, cac yéu to riéng ré cuaa rai ro 1 Iyt con co thé
dugc xac dinh mot cach riéng ré thong qua nhiéu phuong phap khac nhau bao gém phan
tich da chi tiéu x4c dinh hiém hoa I [74], [98], [100], [132], [133]va m hinh hoa nhu
bang HEC-RAS [102], Grimaldi va cong su bang md hinh thay lyc lién tuc [47]. Mic
dd mé hinh thay lyc ap dung trong danh gia 1i lut con kha nhiéu khuyét diém vé do
chinh xéc, tuy nhién, nd lai 1a phuong phap danh gia sat véi thuc té nhat déi voi hiém
hoa 10 lut [77].

Céc nghién ctru ky ludng hon ap dung day da ca 3 yéu té bao gom hiém hoa, tinh
trang dé bi ton thuong va mirc do phoi bay trudc hiém hoa. Co thé ké dén cac nghién
ctru & cap do khu vuc nho nhu nghién ctru cua T. Cai va cong su [29] hoic cac khu dan
cu tai Thuy Pién cua Norén va cong su [84], bén canh d6 1a cac khu vuc rong hon nhu
d6 thi ven bién trong nghién ciu cua Silva va cong su [103], trung luu va ha luu séng
nhu nghién ctiru cua Liu va cong sy [70]. Trong cac nghién ctru nay déu tng dung GIS
dé phan tich va xay dung céc ban d6 rui ro do 1i.

Mt khac, huéng danh gia dinh luong rii ro do lii ciing dugc nhiéu nha nghién cau
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quan tdm, trong d6 hai yéu té co ban dé danh gia dinh luong 12 hiém hoa 1i lut va kha
nang thiét hai caa ddi tugng chiu tac dong [76]. Theo hudng nay, cac nghién ctu nhiéu
phan xuit phat tir phuong phap tng dung ham thiét hai. Phuong phap nay rat phé bién
trong cac nghién ctru dinh luong, c6 thé ké dén cac nghién ciu cia Tincu va cong su
cho dai dat ven séng [114], Notaro va cong sy, Dias va cong sy cho ving d6 thi [36],
[85], cac nghién ctru cho nhitng khu vuc rong hon nhu ctia Apel va cong su [18], [21],
[52], [76].

Ca hai hudng danh gia rui ro thién tai nay déu duoc 4p dung khé rong rai trong céc
nghién ctru trén thé gidi, c6 thé cho nhiéu dang ngap va nhiéu khu vuc ngap lut khac
nhau. D6i véi khu vic ngap lut 1 d6 thi, su khac biét dén tir dic diém vé ngudn nuéc,
mirc d6 tham bé mit, hé thong ha tang va cac ddi tuong chiu tac dong dong vai tro quan
trong trong danh gia ruai ro do 111

Theo thoi gian, nhiéu ving d thi trén thé giodi lan luot trai qua cac tran ngap lut,
dic biét 1a ddi véi cac thanh phd ¢ cac khu vuc ven bién va ven céc con song lén. Co
nhiéu yéu té dan dén ngap lut tai cac khu d6 thi, bao gém su bién dong lugng mua cua
lwu vuc séng, sy nang Ién cia muc nudc bién, qué trinh d6 thi hoa, sut lun dat. Trong
khu vue d6 thi, myuc nuéc ngap cd thé gay ra thiét hai thap hon nhiéu so véi cac khu vuc
ndng thén hoic canh tac. Theo Carlos va Chaporo [30], muc do hiém hoa 1ii ¢6 thé dugc
chia thanh 3 muc:

- Hiém hoa cao: cac khu vyc c6 myuc nudc ngap thudng xuyén trén 10cm, c6 thé
gay hai t4i giao thdng va anh hudng 16n téi cac hoat dong cua d6 thi ciing nhu gay hai
cho cac toa nha, noi that.

- Hiém hoa trung binh, mtc nuéc ngap nam trong khoang 5-10cm.

- Muc hiém hoa thap 1a nhitng khu vuc ¢6 mac ngap dudi 5em.

Quy trinh danh gia rui ro thién tai cho ngap lut trong d6 thi cling c6 nhiing budc

twong tu nhu quy trinh danh gia rui ro thién tai chung.
1.3. Tinh hinh nghién ciru vé rii ro ngap lut tai Viét Nam

Tai Viét Nam, cac phuong phap danh gia ruai ro thién tai dugc &p dung nhiéu trén
cac khu vuc khac nhau nhu ctia Luu va cong su cho khu vuc Quang Nam, Tran va cong
sir cho khu vuc Thira Thién Hué, Vil va cong su cho khu vuc Quang Ngdi [72], [117],

[127]. Bén canh d6 1a cac nghién ctru danh gida mot hodc mot vai yéu té caa rui ro nhu
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nghién cru vé tinh trang dé bj ton thuong ctia Few va cong su tai mot sé tinh mién Trung
va dong bang SCL [46], Huynh va cong su tai d6i ven bo theo phuong phap dinh lugng
[68] hoic xac dinh bang phan tich khéng gian nhu Nguyén va cong su [81] cho dé6i bo
bién, Nga va cong su cho khu vuc Trung bo [88]. Bén canh d6 ciing c6 nhitng nghién
clru tap trung vé xac dinh tac dong cua ngap lut téi stc khoe [118].

Cac nghién ciru vé tinh phoi 16 ciing dugc ap dung véi mot sé khu vuc cua Viét
Nam nhu nghién cttu cua Huynh va cong su vé b chi sé phoi 16 dinh tinh [6] vé mic
d6 phoi 19 tai luu vuc séng Vu Gia - Thu Bon.

Déi véi hiém hoa 1 cac nghién ctu cha yéu tap trung cho 1ap ban d6 1i Iyt theo
huéng ang dung mad hinh thay luc nghién ciru cia Pham xay dung ban d6 cho tinh Ninh
Binh [10], Lé cho luu vuc séng Sé San [7], L& va cong su cho Pa Nang [50], Vo va
cong su ciing nhu T6 va cong su cho luu vuc sdng Vu Gia - Thu Bon [115], [124], Dang
va cong su cho luu vuc song Dak Ba [5], cac nghién ciru trén déu ap dung phan mém
MIKE dé mé hinh héa thuy luc tao ban @b hiém hoa 1it hodc theo hudng tng dung anh
vé tinh nhu ciia Tran [116], Ho va cong su cho Vu Gia - Thu Bon [49] va GIS nhu cua
Vi va cong su cho Quang Nam [126].

Cac nghién ctu vé danh gia rai ro 1i lut ndi chung tai Viét Nam thuong chi tap
trung téi viéc danh gia mot hoic hai trong cac yéu té caa rai ro. Mot so nghién ctu theo
hudng dinh luong vé ton that, thiét hai kinh té nhung chua c6 quy trinh va cong cu thong
nhét, kha nang ap dung k¥ thuat GIS thap.

Déi véi khu vuce do thi, viée danh gia ngap lut thuong gap nhiéu kho khan hon,
nén c&c nghién cau thudng chi tap trung vao xac dinh mot vai yéu té cua rai ro nhu dién
ngap [71] hodc dbi véi tac dong cua lii Iyt toi dan cu do thi [95]. Bén canh dé, mot
nghién ciru dang chu y cua Kefi va cong sy, 2018 [64] da dua ra dugc quy trinh danh
gia ton that do ngap lut d6 thi tai HA Noi vé6i nhitng két qua xuat sic. Hinh 1.6 minh hoa
cac budc cua quy trinh danh gia ton that do ngap lut cua Kefi va cong su. Tuy nhién,
ngay trong nghién ctru nay, cic tac gia ciing méi chi xay dung 1 ham thiét hai chung

téng thé cho toan bo cac dbi twong cdng trinh xay dung.
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Hinh 1.6. Quy trinh danh gia thiét hai do ngdp lut do thi tai Ha Néi [64].

C6 thé thay rang, cac nghién ciru vé danh gia ngap lut, dac biét 1a ngap lut d6 thi
con thiéu cac nghién ctru 6 tinh chiéu sau, chi tiét vé quy trinh, cong cu danh gia. Thém
nira 1 cac nghién ctu vé luong gia thiét hai mai chi tap trung vao maot loai doi twong
hoac mot nhom ddi twgng chung ma khdng ¢ sy phan tach chi tiét téi cac nhom dbi

tuong cu thé.
1.4. Tong quan vé nghién cu rii ro ngap lut tai Cin Tho

Cac nghién ctru vé danh gia rai ro do ngap lut tai Can Tho kha phong phi, bao
gom ca cac nghién ciru mang tinh dinh tinh va dinh luong. Cac ky thuat cong nghé méi
cling duoc ap dung cho cac nghién ctiru nay.

Vé cac nghién ctru xac dinh dién ngap, mac ngap, cac cong cu chi yéu dugc &p
dung 1a mé hinh héa bang cac md hinh thuy luc hoic sir dung cong nghé vién tham cha
dong két hop véi cong nghé GIS. Cong nghé vién tham chu dong vai cac ngudn dit ligu
SAR dugc cung cap mién phi 1a mét trong nhirng diéu kién day manh céc nghién ctu
theo hudng nay [66], [67][90] [35]. Tuy nhién, d6 phan giai khdng gian va thoi gian ctaa
céc dir liéu vién tham méi chi dap ung viéc 1ap ban d6 ngap lut cho cac khu vic ndng
thon, ddy ciing 12 han ché 16n cua cdng nghé nay. Bén canh cdng nghé vién tham, mo
hinh héa ciing duoc Ngb va cong su [78] 4p dung dé du bao ngap lut tai Can Tho thong
qua md hinh Storm Water Management Model (SWMM). Mt huéng tiép can mé hinh
hoa nita duoc Takagi, Hiroshi va cong su, 2014 va 2016 [104], [105], [107] st dung dé
danh gia ngap lut xét trén anh huong cua thay tridu. Trong khi d6 Apel va cong sy lai

dua ra phuong phap két hop phan tich 1 do nuéc song va nude mua[20].
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Cong nghé GIS ciing duoc sir dung trong viéc hd tro quan 1y nudc tai Can Tho
trong diéu kién bién doi khi hau [8], [119], tuy nhién, cac nghién ctiu ndy van chi ding
lai trong cac van dé vé 1ap ban dd don gian tir co s& dit liéu.

Viéc danh gia rai ro ngap lut & Can Tho con duoc dé cip toi vai viéc so séanh cac
phuong phap quy hoach khdng gian nham déi pho véi ngap lut cua Can Tho va cac
thanh phé tuong tu tai Dac va Phap. Nguyen. T.H 2019 [82] di dwa ra mot danh gia hét
strc quan trong, chi tiét vé van dé quy hoach d6 thi tai ving c6 nguy co ngap lut nhu Can
Tho, d6 1a phai 4p dung cac danh gia rui ro do ngap lut chi tiét va dam bao duoc cac
muc tiéu phat trién bén viing va tng pho véi bién d6i khi hau. Tran Pham 2017 [9] ciing
da dua ra nhan dinh gan véi Nguyén.T.H. Do, Thuy Linh 2020 [113] lai &p dung mot
cach tiép can khac 1a Nhan thic sinh thai hoc trong tmg pho 1ii Iut dua y tudng vé chuyén
d6i 1d lut thanh ngudn lgi vé sinh thai cho dé thi. Ngoai ra, cadc nghién ciu cua
T.L.H.Huong va cong su 2011 cing véi V. L, Nguyén va cong su 2018 cho thay qua
trinh d6 thi hda anh huong 16n toi cac tac dong cua BDKH t6i thanh phé Can Tho [54],
[83].

Lién quan dén cac van dé vé chit luong nudc anh huong tir 1a lut, cac nghién ciu
tir Baino-salingay, Maria Luisa cting Nguyén va cong su [24], [80] cho thay su anh
huong 16n caa 1it Iyt t6i chat lugng nudc thanh phd Can Tho. Tai mot sé diém caa thanh
phé Can Tho, mau nude dugc cung cap cho thay chat luong dudi mic cho phép theo
tiéu chuan Viét Nam, dic biét 1a vé chat luong vi sinh vat. Mot nghién ciu chuyén sau
hon nita cia Huynh va cong su 2019 [55] cho thidy muc do vi sinh vat, dac biét 1a vi
khuan c6 hai trong nuéc sinh hoat vao mua i da vuot qué nhiéu so vai tieu chuan cua
Viét Nam.

Ngoai ra, con mot s6 nghién ciru vé ting cudng nang luc chong choi cia Can Tho
trude 10 lut caa [92]; [89]; nghién ctiru cia Huynh va cong su 2020 [53] da dua ra duoc
C4c tiéu chuan danh gia muac do dé b ton thwong do BDKH tai Can Tho va danh gia tinh
dé bi ton thuwong tong hop tir mic d6 phoi 19, tinh nhay va kha nang chéng chiu, tuy
nhién, tuy nhién, cac nghién ctru nay ap dung khung danh gia cua IPCC 2007 va tuong
d6i cii so vai thoi diém hién nay. Cac nghién ctu trén thé gii dang di theo khung danh
gia IPCC AR5 [134], 1a khung danh gia toan dién hon, cap nhat hon, hién dai hon. Trong
luan an nay sir dung khung danh gia IPCC AR5 dé d¢am bao tinh cap nhat tot nhat trong
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nghién cuu.

Mot hudng nghién ciru khac 1a danh gia tac dong cua 1 lut téi kinh té xa hoi mang
tinh dinh Iwong cho ngap lut tai thanh phd Can Tho. Cac nghién ctru nay c6 thé ké dén
la nghién ctru cua Do.T. Chinh va cong su 2016, 2017 véi cac danh gia vé mic do thiét
hai vé kinh té bang cach ap dung cac phuong phap phén tich da bién két hop vai céac két
qua khao sat thiét hai [110]-[112], cac nghién ciru nay tap trung cha yéu cho nhém ddi
tuong ho gia dinh trong d6 chi1 yéu vé ton hai tgi cong trinh va cac noi that cia nha o.
Ciing theo huéng danh gia thiét hai do 1d, tac gia Vo.T.D 2017 da sir dung céch tiép can
thng ké kinh té st dung ham hoi quy cho céc sé liéu ho gia dinh thu thap dugc [125],
nghién cau nay co dit liéu kha chi tiét vé ho gia dinh nhung khdng cé céc di liéu khéac
vé sinh ké, cac dbi tugng cong, ndng nghiép, dich vu, thuong mai chiu tac dong cua
ngap lut.

Nhin chung, cac nghién ctu vé ngap lut n6i chung va ngap lut do thi noi riéng tai
Can Tho 1a khé da dang, tuy nhién, cac nghién ctru con chwa dua ra dwoc quy trinh toan
dién vé danh gia rui ro kinh té va xa hoi do ngap lut d6 thi, cac nghién ctru nay ciing
chua dua ra cac cong cu ty dong hda danh gia rai ro do ngap lut ciing nhu viéc gan két

cac kich ban bién d6i khi hau vao danh gia rai ro ngap lut d6 thi con thiéu.

Hinh 1.7. Ngdp do triéu cuong két hop mua tai dwong LY Tuw Trong, Cdn Tho; ngay
23/10/2022; Nguén: bdo dién tir Zing
Bén canh cac nghién ctiru khoa hoc, khu virc Can Tho ciing d c6 nhiéu nghién ctu
g dung tir cac du an ting cudng ning luc chdng choi véi bién dbi khi hau va phat trién
bén vitng nhu cac du an cua Ngan hang Thé giéi, GIZ, Ngan hang Phat trién Chau A.

Céc dy an quy hoach phét trién d6 thi cia Can Tho duoc Ngan hang thé gioi tai
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trg chu yéu tap trung vao cac van dé trong quy hoach dé thi lién quan toi ngap lut va
quan ly xay dung yéu kém dan dén anh huéng téi hé sinh thai va moi trudng, dac biét
12 moi trudong nuéce. Bang 1.1 1a cac dy an phat trién d6 thi duoc trién khai ¢ Can tho
trong nhitng nam gan day [32], [33], [87], [130]

Bang 1.1. CAc dw an phét trién dé thi dwoc trién khai & Can Tho trong nhitng ndm qua

Nha tai

Don vi

Loaidw | 4 duw an Poi tac A Thai gian
an tro quan ly
Du an ha | Du &n phat | NHTG UBND TP 2016-2024
tang trién d6 thi Can Tho
Can Tho
Ké hoach | Chién lugc | Lién minh | Viéen Quy | Bo  Xay 2012
chién lugc | phat trién | cAc thanh | hoach db | dung
thanh phd | phé thi va nong
Can Tho thén quédc
gia; NHTG
Du an ha | Duannang | NHTG UBND TP 2012
tang cap do thi Céan Tho
ving dong
bang SCL
Du an ha | Duannang | NHTG UBND TP 2009
tang cap do thi Céan Tho
Viét Nam,
giai doan 2
Du an ha | Duannang | NHTG UBND TP 2004
tang cap do thi Céan Tho
Viét Nam

Ngap lut tai Can Tho 13 két qua ctia nudc mua va hé thong thoat nuée yéu két hop
v6i tridu cuong va muc nudc séng. Thém vao dé, sut lun ciing 14 mot trong nhiing
nguyén nhan ting cudng hau qua ngap Gng. Ngoai ra, Can Tho con dbi mat voi tinh
trang sat 16 bd séng va xam nhap min. Pay déu 1a nhitng van dé vé rui ro thién tai duoc
xac dinh cung vdi cac tdc dong cua bién doi khi hau trong cac chién Iugc va ké hoach
phong chéng, tng pho véi thién tai. Do vay, bén canh cac du phat trién do thi thi cling
c6 mot sd cac dy an quan 1y rui ro va thich Gmg bién d6i khi hau (QLRR&TUBDKH)
dugc trién khai & Can Tho trong nhiing nim qua (bang 1.2).

Bang 1.2. Céc du &n quan 1y rui ro va thich ing bién doi khi hau

Nha tai Pon vi quan

Loai duw an Tén duw an tro Poi tac Iy Theoi gian
Ho trg ky | Phat trien va van | ACCCRN | ISET Trung  tam | 2012-2014
thuat hanh co ché giam giam sat tai

sat, théng tin va nguyén va moi
ung pho xam nhap truong thanh
man phb Céan Tho
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Quy hoach, ké | K& hoach quan ly | NHTG SCE UBND TP | 2013
hoach rai ro ngap lut tong Can Tho

hop thanh phb Can

Tho
Quy hoach, ké | Quy hoach | Chinh Royal BTN-MT, 2013
hoach PBSCL: Tam nhin | phd Ha | Haskoning, BNN-PTNT

dai han va chién | Lan Wageningen

lugc  cho dong University,

bang an toan, tru Deltares

phd.
H6 tro ky | Nghién ctu tac | USAID ICEM, DAI 2013
thuat dong va thich tng

véi BDKH tai

DPBSCL
H6 tro Ky | Nghién cau tac | ADB, BTN-MT 2010-2012
thuat dong va thich ung | AUSAID,

véi BDKH tai | CCF

PBSCL
H6 tro Ky |Thanh lap vian | ACCCRN | ISET UBND TP | 2010-2012
thuat phong bién d6i khi Can Tho

hau
H3 tro k§y | Tang cudong nang | UNDP Tc Chit Thap | UBND TP | 2008-2011
thuat lyc thé ché cho d6 va DH | Can Tho

guan ly thién tai tai Thuay loi

Viét Nam
Quy hoach, ké | K& hoach hanh | ACCCRN | SET, CTC, | S6 TN-MT 2010
hoach dong chéng BDKH World  Bank,

cia TP Can Tho MONRE,

2010-2015 NISTPASS,

SIWRR, CTU

H3 tro ky|DPanh gia Hiém | ACCCRN | CTC,  The | S6 TN-MT 2009
thuat hoa, Kha nang Dragon

chéng chiu va tinh Insitute, The

dé bi ton thuong Mé kdng Rice

d6i véi BDKH Institute, CTU
Quy hoach, ké | K& hoach hanh | NHTG; UBND TP | 2009
hoach dong chéng chiu | GFDRR Cén Tho

BDKH tai dia

phuong
H6 tro ky | Thanh lap ay ban | NHTG UBND TP | 2009
thuat BDKH Can Tho Can Tho

1.5. Pinh hwéng nghién ciru

Céc nghién ctiu trén cho thay tinh hinh ngap lut & Can Tho 1a van dé thyc té xay
ra nhiéu nim qua, va anh huong khéng nho téi muyc tiéu phat trién bén viing cua thanh
phd. Mat khac, qua trinh bién doi khi hau c6 thé dan dén céc kich ban tram trong hon vé
ngap lut, doi hoi can c6 sy dau tu nghién ctru sdu hon nira. Sut lin dat cling 13 mot trong
nhitng nguyén nhan gay ngap lut tai thanh phé Can Tho, mic du chua c6 sé liéu chinh

thirc, cac nghién ctru da chi ra qué trinh sut 1n dién ra khong dong déu, tap trung nhiing
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khu vue khai thac nuéc ngam cudng d6 cao, cac khu vuc c6 mat do xay dung I6n.

Bén canh d6, cac nghién ctru chii yéu hudng vé thuc trang ngap lut va mot sé giai
phap nhét dinh nhung chua co su lién két rd rang voi qué trinh bién d6i khi hau va muc
tiéu phat trién bén virng. Cac nghién ctu vé danh gia rai ro ngap lut do thi trong nudc
noi chung va tai Can Tho ndi riéng con thiéu cac quy trinh danh gia day du vé rui ro xa
hoi va rai ro kinh té. Bén canh dé, nghién ctu sinh nhan thay cac nghién ctu chua tao
lap c&c b cong cu danh gia rui ro c6 thé &p dung pho quét.

Diéu ndy md ra huéng nghién ctu vé xay dung khung danh gia rii ro xa hoi va
kinh té. Tir khung danh gia nay, nghién ciru sinh tao lap cac cong cu ki thuat vé danh
gia rui ro ngap lut co thé &p dung danh gia rui ro ngap lut ¢ hién tai va dbi vai cac kich
ban bién d6i khi hau tuong lai tir d6 luong héa duge cac tac dong cua BDKH dbi vai rai
ro kinh té va x& hoi.

Qua cac lap luan trén cho thay, viéc xac dinh huéng nghién ctiu xay dung khung
danh gia rai ro ngap lut phd quét va bo cong cu danh gia rui ro xa hoi va kinh té co thé
duoc ap dung rong rai va luong hoa dugc tac dong cua bién ddi khi hau téi rai ro kinh
té - x4 hoi tai 16i d6 thi Can Tho 1a c4p thiét, c6 ¥ nghia khoa hoc va thuc tién.

Duya trén dinh huéng nghién ciu, nghién ctru sinh da lua chon phuong phap két
hop cong nghé GIS véi két qua md hinh hoa ngap lut d6 thi tai Can Tho dé xay dung
khung danh gia rui ro ngap lut d6 thi va bo céng cu danh gia rai ro kinh té - x& hoi phu
hop véi hién trang ngap cua khu vuc nghién ciru. Khung danh gia va bo cong cu dugc
ap dung cho céc kich ban bién doi khi hau duoc ap dung theo cac bao cao BPKH nim

2016 va 2020 nham dy bao cac tac dong vé kinh té - x4 hoi cia BDHK trong tuong lai.
1.6. Tiéu két Chwong 1

Thong qua qué trinh phan tich, tong hop cac nghién ciru trong va ngoai nudc veé
bién d6i khi hau, danh gia rai ro ngap lut, dac biét 1a ngap lut d6 thi, nghién ctu sinh
nhan thay rang cac nghién cau vé rai ro 1d lut va ngap lut d6 thi rat da dang va da chiéu.
C4c tai liéu hién c6 cung cap cai nhin tong quan vé Van dé nay, déng thoi cho thay van
con nhiéu huéng nghién ciu tiém ning, dic biét trong béi canh Viét Nam. Mot trong
nhitng hudng di quan trong la xay dung quy trinh danh gia rui ro ngap lut d6 thi mot
cach toan dién, phi hop véi diéu kién di liéu tai Viét Nam. Trén co s& quy trinh nay,

cac cong nghé phan tich khéng gian va mé hinh hoéa thuy luc c6 thé dugc tich hop vao
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mét bd cong cu nham nang cao tinh (ng dung trong danh gia rai ro ngap lut ndi chung

va ngap lut do thi ndi riéng.
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CHUONG 2. KHAI QUAT VE KHU VUC NGHIEN CUU, CACH TIEP
CAN VA PHUONG PHAP NGHIEN CUU

2.1. Khu vuc nghién c@u va tac dong caua ngap lut

2.1.1. Khu vwc nghién cuu

Thanh phd Can Tho ndm ¢ trung tdm luu vuc séng Ctu Long (105°13° 38"’ -
105°50° 35°” va 9955°08”” - 10°19” 38””) (hinh 2.1). Thanh phé c6 9 quan bao gdm Ninh
Kiéu, Binh Thuy, Cai Rang, Phong Dién, O M6n, Théi Lai, Thét Not, Co Do va Vinh
Thanh (hinh 1.10). Vi dan s6 wéc tinh nim 2022 1a 1.281.949 nguoi phan bd trén dién

tich khoang 1.401 m2, véi 16i d6 thi nam trén 2 quan Ninh Kiéu va Binh Thay c6 dién

tich khoang 2500 ha. Khi hau nhiét doi 1a dic diém dién hinh cua thanh phd va duoc

phan biét thanh hai mia mua va mua kho rd rét. Mla mua tir thang 5 dén thang 11 va

mua kho tir thang 12 dén thang 4 nam sau. Nhiét d6 trung binh khoang 27°. Luong mua
trung binh khoang 1.500-1.800 mm. Téng s6 gio nang 1a 2.300-2.500 gid. D6 4m khoang

83% [137].
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Hinh 2.1. Khu vic nghién cuu
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L5i d6 thi Can Tho nam trén dia ban quan Ninh Kiéu va Binh Thay, trong dé, viing
trong diém phat trién d6 thi nam khu vuc hitu ngan séng Binh Thuy, duoc xac dinh bai
ranh gidi tu nhién bao gdom sdng Hau, sdng Can Tho, rach Hang Bang-Cai Son va song
Binh Thuy.

Li d6 thi cua Can Tho 1a khu vyc tép trung d6 thi lau doi, 1a trung tam kinh té,
chinh tri, van hoa cua ca thanh phé. Trong khu vuc nay hién twong ngap lut dién ra
thuong xuyén do cac nguyén nhan tir thay tridu va lugng mua 16n. Mac du d6 sau ngap
khong qua 16n nhung tan suat dién ra lai rat thuong xuyén, anh huong lén dén doi séng

sinh hoat va kinh té ciia ngudi dan thanh phé.
2.1.2. Cdc tac nhin gay ngdp lut tai Can Tho

Ngép lut tai Can Tho duoc xac dinh bdi 3 nguyén nhan chinh bao gdm: (1) Muc
nudc cao trén cac séng, rach xung quanh; (2) Luong mua cuc b tai thanh phé; (3) Tinh
trang sut lan dét .
2.1.2.1. Mwc nwoc

Hé thdng thily vin xung quanh Can Tho rat phuc tap. Sau khi chay vao Viét Nam,
vung ha luu séng Mé Kong c6 hé thong song ngoi day dic, chiu tac ddng manh cua thay
triéu va 1ii trén thuong ngudn. Hé thong thuy vin duoc chia thanh cac nhanh thoat nudce
chinh sau:

- Soéng Tién, song Hau, d6 ra bién Dong;

- Séng Vam Co6 bao gdm Vam C6 Pong, Vam Co Tay ciing d6 ra Bién Déong;

- Song Giang Thanh d6 ra bién Tay.

- Song Tién va séng Hau ciing ¢ cac phu luu quan trong 14 song Sé Thuong, song
S Ha, song Trabek, song Chau Pdc va song Ta Keo chuyén nudc ngip tir ving ngap
Campuchia vao Viét Nam.

- Song My Thanh, song Ganh Hao va song B6 D¢ d6 nude ra bién Pong. Cac song
Cai Lon, Cai Bé, Ong DPoc, Bay Hap va Cira Lon thoat nude ra Bién Tay. Tat ca cac
tuyén nudc ndi dia déu 1a cac séng tu nhién ngin va c6 tinh lién két cao va cac kénh dao
dugc xdy dyng trong vung thiy triéu, trong d6 c6 nhiéu dong chay hai chiéu. Can Tho

nam & vi tri trung tim trong mang ludi dong chay phuc tap nay.

41



Hinh 2.2 cho thiy mang ludi séng ciia Dong bang song Ctru Long 13 nhimng duong

mau do va vi tri cua thanh phé Can Tho duoc thé hién ky hi€u mau vang trén ban dd.

©_ canTho
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Hinh 2.2. Mang i song ngoi, kénh rach ¢ ha leu Pong bang séng Ciru Long
Muc nudc song tai tram Can Tho duoc phan tich thong qua viéc st dung dir li¢u
ghi lai hang gio cho cac nam 2000 - 2019. Cac ngudng 1,7 m;1,9m; 2,1m va 2,15m da
dugc chon dya trén mirc baod dong Iii tir 1, 2, 3 va gid tri <muc nudc lich su. Cac tri do
muc nude theo gid ghi duge 16n hon hodc bang gia tri ngudng trong mdi nam déu dugc
tinh 1 vuot ngudng cho nim d6. Két qua phan tich duoc trinh bay thé hién trong hinh
2.3.
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Hinh 2.3. S6 gio muze nuwéc tai Can Tho bang hodc vieot nguwdng hang ndam tir ndm

42



2000 toi 2019

Tir biéu d6 hinh 2.3 cho thiy theo thoi gian xu hudéng muc nudc lai ting 1én theo
mdi nam khi dit liéu ghi lai ¢ cac muc trén nguong 1,7m, 1,9m va 2,1m. Tu biéu d6 hinh
2.3 cho thiy trude nam 2011 khéng ghi nhan mirc nudce cao trén 2,1m va trong vong 5
nam dau (2000-2005) thi ghi nhan muc nudc bang hodc trén 1,9m trong thoi gian 10
gid. Ca hai nam 2018 va 2019 déu ghi lai myuc nudce trén 2,1m xay ra trong nhiéu gio
hon so vé&i bat ky ndm nao trudc d6. Myc nudce cao nhét ghi lai dugc 1a 2,24m x4y ra
vao ngay 30 thang 9 naim 2019. Ghi nhan ctia nim 2019 cho thay cac muc nudc cao trén
1,9m xay ra trong thoi gian ngan hon, so véi & cac dot ngap trung binh trén 1,7m va cac
muc nudc cao xay ra lau hon trong cdc ndm, ngoai ndm 2018. Xu hudng tir dir li€u 1a rd
rang cho thdy myc nudc dinh tai Can Tho dang cao lén.

Nguyén nhan c6 thé do sy két hop cua cac yéu té bao gom:

- Mot yéu té cuia nude bién dang gay anh huong dén muc nudc tai Tram Can Tho,
noi co6 thuy triéu manh;

- Qué trinh bdi lang trén song co thé ngay cang ting lén;

- Bién d6i khi hau c6 thé lam gia ting luu lwong trén song Hau 1am tang luu luong
dong chay

- Cao d6 cac tram do Can Tho c6 thé ngay cang thap hon do sut lun dat;

- Khi hau bién ddi do cac yéu té nhu nhimng thay d6i trong Chi sé Dao dong Nam
& Thai Binh Duong hodc Ludng cuc An Do Duong c6 thé anh huong dén nhitng dit lidu
ghi lai khac nhau trong dai dir li¢u ghi dugc.

Mic du Hinh 2.3 cho thay c6 myc nudc ngiy cang cé xu hudng ting thém nhung
cao do quy hoach dy kién 3m cua cac tuyén dé tai Can Tho s& gitp 16i d6 thi an toan
khong bi tran dé trong twong lai gan. Tuy nhién, s& c6 nhiing tac dong dén ché do li khi
theo thoi gian muc nudc séng Hau trén mire téi han giy ra ngap lut & Can Tho.
2.1.2.2. Lugng mwa

Luong mua la mot trong nhitng tc nhan gay ngap lut tai Can Tho, dic biét 1a ddi
Vi 161 d6 thi. Lugng mua cuc bo 16n két hop véi hé thdng thoat nudc kém hiéu qua va
kha ning tham hat thip khu vuc d6 thi da tao ra cac dot ngap 16n, cuc bo trén cac khu
vuc cua thanh phd.

Dua trén sb liéu thu thap duoc co thé thay rang trong giai doan 1985 - 2017:
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- Can Tho c6 nhiéu nim c6 lwong mua ngdy 16n nhit (12 nim), tiép theo 1a Long
Xuyén (10 nam). O Mén va Nai Sap c6 s6 nam co luong mua 16n nhét 1an luot 13 8 nim
va 3 nam;

- Luong mua ngay 1on nhit 173 mm dwoc ghi nhan tai Long Xuyén, sau d6 1a O
Mon (167 mm), Nti Sap (141 mm) va Can Tho (132 mm).

- Luong mua ngdy 16n nhit t6i >100m c6 thé gdy ung ngip cuc bd trong khu vuc
do thi.
2.1.2.3. Sut lin dit

Tinh trang syt lan dat d3 dién ra rong rai trén vang dong bang séng Ctru Long, ké
ca tai Can Tho. Sut lan dat khong chi lam gidm cao d6 cua nén d6 thi ma con thay doi
kha niang chdng choi v6i nguy co ngap lut. Vi nén do thi tré nén thap hon, tinh trang
ngap lut tré nén nghi€ém trong hon trong céac truong hop ngap lut. Tuy nhién, trén thyuc
té, bén canh mot s6 bao cdo cua cac to chirc quéc té, hién chua c6 sb liéu sut lun duge
cong bd chinh thirc boi cac co quan chinh phu. Trong diéu kién han ché vé thoi gian va
ngudn s6 lidu, nghién ctru sinh khong phan tich va ap dung s6 liéu syt lan dat trong danh

gia hién trang ngép lut tai khu vuc nghién ctru.
2.1.3. Pic diém lii 16i Cin Tho

Trén dia ban TP Can Tho c6 hai ngudn nudc Iii chinh. Nguon lii thir nhat 1a mua
cuc bo xay ra khi luong mua 16n vuot qua kha ning thoat nuée - day 1a van dé dac biét
nghiém trong & 1i d6 thi vén rat phét trién véi mang ludi thoat nude bao gom cac dudng
dng ngam va kénh hg. Ngudn 1i thi hai tir séng Hau khi muc nuée dang do dong chay
s6ng Ion vao mua gié chudng, muc nudc triéu dang cao hoic két hop ca hai. Khi diéu
nay xay ra, nudc song chay tran qua bo song hoac chay nguoc qua mang ludi duong
ong trong khu vuc nay.

Trong nhitng nam gan day, triéu cuong la nguyén nhan chu yéu gay ra lii lut & Can
Tho. Muc nuéc triéu cudng cao nhat dugc ghi nhan dén nay dat 2,17m vao nam 2020,
vuot muc bao dong 3 va giy ra dot ngap nang nhat trong 10 nim qua & Can Tho. Can
lwu ¥ rang sut lan dat, mot van dé nghiém trong, dac biét 1a xung quanh 18i d6 thi, dang
dan dén myc nude dinh tridu rd rang cao hon ma khong nén nham Ian véi “thyc té: muc
nuéc bién dang cao do bién d6i khi hau gay ra.

Hién nay, thanh ph Can Tho dang tién hanh dy an nang cap do thi trong d6 c6 hé
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thdng tuong bao ngan tridu, cac cong va tram bom nham khic phuc hién twrong ngap lut
do thay triéu. Khu vuc dugc bao quanh béi hé théng tuong ngan triéu va ké dudng duoc
xac dinh 12 16i d6 thi cua thanh phd, nhu Hinh 2.4.
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Hinh 2.4. Léi dé thi cua Can Tho
2.1.4. Tac dong cua lii lén cac linh vuc.

Ngap lut ¢ 16i d6 thi Can Tho c6 tac dong ca vé kinh té va x& hoi va nhing rai ro
tuong tng sé duoc danh gia trong luan an ndy. Rui ro 1i Iyt x4 hoi dé cap dén rai ro ddi
v6i nguoi dan va sinh ké cua ho. Piéu nay anh huong dén ca nguoi dan thanh thi va
nong thon[53], [79], [104], [123].

Tac dong kinh té dé cap dén nhitng thiét hai vé tién té do 1a lut gay ra [69], [111],
[112]. Thiét hai 1a do céc toa nha, co so ha tang va ndng nghiép bi ngap. Thiét hai c6
thé duoc giam nhe & cip d6 dia phuong bang cac bién phap phong chong 1i lut (chang
han nhu xay tuong chan lil xung quanh cac tai san riéng 1¢) va bang cach thay doi mo
hinh cay trong dé tranh cac thoi diém 1 lut c6 thé dan dén thiét hai hoic mat mua trong
nam.

Céac khu vyuc d6 thi dé bi anh huéng va nhay cam vaéi rii ro vi tai san va céac hoat

d6ng bi anh huong bt lgi boi 1a lut[54], [106]. Tuy nhién, cac khu vuc ndng thon cé
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thé dya vao 1i dé san xuat néng nghiép va nudi trong thay san.

Trong cac huyén nong thon ctia Can Tho c¢6 nidm thi tran (thi trdn nhé) cung cép
dich vu trung tdm cho cac xa ¢ vung noi dia. Vi du, cac thi trin thuong 1a thi trin tha
phu ctia mgt huyén. Cac thi trin c6 mat d6 dan sd va tai san chju rui ro cao hon. Vj tri
ctia ho & phia tdy cta thanh phd 1am ting tinh d& bi 1i lut vi d6 cao cua dét nhin chung

thip hon ¢ phia dong.
2.2. Dir ligu dwgc sir dung trong danh gia rii ro ngap lut
2.2.1. Dit liéu phuc vu mé hinh hoa

Dit liéu phuc vu mé hinh héa duoc st dung trong viéc xay dung cac hop phan cua
mo hinh ngép thanh phd Can Tho, trong d6 xac dinh ché do ngap tai 16i d6 thi. Cac dix
li¢u nay duoc ké thira tir du an FRMIS thudc téng du an phat trién d6 thi thanh phé Can
Tho:

- Dt li¢u sur dung trong mo hinh mua rao - dong chay

+ Ban do st dung dat 2020 dé xac dinh cac thong sb cua timg mo hinh tiéu luu
vue, ban d6 nay duoc thu thap tir S& Tai Nguyén va Moi truong.

+ Dir liéu mua tai tram khi tuong Can Tho cho 16i d6 thi, dit liéu duoc thu thap
dué6i dinh dang bang sd liu, tir 1980 dén 2020 tai tram KTTV Can Tho.

- Dt li¢u st dung trong mo hinh thoat nudc ndi do:

+ Dit liu duong 6ng thoat nude ciia thanh phd, bao gdbm mang luéi, chiéu dai,
kich thudc, loai vat li¢u. Dt li€u nay duogc thu thap tir Cong ty Cép thoat nudc thanh
phd Can Tho (WASSCO) va S¢ Xay dung TP Can Tho.

+ Dit liéu vé cac hd ga, cira xa trong 161 do thi bao gém vi tri, kich thudc duogc thu
thap tt WASSCO.

Dir liéu str dung trong md hinh dong chay ho 1D:

+ So d6 mang kénh hé dugc xay dung tir dit liéu quan 1y ciia sé Xay dung TP Can
Tho.

+ Céc mat cat tung kénh dugc xéac dinh tir dir liéu mé hinh duoc cép tor Ban quan
ly (BQL) du 4n TP Can Tho.

+ Pia hinh céc hd chira bao gdbm Xang Thoi va Bin Xang dugc xac dinh tir BQL
dy 4n TP Cén Tho.
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- Dir liéu dugc sur dung trong mo hinh dong chay tran 2D:

+ Dit liéu m6 hinh s6 d6 cao DEM cuia thanh phé Can Tho, do phéan giai 5m, ngudn
dit liéu tir do LIDAR nam 2009 két hop vai dir li€u dia hinh 1/2000 thanh 1ap nam 2012
cua B0 Tai nguyén va moi truong.

- Dt liéu sir dung trong xéac dinh céc diéu kién bién cta m6 hinh

+ Dir liéu mua ngay tai 4 tram do mua gém 4 tram Can Tho, O Mén, Nui Sap va
Long Xuyén trong giai doan 1985 dén 2017.

+ Dt 1iéu muc nude song dugc léy ttr cac tram thuy van doc séng Hau bao gff)m
cac tram Angkor Borey, Long Xuyén, Can Tho va Pai Ngai tir nim 2000 téi ndm 2017
2.2.2. Dit ligu phuc vu ddnh gid riii ro vé xi hji

- Dt liéu str dung trong danh gia mirc do phoi 16 bao g@)m dit liéu ban d6 hién trang
st dung dat 2020 duogc thu thap tai S Tai nguyén & Méi trudng Can Tho.

- Dit liéu str dung trong danh gia mtrc d6 dé bi ton thuong:

+ Dit liéu nién giam thong ké cua thanh phd Can Tho nim 2018, 2019 bao gdm
cap thanh phd va cap huyén.

+ Béo cdo kinh té xa hoi 2018-2019-2020.

2.2.3. Dir lidu phuc vu ddnh gid rii ro vé kinh té

+ Béo co hién trang ngap ctia thanh phé Can Tho nam 2018 va 2019.

+ Dit liéu sir dung dat nam 2020.

+ Dit liéu diéu tra hién trang ngdp va thiét hai ngap 2021 va 2022
2.3. Quy trinh danh gia rii ro ngap lut dwéi tac déng caa bién doi khi hau

Pé xac dinh dugc tac dong cua bién doi khi hau t6i rai ro thién tai ngap lut cia khu
vuc ndi d6 thanh phd Can Tho, trén co s& danh gia cac nghién ciru trong chuong 1 luan

an da xay dung cac budc cua noi dung nghién ctiu bao gom 3 phan (hinh 2.5).
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1. Nghién ctru m6 hinh héa hié¢n trang
ngar lut tai Can Tho va noi do.

2. Nghién ctu xay dung phuong
phap danh gia rai ro xa hoi va thiét
hai kinh té do ngap Iut

3. Nghién ctru tdc dong cta bién do6i
Khi hau téi rai ro xa h01 va thiét hai
kinh té khu vuc nghién ctru

Hinh 2.5. Néi dung danh gid rui ro ngap lut dudi tac dong cua bién doi khi hau
Theo d6, cac bude danh gia dugc lién két chat ché, cac két qua cia bude trudc sé
1a dau vao cua qué trinh nghién ctu tiép theo. Cac bude danh gia nay dugc xay dung
dua trén cac phuong phap bao gdm mé hinh héa ngap lut, danh gia rai ro ngap va xac
dinh tac dong cua bién d6i khi hau.
Quy trinh danh gi4 rai ro thién tai do ngap lut vé kinh té - x& hoi bao gom 2 khéi
danh gia twong Gng v6i danh gia rai ro vé mit x& hoi va luong gia/danh gia ton that kinh

té duoc xac dinh trong hinh 2.6 nhu sau:
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D liéu D liéu D{ liéu o
dan cu;, mo hinh sir dung Qu lleE
lao dong, héa dat ton that

x& haoi kinh té

Phéan loai st*

Elnh dé bi mitc dé phoi M6 hinh hda ngép dH.lwg dat thep Xay d.L,fng h.am
ton thuong 16 lut doi tu'gng chiu thiét hai
veé xa hoi i thiét hai

BRI Xac dinh

D liu
D ligu e phéan loai
muc dé o déi tugng
phaoi Lo . chiu thiét
hai

D{i liéu
tinh dé
bi tén
thuong

Ham thiét
hai

Panh gia rui ro vé mat Panh gid rui ro vé mat
xa hoi kinh té

Ban do/d{ Lliéu Ban do/dQ liéu
rdi ro xa hdi rdi ro kinh té

Hinh 2.6. Quy trinh ddanh gid rii ro vé kinh té - xa hgi
Trong quy trinh dénh gia nay, cac budc xir Iy duoc cu thé hoa bang cac phuong
phap dugc trinh bay lan luot & cac muc thudc chuong 2 cua luan an. Trong d6, quan
trong nhat, phwong phap danh gia rai ro vé mat xa hoi va kinh té dugc xac dinh trong
phan 2.4 va 2.5. Quy trinh danh gia nay dwoc lap lai v6i viéc moé hinh hda ngap lut voi

céc diéu kién bién ddi khi hau cho cac nam 2030 va 2050.
2.4. Phwong phap mo hinh hoa

2.4.1. Cac phwong phap moé hinh héa ngdp lut
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Trong nghién ctru, danh gia ché do ngap lut, nhiéu phwong phap da duoc ap dung
Vi cac diéu kién khac nhau. Cac phuong phap nay cé thé duoc phan chia thanh 3 nhém
chinh bao gom: mé hinh héa viing ngap, phan ving ngap lut dua trén dit liéu vé tinh va
khao sat truc tiép.

Pénh gia ché d6 ngap lut theo phuong phap khao sét truc tiép duoc sir dung trén
hau hét cac khu vuc ngap lut trén thé gisi [22], [37]. Pay 1a phuong phap don gian, thuc
dung nhat thuong dugc st dung va da tro thanh ngudn dix liéu kiém chang va hiéu chinh
cho cac phuong phap danh gia ngap lut bang mé hinh khéc [17], [99], [109], [122].

Bén canh phuong phap danh gia ngap lut bang khao sét truc tiép, cac phuong phap
phan ving ngap lut, 1ap ban d6 ngap lut cling duoc sir dung kha rong rii, dic biét 1a
nhitng nghién ciu trong 10 nam gan day ap dung cac dit liéu vién tham siéu cao tan
(SAR) [23], [63], [94], [96], [116]. Pdi véi phuong phap ndy, han ché Ion nhat ludn 1a
viéc “dung luc, ding chd” cua vé tinh. Nghién ciru sinh di tién hanh tha nghiém sir dung
anh Sentinel 1 va Google Earth Engine dé tai tao tinh trang ngap lut tai khu vuc thanh
phd Can Tho. Két qua dbi sanh gitta mua kho (thang 4) va miia mua + triéu cuong (10-
11) cho thay, cac khu virc ndng thon, hinh anh hién trang ngap 1a twong dbi rd, nhung
véi khu vue dong dan cu, két qua khdng thé hién duoc hién trang ngap lut tai khu vuc

nay. Theo hinh 2.7 cho thay, toan bd khu vuc ngap déu khdng nam & cac ving do thi.

HIEN TRANG NGAP THANG 11 NAM 2020 THEO ANH SENTINEL |

Hinh 2.7. Hién trang ngdp khu viec thanh phé Can Tho tir anh Sentinel 1, thang 11
nam 2020

50



Déi vai nhitng tran lut c6 dién bién nhanh, nam & khu vuc ¢ nhiéu dbi twong che
khuat nhu nha cao ting, khu dan cu thi dir liéu anh vé tinh gap nhiéu kho khin trong
theo ddi. Bén canh do, phuong phéap nay chi xac dinh dugc cac ving bi ngap, khong thé
xac dinh chinh xac do sdu ngap, van téc ngap.

Phuong phap dénh gia ché do ngap lut thudng dung nhét trong cac nghién ctu vé
thuy van 1a cac dang md hinh héa, & day bao gdm céc dang mé hinh thuy lrc, mé hinh
GIS, cac dang mo hinh hoc may/tri tué¢ nhan tao. Phuong phap nay c6 wu diém 12 dua
vao cac dit liéu quan trac thyc té, dir liéu quan sat trai dat va cac dir liéu khong gian dé
md hinh hoa, tai tao khu vuc ngap lut, tai tao ché do thay van, tai tao qué trinh ngap lut
[16], [63], [65], [73], [133], [135], [136]. Pdi v&i phuong phap nay, cac dit lidu dugc
xtr 1y, mé hinh hoa dé tao thanh cac san pham dau ra la cac ban d6 ngap, cac dién tién
ngap lut theo thai gian va cac théng sb chinh cua ngap lut nhu d6 sau ngap, toc do nude
chay, thoi gian va dién tién. Phuong phap nay c6 wu diém 16n vé tai tao ché do ngap voi
day di cac thdng sé quan trong, tuy nhién, viéc ung dung cac phuong phap nay kha kho
khan di voi cac nude dang phat trién, dac biét 1a & Viét Nam do dix liéu nén c6 do chinh
X4c thép, cii hodc khdng c6 sin.

Trong luan &n, phuong phap danh gia ché do ngap lut tai 16i d6 thi Can Tho duoc
sir dung 1a phuong phap mé hinh héa véi trong tam 12 ké thira cac két qua cia md hinh
thay luc két hop cong cu GIS dé xac dinh cac dic diém vé ngap lut d6 thi tai khu vuc
nghién cuu.

2.4.2. Quy trinh mé hinh héa hién trang ngdp lut

Quy trinh md hinh héa hién trang ngap lut tai 16i d6 thi Can Tho bao gom 4 giai
doan chinh (hinh 2.8.), duoc ké thira tir du 4n FRMIS.
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Xac dinh c4c nguyén nhan gy ngép lut
do6 thi tai Can Tho

Phén tich cac nguyén nhan chinh gay
ngap tai Can Tho

Khao sat hién trang ngap

M0 hinh hoéa va 1ap ban dd hién trang
ngap

Hinh 2.8. Quy trinh danh gid ngdp lut @6 thi tai Can Tho

Qua trinh mo hinh hda hién trang ngap lut d6 thi tai thanh phé Can Tho dugc bat
dau bang viéc xac dinh cac nguyén nhan chinh gy ngap lut d6 thi. Giai doan tiép theo
1a phén tich, 1am 13 tac dong cta timg nguyén nhan t6i thuc trang ngap lut d6 thi tai Can
Tho nham dua ra nhiing co s& quan trong nhét cho viéc md hinh hoa ngap lut, phuc vu
cdng tac danh gia chi tiét. Chat lugng cta viéc phan tich tac dong truc tiép toi két qua
cua viéc mo hinh hoéa trong danh gid ngdp lut. Nguyén nhan gay ngap chinh tai 161 o
thi Can Tho bao gém 3 tac nhan chinh: Lugong mua tai khu vuc, nudc tir hé théng
song/kénh rach bao quanh thanh phd va sut lin dat tai khu vyc nay.

Giai doan khao sat duogc tién hanh trong thoi diém ngap lut ro rét nhét, cbng tac
nay cho phép viéc danh gia théng qua mo hinh hoa cé su phit hop ddi véi thuc té tai khu
vuc nghién ctru. Céac két qua khao sét ciing duoce dua vao trong cac giai doan hiéu chinh
va kiém dinh nhim dam bao tinh chinh xac ciia mé hinh hoa trong danh gia hién trang
ngép lut.

Giai doan mo6 hinh hoa va lap ban dd hién trang ngap duoc tién hanh thong qua hé
théng phan mém mé hinh hoéa (MIKE) trong d6 sir dung cac dit liéu va s liéu dugc cung
cép bo1 3 giai doan trude do. Mo hinh hoa yéu cAu murc do chi tiét cua dir liéu rat 16m,
cung voi d6 13 viéc két ndi cac mo hinh thanh phan can dugc théng nhat xuyén sudt

trong qua trinh 1ap mo hinh. Cac mé hinh thanh phan nay bao gdm mé hinh dong chay
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1D cua Pong bang séng Ciru Long, md hinh thoat nudc do thi ciia Can Tho, mé hinh
mua rao - dong chay dugc két hop dé xay dung mé hinh 2D dong chdy tran cia 1561 d6
thi Can Tho. Pé dam bao d6 chinh x4ac va tin cady cua mo hinh, céc s6 liéu thuc té cua
su kién ngdp dugc dua vao qua trinh hi€u chinh va kiém dinh mé hinh. Cac két qua cua
mo hinh dugc chuyén d6i thanh cac dir liéu GIS va dua vao trong co s dit liéu khong
gian phuc vu qua trinh danh gié rui ro do ngap lut.
2.4.3. Ciu triic ciia mé hinh thiiy lwc 16i dé thi

M0 hinh thuy lyc cua 161 d6 thi dugc phat trién boi du an FRMIS thude Du an phat
trién d6 thi thanh phé Can Tho tir ndm 2020 d&én nam 2023. Toan bo viéc xay dung mo
hinh thaty luc duoc thira ké tir du an FRMIS cua thanh phd Can Tho.

MBS hinh thay luc duoc st dung bao gdm cac mé hinh duogc lién két nhu hinh 2.9

Sau:

Thu thap dif liéu
v
Mé hinh 1D Bdng bang SCL
v

Bién muec nudc clia md hinh khu
vire L6i do thi

M6 hinh mua rao —
dong chay

v

Mé hinh 1D hé théng thoat nudc
M6 hinh 2D chay tran

M& hinh [6i d6 thi 2D

M6 hinh 1D kénh ho

Hinh 2.9. Lién két giza cac md hinh trong thiét ldp mé hinh thay liec 16 d6 thi (Tai
lieu FRMIS -2023).
- M6 hinh 1D khu vyc dong bang Song Ciru Long: Pugc ké thira tir Hop phan danh
gia tién kha thi thudc du an phat trién d6 thi Can Tho nim 2016, md hinh nay duogc su

dung dé x4c dinh cac bién muc nudc cho mo hinh 16i d6 thi cta thanh phé Can Tho.
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- M6 hinh Mua rao dong chay duoc phat trién dé xac dinh cac thong sb dau vao
cho m6 hinh 1D kénh hd va mé hinh hé thong thoat nude cua 16i do thi.
- M6 hinh 1D kénh hé va mé hinh thoat nudc duoc lién két véi mé hinh chay tran

2D dé tao thanh m6 hinh thay luc cua 161 d6 thi.
2.4.4. Xdc dinh gid tri ddu vao ciia mé hinh ngdp tai Cin Tho

Sau khi cac mé hinh dugc thiét lap, cac gia tri dau vao can duoc tinh toan cu thé.
Viéc tinh toan cac dit lidu ddu vao ndy bao gdm muc nudc va lugng mua trong khu vue
nghién cuu.
2.4.4.1. Myc nuoc

Céc tram thiy van cung cap s liéu dé phan tich anh hudéng ctia muc nudc trong
hé théng song Mé Kong dén Can Tho, bao gom Angkor Borey, Katie (Campuchia),
Long Xuyén, Can Tho va DPai Ngai.

Muc nude 16n nhat ghi nhan hang nam tai cac tram Long Xuyén, Can Tho va Pai

Ngai duogc thé hién trong hinh 2.10.

Muc nuwdc cao nhat hang nam

3.00

Muc nwée cao nhat nam tai Long Xuyén
Muc nwée cao nhat nam tai Can Tho
2.80 Muc nwée cao nhat nam tai Dai Ngai
"""" Tuyén tinh (Mwc nrdc cao nhét nam tai Long Xuyén) \
Tuyén tinh (Mwc nude cao nhat nam tai Can Tho) \

Tuyén tinh (Myc nwdc cao nhat nam tai Dai Ngai) ) \ ™\
. | [\
2.60 / \ 7\
! | \ / !
41; f
- N / \/ \
E 2.40 \ / \ y \
= \ ’/ \ \
= \
3 \
= 2.20 / \ /

1.80

1.60

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

year

Hinh 2.10. Muzc nuéc cao nhadt tai cac tram(Tai liéu FRMIS -2023).
S6 lidu do duoc tai tram Can Tho ¢6 su tuong déng v6i tram Pai Ngai sat clra song

Hau. Ca hai tram déu chiu anh hudng chu yéu ctia myc nudc thuy trieu. Tram Long
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Xuyén vira bi anh huéng mot phan cua triéu cuong, va ciia ché d6 1 trén hé thong song
Mé Kong. Lugng nudc i thuong dén vao khoang thang 9 hang nam, anh hudng dén
dinh tai Long Xuyén nhiéu hon céc tram & ha luu. Tram Long Xuyén c6 thé chénh 1éch
giita cac nam 1a 0,8 m do sy bién d6i dong chay cua 1ii trén song Mé Kong. Anh hudng
tor nude 1 1a kha nho khi so sanh voi cac tram ¢ thuong nguén noi myc nude cé thé

thay d6i nhiéu mét (nhiéu nhat 1a 12 mét tai Phnom Penh ctia Campuchia) Hinh 2.11.

Mure nurde cao nhat hang nam (m) tai tram Angkor Borey, Campuchia.
Vidg 10°59’37”, kinh d§ 104°58’34"’e

y = -0.0572x+4.7647

Muie nuée (m)

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

N3m

Hinh 2.11 . Myc nuwéc 1én nhdt dwoc ghi nhdn hang nam ¢ Angkor Borey, Campuchia
(1995 - 2015) (Tai ligu FRMIS -2023).

Tir cac dir liéu quéa khtr cho thdy muc nudc tai Long Xuyén c6 xu hudng bi giam

theo xu huéng giam luu luong & Kratie (Hinh 2.11). Tir khoang nam 2000, bat chip

mot sd hién tuong cuc doan, xu hudng giam luu lugng tai Kratie 1a kha rd rang. Luu

luong giam trong mua lii c6 thé do su phat trién ctia cac dap tai khu vuc thugng ngudn.

80,000
70,000
60,000
=
£ 50,000
=
g
= 40,000
z
- 30,000
20,000
10,000
rEeE23r883aga2888883c88888sz5z28¢83
o v e e e v e v e e e NN NN NN N NN SN NN N NN SN NN
Nam

Hinh 2.12. Luu heong 1én nhdt méi nam trong giai doan thang 9/thang 10 tai Kratie
(Tai lieu FRMIS -2023).
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Hinh 2.13 cho thay biéu db vé sy bién dong hang thang ciia muc nude cao nhit tai
Cén Tho. C6 thé théy su chénh 1éch ctia muc cuc dai ghi nhan dugc vao thang 10 nam
2011 duge thé hién dudi dang vach d6 dam trén biéu dd, d6 1a nam i 16n & song Mé
Kéng, chi cao hon mirc trung binh cac nim khoang 0,2m duoc thé hién dudi dang nét
dut, vach den. Piéu nay cho thdy dong chay lii trén hé thong song Mé kdng chi anh
huong han ché dén cac muc nudc tai Can Tho, noi chu yéu chiu anh hudéng boi muc

nudc bién khu vuc ha luu.
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Hinh 2.13. Muzc nwéc 1on nhdt hang thang dwoc ghi nhdn tai Can Tho ké tir nam
2000(Tai ligu FRMIS -2023).

Viéc xac dinh bién thugng ngudn cho myc nudc 1i ¢ song Mé kdng cho cac nam
co sé trong twong lai 14 kha khé khin do chua c6 cac ude tinh chinh x4c vé ché d6 dong
chay trong tuong lai trong hé thong song Mé kong.

Dé thiét 1ap cac gia tri dau vao vé muc nude cho mo hinh cho 16i d6 thi thanh phd
Can Tho, cac muc nudc trong cac séng va kénh rach xung quanh thanh phd can duoc
xac dinh. Trong md hinh, cac séng, kénh nay déu théng véi song Hau. Tir 4o, dé xay

dung dau vao cho mé hinh thuy lyc nay, muc nude can duge du béo tai cac tram do muc
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nude Can Tho va Long Xuyén (hinh 2.14).

105°10'E 105°20'E 105°30'E 105°40'E 105°50'E

Chu giai
* Biem du bao kich ban myce nudc
—— Kénh rach

B Song

M5 hinh s6 dé cao (m)

§mm o
<05
Bl os-1

10°20'N
10°20'N

10°10'N
10°10'N

10°N
10°N

105°10'E 105°20'E 105°30'E 105°40'E 105°50'E

Hinh 2.14. Vi tri cac tram du béo kich ban muc nwéc (Tai lieu FRMIS -2023).

Pé xac dinh muc nudc tai cac bién dau vao ctia khu vuc thanh phd Can Tho, dit
an FRMIS da xay dung mot mé hinh Mang tri tu¢ nhan tao (ANN) nhim xéac dinh cac
bién nay. Trong d6, mo hinh nay st dung dir li¢u d4u vao tir muc nude tai cac tram xung
quanh Can Tho véi su kién dién hinh 2011.

Két qua cho thiy Bién muc nudc tai Long Xuyén c6 thé téi 2.7 m vao thang 10 va
thang 11, mic nudc tai song Hau diém phia bac cua thanh phd Can Tho trong khoang
thoi gian twong (mg c6 thé 1én t6i 2.3m (Tai liéu FRMIS -2023).

24.4.2. Luong mua

Toan khu vuc Can Tho ¢6 cuong do mua khong giéng nhau. Do d6, ddi véi cac

mo hinh thuy van, can c6 du bao lugong mura tai cac tram do mua gém Can Tho, O Mén,

Nui Sap va Long Xuyén. Vi tri ctia cac tram do mua dugc thé hién trong Hinh 2.15.
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105°10'E 105°20'E 105°30'E 105°40'E 105°50'E

Chu giai

A Diém do mua
—— Kénh rach

I Song

M6 hinh sb do cao (m)

10°20'N
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10°10'N

10°N
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Hinh 2.15. V; tri cac tram do mura dé duw b&o kich ban mura (Tai lieu FRMIS -2023).
Dit liéu tir bdn tram do mua bao gém Can Tho, O Moén, Ni Sap va Long Xuyén
(vi tri cac tram phan bd nhu Hinh ) duoc sit dung dugc trinh bay chi tiét tai cac bang
2.1, 2.2, 2.3, 2.4 va cc hinh 2.17, 2.18, 2.19, 2.20. So sanh lugng mua ngay 16n nhét
trong giai doan 1985 - 2017 dugc thé hién trong Hinh 2.16.

aCin Tho
15 = Long Xuydn
A

O mdn

NS Sép

lhmhMh“lhmllhlﬂﬂlﬂ

Luo’ng mua (mm)

Hinh 2.16. Lirong muwra ngay téi da tai c&c tram xung quanh khu vc thanh pho Can
Tho (1985 - 2017) (Tai liéu FRMIS -2023).
Phan tich théng ké dir liéu lich sir

Dit liéu do mua tir bdn tram thu thap dugc tr ndm 1985 dén nam 2017 di duoc
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phan tich thong ké. Biéu d6 cuong do -thoi lugng - tan s (IDF) duoc xdy dung bang
ham Pearson 111 dé 1am co sé cho cac kich ban lugng mua trong twong lai. Két qua phan
tich cho ting tram mua dugc thé hién trong cac hinh va bang sau:

- Tram Can Tho: Bang 2.1 va Hinh 2.17;

- Tram O Mén: Bang 2.2 va Hinh 2.18;

- Tram Nui Sap: O Mén - két qua phan tich thdng ké luong mua (s6 liéu: 1985 -
2017) (Tai ligu FRMIS -2023).

- Bang 2.3 va Hinh 2.19;

- Tram Long Xuyén: Bang 2.4 va Hinh 2.20.

Bang 2.1. Cdn Tho - Két qud phan tich thong ké liong mura (56 liéu: 1985 - 2017)

Thoi lrgng Lwgng mwa [mm] - Pearson 111
[gio] [phat] 0,5% 1,0% 2,0% 5,0% 10,0% 20,0% | 50,0%
0,25 15 41,69 40,03 38,22 35,54 33,19 30,37 25,11
0,50 30 73,92 70,42 66,70 61,34 56,79 51,54 42,26
0,75 45 88,25 84,60 80,68 74,96 70,01 64,19 53,61
1,50 90 111,84 107,23 102,24 94,85 88,39 80,70 66,37
2,00 120 122,01 116,87 111,33 103,17 96,07 87,65 72,14
3,00 180 134,56 128,53 122,06 112,59 104,42 94,82 77,37
4,00 240 141,89 135,22 128,11 117,78 108,93 98,64 80,22
6,00 360 154,08 145,74 136,98 124,51 114,07 102,23 81,92
12,00 720 155,70 147,37 138,62 126,19 115,81 104,05 83,97
24,00 1440 159,05 151,24 143,00 131,20 121,28 109,94 90,27

180.00

160.00
140.00

——0.5%

120.00

1.0%

100.00
| 2.0%

80.00
60.00

—+—5.0%

—o—10.0%
40.00

20.0%

Luong mua (mm)

20.00

50.0%

0.00
0.00 5.00 10.00 15.00 20.00 25.00

Thaoi gian (gio)
Hinh 2.17. Cdn Tho - két qud phan tich thong ké lwong mua (sé lidu: 1985 - 2017)
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(Tai lieu FRMIS -2023).
Bang 2.2. O Mén - két qua phan tich thong ké leong muea (56 liéu: 1985 - 2017)

Thoi lwgng Lwgng mwa [mm] - Pearson 111
[gio] [phat] | 0,5% 1,0% 2,0% 5,0% 10,0% | 20,0% | 50,0%
0,25 15 52,46 49,37 46,07 41,31 37,27 32,60 24,47
0,50 30 93,02 86,85 80,40 71,30 63,76 55,33 41,18
0,75 45 111,06 104,34 97,25 87,13 78,61 68,91 52,25
1,50 90 140,74 132,25 123,24 110,24 99,24 86,63 64,68
2,00 120 153,54 144,14 134,2 119,91 107,87 94,09 70,3
3,00 180 169,33 158,52 147,13 130,86 117,24 101,79 75,4
4,00 240 178,56 166,77 154,42 136,9 122,31 105,89 78,18
6,00 360 193,9 179,74 165,11 144,72 128,08 109,75 79,83
12,00 720 195,94 181,75 167,09 146,67 130,03 111,7 81,83
24,00 1440 200,15 186,53 172,37 152,49 136,17 118,02 87,97
250.00
200.00 =

—_ —8—0.50%

E 0,

é 150.00 1%

< - %

8 | | 2%

= 100.00 | | ——5%

)

g_ —e—10%

5 50.00 0%

50%

0.00

0.00 5.00 10.00 15.00 20.00 25.00
Thoi gian (gio)
Hinh 2.18. © M6n - két qua phan tich thdng ké lirong mura (sé liéu: 1985 - 2017) (Tai
lieu FRMIS -2023).
Bang 2.3. NUi Sdp - két qua phan tich théng ké lirong muea (sé liéu: 1985 - 2017)

Thai lweng Lwong mwa [mm] - Pearson 111
[gio] [phat] 0,5% 1,0% 2,0% 5,0% 10,0% 20,0% | 50,0%
0,25 15 48,23 44,79 41,22 36,31 32,35 28,05 21,31
0,50 30 85,52 78,79 71,94 62,66 55,35 47,61 35,87
0,75 45 102,10 94,65 87,02 76,58 68,24 59,30 45,50
1,50 90 129,39 119,97 110,28 96,90 86,15 74,55 56,33
2,00 120 141,16 130,75 120,08 105,4 93,64 80,97 61,23
3,00 180 155,68 143,8 131,66 115,02 101,78 87,59 65,67
4,00 240 164,16 151,28 138,18 120,32 106,17 91,12 68,09
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Thoi lwgng Lwgng mwa [mm] - Pearson 111
[gid] [phat] | 0,5% 1,0% 2,0% 5,0% 10,0% | 20,0% | 50,0%
6,00 360 178,26 163,05 147,75 127,2 111,18 94,44 69,53
12,00 720 180,14 164,88 149,52 128,91 112,88 96,12 71,27
24,00 1440 184,01 169,21 154,24 134,03 118,21 101,56 76,62
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Hinh 2.19. NUi Sdp - két qua phan tich thong ké lwong muea (sé liéu: 1985 - 2017) (Tai
lieu FRMIS -2023).
Bang 2.4. Long Xuyén - két qua phan tich thong ké hieong muea (s6 liéu: 1980 - 2019)

Thoi lrgng Lwgng mwa [mm] - Pearson 111
[gio] [phat] 0,5% 1,0% 2,0% 5,0% 10,0% 20,0% | 50,0%
0,25 15 47,26 44,91 42,38 38,65 35,40 31,56 24,55
0,50 30 83,79 79,01 73,96 66,70 60,57 53,56 41,32
0,75 45 100,04 94,92 89,46 81,51 74,68 66,70 52,42
1,50 90 126,78 120,32 113,36 103,14 94,28 83,86 64,89
2,00 120 138,31 131,13 123,44 112,19 102,47 91,08 70,53
3,00 180 152,53 144,21 135,34 122,43 111,38 98,53 75,65
4,00 240 160,84 151,72 142,05 128,07 116,19 102,5 78,43
6,00 360 174,66 163,52 151,88 135,39 121,67 106,23 80,09
12,00 720 176,5 165,35 153,7 137,22 123,53 108,12 82,1
24,00 1440 180,29 169,7 158,56 142,67 129,36 114,24 88,26
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Hinh 2.20. Long Xuyén - két qud phan tich thong ké lwong mura (sé liéu: 1985 -
2017) (Tai liéu FRMIS -2023).

2.4.4.3. Sut lin dat

Tinh trang syt un dat da xay ra trén khip dong bang séng Ctru Long, ké ca & Can
Tho. Sut lan d4t 4nh huéng dén cao d nén thanh phd va 1am thay doi kha niang Gmg pho
ctia hé thdng khi c¢6 nguy co ngap lut, boi vi cao dd nén cang thap thi tinh hinh ngép lut
cang nghiém trong khi ¢ trong cting mot tran ngap lut. Tuy c6 mot s bao cdo cua cac
t6 chtrc qudc té co tinh toan dén muc d6 sut ltin dat & Can Tho, nhung cac béo cdo nay
khéng duoc kiém dinh boi cac co quan c6 chirc nang nén cac sb liéu nay khong duoc
dua vao trong mo hinh. Néu c6 sd liéu sut lan dit chinh thire, cac sb liéu nay s€ duoc
dua vao dé hiéu chinh mé hinh s6 do cao cho thoi diém hién tai va c6 thé sir dung dit
lidu téc @6 lun dé du bao mirc d sut 1an trong twong lai va hiéu chinh cdc mé hinh sd
d6 cao twong tng cho cac mdc thoi gian danh gia cia ky tuong lai. Cac mo hinh sé do
cao dugc hiéu chinh nay s& dugc dua vao mé hinh thuy luc dé tinh toan mirc d6 ngap
tuong ung.

2.4.5. Khdo sdt hi¢n trang ngap tai Cin Tho.

Dé trién khai cac nodi dung nghién cru ludn an di tién hanh khao sat hién trang
ngap lut tai Can Tho vao thang 11 nam 2020 tai thoi diém tridu cuong 16n nhét trong
nam, sau d6 di tién hanh khao sat bd sung trong mua triéu cudng cia cac naim 2021 va
2022. Cong tac khao sat duoc tién hanh doc cac tuyén dudng thudng xuyén xay ra ngip

lut tai Can Tho, bao gém 41 tuyén phd chinh nam trén khu vyc quan Ninh Kiéu va Binh
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Cén Tho, Viét Nam
125 Pudng 30 Théng 4, Xuan Khénh, Ninh Kiéu, Can Tho,

LatN 10° 1' 4" Long E 105° 46"
15/11/20 05:01 CH

Céan Tha, Viét Nam

19 M4u Thén, An Phd, Ninh Kiéu, Can Thd,
Viét Nam

Lat N 10° 2' 4" Long E 105° 46"

15/11/20 06:35 CH

Cén Tho, Viét

132 Nguyén Thi Minh Khai, An Lac, Ninh Kiéu,
Cén Tho, Viét Nam

Lat N 10° 1' 3" Long E 105° 46"

15/11/20 04:46 CH
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Cén Tho, Viét Nam

Cén Thd, Vietnam T 70/75/1 Budng Cich Mang Théng 8, Céi Khé,

j 74, Cach Mang Thang Tam Street, Ninh Kieu District, Can . Ninh Kiéu, Can Thd, Viét Nam
Tho City, Céi Khé, Ninh Kiéu, C4n Thd, Vietnam Lat N 10° 2' 5" Long E 105° 46"
Lat N2 14/11/20 09:39 SA
Long E 105° 46' 35.4432"
14/11/20 09:42 AM

Hinh 2.21. Khdo sat cac tuyén dwong bi ngdp tai ngi dé Can Tho

Két qua khao sat cho thay cac tuyén duong ngap siu tir 0.1 dén 0.7m, nguyén nhan
chu yéu tir viéc nudc song dang cao tran qua cac khu vic ven bo triing thap nhu khu
vue ven song Can Tho va ven song Hau nhu duong Nguyén Thi Minh Khai, dudng Cach
Mang Thang Tam, cac khu vuc xung quanh cac hd Bun Sang, Xang Thoi. Bén canh d6
1a cac tuyén dudng bi ngap khi nudc song thong qua hé thdng cong thoat day 1én duong
gy ngap nhu cic tuyén dudng thudc quan Ninh Kiéu bao gdm phudng Tan An, Xuin
Khanh, An Pha. Két qua khao sat duoc dua 1én trén ban dd khao sat ngap tai hinh 2.22,

sb liéu khao sat dugc trinh bay tai phuc luc 5.
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Hinh 2.22. Vi tri cdc diém khdo sat ngdp ngay15/11/2020

2.4.6 Mo hinh thiiy lwc ciia 16 do thi
2.4.6.1. Cdc mo hinh thuy luc duoc su dung trong mo hinh hoa ngap lut tai l0i do thi
Can Tho

Mb hinh thiy lwc ving déng bang séng Ciru Long

M6 hinh thity luc ving PBSCL duoc sir dung duwa trén co sé ciia san pham mo
hinh cia "Dy 4&n Gidm nhe thién tai (WB4) véi sy kién 11 2018. Phan m& rong cua mo
hinh d6ng bang song Ctru Long dugc trinh bay trong hinh 2.23 véi ranh gidi trén tir
Kratie va Bién Ho chay xudng Bién Pong va Bién Tay. M6 hinh nay duoc sir dung dé

xéc 1ap cac bién myc nudc tai cho mé hinh 16i d6 thi thanh phd Can Tho.
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Hinh 2.23. M& hinh thay luc ving Bong bang séng Cezu Long

M6-dun MIKE 11 HD ctia md hinh thuy lyc ving Pong bang song Ciru Long bao
gdm 4 bién luu lvong & thuong ngudn bao gdm: Bién HO, Kratie, Dau Tiéng va Tri An.
57 bién muc nuée triéu ha lvu nhu sau: Long Tau, Vam Co, Mé Cong, Cira Dai, Ba Lai,
Ham Luong, C6 Chién, song Hau (Bassac), Tran Dé, M¥§ Thanh, mdt $6 duong bién gidi
nudc thude kénh rach ¢ Ca Mau va ban dao Kién Giang.

Sau khi mé phong v6i mé hinh thuy luc ving PBSCL, cac diéu kién bién cho md
hinh 16i d6 thi dugc rat ra tir két qua mo hinh DPBSCL.

M6 hinh thay lwc vung 16i do thi

Dién tich 15i ctia thanh phd Can Tho khoang 2400 ha. Tuy nhién, do diéu kién bién
cuia mo hinh thuy luc, pham vi cia mo6 hinh da dugc mé rong ra song Binh Thuy & phia
Bic, Cai Son va rach Muong Khai & phia Tay, song Khai Ludng ¢ phia Pong va song
Cén Tho & phia Nam (hinh 2.23).
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& Bién khu vuc Iap m6 hinh thuy luc uszs & i

Hinh 2.24. Léi dé thi thanh pho Can Tho

Mo hinh 2D cua 18i d6 thi ctia Can Tho bao gdbm mé hinh 1D kénh ho duoc két
hop v6i mo hinh 1D cia hé thong thoat nude tao thanh mo hinh chay tran 2D.

Thong thudng, dong chay s& bit ngudn tir song Binh Thily, song Can Tho rdi d6
vé song Hau. Tuy nhién, do anh hudéng cua thiy triéu Bién Pong, muc nudc song Hau
tai Can Tho va cac kénh trong hé thdng dao dong theo thiy tridu ngay ca khi 1ii & thuong
ngudn séng Ciru Long. Do d6, diéu kién bién cua hé thong phai 1a myuc nudc cia cac
song xung quanh, trong trudng hop nay 1a tir song Binh Thay, séng Can Tho va song
Hau. Cac muc nude ranh gi6i nay duoc ldy tir mo hinh dong bang song Ctru Long. Mbi
trong quan voi dir liéu muc nudc tai song Hau d3 dugce phan tich va méi quan hé kha
chit gitra myc nudc tai Can Tho va cac bién cua mo hinh 15i d6 thi dugc tim thdy da
dugc ap dung dé tinh toan céac diéu kién bién muc nudc cho mé hinh 13i d6 thi dé mo
phéng kich ban.

Trong mé hinh nay, hé théng tuong bao chong ngap ciia Can Tho di duoc cép
nhat. Trén thyc té, viéc van hanh hé théng nay di duoc thir nghiém 1an dau vao ngay
1/11/2023, két qua ban dau cho thay hé thong tudng bao nay di phat huy higu qua tot
trong ngan ngura ngap lut tai 161 do thi.

Mo hinh 2D 15i d6 thi duoc phat trién trong du an FRMIS, két qua ctia mé hinh
nay 1a cac dir liéu diém ngap dugc hinh thanh dang mang ludi 2D (Mesh) véi thudc tinh

dir li€u chinh 1a d6 sau ngdp. Viéc van hanh mo hinh nay duogc thuc hi¢n trén phan mém
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Mike Operation.

2.4.6.2.Hiéu chinh va kiém dinh mé hinh 2D 16i d6 thi

Hiéu chinh

B4o c4o ciia Cong ty Cép thoat nude Can Tho di cong bd dién tich va d6 sdu muc
nudc tai mot sd tuyén dudng nodi thanh thanh phd. Trong ban tin dién bién 1 ndm 2018,
muc nude budi chibu trén song Hau cac ngdy sau:

- Ngay 10/10/2018, muc nudc cao nhét trén song Hau lac 5 gio 30 1a 2,23m; Luac
18h la 2,20m;

- Ngay 11/10/2018, muc nudc cao nhat trén song Hau lic 5 gio 30 1a 2,20m; lac
18h30 la 2,15m;

- Ngay 12/10/2018, myuc nudc cao nhét trén song Hau lic 6 gid 30 phit 1a 2,13m;
Luc 19 gio 30 phut 1a 2,08m;

- Ngay 13/10/2018, muc nudc cao nhét trén song Hau lac 7h 13 1,93m; lac 20:00
phut 1a 1,90 phat.

Do d6, myc nudc cao nhat xuat hién trong thoi ky 13 2,23m (ngay 10/10/2018), 14
muc nudc cao nhit ké tir nam 1978 dén nay xuét hién trén dja ban TP Can Tho. So véi
cao do trung binh cta thanh phd Can Tho hién nay ndm trong khoang H=1,2 - 1,8m thi
hau nhu toan bd khu vuc thanh phé Can Tho di bi ngap (chiém hon 97% dién tich toan
thanh phd, trir dudng cao tc, mot sb tuyén duong, khu dan cu méi duoc ning cap va
dau tu xay dung moi trén dia ban, do vay, triéu cudng ngay 10/10/2018 dugce sir dung

dé hiéu chinh.

* Hinh 2.25. g sau mé phong tai I6i dé thi ngay 10/10/2018
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Theo bao céo cta Xi nghiép cap thoat nude (Cong ty cd phan Cap thoat nude Can
Tho), tai cac khu vuc noi thanh, tinh trang ngdp ndng xay ra hau hét & cac tuyén duong
thudc quan Ninh Kiéu, Binh Thuy vao thoi diém dinh tridu cuong 1a 2,23m. Trén dia
ban quén Ninh Kiéu c6 khoang 60 tuyén duong chinh bi ngp, voi 107 diém ngap. Mirc
do ngdp sau tinh tir mdt duong tr 0,1m dén 0,65m, thoi gian ngap tu 2 dén 4 gio. Co 14
tuyén duong c6 mirc do ngap tir 0,4m dén 0,65m, trong d6, dudng Mau Than (0,6m),
Quang Trung (0,65m), Pham Ngii Lao (0,45m), duong 30/4 (0,45m), Tran Van Giau
(0.5m)... Thong tin ndy duoc st dung dé hiéu chinh mé hinh 2D véi phan d6i sanh toi
d liéu do sau mo phong dugc trinh bay tai hinh 2.25.

Kiém dinh

Vao ngay 30 thang 5 nam 2020, mot tran mua da dién ra tir 14:20 gio dén 17:30
gio voi téng lugong mua do duoc la 45,2 mm. Lugng mua va gi6é gidt manh xay ra tur
14h25 dén 15h chiéu theo s6 liéu tir Pai Khi tugng Thity vin thanh phé Can Tho (hinh
2.26).

MuaCanTho30.05.2020

CanTho [millimeter]

>
| E——
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T T
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Hinh 2.26. Su kién mua dwoc ghi lai 15 phut vao ngay 30 thang 5 nam 2020

Do su kién cuc doan nay, nhiéu tuyén dudng da bi ngap nang trong thoi gian béo
c4o. Dir liéu vé sy Kién mua 16n da dugc thu thap dé kiém dinh da duoc ghi lai vao ngay
30 thang 5 nam 2020.

Tran mua nay c6 tong luong mua 1a 45 mm trong gan 2 gio. Trong dot nay, ving
ddng bang séng Cuu Long thay triéu khong cao , mue nude 16n nhat tai tram Can Tho

13 1,35m. Do d6, thanh phd bi ngap lut khdng phai do triéu cuong gay ra ma chi do mua
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cudng do 16n, trong thai gian ngan. Dir liéu ngap dugc dua ra tir mo hinh (hinh 2.27) ¢6

d6 twong dong tét vaoi bao céo ngap cua dia phuong.
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Hinh 2.27. Két qud ngdp dwoc tinh toan tir mé hinh 2D khu viee 16i dé thi Can Tho
(Tai lieu FRMIS - 2023)

Mot sb vi tri bdo cdo tinh trang ngap lut kéo dai tr 30 phut dén 1,5 gi0 do hé théng
thoat nudc kém. Mot sé noi khac bi ngap do hé théng thoat nude bi tic nghén gay ngap
lut cuc bd. Mot s6 vi tri ngdp sau nhu duong 30/4, duong 3-2, Tran Van Hoai, Cach
Mang Théang 8, Tran Hung Dao, Ly Ty Trong, Nguyén Trai, X6 Viét Nghé Tinh, myc
nuée sau 10 - 30 cm (theo béo cdo cia WASCCO). Mot sd vi tri ngap trong thuc té,
nhung khong xuét hién trong két qua mé hinh 1a do rac 1am tic cac dau vao cua hé thong

cong ngam thoat nude do thi.
2.5. Phwong phap danh gia rii ro xa hi do ngap lut

Ngan hang Thé gidi va cac co quan khac, dac biét 1a T6 chirc Hop tac Quéc té Purc
(GIZ) da ap dung phuong phap danh gia rai ro 1i Iyt xa hoi duoc néu trong Bao cao
Panh gia Lan thir Nam (ARS5) [62] cua Uy ban Lién Chinh phu vé Bién d6i Khi hau
(TPCC) nhu trong hinh 2.28 ([134]).
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Tin hiéu thoi tiét Moéi trirong
Nguy co
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Khd néng( Béi phd,

Pho'i 10 Thich ting)

> Rdiro Xd héi

Hinh 2.28. Khung khai niém vé danh gid riii ro Xa hgi

Trong qué trinh trién khai thuc hién nghién ctru, luan an da tién hanh xay dung va
mat bo cdng cu dugc phét trién bao gom cac cong cu hd trg danh gia rai ro x& hoi va rai
ro kinh té. Bo cdng cu duoc xay dung va lap trinh dya trén ngén ngit Python trong moi
treong GIS (muc 3.4.1 Chuong 3).

Bo6 cong cu duoc xay dung bao gom:

(1) Nhém cong cu Tinh toan rii ro ngap vé mit x& hdi gom:

- Cbng cu tinh toan rui ro xa hoi;

- COng cu tinh toan gia tri 16n nhat - nho nhat cua céc kich ban;

- Cong cu chuan hoa két qua phan tich;

- Cong cu hd tro théng ké rui ro;

- Cong cu lién két bang thong ké va xuat di liéu;

- Cong cu hd tro thong ké rai ro cho cac ddi tugng diém;

- COng cu thong ké ddi twong diém ha ting anh huang rai ro theo x&/phudng.

(2) Nhém céc cdng cu tinh toan thiét hai kinh té.

B6 cong cu duogc xay dung trén co so ngon ngir 1ap trinh Python, véi cac phuong
phap va quy trinh cling nhu thudt toan dugc trinh bay trong chuong 2 va 3 cua luan an.
Cac thanh phan cua rai ro ngap lut bao gom Hiém hoa, Mtrc do phoi 16 va Tinh dé bi
t6n thuong s& duoc tinh toan chi tiét, doc 1ap duya trén cac phuong phap duoc trinh bay
trong muc 2.5.1, 2.5.2, 2.5.3, ma Code va céc chirc nang ctua bo cdng cu dugc trinh bay

chi tiét trong Phu luc 4.
2.5.1. Phwong phdp ddinh gia Hiém hoa ngdp lut vé xi hji

Nguy co hoic hiém hoa 1i lut dbi véi con nguoi thuong dugc xac dinh 12 sy két
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hop giita d6 sAu ngap va van toc nude li. Co quan Méi trudng Vuong qudc Anh [27]
dinh nghia nguy co 1ii lut (d6i véi nguoi dan) nhu trong cong thire 2.1.

H=d* (v+0,5) +DF (2.1)

Trong do:

« H = nguy hiém

* v =van toc

«d - chiéu sau

« DF = hé 56 vun

Mt d6 hiém hoa duoc phan loai nhu 4 cip (hinh 2.29). Qua danh gia va khao sat
thuc dia cho thay d6 sau ngap lut tai thanh phd Can Tho khong vuot qua 2 mét cling véi
dia hinh bang phang, van toc giéi han & mac 1-1,5 m/s nén hé sé vun duoc tinh toan tuy
thudc vao do sau li (bang 2.5).

Bang 2.5. CAc yéu té manh vun cho cac muc dich sir dung khdc nhau, dé Sau va vdn
téc li

Do sau DF
0 dén 0.25m 0.5
>0.25m 1.0

Depth of Nooding - d (m)

HE
DF =05
Weloci
”w;t;' 0.05 010 | 020 | 025 | 030 | 040 | 050 | 060 | 080 | 100
003 +05=|005+05 |0.00+05 |03 +0.5| 005 + 10 | 020+ 10025 + 1 0030+ 101040 + 1 00050+ 1 000
00 sz =55 =060 | =0AR | =115 | =120 | =125 | =130 | =140 | =150
003 +05 =006 +03 (012+03 (005 +03 018+ 10 (0.34-+ 100030+ 10§03 + 1 010,88 + 1 0060 +10
0.l 052 2086 | =062 | =065 | =116 | =124 | =130 | =136 | =148 | =160
004405 =) 002 +03 |0.05+05 |09 +0.3 023 + 10 |030+ 1000038 + 1 0)0.45 + 101050 +10
03 054 =088 | =045 | =049 | =123 | =130 | =138 | =145 | =180 | =175
008 +05=] 000 +035 |00 +05 025 +0.5 | 030 + 10 | 0.40+ 101050 + 1.0]0.80 + 101050 + 1.0
0s 0ss =080 | =070 | =078 | =130 | =140 | =150 | =150 | =150
002 +05 =] 005 +03 030 +0.5 032 +0.3 | 045 + 10 0,80+ 10075+ 10]0.50 + 10
10 028 065 | =080 | =058 | =145 | =160 | =155 | =190
ni0+05=]020+0s o +0s [os0+0s]osn« o fosa+aofion+ 10
15 080 =00 | =090 | =100 | =180 | =150 | =200
013 +05=| 025 +05 |0.50 +0.5 (063 +0.3 | 075 # 10 L0+ 10
20 1% =0T =100 | =113 | =178 | =200
015 +05=1020+03 040 +0.7 |OTF+0H 020 + 110
15 065 | =080 | =130 | =125 | =190
D1E+05=|035+05 |0 +0.3
30 068 =085 | =120
020+05=|0@+05 [0S0 +05
15 11} =090 | =130
D23 +05=]045+05 080 +0.5
4.0 073 =095 | =140
D25 +05=|050+05 | 100+03
4.5 0ss =100 | =150
D2 +05=|050+05 |110+05 |1
50 078 | =100 | =140

Hinh 2.29: Nguy co lii lut X héi 1a si két hop giiza do sau va vdn toc [27]
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Bang 2.6. Phan cdp hiém hoa i

Macdd | Muc B _
. Hiém hoa tac dong toi con nguoi

hiém hoa li do

<0.75 Thap | Hiém hoarat thap - Luu y

0.75-1.25 Trung | Nguy hiém véi mot s6 ngudi- bao gom tré em, ngudi gia
binh

1.25-2 Cao Nguy hiém véi da s6 - bao gom hau hét moi ngudi

>2 Rat cao | Nguy hiém vai toan b, bao gom ca cac dich vu khan cap

2.5.2. Phwong phdp xdc dinh mirc dp phoi 1§ trong riii ro ngdp lut vé xa hi

Pé danh gia Mtrc do phoi 16, UNDP va WB [14], [131] da dua ra phuong phap
danh gia dinh tinh bao gdm viéc xac dinh Mic d6 phoi 16 dua trén mac d6 quan trong
ctia cac d6i tugng chiu tac dong tir thién tai. Tuy nhién, phuong phap nay mang tinh chat
kha cha quan, thiéu kiém soat. Chinh vi vay, trong luan an, phwong phéap xac dinh Muc
d6 phoi 16 dugc st dung s& dua trén gia tri twong doi cua cac ddi twong véi ngap lut.
MOi loai hinh sir dung dat s& c6 cac dic trung vé phoi 16 dya trén gia tri c6 thé gap rui
ro ngap lut mdi ngay cua ting loai hinh, cac gia tri ndy bao gém gia tri tai san, gia tri vé
hoat dong x& hoi va kha ning tac dong téi nguoi dan. Tir d6, cac hé s6 phoi 16 cia tirng
loai dat s& dugc xac dinh (bang 2.7).

Bang 2.7. CAc yéu to gia tri dé danh gid rii ro lii lut

STT Sir dung dat Gia tri veuto tiep

xuc (Er)
1 | Khudan cu Rat cao 1.0
2 | Thuong mai Cao 0.5
3 | Dich vu sinh ké Cao 0.5
4 | Cong nghiép Cao 12
5 | Co quan Chinh Phu Rat cao 1.0
6 | Giao duc Cao 12
7 | Y té, xahoi Rat cao 1.0
8 | Puong giao théng R4t cao 1.0
9 | Khong danh gia Khdng 0
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; B Yéu to tiép
STT Sir dung dat Gia tri )
xuc (Er)
10 | Trong lda Trung binh 0.2
11 | Cay lau nam Trung binh 0.2
12 | Cay trong hang nim Thap 0.1
13 | Nudi tréng thuy san Cao 0.5
14 | Nong nghiép trong 161 d6 thi Cao 0.5

2.5.3. Phwong phdp xdc dinh Tinh dé bj tén thwong riii ro ngdp lut vé mit xa hi

C6 réat nhiéu dinh nghia vé tinh trang dé bi tén thuong do rui ro 1i lut x4 hoi. La
mét phép do dinh tinh, né thuong dugc xay dung bang cach xem xét mot sé chi s6, mdi
chi s6 dugc lién két vai cac trong so tuong tng tly thudc vao tam quan trong tuong doi
cua chi sb cu thé.

Dinh nghia tong thé duoc théng qua & day 1a tir mot nghién ciru gan day ¢ Tay Ban
Nha [108], twong tu nhu cac nghién ctru tuong tu khac, dinh nghia chi s6 dé& bi ton
thuong do 1 lut xa hoi (SFVI) trén thang diém tir 0-1 14 mot ham cua hai yéu tb dbi lap:

S = mutrc d6 nhay cam cua tinh dé bi ton thuong xa hoi d6i véi cac chi s6 su kién
10 lut, va

C = kha ning ddi pho va thich ung

SFVI sau d6 duoc tinh nhu

SFVI =2 (2.2)

Trong do6 S, @6 nhay duoc dinh nghia la:
s =N, vi*wi (2.3)
Va C, ning luc ddi phé va thich nghi dugc dinh nghia la:
C=Xj-ovi*wj(24)
vi, vj 1a gié tri cua ting chi s6 (dugc tinh theo thang diém tir 0-1);
wi, wj 12 trong s6 cua tirng chi s6 (duoc tinh theo thang diém tir 0-1);
m, n 1a s chi tiéu.
Gia tri cia mdi chi sé duoc chuan hoéa bang cach st dung cac ham bién doi tuyén

tinh nhu sau:

Y = X—-Xmin (25)

Xmax—Xmin
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Y 1a gié tri chuan hoa; X 1 gié tri chi bdo, Xmax va Xmin lan luot 12 gi4 tri toi da

va ti thiéu c6 thé (hodc duoc 4n dinh) cua chi béo.

MAi chi sé duoc tinh trong s, theo murc d6 quan trong duoc danh gia cua né. Pay

la nhan dinh chu quan va c6 thé duoc danh gia thong qua xép hang don gian vé tam quan

trong twong d6i (so sanh theo cap) cua tirng chi s6. Dua trén danh gia dix liéu ¢6 san, cac

chi s6 va trong sé vé& Do nhay va Ning luc dbi pho va thich nghi sau day duoc dé xuat

trong Bang 2.8 va Bang 2.9.

Bang 2.8. Chi s6 nhay cam ruii ro lii lut X& hgi

Gia tri | Trong s6
) chuan hoda | (wi) Ti lé khong
Chi so :
Vi  (pham gian
vi)
% tr¢ em =(Dén s dudi 14 0.2 Niém gidm
< .. 4. |tudi/tong dan s0)x100 ' thong ké (X&)
Dan so d9 tudi - - - - = »
% nguoi cao tudi =(S6 nguoi 0.28 Niem giam
trén 65 tudi/tong dan s0)x100 ' thong ké (X&)
~ % .o .. | % phunir=(dan sb nit/tong dan | 0% - 0 Niém  giam
Dan s6 gidi tinh s6)x100 100% - 1 0.18 théng k& (XA)
e en a4 | Mat @6 dan s6 = Tong dan | Min=0 Niém  giam
Matdo danso | oggien tich Max=1 | 0% théng ké (Xa)
L oer o ea A . A Niém giam
Min=0 .
Gio duc 50 gido vién trén 1000 hoc sinh 0.10 théng ké
tiéu hoc va mau gido Max =1

(Quan, huyén)

Bang 2.9. Chi 6 néng luc doi pho va thich nghi xa héi rii ro lii Iut
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Gia tri | Trong s6 A .
Chi sé chuan héavi | (w;) Ti ¢ khong
. gian
(pham vi)
% s6 ho co dign thoai=(ho c6 [ 0%-0 | o © e
A A g o .
thong tin lién dién thoai/Tong s6 hd)x100 100% - 1 (Quan, huyén)
lae % Ho cb internet= (Ho c6 | 0% -0 007 em gl
internet/tong s6 h9)x100 100% - 1 ' 8 A
(Quan, huyén)
Cic dich vu Soican ’bo y ~te trén %0(;)00 darzz Min = 0 lezm glanl
Kkhin cA (S0 bac si, y ta/tong dan Max = 1 0.07 thong ké
P 56)x10000 (Quan, huyén)
Ghi chép lich st | CO/KHONG Yes-1 Niém giam
vé tham hoa No-0 0.05 thong ké
— (Quén, huyén)
Hé¢ thong bao | CO/KHONG 0.12 Niém giam




dong thong ké
(Quén, huyén)

Ké hoach khan | CO/KHONG Niém  giam

cap 0.12 théng ké
(Quén, huyén)

khoan khan cap | CO/KHONG Niém  giam

0.12 théng ké
(Quén, huyén)

Cac tuyén | CO/KHONG Niém  giam

duong so tan 0.12 théng ké
(Quén, huyén)

Khoa hoc va tai | CO/KHONG Niém  giam

lidu gioi thidu 0.10 thong ké
(Quén, huyén)

2.5.4. Phwong phdp tinh todn Chi sé rii ro Iii lut déi v6i x& hgi

Rui ro 1 lut X4 hoi dugce tinh toan nhu mot chi s6 tong hop tir hiém hoa 1 lut, hé
s6 phoi 16 va tinh dé bi t6n thuong.
Chi s6 rai ro 1ii lut x4 hdi (SFRI) = H * Er * SFVI (2.6)
SFRI duoc phan cap lam 4 muac d6 nhu bang 2.10
Bang 2.10. Phan cap SFRI

SFRI Panh gia rii ro
0.0-0.25 Thap
0.25-0.50 Trung binh
0.50-0.75 Cao

0.75-1.00 Rat cao

2.5.5. So' dé quy trinh ddnh gid riii ro ngdp lut vé xa hoi

Tir cac cdng thire ly thuyét, luan an da xay dung quy trinh xir Iy dix liéu trong cong

cu d4nh gia rai ro x4 hoi (hinh 2.30).
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D' liéu ranh gidi

Durlieu Dir liéu str Gia tri hanh chinh va dif
ngap trmo dung dat phailo liéu théng k& kinh t&
hinh _xa hoi
v . 3
Téi phén .
Tai phan loai va cap Két hop trén
loai nhat thudc GlIs

tinh

v

Mirc do dé
bitén
thuong

/ Hiém

Tinh toan va

> théng k& |e
L trén GIS J

«

/ Dirliéu rliro /

Hinh 2.30. Quy trinh xu ly diz li¢u danh gia rui ro xa hgi

Céc yéu t6 cau thanh cua rui ro vé mat xa hoi nhu tinh dé bi t6n thuong, mic do
phoi 16, hiém hoa ngap lut dugc dua vao theo cac nhanh riéng r& véi cac dau vao khac

nhau. Sau d6, cac dir liéu nay dugc két hop dé tao thanh dix liéu rai ro vé xa hoi.
2.6. Phwong phap danh gia rai ro li lut vé kinh té

Paénh gia rai ro vé kinh té 1a mot danh gia dinh lugng wdc tinh thiét hai bang tién
d6i voi tai san ¢b dinh nhu tai san va co so ha ting. Rui ro kinh té (thiét hai) lién quan

cha yéu dén do sau ngap.
2.6.1. Hiém hoa lut vé kinh té

Rui ro 1i lut kinh té d6i véi co so ha tang ¢b dinh chi lién quan dén d6 su ngap
lut va do d6 day 1a mdi nguy hiém duy nhat duoc xem xét trong khu vuc nghién cau.
Déi vai thiét hai ndng nghiép, thoi gian ngap lut (trén mot ngudng nhat dinh) c6 thé
quan trong nhung Vviéc xac dinh tac dong cua thoi gian ngap trong cac khao sat 1a khéng
kha thi, do vay trong luan an, chi xét dén tac dong cua do sau ngap.

Mtrc d6 hiém hoa 1ii lut (46 sau) cho cac kich ban khac nhau, duoc tao tryc tiép tir

md hinh thiy dong luc hoc. Céc dit liéu vé d6 sau ngap duoc xay dung bao gom céc
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kich ban 1%, 2%, 5%, 10% va 20% (muc 3.1).
2.6.2. Mirc d phoi Ip trong ddnh gid riii ro lii lut kinh té

Mtc d6 phoi 16 trong danh gia rui ro 1d lut vé kinh té dugc xac dinh dya trén dit
lieu sir dung dat. Mai loai hinh sir dung dat s& c6 muc do thiét hai khac nhau ddi vai cac
muc ngap tuong tng. Muc d6 phoi 16 & day c6 lién quan truc tiép, chat ché toi tinh dé
bi ton thwong. C4c dir liéu vé mire do thiét hai nay dugc xac dinh thong qua cac két qua

khao sat thiét hai do 1u tai khu vuc nghién curu.
2.6.3. Tinh dé bi ton thwong vé kinh té (dwong cong thiét hai)

Mbi d6i twong kinh té, xa hoi nam trong ving tac dong cua 1ii lut déu chiu cac tac
dong khéac nhau, phu thudc vao ban chat cua dbi twong d6 va mirc do, cudong do ngap
[42]-[45]. Do d6, thiét hai tai bat ky vi tri ndo phu thudc vao dic diém cua tai san bi anh
huong va d6 sau cua 1i lut. Tinh d& bi ton thuong vé kinh té do thiét hai do 1i lut d6i véi
mat cong trinh phu thudc rat nhiéu vao do sau ngap lut téi da. Do sau ngap lut cao hon
luén duoc cho 1a 6 lién quan dén sy gia ting thiét hai do 1 lut [18]. Tai mot s6 diém,
nudc s& sau dén muc gay ra thiét hai tdi da c6 thé. Méi quan hé gitta do sau ngap lut va
thiét hai (dudong cong d6 sau - thiét hai) thé hién tinh dé bi tén thuong vé kinh té cua

mot cong trinh nhat dinh va thuong c6 dang nhu trong Hinh 2.31.

100000
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80'000 q;yz/,r,;;
70,000 4

| ::;.’ﬁ/

50,000

40,000

Loss ('000VND)

30,000 A~
20,000 o
10,000

0
15 25 33 45 50 55 70
Flood depth (cm)

Hinh 2.31. Vi du vé ham thiét hai
Hinh 2.31 cho thay mot biéu do mau vé murc d6 thiét hai tdi da co thé xay ra so véi
d6 sau ngap lut d6i véi cau tric nha ¢ cia mot ho gia dinh. Dé tinh toan gia trj tién té
cua thiét hai, gia tri nay dugc nhan véi muc @6 thiét hai cua tirng loai tai san va duoc

tong hop trén toan bo khu vuc bi ngap lut.
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Dé dinh luong thiét hai 1d lut tir mot sy Kién 1 lut nhét dinh, cac mdi quan hé do
sAu ngap - thiét hai dugc xac dinh véi cac tai san, dbi tuong khac nhau dua trén loai hinh
sir dung dét. Cac ddi turong sir dung dat s& dugc phan loai thanh cac nhém cé chung tinh
chat, gia tri. Bi v6i khu vuc nghién ctu, cac dbi tuong s dung dit duoc phan loai
thanh 11 nhom ddi twong bao gdm: thwong mai, kinh doanh, ¢éng nghiép, co quan chinh
phu, y té, gi4o duc, dat trong laa, ciy hang nim, ciy lau ndm, nudi trdng thuy san, dat ¢
va khu vuc khong danh gia. Méi quan hé gitra do sau ngap va muc do thiét hai cua ting
loai d6i tuong dugc khao sat truc tiép trén thuc dia. Tir két qua khao sat, mbi quan hé

nay duoc thdng ké, tong hop thanh cac ham sé twong tng cho mdi nhom ddi tuong.
2.6.4. Tinh todn riii ro kinh té

Rui ro kinh té cd thé duoc tinh toan cho cac sy kién lich st hodc cac kich ban ngap
lut khac nhau. D4i v6i nghién ciru ndy, cac két qua mé hinh héa ngap lut bao gdom cac
kich ban: 1%, 2%, 5%, 10% va 20% tuong (ng vai thoi doan 1ap lai toi da cia mot dot
ngap bao 96m 100 nam, 50 ndm, 20 nam, 10 nam va 5 nam.

Thiét hai kinh té cho mot tran lut thuong gap hang nam dugc tinh dwa vao phuong
phap Monter-Carlo[38] vai cong thic 2.7 nhu sau:

AEEL = [["“ D(p)dp  (2.7)

Trong do:

AEEL = T6n that kinh té hang nam (triéu d6ng/nam)

P = Tén suét Iii (1/ndm)

D (p) = Thiét hai do i tng v6i tan suit (triéu dong)

Pmax = XA&C sudt 16n nhét cua thiét hai kinh té (1/nam)

Cac dix liéu dau vao bao gom:

- Dix liéu ngap la két qua cta viéc chay mé hinh thuy lyc, bao gom cac ban do ngap
theo 5 kich ban tuong ng.

- Dit liéu st dung dat dugc phan nhém theo cac nhém chiu thiét hai, bao gom 11
nhom.

- Céc ham thiét hai duoc xay dung tir qua trinh diéu tra thiét hai ngap lut.

Céc dix liéu dau vao duoc tinh toan trong mdi truong GIS. Két qua dugc trinh bay

dué6i dang c&c ban db thiét hai kinh té va cac bang tong hop dit liéu thiét hai theo ting
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kich ban ngap.

Tong thiét hai kinh té ciing c6 thé duoc tinh toan cho bat ky sy kién lich st cu thé
nao sau khi céc dir liéu d6 sau cua i lut duoc tao ra tir mé hinh thay luc. Két qua cua
tinh toan rui ro kinh té duoc trinh bay bao gdom céc dit liéu dau vao dugc xu ly, cac ham
thiét hai, cac ban d6 va thong ké ton that kinh té theo ting kich ban ngap, duoc trinh bay
trong muc 3.2 cua chuong 3.

2.6.5. Quy trinh xa ly dé# ligu ddnh gid rii ro Iii lut vé kinh té

Quy trinh xu ly riii ro vé kinh té dugc trinh bay trong minh hoa sau:

Dir lidu didu Dif lidu mé D ligu su’
tra thuc dia hinh dur‘lg dat,
anh chinh

l 4 v ) 4

Cap nhat Xay dwng trong o ] o
gia trj thiet quan thiét hai - dc Mo hinh hoa Tai phan
hai trung thién tai ngap lut loai

v y
/ Céc ham // D liéu murc // ?::;:Tzf /
thiét hai nude ngép hanh chinh

(" Tinh toan thiét
: | hai béng phan

o / | tich khéng gian
Gia trj dat \_ GIS

h A

Di¥ lidu thiét
hai

Théng ké
thiét hai
bang GIS

A 4
Bangthong
ké udc tinh

thiét hai

Hinh 2.32. Quy trinh xi Iy di liéu ddnh gid rui ro kinh té

h 4
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Bén canh d6, cac ham thiét hai dugc xur 1y theo quy trinh nhu sau:

Nhorm siF dung dat Mirc nurérc ngdp

For Land use
group =1ton

If land use ==1 D1=T1{h) —_—
If land use ==2 D2=12{h) —_—
l——» D= D1+D2+_+Dn —— ' DiF liéu thiét hai
L ]
L ]
If land use ==n Dn= in{h) _

Hinh 2.33. Quy trinh tinh todn ham thiét hai

2.7. Phwong phap danh gia tac dong cia BDKH téi rai ro thién tai.
2.7.1. Cdc kich bén bién déi khi hiu

Niam 2013, Uy ban Lién chinh phu vé Bién d6i Khi hau (IPCC) [56] di cong bd
céc kich ban cap nhat vé bién doi khi hau, dya trén cac Puong tap trung dai dién khi nha
kinh (RCP).

Bon kich ban RCP chinh da dugc xay dung, tir kich ban RCP 8.5 dén kich ban
RCP 2.6. C6 thé mb ta cac kich ban nhur bang 2.11 sau:
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Bang 2.11 Tom tdt ddc trung cdc kich ban, mire ting nhiét dé so véi thoi ky co so
(1986 - 2005)

. Tang nhiét o . | Kich ban
Bic xa tic dong Nong do CO2 toan cau (°C) |Pac diém dwong phan bo .SRES
RCP N N nam 2100 vaonam2100so| cuwdng birc birc xa toi
nam 2100 e b s \ L twong
(ppm) V@i thoi ky co so nham 2100 duong
(1986-2005)
RCP8.5 |8,5W/m? 1370(4,9 Tang lién tuc AlF1
RCP6.0 |6,0 W/m? 850(3,0 Tang dan r6i 6n dinh B2
RCP4.5 |4,5W/m? 650(2,4 Tang dan r6i 6n dinh B1
Pat cuc dai 3,0 W/m?2 roi
RCP2.6 |2,6 W/m? 490(1,5 giam Khong c6

Nguén: Kich ban bién doi khi hau Viét Nam 2020 — BO TN&MT

Pé hiéu 1& hon vé tic dong cua bién doi khi hau (BPKH) ¢ Viét Nam, Bo Tai
nguyén va Méi truong (Bo TN&MT) di thuc hién nghién ctru BPKH va nudc bién dang
cho Viét Nam vao nam 2016, va sau d6 la nam 2020. Bao cdo cuia B0 TN&MT nam
2016 va 2020 [2] va khuyén nghi xem xét cac kich ban cta hai trong s cac 16 trinh nhu
Sau:

- Kich ban RCP4.5: 4p dung cho cac tiéu chuan thiét ké cua cac cong trinh
va quy hoach/ké hoach ngan han;
- Kich ban RCP8.5: &p dung cho cac cong trinh vinh vién va quy hoach/ké
hoach dai han.

Trong d6, dit liéu dy bao cho dau thé ky tir dén nam 2045 13 twong tu nhau gitta 2
bao c4o 2016[2] va 2020[3]. Theo d6, dbi vai kich ban BDKH nam 2030 nghién ciru s&
ap dung kich ban BDKH dau thé ki duoc xac dinh trong bao cio nam 2016[2], khi xét
t61 kich ban bién d6i khi hau 2050, nghién ciru s& xem xét t6i kich ban bién doi khi hau
giita thé ky cuia bao cao 2020[3].

DPdng bang séng Ciru Long bao gdm ca Can Tho sé& chiu tic dong ciia BDKH trong
bién thoi gian ndy (cac nam 2025, 2030 va 2050). Anh hudng caia BPKH ¢ Can Tho s&
dugc xem xét dudi goc do ciia mot s6 thong s6 BPKH tac dong dén bién khi chiing thay
d6i gia tri theo bién thoi gian. Cac thong sb duoc xem xét 1a:

Lwong mwa do anh hwéng ciia BPKH - phan b luong mua theo thoi gian va
khong gian tai Can Tho;

Mue nuwéc bi anh hwéng béi BDKH va nwéc bién dang - trén song Hau va hé
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thdng song Mé Koéng. Diéu ndy bao gom: nhiing thay doi trong ché do xa cua sdng Mé
KoéngMeé kéng do BPKH, sy thay doi cia myc nudc bién do BDKH va nguy co gia ting
triéu cuong do ngay cang nhiéu 16¢ xody I6n gay ra bai BDKH. Muc nuéc trong 16i do
thi Can Tho va Can Tho bj anh huéng boi BPKH do thay doi ché do mua;

Nhiét d9 va cac thong sé khi hau khac - BPKH sé& c6 tac dong dén ché do khi
hau tai Can Tho. Tuy nhién, sy thay d6i vé nhiét do va cac thong s6 khac nhu do am
tuong ddi khong dugc coi 1a yéu td quan trong trong viéc thay ddi diéu kién bién, do
vay trong luan an khong dé cap dén yéu té nay.

Trong qua trinh nghién ciru, tic dong cua bién doi khi hau cu thé duoc lugng hoa
théng qua 4 buac: (hinh 2.34).

Dua vao kich ban bién d6i khi
hau (Bo TN-MT 2016 Va2020) dé
xéc dinh cac bién ddi vé lugng
mua, myc nudc trong song theo
cac mdc thoi gian 2030 va 2050.

MO hinh hoa cac bién dbi vé
luong mua va muc nude cho cac
thoi diém 2030, 2050 vo1i cac
kich ban tuong tng 1%, 2%, 5%,
10%, 20%.

Str dung céng cu danh gié rui ro
xa hdi va rui ro kinh t€ v6i cac
dau vao 1a cac két qua md hinh
hoa ngap lut theo 5 kich ban voi
moc thoi gian 2030, 2050.

Phan tich, thong ké, so sanh cac

két qua danh gia rui ro tr hién tai,

2030 va 2050 nham xac dinh tac

dong cua bién d6i khi hau to1 rui
ro ngap lut cta thanh phd.
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Hinh 2.34. Quy trinh danh gid téc déng cua bién doi khi hdu téi rii ngdp lut

Quy trinh dénh gia tic dong sir dung cac di liéu va ban dd dugc trich xuat tir bao
céo ciia Bo Tai nguyén va Mai trudng. Trong do, cac dit liéu duoc trich xuit s& duoc
noi suy cho cac mdc danh gia bao gdbm cac nam 2030 va 2050. Cac dir liéu bao gom
lrong mua, muc nuéc song. Céc dit lidu ndy s& la cac dit liéu dau vao cho cac budc tiép
theo.

Budc thir hai trong quy trinh danh gia | viéc ap dung céc di liéu dau vao theo cac
kich ban bién ddi khi hau cho mé hinh ngap lut da duoc xay dung san tai khu vuc nghién
ctru. Két qua cua budc ndy sé 1a cac dir liéu do sau ngap va céc dix liu Hiém hoa i lut.
Cac két qua nay 1a dir liéu dau vao cho budc tiép theo ciia quy trinh danh gia tac dong
cua BbKH.

Budac tha 3 13 viéc lap lai quy trinh dénh gia rai ro do 1ii di véi kinh té va x& hoi
cho tirng kich ban BPHK, bao gom céac kich ban 1%, 2%, 3%, 5%, 10%, 20% ciia cac
méc thoi gian nam 2030 va 2050. Két qua cia budc nay la céc dir liéu danh gia rui ro
dudi dang cac ban dd/dix liéu khdng gian bao gom: .

- Ban d6 mirc nudc ngap cua 5 kich ban cho nam 2030, 5 kich ban cho truong hop
BDKH mdc nam 2050.

- Ban d6 Hiém hoa ngap cua 5 kich ban cho nam 2030, 5 kich ban cho truong hop
BDKH mdc nam 2050.

- Ban d6 Rui ro ngap vé xa hoi caa 5 kich ban cho nam 2030, 5 kich ban cho mdi
truong hop BPKH méc nam 2050.

Ban d6 Udc tinh thiét hai kinh té cua 5 kich ban cho 2030, 5 kich ban cho truong
hop BBKH méc nam 2050.

Budc cudi cling bao gom cac cong viéc phan tich, théng ké, so sanh két qua danh
gia rai ro 1i lut bao gém ca vé xa hoi va vé kinh té cua thoi gian hién tai va 2 moc thoi
gian cia BPKH (nim 2030 va nim 2050). Budc ndy s& dua ra cac két qua so sanh, xéac

dinh duogc tac dong cuia BDKH t6i rai ro 1 lut tai khu vuc nghién ctru.

2.7.2. Xdc dinh cdc bién doi vé lwong mwa va mwe nwdc theo cdc méc thoi gian 2030

va 2050 theo kich béin bién déi khi hiu

2.7.2.1. Nhitng thay déi vé lwong muwa
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Khu vuc phia Nam caa Viét Nam, lugng mua hang nam cé xu hudng ting tur 6 -
9% trong giai doan 1958 - 2018 (61 nam) [2], [3]. Tuy nhién, tir Hinh 2.35 c6 thé thy
Can Tho nam trong khu vuc c6 lugng mua it thay doi theo thoi ky, tham chi luong mua

tai day co thé giam nhe.
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Hinh 2.35. Thay déi tong heong mira hang nam (%) tir 1958 téi 2018 ([2]

Dua trén cac Kich ban tir nghién ctu Kich ban vé Bién ddi khi hau va Nuéc bién
dang cho Viét Nam do B6 TN&MT lap nam 2016 va 2020[2], [3], tinh trung binh cua
mot s6 mod hinh bién ddi khi hau Bang 2.30 cho thay ty 1& phan trim lugng mua trong
giai doan 2025 va 2050 dbi véi RCP 4.5 va RCP 8.5. Thoi ky co so clia nam 2018 dugc
st dung trong b&o céo cua Bo TNMT ban hanh nam 2020 [3]

Kich ban bién déi khi hau cho nam 2030 d3 duoc noi suy theo bién nim 2025 V4i
dir liéu tir bao cao nam 2016 va nam 2050 duoc tinh toan tir kich ban néu trong bao cao

nim 2020 caa B6 TN&MT tir bang nay. Luong mua nhu duoc hién thi cho c4c bién va
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hai kich ban RCP du kién s& tiang 1én, tuy nhién, sy gia ting cudng d6 mua trong cac
con mua bio, chir khong phai 1a tong muc ting hang nim, c6 tic dong nhiéu nhat dén
bién md hinh. Muc bién dong mua trung binh nim cta Can Tho duogc tinh toan trong
kich ban bién déi khi hau 2020 cua Bo TN&MT duoc cung cip nhu Bang2.12
Bang2.12. Muic bién doi trung binh cia heong mura nam % theo kich ban RCP 4.5 va
RCP 8.5 theo Bao cao BDKH 2020, B6 TN&MT.

Tinh, thanh Kich ban RCP4.5 Kich ban RCP8.5
phé 2046-2065 2080-2099 2046-2065 2080-2099
CanTho 16,3(0,8+28.5) [12,5(1,4+22,0)|20,3(12,4+31,2) |21,2(13,0+35,3)

Bang 2.13. Ty 1é phdn tram gia tang lirong mwa hang nam diwroc dir bé0 tai Can Tho

Kich ban RCP 4.5 Kich ban RCP 8.5
2025 2030 2050 2025 2030 2050
(Tang (NI (Tang (Tang (ndi suy) | (Tang
trong thoi | suy) trong thoi | trong thoi trong
Bién diém diém 2046 | diém 2016 - thoi
2016- -2065) 2035) diém
2035) 2046 -
2065)
Ti I€ tang
luong mua
. 10,5% 11% 17% 10,7% 13,2% 22%
(%) tai Can
Tho

Mic du sy gia ting lwong mua hang ndm ctua Can Tho du kién s& khong anh hudng
nhiéu dén diéu kién bién, nhung sy thay ddi cua cac hién tuong mua cuc doan c6 kha
nang thay dbi diéu kién bién vé ngap lut & Can Tho.

Hai thoi ky mua da dugc xem xét, do 1a: luong mua tang Ién trong 1 ngay va lugng
mua ting lén trong 5 ngdy. Céc s6 liéu sau day cho thiy vé mat khong gian nhiing thay
ddi veé cuong do bao trén khép Viét Nam du kién & duong chan tro1 nam 2050. Vi tri
ctia Can Tho duoc danh dau trén mdi ban d6 dé tham khao. Lugng mua t6i da trong 1

ngay vao nim 2050 ddi véi RCP4.5 va RCP8.5 duoc thé hién trong Hinh 2.35. Trong
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khi lrong mua t6i da trong 5 ngay vao nim 2050 d6i voi RCP4.5 va RCP8.5 dugc thé
hién trong Kich ban bién doi khi hau va nudc bién dang cho Viét Nam ciia BO TN&MT
theo hinh 2.35Cac dir liéu nay dugc xem xét cho cac kich ban RCP 4.5 va RCP 8.5 nhu
c6 thé thay trong bang 2.14.

Mirc tang trich xuét cho khu vuc Can Tho tir Bao céo ciia BO TN&MT Ban do
cudng d6 mua va dua trén bién co sd ndm 2015. Dbi véi ca hai mic ting lvong mua
bio trong 1 ngay dbi véi RCP 4.5 du kién 1a khoang 50% trong khi ddi véi RCP 8.5,
murc ting ndy 1én 60% vao nam 2050. Ty 18 phan trim tang twong ty dugc du kién doi
v6i lwong mua bdo 5 ngay cho bién nim 2050. Mirc ting c6 thé dugc nodi suy cho cac
bién co s¢ 2025 va 2030.

Bdng 2.14. B¢ tang ty |é lwong mura cuc tri tai thanh pho”' Can Tho nam 2050

Bién 2050 Kich ban RCP 4.5 | Kich ban RCP 8.5
Lugng mua 1 ngay ting (%) tai Can Tho 50% 60%
Lugng mua 5 ngay ting (%) tai Can Tho 50% 50%

Nguon: Kich ban bién déi khi hdu - B6 TN&MT 20, Bién co s¢ 2018.

Max b bl @i hrywg wan (%0 M 84 ddm A luymg mus (*o)

kL e
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Nguan: Kich ban bién doi khi hdu 2020- Bg TN&MT[2]
Hinh 2.36. Nhitng thay doi vé luong mua toi da trung binh trong 1 ngay, 2050

Horizon, RCP4.5 (trai) va RCP8.5 (phai)
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Nguon: Kjch ban bién doi khi hdu 2020 - B¢ TN&MT[2]

Hinh 2.37. Nhitng thay doi vé lwong mua t6i da trung binh trong 5 ngay, 2050
Horizon, RCP 4,5 (trai) va RCP8,5 (phai)
Dbi v6i bién nam 2025 dy kién co thé s& co ti ¢ gia tang nho, trong pham vi bién s thong
thuong. DI voi sy Kién nam 2030, lugng mua 1 ngay va 5 ngay c6 thé tang khoang 28.5%
(RCP 4.5) va 31.2% (RCP 8.5). Piéu nay s& anh hudng dén bién lap mo hinh trong 10 nim.

Pén nim 2050, su gia ting lwong mua trong 5 ngay duoc du bao 1a 50% d6i véi ca RCP 4,5 va

8,5 nhur c6 thé thay trong Bang 2.15.

Bang cho thay phan trim thay d6i vé lugng mua trong 1 ngay d6i véi cac bién 1ap mo
hinh. C4c con bio trong 1 ngay ¢ tam quan trong ddi véi viéc lap mé hinh thoat nuwéc mua do
bio 1 ngay bao gém toan bo chu ky thuy triéu va hau hét ngap lut duoc tao ra boi lwgng mua

tring hop va triéu cuong tai 16i d6 thi thanh phé Can Tho. Khi triéu xubng thi tinh trang ngap

lut hét.

Bang 2.15. Ty 1é tang mua ciee dai trong 1 ngay toi da theo kich ban ¢ Can Tho

2025 2030 2050
Luong mua tang (%) RCPS,5 10,0% 15,0% 31.2%
Luong mua tang (%) RCP4,5 8,3% 11,0% 28.5%

Thoi ky co so: 2018

CAc yéu té bién ddi khi hau khac nhu sy gia ting nhiét do va thay d6i d6 4m twong

d6i du kién s& khong anh huong dén bién Iap mé hinh.

88




2.1.2.2 Ché”dé dong chdy va cac myc nudc theo cdc méc thoi gian 2030 va 2050 theo
kich ban bién doi khi hau

Muc nuéc trong tuong lai duge xac dinh bang phuong phap hoi quy dua trén di
licu théng ké trong muc 2.14 va thé hién céac két qua nhu trong bang 2.16.

Bang 2.16. Murc ti da dir Kién hang nam dira trén hoi quy tuyén tinh

Duw kién mire nwéc tdi da hang nim trong cic nim co' s6)
Tén tram

2020 2025 2030 2050
Angkor Borey 3,45 3,16 2,87 1,73
Long xuyén 2,41 2,40 2,39 2,34
Can Tho 2,14 2,21 2,27 2,54
Dai Ngai 2,09 2,13 2,17 2,33

Tir bang 2.15 cho thay cac tram do muc nudc tai khu vuc thuong nguon tai Angkor
Borey va Long Xuyén, noi bi anh huong nhiéu hon boi ché do 1ii hang nam & séng Mé
kdng, duoc du kién 1a s& giam tir nam 2020 dén nim 2050 v6i mac toi da hang nam
khoang 1,7 m tai Angkor Khoan va 0,08 m tai Long Xuyén). Méc giam téi da hang nam
& thuong ngudn theo thoi gian dugc thé hién rd hon tai tram cap Angkor Borey (Ky luc
1995 dén 2015) & Campuchia, cach Long Xuyén 75 km vé phia thuong luu.

Nguoc lai,cac tram tai Can Tho va Pai Ngai gan bién hon va 13 cac tram chi phdi
thay triéu va myc nuéc bién. Pidu nay cho thidy muc nudc sdng tdi da dugc du béo sé
tang 1én do anh hudng caa thiy triéu (Can Tho du Kién ting 0,3 m tir nim 2020 dén nim
2050).

Mic dU dy béo phan tich hoi quy duoc trinh by & trén cho thay cac xu hudéng hién
tai & mac toi da, nhung diéu ndy khong nhat thiét c6 nghia 1a cac xu hudng sé& tiép tuc
trong twong lai va can phai xem xét mot cach than trong, dac biét 1a tai Angkor Borey,
noi dudng nhu khong c6 kha ning xay ra xu hudng tuong tu ¢d thé tiép tuc tir nim 2015
dén nam 2050.

Dua trén phan tich dit liéu lich st, cac diém sau ddy da xut hién lién quan dén cac
diéu kien bién:

- Ché d6 lit lut theo mua trén hé théng séng Mé Kong tai Can Tho khong phai la

mot thanh phan c¢6 anh huong 16n cua myc nudc sdng gan Can Tho, thanh phan chinh
tac dong dén muc nudc & Can Tho 12 anh hudng ctia muce nudc bién, dic biét 1a thanh

phan thuay triéu;
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- Uéc tinh vé nhitng thay déi trong twong lai cia muc nudce 1ii trong hé théng sdng
M@ Kéng do nhitng thay doi trong quan 1y nude nhu bod sung cac cong trinh thay dién
duogc cho 1a khong lam ting muc nudc 1i t6i da. Tuy nhién, ché d6 1 theo mua s& bi thay
d6i do lwong nudc gia ting luu lwong va muc nudc vao ddu mua mua (thang 5 va thang
6) ddng thoi giam dinh 1d trong thoi ky dinh 1i vao thang 9;

- Anh huong cua bién ddi khi hau dén dong chay cua toan bo hé théng séng Mé
Kong la ton tai nhung rat khd xac minh chi tiét dic biét 1a doi voi cac tic dong tir cac
nuée thuong ngudn. Tuy nhién, nhin chung anh hudong cia BPKH t6i dong chay khong
c6 kha ning lam ting dang ké cAc muc nude cua song Hau tai Can Tho.

Bang 2.17. CAc bién muc nudc t6i da (m) tai Can Tho va Long Xuyén

XA&c suat: 1% 2% 5% 10% 20% 50%
2025 - RCP4.5/RCP8.5 (giéng nhau)
Can Tho 2,63 2,33 2,01 1,92 1,84 1,73
Long Xuyén 3,27 3,11 2,91 2,75 2,61 2,40
2030 - RCP4.5/RCP8.5 (giéng nhau)
Can Tho 2,64 2,34 2,03 1,93 1,85 1,74
Long Xuyén 3,28 3,12 2,91 2,76 2,62 2,41
2050 - RCP4.5
Can Tho 2,74 2,44 2,13 2,04 1,95 1,84
Long Xuyén 3,31 3,15 2,95 2,81 2,68 2,48
2050 - RCP8.5
Can Tho 2,74 2,44 2,13 2,04 1,95 1,84
Long Xuyén 3,31 3,15 2,95 2,81 2,68 2,48

Lueu y: Mac du kich ban RCP4.5 va RCPS8.5 nam 2050 ¢6 myre nwéc bién dang khac nhau

nhiwng két qua ¢ Long Xuyén va Can Tho la giong nhau.
2.8. Phwong phéap ké thira.

Khi xay dung khung danh gia rui ro ngap lut cho 18i d6 thi thanh phd Can Tho,
viéc xac dinh khu vyc ngap lut, cac dac trung ctia n6 1a viéc hét stre quan trong. Tuy
nhién, dbi v6i dic diém do thi cia Can Tho, cac phuong phap nhu vién tham hodc Xy
dung ban d6 tir diéu tra thuc dia déu khong dam bao két qua day di hodc khong kha thi.

Phuong phéap mé hinh héa bang mé hinh thity lyc cho thdy sy vuot trdi vé moi mit tir
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dir liéu két qua va kha ning tinh toan cho cac dién bién twong lai d6i véi cac kich ban
BDKH. Trong luan 4n, nghién ctru sinh da ké thira cac két qua xay dung mo hinh thay
I tir dy 4n xay dung Hé théng quan 1y rai ro ngap lut (FRMIS) thudc Du 4n phat trién
thanh phé Can Tho va ting cudng ning luc thich ing cta d6 thi. M6 hinh thuy luc duoc
xdy dung trén hé théng MIKE Operation va cac két qua duoc quy cap rong rii trén cac

API cua du an.
2.9. Phwong phap phén tich khong gian trén GIS.

Phuong phép phan tich khong gian duoc ap dung rong rai trong cac nghién ciru
danh gia rui ro thién tai, ddc biét 1a ngap lut. Phuong phap phan tich khéng gian trong
GIS duoc 4p dung trong ludn an bao gdm nhiéu hang muc duge trinh bay dudi day.

- Thu thap va xr 1y dit liéu khong gian: Céc dir liéu duoc xtr 1y bao gdm cac dir
liéu vé& mo hinh s6 d6 cao, mang ludi thiy van, h¢ théng thoat nudce, cac dir li¢u sur dung
dat phuc vu cho viéc mé hinh hoa ngap lut.

- Xay dung cac chi tiéu vé tinh d& bj t6n thuong bao gdm céc chi tiéu vé do nhay
va kha niang chéng chiu.

- Chéng xép cac 16p dir liéu va thyc hién cac phép tinh toan khong gian phuc vu
cho két hop cac yéu to cua rii ro ngap lut.

- Phan tich, thong ké khong gian cho cac két qua danh gia rui ro ngap lut vé kinh
té - xa hoi.

- Lap ban d6 ngap, cac yéu t cia rui ro kinh té - xa hoi.

2.10. Phwong phap diéu tra - thong ké x& hai hec

Phuong phép diéu tra - thong ké xa hoi hoc dugc ap dung rong rai trong danh gia
rii ro. Phuwong phap nay giup thu thip, diéu tra dir liéu vé hién trang ngip va cac tac
dong vé kinh té - xa hoi ctia ngap lut. Trong luan an, phuong phap nay dugc ap dung:

- biéu tra hién trang ngap lut.

- biéu tra khao sat tac dong kinh té - x& hoi cua ngap lut ti cac dbi tugng trong
khu vyc nghién cuu.

- Thdng ké, xay dung twong quan giira thiét hai kinh té va 6 sdu ngap trong xay

dung cac ham thiét hai.

2.11. Phwong phap phén tich da chi tiéu dwa trén AHP va so sanh cip déi.
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Phuong phap AHP (Analytic Hierarchy Process) do Thomas L. Saaty phat trién
vao nhitng nam 1970 12 mot cong cu hd tro ra quyét dinh da tiéu chi. AHP gitup phan
tich va x4c dinh trong sb cta cac chi tiéu trong mot hé thdng phirc tap bang cach sir dung
so sanh cip d6i (pairwise comparison). So sanh cip d6i 1a qua trinh danh gia tim quan
trong tuong doi gifra hai chi ti€u tai mot thoi diém, tir do x4y dung ma tran so sanh va
tinh toan trong sd.

Trong nghién ctru nay, AHP duoc sir dung dé xac dinh trong s6 cho hai nhém chi
tiéu: nhom chi sb nhay cam gém 5 chi ti€éu va nhom nang luc chéng chiu cua tinh dé bi
t6n thuong gdm 9 chi tiéu. Quy trinh thue hién bao gdm céc bude chinh sau:

- Xac dinh hé thong phan cép (hierarchy) ciia cac chi tiéu.
- Thuyc hién so sanh cdp doi gitra cac chi ticu.
- Xay dung ma tran so sanh cap doi.
- Tinh toan trong s6 va kiém tra tinh nhat quan ciia cac danh gia.
Céc budc thuc hién duoc xir Iy v6i phan mém PriEST véi su gop ¥ clia cac chuyén

gia vé danh gia rui ro, khi tuong thuy vin trong du 4n FRMIS.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qud thanh ldp bin dé tin sudt ngdp theo hién trang

Két qua cua viéc mé hinh héa cho thdy khu vuc nghién ctru chiu anh huéng 16n
ctia ngap lut d6 thi. Cac ban d6 ngap duoc xay dung dya trén cac kich ban (20%, 10%,
5%, 2%, 1%) tuong tng muc nudc ngip xdy ra voi cac diéu kién lap lai tir 5 nim, 10

nam, 20 nam, 50 nam va 100 nam. Theo do6 cac diéu kién vé lugng mua, muc triéu dugc

t6 hop theo cac thong ké quéa khir dé xac dinh cac diéu kién bién ctia mé hinh.
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Tir cac két qua trén cho thiy, 16i d6 thi Can Tho c6 kha ning bi ngap nhe véi cac
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tran mua c6 muc do 1ap lai 1a 5 ndm, tdng dan theo céac thoi doan khic nghiét hon. H¢
théng cng ngin tridu da phat huy tac dung kha tét trong viéc giam nhe kha ning ngap
lut cua khu vue ndi d6. Tuy nhién, khi c6 mua xay ra ddng thoi véi thoi diém tridu cao,
kha ning ngap lut van c6 thé xay ra trén dién rong. Khu vuc phia Bic va Dong Bic cua
khu vuc nghién cru ¢6 do cao twong ddi 16n so v6i khu vuc phia Nam va phia Pong,
tuy nhién, do ndm ngoai khu vuc duogc bao vé boi hé théng chdng ngap cua thanh phd

nén van c6 do ngap sau hon.
3.2. Panh gia rii ro do ngap lut téi kinh té - xa héi 16i d6 thi Can Tho
3.2.1. Thiét lip bé cong cu

Cac chuc niang ctia bo cong cu bao gom mot loat cac phan tich, tu dong hoa cac
thao tac phén tich khong gian dé danh gia rai ro vé xa hoéi va rai ro vé kinh té. Bo cong
cu duoc nghién ctu sinh 1ap trinh trén ngdn ngir Python str dung cac thu vién ham dung
san. Trong do, thu vién phan tich khong gian dugc cung cap boi ESRI 1a Arcpy; cac thu
vién xur ly s6 hoc va logic trong Python nhu Numpy, SA...

Céc cong cu bao gém 2 nhdm cdng cu trong d6 7 cong cu hd tro tinh toan rai ro
vé mit x& hoi va 1 cdng cu cho tinh toan thiét hai vé mit kinh té nhu hinh 3.6.

(—l -1«. |:| ~ Folders «~ RiskMappingProject ~ B6 cong cu tinh toan rdi ro.pyt

MName Type
S| 1.1 Cong cu tinh todn rdi ro xa hoi Script
S| 1.2. Cong cu tinh tedn gia tri 16n nhit, nhod nhat cda cdc kich ban Script
Z[ 1.3. Céng cy chudn hoa két qua phan tich Script
E[ 1.4. Céng cy hé trg théng ké rdi ro Script
S 1.5. Lién k& bang thing ké va xudt sang bet Seript
S 1.6. Céng cu hé tro théng ké rdi ro cho cdc d8i tuong diém Script
S 1.7. Céng cu théng ké d&i tugng diém ha ting anh hudng rdi ro theo x3/ph...  Script
E[ 2. Céng cu tinh todn thiét hai kinh t& Script

Hinh 3.6 . B¢ cong cu tinh toan rui ro.
Coéng cu 1.1. C6ng cu tinh todn rai ro xa hai.

Giao dién cua cong cu nay duoc trinh bay tai hinh 3.7
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Geoprocessing v X
€ 1.1 Céng cu tinh toan rdi ro X3 hoi )
Parameters Environments
* Ranh gigi

| w
+ Hiém hoa
* M dé phoi ld
# Tinh dé bi tén thuong
# Luu dif ligu Hiém hoa d3 phan cdp

% Lo dif liéu Rdi ro

Hinh 3.7: Giao dién cdng cu tinh toén rui ro xa hgi

- Muc dich: tinh toan rai ro xa hoi

- Pau vao:

+ Ranh gigi khu vuc nghién ciru ¢ dang vector.

+ Dir liéu hiém hoa & dang raster.

+ Dt liéu muc do phoi 16 ¢ dang raster

+ Dix liéu tinh dé bi ton thuong & dang raster.

- Xtr ly: Céc dit liéu dau vao dugc két hop bing ham Raster Calculator va dugc cat
theo ranh gié¢i khu vuc nghién ctru. Sau d6 cac dit liéu dau ra duoc luu lai ¢ dinh dang
raster.

- Pau ra:

+ Dix liéu hiém hoa da phan loai: 12 dit liéu hiém hoa dugc phan loai theo 4 cap do
theo cach phan cép tai Hinh 2.29 cta chuong 2.

+ Dit liéu rui ro xa hoi dugce luu trit dudi dang raster chua “tai chuan hda va phan
loai”.

Cong cu 1.2. Cong cu tinh toan gia tri 16n nhat va nhé nhat
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- Giao dién cua cong cu nay dugc trinh bay trong hinh 3.8.

EEY

Geoprocessing v X
(€) 1.2. Cong cu tinh toan gia tri I6n nh&t, nhd nha... P
Parameters Environments

¥ Dir ligu rdi ro d3u ra cda 1.1

# Luu file chifa gid tri min-mazx

Fun =

Hinh 3.8. Cong cu tinh toan gia tr; I16n nhat, nhé nhat

- Muc dich: Khi tai chuan hoa céc dix liéu rai ro caa nhiéu kich ban diéu kién bién
dau vao khac nhau thi can c6 cac mbc chuan dé dam bao viéc tai chuan hoa dugc chinh
xéac, Cac mdc nay bao gom sé lidu rui ro cao nhat va thap nhét trong toan bo céc kich
ban rui ro duoc dua vao chuan hoa.

- Pau vao: Dau vao caa cdng cu nay 1a mot loat cac dir liéu rui ro xa hoi cua cac
kich ban ngap khac nhau.

- Xt ly: Viéc tim gia tri 16n nhat va nho nhat cia mot tap hop dir liéu duoc xu ly
boi ham thong ké khong gian dbi vai cac 16p dir ligu.

- Pau ra: dau ra cua cong cu nay 1a mot file bao gom 2 gi4 tri rai ro 16n nhat va
nho nhat caa cac kich ban ngap.
Cong cu 1.3. Cong cu chuin hoéa két qua phan tich rai ro

- Giao dién cbng cu nay dugc trinh bay trong hinh 3.9:
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Geoprocessing

|:-%;I

Parameters Environments

# Dirligu raster cin chuan hoa tir 1.1

1.3. Cong cu chudn hoa két qua phan tich &)

v B X

# File luu trir gia tri max-min tinh tr céng cu 1.2

+ Dir ligu raster 43 duge chudn hoa

* D ligu raster d3 dugc phan lap

Hinh 3.9: Céng cu 1.3

- Muc dich: Cong cu nay dugc xay dung nham “tai chuan hoa” cac dix liéu rui ro

x& hoi duoc tao ra tir cong cu 1.1. Theo d6, cac dit liéu ndy s& duoc chuan héa vé muc

tir 0 dén 1. Diéu nay phuc vu cho viéc phan cap rui ro x4 hoi ddi véi tirng kich ban ngap.

- Pau vao:

+ D1t li€u raster can chuan hoa chinh 1a dir li¢u rai ro xa hdi cua cac kich ban ngéap

tao ra tir cong cu 1.1. Dir liu nay cling c6 thé 1a cac dir liéu can chuan hoa khéac.

+ File luu trir gi& tri max - min tu cong cy 1.2.

- X ly: Chuan hoa cac dir liéu dau vao bang ham toan hoc theo cong thuc 2.5.

- Pau ra:

+ Dir liéu rui ro xa hoi da duogc chuan hoa.

+ Dii li¢u rui ro xa hdi da dugc chuan hoa va phan 16p.

Cong cu 1.4. Cong cu hd tro thong ké rai ro xa hoi

- Giao dién cua cong cu 1.4 nhu hinh 3.10:

99



Geoprocessing A
® 1.4. Cong cu hd trd théng k& rdii ro ®

Parameters Environments

% CSDL gdc
| |
* |D|:r|iéu rdi ro d3 phin cdp |

# Dir liéu ranh gidi x3, phudng

* Luu Dix liéu chéng x&p

Hinh 3.10. Cong cu 1.4

- Muc dich: HJ tro thdng ké rai ro theo ranh gigi hanh chinh, c6 thé 1a x4, phuong
hoac quan, huyén hoac phan vung tuy chon.

- Pau vao:

+ Co s6 dit liéu 1am viée € luu trit céc dit ligu

+ Dir liéu rti ro da phan cép 1a két qua cta cong cu 1.3.

+ Dir liéu ranh gidi xa phuong hodc quan, huyén néu can thiét.

- Xt ly:

+ Chuyén ddi dir liéu rai ro dd phan cip sang dang vector bang coéng cu Raster to
Polygon

+ Chdng xép dir liéu vector rui ro dd phan cip va dir liéu ranh gi6i bang cong cu
Identity

+ Thyc hién Summary trén cac trudng dir lidu dé tao ra cac bang thong ké theo cap
d6 rui ro va ranh gidi can thng ké.

- Pau ra:

+ Dit liéu chdng xép 1 mét file vector duge luu trit trong co s dit liéu dang lam
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viéc.
+ Céc bang thong ké rui ro theo cac cAp do rai ro va ranh gidi can tinh toén.
Cong cu 1.5. Lién két bang théng ké va xuit sang txt.

- Giao dién: Cong cu nay c6 giao dién nhu trong Hinh 3.11.

Geoprocessing v X

() 1.5.Lién két bang thng ké va xudt sang tt ()

L

Parameters Environments

* Difligu ranh gigi x3a

* Input Table 1

* Input Table 2

* Input Table 3

* |nput Table 4

* Luu bdng téng hop

Hinh 3.11. Cong cu 1.5.

- Muyc dich: Cong cu nay duoc dung dé gop cac bang théng ké tir di liéu chong
Xép & cdng cu 1.4 va dua ra thong ké rai ro tong hop cho theo cac don vi hanh chinh.

- Pau vao:

+ Dir liéu ranh gi6i xa, c6 thé sir dung céc loai ranh giéi khac néu ¢ yéu cau, dir
li¢u phai & dang Vector polygon.

+ Cac bang théng ké 1-2-3-4 tuong tng v4i cac cap do rii ro dugc luu trit trong
co so dir liéu tai budc 1.4.

- X ly: cac bang thong ké duoc lién két véi nhau théng qua ma hanh chinh, lién
két nay duoc thuc hién théng qua chirc ning Join trong bang thudc tinh cua dit liéu
vector.

- Pau ra: Pau ra ciia cong cu nay 1a mot bang tong hop duoc xuét ra theo dinh sang

txt, dit liéu nay co thé duoc xir 1y va phan tich sau hon trén cac phan mém phan tich dix
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liéu chuyén dung.
Cong cu 1.6: Cong cu hd tro thong ké cho cac dbi twong dang diém chiu rii ro xa
hoi

- Giao dién: Giao dién cua cong cu 1.6 dugc trinh bay nhu hinh 3.12,

Geoprocessing v X
(©) 1.6. Cong cu hd trd théng ké rti ro cho cac dbi... P
Parameters Environments

* C5DL gdic

| |
* |L|:'rp dit ligu diém cin tinh todn |

# Lép dir ligu rii ro d3 chuyén sang vector

# Lép dir ligu diém d3u ra

# Bang théng ké diém trong khu vy rdi ro

Hinh 3.12. Cong cu 1.6

- Muyc dich: cong cu nay sir dung dé thong ké cac ddi twong dang diém chiu rai ro
nhu cac diém trudng hoc, bénh vién hodc cac co sé X3 hoi, co quan chinh quyén...

- Pau vao:

+ Co s6 dir liéu gdc: 1a noi luu trir cac két qua xu 1y.

+ Lop diém can thong ké: 1a 16p cac dbi twong chiu rii ro dugce thé hién dudi dang
diém.

- X ly: Dir liéu dang diém duoc chong xép véi 16p dit liéu ruai ro dang vector la
két qua cua cong cu 1.4.

- Pau ra:

+ Lép dir liéu diém da duge chong xép.

+ Bang thong ké so bd cac diém ddi twong nam trong ving rui ro.

Cong cu 1.7. Cong cu théng ké dbi twong diém ha ting theo ranh giéi hanh chinh
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- Giao dién: Giao dién cua cdng cu duoc trinh bay tai hinh 3.13.

Geoprocessing v X

(©) 1.7. Céng cu théng ké ddi tudng diém ha tang... B
Parameters Environments

* Ranh gidi x3

# Lap diém cin tinh

# Dirliéu thdng ké

— .
Hinh 3.13. Cong cu 1.7
- Muyc dich: hd trg théng ké cac diém ddi tuwong chiu rai ro theo don vi hanh chinh.
- Pau vao:
+ Ranh gidi hanh chinh.
+ L6p diém can tinh: 13 san pham cta coéng cu 1.6.
- Xt ly: 2 16p dit lidu dau vao dugc chong xép theo cong cu Identity.
- Pau ra: 1a bang dit liéu théng ké duoc luu sang file txt.
Cong cu 2. Tinh toan thiét hai kinh té
- Giao dién: giao dién cu thé cia cdng cu 2 nay duoc trinh bay trong hinh 3.14.
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Geoprocessing v X

'13:—3' 2. Cong cu tinh toan thiét hai kinh té +
Parameters Environments L7

# D lidu =i dung dét d& phén nhom

* Dif liéu ngdp
% Dir liéu gid tri dt
% Luu dif liéu thiét hai tiém tang

+ Luu dit liéu thiét hai kinh t&

Hinh 3.14. Cong cu tinh toan thiét hai vé kinh té

- Muc dich: Tinh toan thiét hai kinh té.

- Pau vao:

+ Dit liéu st dung dat 3 phan nhom.

+ Dir liéu do sau ngap.

+ Dit lidu gia tri dat.

- Xtr ly: Céc dir liéu dau vao dugc dwa vao trong ham tinh toan trong dé ap dung
cac ham thiét hai cho tiing loai d6i twong duoc phan loai trong dix liéu str dung dat.

- Pau ra:

+ Dit liéu thiét hai tiém tang: 1 dir liéu phan anh thiét hai dugc xac dinh bang %
gia tri bi thi¢t hai.

+ Dir liéu thiét hai kinh té: 1a dit liéu thiét hai dugc tinh ra bang don vi tién té.
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3.2.1.1. Dt liéu dau vao

Dit liéu can thiét cho viéc lap ban db rui ro bao gom dit liéu khéng gian va phi
khong gian. Dit liéu co s¢ chung dugc st dung cho ca danh gia rai ro kinh té va xa hoi
bao gom nguy co lii lut va phan loai sir dung dat.

Dix liéu hiém hoa

Dit liéu Hiém hoa ngap lut xét vé d6 sau, van toc va phan loai nguy co 1 lut (xem
Hinh 3.15) duoc tao ra cho mdi tran 1ii lut tir mé hinh thity dong hec theo cac kich ban
lip lai khac nhau. Trong luan an, di liéu hiém hoa ngap lut duoc tinh toan dua trén két
qua caa md hinh thay luc duoc thanh 1ap cho toan bd khu vuc thanh phé Can Tho, bao
gom 15i d6 thi.

Dir liéu nay la céc raster c6 do phan giai (20m x 20m) duéi dinh dang ACII.

Chu giai
[ Bién khu vy 16i d6 thi Can Tha
[ Bién khu vyc 1dp mo hinh thuy luc
___1Ranh gidi quan/huyén
Kénh rach f
: //\\”\/\‘/ Cai Rang

Song I6n, ho { e
D6 sau ngdp (m) \\./\/\ 0o 05 1 2Km
=ttt

« [ 2.1942 / .

0.0055 1§ y

Hinh 3.15. B¢ sau ngdp lut I6i d6 thi Can Tho
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Chu giai
[ Bién khu vuc 16i do thi Can Tho
[ Bién khu vuc 1ap mé hinh thay luc
[~ ] Ranh gigi quan/huyén
Kénh rach

So6ng I6n, ho
Mrc hiém hoa ngap (Hién trang - 1%) 0 R
. Thip \/ o Cai Rang
Trung binh \\\./\/\ / 0 05 1 2Km
2 Cao = ﬁ[ﬁ _—
W Rt cao 4

s 5w

Hinh 3.16. Hiém hoa ngdp lut 16i dé thi Can Tho

Dir liéu sir dung dat

Ban d6 str dung dat & dinh dang DGN dugc chuyén d6i sang dinh dang GIS (SHP).
Dix liéu str dung dat nay duoc thu thap tir S6 TNMT thanh phé Can Tho vao nam 2020.

Dit liéu sir dung dét s& duoc sir dung dé xac dinh:

1) Rui ro 11 lut x& hoi;

i) Mot s6 chi sb vé kha ning d& bi ton thuwong do rui ro 1d lut xa hi, chang han

nhu trudng hoc va dia diém trung tam y té;

iii) Cac ham thiét hai theo chiéu sau c6 lién quan dwoc &p dung cho cac muc dich

sir dung dat khac nhau dé danh gia rai ro 1ii Iut kinh té.

™MD TMD. oot opT

TSCTSC . 1ypODTTMD DGD

TSC DCH

SKC onT TsC T™MD TMD
B DSHODT o ©opT  ODT
) oot 0pT9PTe Ny 0T oo, 10DT
oh QBT 0BT < ™D _Gpr. ;
Soopt L oot X" up \DET o E TINS G

Y| Jon. 'OpTiODT Ul G SR ooy
- opT™™R \ \-ODT. (SDT'OD?-DT CAN . “DeD
AN |opT bt o oDt
00T | ‘CLNTse. 98 oor| 3! o Frin

=T Yopr, DRt OTU, opT DR

igr  |QDIPTL™ . “gpyopT, ¢ ¢ 7" 3\ =01
L] 2 R R

OOl ooy N oook : cap
oo | ELNADTN, Mot o :

g0 ©0T | oDt ) e

H i \ - oDt

b CLN at .S

»DTOPTODT "5 oot osH o 1OPT A\dse
N QDT DT * y o o

ODTODT -ODT kG

‘LNgpy. - ODTORT

QOT .~ 0DT

oDT
OLooT

Hinh 3.17 Vi dy sir dung ddt Thanh pho Cdn Tho (1y 1é: 1:5000)

Ban d6 sir dung dat cua thanh phd bao gdm 39 loai hinh str dung dat. Chung sé

dugc tong hop thanh 12 16p nhu trong Bang 3.1.

Bang 3.1: Tong hop cac logi hinh si dung dat
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STT | Nhém Loai hinh st dung dat Ap dung
1 Khu dan cu Khu dan cu d6 thi va ndng thén Tat ca cac quan huyén
2 Thuong mai Cho, khu thuong mai Tt ca cac quan huyén
3 Doanh nghiép nho Khu dén cu d6 thi gan duong chinh | Tét ca cac quan huyén
(ctra hang nho, nha hang, dich vu
nho)
4 Cong nghiép Tat ca cac sir dung dat lién quan | Tat ca cac quan huyén
dén cong nghiép
5 Co quan chinh phu Co quan chinh phi va cac cong | Tat ca cac quan huyén
trinh cbng cong
6 Truong hoc Truong hoc va co s¢ giao duc Tat ca cac quan huyén
7 Céc dich vy sic khoé | Trung thm y té Tat ca cac quan huyén
8 LGa gao Canh dong lGa Tat ca cac quan huyén
9 Cay lau nam Vuon cdy dn qua cac loai Tat ca cac quan huyén
10 | Cay trong hang naim | Rau cu cac loai Tat ca cac quan huyén
11 | Nudi trong thuy san | Nubi trong thity san Tat ca cac quan huyén
12 | Khéng thé tiép can Tat ca cac loai hinh st dung dat | Tt ca cac quan huyén
khong thé tiép can (sdng, an ninh,
chua str dung)

Dir liéu vé tinh dé bi ton thwong dé 1ap ban dé rii ro li lut x4 hoi

Bo di liéu dé bi ton thuong can thiét dé 1ap ban d6 rai ro 1d lut xa hoi 12 dix lidu

diéu tra dan sb. Dit liu diéu tra dan s cung cap thdng tin can thiét cho céc chi sé dé bi

ton thuong xa hoi: tat ca cac chi sb nhay cam (Bang 2.7) va hau hét cac chi s6 niang luc
(Bang 2.8).

S6 ligu diéu tra dan s6 Can Tho (2019) duoc cdng bd chi tiét & hai cap: cap tinh va

cap huyén. Dir liéu diéu tra dan sé cap tinh cung cap thong tin chi tiét vé tinh va céc

huyén cua tinh. Dix lidu diéu tra dan s6 cap huyén di siu xudng cap xa va phi hop hon

cho viéc danh gia rai ro. Tuy nhién, dit liéu c6 nhitng han ché & chd chi c6 mét sé thudc

tinh lién quan dé danh gia rui ro. D6 1a:

Mat do dan sé

Tong dan sé (mdi x&)

S6 luong

o nham gidi

o phunir

o ngudi lon tudi

S6 ho nghéo (mdi xa)

Dix liéu vé thiét hai dé 1ap ban d6 rii ro kinh té
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cong thiét hai theo do sau ngap di véi cac loai hinh sir dung dét c6 lién quan, tac la céc
loai dai dién cho céc hinh thirc sir dung dt chinh ¢ thanh phé Can Tho. Cac dit liéu nay
duoc xac dinh tir két qua thdng ké cua cac cudc khao sat thiét hai kinh té do 1i tai 161 d6
thi Can Tho ndm 2020 va toan bd thanh phd Can Tho vao nam 2021.

3.2.1.2 Khado sat lii lut 2020 va 2021

Qua trinh khao sat x& hoi da thu thap dit liéu cho 18i do thi truc tiép tir 260 ho gia
dinh va co s& kinh doanh ¢ quan Binh Thay va Ninh Kiéu vao nam 2020 va khu vyc
ndng thén 2021. Cudc khao sat da thu thap ca dit liéu kinh té xa hoi va dir liéu vé do sau
ngap lut va thiét hai.

Trén co s& khao sat, cac ham thiét hai cua 3 ddi twong chiu thiét hai chinh cua 16i
d6 thi Can Tho di dugc xay dung bang phuong phap thong ké véi két qua khao sat, bao
gom: thiét hai vé nha ¢, thiét hai vé thuong mai va thiét hai vé cdng trinh xay dung &
Can Tho. Khao sét thuc dia bo sung dugc thuc hién nam 2021 dé phat trién cac ham
thiét hai cho 11 loai str dung dat duoc liét ké trong hinh 3.18. Cac ham thiét hai nay s&

dugc dua vao cong cu danh gia rui ro I lut.

Thuong mai Kinh doanh
160,000 120,000
140,000

' 100,000
g 120,000 =)
=

= 20,000
2 100,000 z
g s

< 80,000 < 60,000
o ey
< 60,000 =

& & 40,000
£ 40,000 =

20000 20,000

0 10 20 30 40 50 60 0 10 20 30 40 50 60
DO sdungap(cm) DO sdu ngap(cm)

Ham thiét hai do ngap lut d6i véi tai san | Ham thiét hai ngap lut d6i vai tai san

thuong mai kinh doanh
Céng nghiép Tru s& chinh quyén

350,000 160,000
(=) [=)
£ 300,000 £ 140,000
3 3
S 250,000 8 120000
© F 100,000
£ 200,000 =
3 T g0,000

150,000 £
& 60,000
= 100,000
F 40,000
& 50,000 20,000
2z !
=

0 10 20 30 40 50 60 0 10 20 30 0 50 60
D6 sau ngap(cm) Do saungap(cm)

Ham thiét hai do ngap lut ddi véi nganh | Ham thiét hai ngap lut cho cac co quan
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cong nghiép

chinh phu

Co sé gido duc

490,000
485,000
480,000
475,000
470,000
465,000
460,000
455,000
450,000
445,000
440,000
435,000

Thiét hai (1000 VND)

P sau ngap(cm)

Cosdyté

250,000
200,000
Q
=
>
S 150,000
o
&
=
< 100,000
=
=
=

50,000

0 10 20 30 0 50 60

D6 sau ngap(cm)

Ham thiét hai ngap lut cho cac truong

hoc

Ham thiét hai do ngap lut d6i véi cac

dich vu/co sg y té

Nha & Lua
3,500 6,000
a
3,000 £ 5000
=~ 3
S 2,500 3
£ = 4,000
(=1 ©
S 2,000 =
2 @ 3,000
& 1500 E
E. 1,000 ‘% 2,000
= =
S0 % 1,000
g
£
0 10 20 30 10 50 60 70 0 10 20 30 40 50 60 70
D9 saungdp(cm) D6 saungap(cm)
X A . A s 1t ant oo X A . A X r: 17
Ham thiét hai do ngap lut doi vaéi tai san | Ham thiét hai do ngap doi vaéi lda
A
dan cu
Cay lau ndm Cay hang nam
250,000 80,000
=)
z & 70,000
2 =
S 200,000 Z
S g c0o00
£ 150,000 Sn 50,000
“é f} 40,000
£ 100,000 5 30,000
£ 2
5 £ 20,000
= 50,000 3
z £ 10,000
=
=
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

D4 sdungap(cm)

Do saungap(cm)

Ham thiét hai do ngap dbi vai cay lau

nam (cay an qua)

Ham thiét hai ngap lut doi vai cay trong

hang nam (rau cu)
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Nudi trong thiy san

3,000,000

2,500,000

('000VND)

2,000,000

1,500,000

1,000,000

Thiét haitrén mbi ha

500,000

0 10 20 30 40 50 60 70
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Ham thiét hai ngap lut dbi véi nudi trong

thay san

Hinh 3.18. Ham d¢ sau - thiét hai cua cdc doi turong

Céac ham s6 lan luot twong ung nhu sau bang 3.2 :
Bang 3.2. Cac ham thiét hai

Pbi tuong Ham sb

Thuong mai y = -0.009x? + 0.2251x + 0.0912

Kinh doanh y = 25477x - 18407

Cong nghiép y = 0.006x? + 0.1958x - 0.1255

Co quan nha nuéc y = -0.0096x° + 0.0814x? - 0.0428x + 0.3734
Truong hoc/CS gido duc y = 0.0225x + 0.8875

Cosd Y té y = -0.0258x° + 0.1988x? - 0.1688x + 0.0816
Déan cu nha ¢ y =-0.013x3 + 0.1356x° - 0.1913x + 0.0943
Pat trong lda y=9.7997x-4.7773

Cay lau nam y = 0.1671x - 0.0034

Cay hang nam y =0.171x - 0.0163

Nudi trong thay san y = 0.1643x + 0.0189

Cac ham thiét hai 13 cac ham tuyén tinh bac 1 chu yéu dén tir cac thong ké cia nong
nghié¢p hoac kinh doanh nhd, noi ma thiét hai ngap lut tuong dbi dé dang. Doi voi cac
d6i twong phtc tap hon, viéc x4c dinh thiét hai cling khé khan va do vay, két qua la céc

ham thiét hai tré nén phuec tap, co thé 1a cac ham bac 2 hodc bac 3

3.2.2. Két qud ddnh gid riii ro ngdp va phan tich riii ro ngdp lut d6i véi xa héi

3.2.2.1. Két qud ddnh gid Hiém hoa ngdp

Ban d6 hiém hoa ngap lut cua 16i d6 thi dwgc trich xuat tir ban d6 hiém hoa ngap
lut cua toan thanh phé xay dung dua trén cong thirc (2.1). Cac ban d6 hiém hoa ngap lut
bao gom (1) Ban d6 hiém hoa ngap lut theo kich ban hién trang 1% (hinh 3.19); (2) Ban
d6 hiém hoa ngap lut theo kich ban hién trang 2% (hinh 3.20); (3) Ban d6 hiém hoa ngap
lut theo kich ban hién trang 5% (hinh 3.21); (4) Ban d6 hiém hoa ngap lut theo kich ban
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hién trang 10% (hinh 3.22); (5) Ban d6 hiém hoa ngap lut theo kich ban hién trang 20%

(hinh 3.23).

105°42

105°44'

105°46"

105°4g'

1054

1092
|

Lona Tuvén

Chd giai

[ Khu vire 13p md hinh thiy lyc
[ Khu vyc (61 d6 thi

Mufc d6 hiém hoa (Hién trang- kich ban 1%)
B Thap

[ Trung binh

0 Cao 0 05 1 2Km
5 =t
& |l RAt cao

4
| CaiRang

1
\\ Thanh Phudc
|

109"

o9

N £
i, TomTom, Garmin, Foursquare, METI/NASA. USGS, e AT RER Uss

o

105042

105044

105°46'

105°48"

Hinh 3.19. Hiém hoa ngdp theo kich ban hién trang cuia diéu kién 1%

105%42

105044

100

e Roch
——t_\ Cam

Thanh Phuéc

10%4°

~ "\ o N
N .
/\’ =
| A g
a \ 2
)
e &
(Giai Xuan i egu“"
Chu giai ¥
[ Khu virc 1ap md hinh thiy Iyc
[ Khu vuc 16i d6 thi
MUrc d6 hiém hoa (Hién trang- kich ban 2%)
Value Sy
B Thip 1
[0 Trung binh T ‘ f Pha Thy
N ! S
8 N Cai Ra X
-} I Cao 9 .95 1 2K T @an TS Toro| Garmii, Foursquare, WETITNASA, TISGS, Esi NASA, NGA [15G: &
I Rét cao e i ] e

oV’

105°42'

105%46'

105°48"

Hinh 3.20. Hiém hoa ngdp theo kich bdn hién trang cia diéu kién 2%
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Hinh 3.21. Hiém hoa ngdp theo kich ban hién trang cuia diéu kién 5%
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Hinh 3.22. Hiém hoa ngdp theo kich ban hién trang cuia diéu kién 10%
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Hinh 3.23. Hiém hoa ngdp theo kich ban hién trang cia diéu kién 20%

Cac ban do hiém hoa cho thiy, mtc d6 hiém hoa va dién tich chiu hiém hoa ting
dan theo mirc d6 khic nghiét cua cac diéu kién bién. Bi véi diéu kién bién it khéc
nghiét hon, cac ban dd cho thay hiém hoa ngap khdng qué nghiém trong trong 16i do thi
dugc bao vé. Khu vuc ngoai c6 kha ning chiu hiém hoa cao hon han do thiéu cac bién
phap chéng chiu. Tuy nhién, dbi véi cac diéu kién bién khac nghiét hon dic biét 12 voi
C4C tran mua co tan suat 50 hozc 100 ndm xay ra mot lan, thi lvong mua 16n vuot qua
ngudng chiu dung cua hé thong thoat nudc s& 1am toan bo khu vyc va dan dén mot sb

khu vuc trong 15i d6 thi caa thanh phd van chiu mutc hiém hoa tir Trung binh dén Cao.

3.2.2.2. Két qua déanh gic mirc @6 Phoi 19
Dit liéu phoi 16 duoc 1ap thanh ban d6 tir dit liéu hién trang sir dung dat theo bang
2.2. Dit liéu nay dugc trinh bay duéi dang ban d¢6 nhu Hinh 3.24.
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Hinh 3.24. Mutc do phoi 16 khu viec nghién cuu

Dir liéu Phoi 16 cho thay, gan nhu toan b 16i d6 thi cua Can Tho déu ¢6 mirc do
phoi 16 12 rat cao. Diéu nay xuét hién do khu vuc nay bao géom nhiing khu dan cu dong
duac, thwong mai nhon nhip véi cac co quan, cong s&, cOng trinh quan trong cua thanh
phd. Mtic d6 phoi 16 cao phan anh mac d6 quan trong cao cia cac déi twong vé gid tri
kinh té, gia tri vin hoa, xa hoi & 16i do thi cua thanh phd. Phia Tay cua khu vuc nghién
ctru c6 mirc d6 phoi 16 twong di thip, didu nay xuat hién do phan Ién dién tich cua khu
vuc ndy 1a cac khu vuc dit trong lua, dat ndng nghiép, cé gia tri kinh té va xa hoi thap

hon nhiéu so véi khu vuc d6 thi.

3.2.2.3. Két qua déanh gia Tinh dé bi ton thiong

Dit liéu tinh dé bj ton thuong duoc danh gia dya trén cac chi sb kinh té, xa hoi theo
bang 2.7 va 2.8 Céc chi sb nay duoc thu thap tir c4c tai liéu nién giam thong ké va bao
céo kinh té xa hoi ciia thanh phd Can Tho. Dix liéu Tinh dé bi ton thuong dugc trinh bay
dué6i dang ban d6 nhu hinh 3.25.
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Hinh 3.25. Tinh dé bj ton thirong tai khu viec nghién cizu
Dit liéu Tinh dé bi ton thwong cho thay, khu vuc cac phudng doc dudng Nguyén

Tréi, Cach Mang Thang 8 ¢4 tinh d& bi tén thwong & mirc cao, day 1a cac phudng co dan

7
A

cu phuc tap, ciu tric vé dan cu c¢6 nhiéu yéu té anh huéng dén do nhay cam nhu sb

lwong ngudi cao tudi, tré em cao hon so véi mat bang chung caa thanh phé.

3.2.2.4. Két qua ddnh gid riii ro ngdp lut vé xd hji
Cac dir liéu rai ro duoc tinh toan bang bo cong cu ma luan an da xay dung va trinh
bay thanh céc ban d6 tai cac hinh tir 3.26 t6i 3.30.
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Hinh 3.26. Rui ro x& hgi theo kich ban hién trang cia diéu kién 1%
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Ban d rui ro vé x& hoi 161 d6 thi cho thay khu vuc cac phuong Tan An, An Pha
va An Cu c6 murc d0 rai ro cao nhat, day ciing 1 cac phudng c6 dia hinh triing thap, sét
khu vic ven song Can Tho, c6 mat do dan cu cao, nhiu co sé ha tang nhay cam Vi
ngap lut. Trén thyuc té, day 1a cac phuong thuong xuyén chiu thiét hai tir ngap lut d6 thi
tai thanh phd Can Tho.

Bén canh d6, mot loat cac phuong cia quan Binh thuy ciing nam trong khu vuc
chiu rai ro tr Trung binh t&i rat cao, dic biét 1a cac phwong nam ven séng Hau, doc
duong Cach mang thang 8 va khu vuc méi phaét trién d6 thi phia Nam cua san bay Can
Tho.

Phan tich cu thé hon dugc dwa vao thdng ké cho timg phudng, va tong hop cho cac
quan thudc 16i d6 thi nay duoc trinh bay ¢ cac hinh 3.31, 3.32 va céc bang 3.2, 3.3.

Phan bd dién tich chiu rdi ro theo céc kich ban ngap (ha)
Quan Binh Thuy

B Thip ®Trung Binh mCao m R4t cao

7000.00

6000.00 ]

5000.00

4000.00

3000.00

2000.00

1000.00

0.00 . . . . .
Kich ban 1% Kich ban 2% Kich ban 5% Kich ban 10% Kich ban 20%
R4t cao 3.95 0.00 0.00 0.00 0.00

| Cao 137.35 52.41 34.47 30.96 23.56
B Trung Binh 1236.04 1430.86 1619.43 1648.69 1657.74
H Thap 4708.59 4595.02 4418.83 4390.65 4385.60

Hinh 3.31. Biéu dé phan bé dién tich chiu rai ro ngdp qudn Binh Thay
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Bang 3.3. Thang ké dién tich chju rui ro ngdp tai qudn Binh Thay

Dién tich chiu rii ro ngap lut (ha)
Thap |TrungBinh |Cao |Rétcao Téng
Kich ban 1% | 4708.59 | 1236.04 137.35 | 3.95 6085.94
Kich ban 2% | 4595.02 | 1430.86 52.41 |0.00 6078.30
Kich ban 5% | 4418.83 | 1619.43 34.47 | 0.00 6072.74
Kich ban 10% | 4390.65 | 1648.69 30.96 | 0.00 6070.30
Kich ban 20% | 4385.60 | 1657.74 23.56 |0.00 6066.90

Xét dya trén két qua phan tich cho thdy, déi voi quan Binh Thay, tong dién tich
chiu rai ro ngap lut vé mat x& hoi tang dan theo mic d6 hiém hoa ngap. Theo d6, véi
cac su kién két hop 100 nam xay ra mét lan, kich ban 1%, thi dién tich chiu anh hudng
1a 16n nhét véi hon 6085 ha. Bén canh do, s6 liéu con cho thay, dién tich chiu anh husng

rai ro cac cap do cao hon sé tang theo cac kich ban hiém hoa ngap tuong tng.

Phan bé dién tich chiju rdi ro theo cac kich ban ngép (ha)

3000.00 Quan Ninh Kiéu
Ratcao mWCao MWTrungBinh mWThip

2500.00 | — E—
2000.00
1500.00
1000.00
500.00
0.00 . ; . ; .
Kich ban 1% Kich ban 2% Kich ban 5% Kich ban 10% Kich ban 20%
Rat cao 20.25 0.08 0.00 0.00 0.00
m Cao 133.21 70.87 47.05 41.60 39.76
H Trung Binh 1510.26 1562.47 1609.68 1631.03 1647.54
B Thap 855.82 886.04 862.76 846.79 831.88

119



Hinh 3.32. Biéu dé phan bo dién tich chju rui ro ngdp qudn Ninh Kiéu

Bang 3.4. Thong ké dién tich chiu rui ro ngdp tai qudn Ninh Kiéu

Dién tich chiu rii ro ngap lut (ha)
Thap | Trung Binh | Cao Ratcao | Tong
Kich ban 1% 855.82 | 1510.26 133.21 | 20.25 2519.54
Kich ban 2% 886.04 | 1562.47 70.87 0.08 2519.46
Kich ban 5% 862.76 | 1609.68 47.05 0.00 2519.50
Kich ban 10% | 846.79 | 1631.03 41.60 0.00 2519.42
Kich ban 20% 831.88 | 1647.54 39.76 0.00 2519.18

Déi véi quan Ninh Kiéu, dién tich ngap ciing ting lén tuong tu nhu dbi véi quan
Binh Thity. Tuy luong dién tich ting khong nhiéu nhung xu hudng ting 1én dién tich bi
rai ro cao d6i vai céc kich ban hiém hoa ngap lut c6 mirc d6 ting dan. Piéu d6 co nghia
1a d6i véi céc kich ban ngap nghiém trong nhu 1%, 2%, tirc 1a 100 nam va 50 nim co
thé xay ra, thi ri ro ngap lut 1a rat lon.

Bén canh s liéu théng ké vé dién tich, s liéu khac bao gom dan cu duoc phan
tich, théng ké dwa vao ban do rui ro ngap lut cua 15i do thi. S6 lidu thdng ké nay duoc
trinh bay ¢ bang 3.5 va bang 3.6 sau:

Bdng 3.5. Thong ké ddn cu chiu anh hweng cua rii ro ngdp tai Ninh Kiéu (nguoi)

Thap | Trung Binh | Cao Ratcao | Tong
Kich ban 1% 77037 | 26778 4043 198 108056
Kich ban 2% 76982 | 29636 1293 0 107910
Kich ban 5% 72058 | 35032 703 0 107793
Kich ban 10% 71542 | 35582 621 0 107745
Kich ban 20% 72119 | 35127 425 0 107670

Bang 3.6. Thong ké

dan cu chiu anh huong cua rui ro ngdp tai Binh Thuy (nguot)

Thiap | Trung Binh | Cao Ratcao | Tong
Kich ban 1% 191859 | 264558 32393 5493 494303
Kich ban 2% 201064 | 277647 15549 22 494281
Kich ban 5% 197803 | 287115 9303 0 494275
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Kich ban 10%

195515 | 290784

7968

0

494266

Kich ban 20%

193455 | 293340

7458

0

494253

Dit liéu dan cu trong khu vuc rai ro dugc thong ké chi tiét trong phu luc 2. Ngoai

dién tich va dan cu, cac diém co s gido duc, y té trong ving chiu rii ro ciing duoc thong

ké va trinh bay trong phu luc 3.

S6 lwong nguoi va dién tich chiu rai ro ngap lut gitra cac kich ban va téng sé cho

thiy xu huéng rai ro tang lén gitra cac kich ban. Kich ban cang khac nghiép, mac do

ngap cang cao, dién tich ngap cang mé rong dan dén s ngudi chiu rai ro ting theo twong

ung.

3.2.3. Két qud ddnh gia riii ro ngdp lut vé kinh té

Tir ¢6ng cu danh gia thiét hai kinh té, cac ban d6 dugc xay dung va dit liéu thong

ké c6 thé duogc xac dinh cho 16i d6 thi cua thanh phd Can Tho bao gom ban do thiét hai

va théng ke thiét hai.
dén 3.37.

Cac ban d6 thiét hai bao gébm cac ban d6 trinh bay tai hinh 3.33
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Phan bé thiét hai kinh té trén ban d6 cho thiy da phan céac khu vuc thudc 16i do thi
la khu vuc chiu thiét hai thap, chi c6 mot vai khu vuc thiét hai 16n 12 cac khu vuc c6 cay
lau nam, dét &, cc co s& gido duc.

Bang 3.7 Thong ké thiét hai kinh té do i tai 16i @6 thi Can Tho theo déi twrong chiu
thiét hai

Thiét hai kinh té do ngap lut (Triéu dong)
c Kich
T Loai ddi . . . ' 1 i
ST t(;quo Kich | Kich -\ Kich Il?dc: Ilfl;: :;;;
ban 1% | bdan 2% | bdan 5% 10% 20% thong
thuwong
Dit trong cay
1 | hang ndm 10.72 0.25 0.07 0.06 0.04 0.13
Co quan chinh
2 | phu 33.56 | 115.36 89.26| 78.84| 71.31| 30.40
Dat trong cay
3 | 1au nim 168.14 41.48 6.20 3.81 3.02 4.22
4 | Thuong mai 5.58 8.67 2.98 2.77 2.64 1.27
5 | Kinh doanh 50.40 29.89 5.71 4.18 1.54 2.41
6 | Gido duc 428.69 | 426.04| 379.04| 346.89 | 311.10| 132.93
7Y té 12.61 20.40 7.77 7.18 6.58 3.16
8 | it trong lua 51.06 0.54 0.00 0.00 0.00 0.53
9 | Cong nghiép 57.23 97.45 1.31 0.00 0.00 3.56
10 | Pat & 485.54 | 178.37 73.83| 62.47| 57.00| 3155
Pit nudi trong
11 | thuy san 2.47 7.18 0.76 0.57 0.53 0.44
Téng 1306.00 | 925.63 | 566.95| 506.76 | 453.75| 210.60

Déi vai thiét hai kinh té, viéc danh gia thiét hai tro nén rat khé khan néu thiéu cac
dir liéu thong ke chi tiét cua cac déi twong chiu tac dong.

Viéc théng ké thiét hai kinh té c6 thé duoc thuc hién véi cac don vi hanh chinh.
Cac dit lidu thdng ké cho 15i d6 thi caa thanh phd Can Tho bao gdm 2 quan Ninh Kiéu
va Binh Thay dugc xac dinh nhu cac biéu do 3.38. 3.39 va bang 3.7, 3.8 sau:
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Bang 3.8. Thang ké thiét hai kinh té doi véi ngdp lut trén khu viec qudn Ninh Kiéu

Thiét hai kinh té(Triéu dong)
) Kich Kich Kich ban | Kich ban Kich ban
Phwong Quén ban 1% | ban 2% 5% 10% 20%
An Binh 172.6 945 77.5 71.9 66.6
An Cu 4.2 5.2 4.5 3.7 3.3
An Hoa 11.6 6.3 5.8 5.1 4.2
An Khanh 69.5 86.9 78.6 72.1 63.6
An Nghiép 2.2 1.4 13 12 11
An Ph( Ninh Kiéu 4.0 7.2 6.8 6.4 5.8
Céai Khé 206.8 145.6 110.2 100.7 92.8
Hung Loi 19.8 18.2 17.3 15.9 14.2
Tan An 14.5 8.9 8.4 8.0 7.0
Théi Binh 1.8 2.0 1.9 1.9 1.8
Xuan Khanh 94.8 59.0 55.7 52.4 48.7
Tong 601.7 435.1 368.2 339.3 308.9
Tong thiét hai kinh té& (triéu dong)
Quéan Ninh Kiéu
700.0 c01
600.0
>00.0 435.1
400.0 I 368.2 3393 .
300.0
200.0
SEERR
0.0

Kich ban 1%

Kich ban 2%

Kich ban 5%

Kich ban 10%

Kich ban 20%

Hinh 3.38. Biéu dé thong ké du dodn thiét hai kinh té do lii tai qudn Ninh Kiéu
Théng ké cho thay, tai quan Ninh Kiéu, d6i véi kich ban ngap lut toi té nhat, 100

nam xay ra mot 1an (1%) thi tong thiét hai c6 thé 1én téi hon 600 triéu dong, céc kich

ban khac cho mixc do thiét hai kinh té thip hon. Mic du vay, ton that 1a khong thé tranh

khoi cho du da c6 hé théng quan ly ngap cua thanh ph.
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Bang 3.9. Thang ké thiét hai kinh té doi véi ngdp lut trén khu vic qudn Binh Thuiy

Thiét hai kinh té(Triéu dong)
Kich Kich Kich ban | Kich ban | Kjch ban
Phuwong Qudn | ban 1% | bdn 2% 5% 10% 20%

An Thai 54.5 45.3 11.2 9.6 8.9
Binh Thuy 78.2 41.9 33.9 315 24.1
BUi Hitu Nghia | Binh 147.7 112.6 43.3 33.8 31.2
Long Hoa Thiy 95.1 38.3 14.0 11.8 10.5
Long Tuyén 126.5 120.0 68.2 61.8 56.8
Théi An Dong 125.3 21.6 9.6 8.6 7.7
Tra An 22.1 17.0 2.1 1.2 1.0
Tra Néc 54.9 13.1 5.2 4.4 3.4

Tong 704.3 409.9 187.5 162.8 143.5

Tong thiét hai kinh té& (triéu dong)
Quan Binh Thay

800.0
704.3

700.0

600.0

2000 409.9

400.0

300.0

200.0 1875 162.8 1435

100.0 l . .
0.0

Kich ban 1% Kich ban 2% Kich ban 5% Kich ban 10%  Kich ban 20%

Hinh 3.39. Biéu do thong ké du dodn thiét hai kinh té do li tai qudn Binh Thuiy
Dit liéu tong hop cho thay, tai quan Binh Thay, tong thiét hai kinh té c6 mirc do
giao dong on khi so sanh giita cac kich ban ngap lut, mic d6 cao nhat I&n t&i hon 700
triéu déng, trong khi mirc do thap nhat chi 1a 143.5 triéu. Bién do giao dong lén co thé
duoc ly giai boi sy chénh léch 1on vé mtc d6 ngap gitra cac kich ban ¢ khu vuc nay.
Trén thyc té, dia hinh caa quan Binh Thuy, dic biét 1a khu vuc ven dudng Cach mang

thang 8 va doc truc duong Nguyén Vin Linh la twong ddi thap, & cac kich ban thap, hé
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théng chdng ngap phat huy tac dung khién cho mic nudce khong qua cao, tuy nhién, ddi
Véi cac kich ban co do khac nghiét cao nhu 1% hoic 2% thi hé théng chéng ngap khdng
thé 1am viéc hiéu qua, hé qua 1a khu vuc dia hinh triing thap cua Binh Thay nhanh chong

bi ngap & mirc sdu hon rat nhiéu, khién cho thiét hai ting 1én dang ké.
3.3. Két qua danh gia rii ro ngap lut trong diéu kién bién doi khi hau
3.3.1. Két qud déinh gid mirc ngdp tai cdc diéu kign bién doi khi hiu

Dua trén két qua mé hinh, cac ban d6 ngap lut (hinh 3.40 dén hinh 3.49) duoc xay
dung nham danh gia tac dong cua bién do6i khi hau tgi ngap lut.

Déi véi cac kich ban bién d6i khi hau téi nam 2030, két qua mé hinh héa cho thay
dién ngap tang lén khong nhiéu & cac kich ban tuy nhién, do sau ngap lai c6 chiéu huéng
tang 1én & toan bo cac kich ban.

O kich ban 1%, khi dién ra cac diéu kién vé mua va mutc nudc & muc 13p lai 100
nam thi cac két qua déu cho thay dién ngap 1a rat 16n. O truong hop nay, cac hé thong
tiéu thoat, chéng ngap tré nén qua tai va mat tac dung. Tuy nhién, xem xét k§ hon vé
dién ngap va mirc nuéc ngap déu cho thay, & muac bién d6i khi hau nam 2030, mac ngap
tang 1én va dién ngap bao phu gan nhu toan bo dién tich khu vuc noi do thanh phd so
véi hién trang. Db véi kich ban naim 2050, mac ngap va dién ngap ting 1én rd rét.

Xem xét kich ban 2% va 5% cho thay: dién tich ngap lan tir phia Bac caa khu vuc
d6 thi phan giap véi sdng Hau xudng dan cac khu vuc phia Tay va Nam cua 151 d6 thi
thanh phd. Céc kich ban nay ciing cho thay tic dong cua bién d6i khi hau 1a kha r6 rang
d6i voi mace d6 ngap lut va rai ro ngap lut caa khu vuc nghién cuu.

Déi véi kich ban 20%, véi diéu kién mua va muc nuée Iap lai 5 nam thi mac ngap
1 rat thap & khu vuc noi do trong diéu kién hién trang, dic biét 1a véi khu vuce duoc bao
vé bai hé thong chéng ngap cua thanh phd. So sanh véi hién trang thi kich ban 2030
khong cho nhiéu su thay doi, ngap lut chii yéu chi dién ra phia ngoai khu vuc bao vé cia
hé théng chdng ngap thanh phé, dién ngap va mac nudce ngap chi ting nhe. Tuy nhién,
d6i véi kich ban bién d6i khi hau 2050, dién ngap va khu vyc chiu ngap sau di lan rong
trong khu vuc bao vé cua thanh phd, tram trong nhét s& 1a cac khu vurc triing thap ven
sbng Hau.
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3.3.2. Két qud ddinh gid hiém hoa ngdp tai \6i dé thi Can Tho.

Hiém hoa ngap lut tai Can tho duoc xac dinh tir mtrc nudc ngap va van tdc ngap.
Két qua nghién cau ngap lut cho 151 d6 thi thanh phd Can Tho da xay dung duoc 10
ban db hiém hoa ngap lut trén co s& kich ban ngap lut 1%, 2%, 5%, 10%.20% cho
kich ban bién d6i khi hau 2030 va 2050. Tir két qua nghién ciru cho thay dugc mic
d6 ngap lut tang dan theo cac kich ban, dic biét 1a hiém hoa ngap lut & hai kich ban
bién d6i khi hau & nam 2050. Dic biét 14 véi cac diéu kién khiac nghiét chu ky 100
nam s& v6 hiéu hoa hoan toan hé thong chéng ngap ma thanh phéd dang hoan thién.
Cac ban d6 hiém hoa ngap ¢ diéu kién BDKH 2030 va 2050 duogc trinh bay tai cac
hinh 3.57 dén 3.66

Trén co so dir liéu tir ban d6 hiém hoa, NCS di tién hanh théng ké dién tich chiu
hiém hoa ngap vé x& hoi twong tng véi kich ban BPKH niam 2030 cho thiy mirc do
ngap rat cao nam & kich ban 1%, mic hiém hoa ngap giam dan theo céc kich ban va
thap nhat nam & kich ban 20% (hinh 3.50)

Théng ké dién tich chju rdi ro x3 hoi theo kich ban BDKH 2030

4000
3500
3000
& 2500
ey
2 2000
c W R3t cao
@ 1500
=)
1000
Trung binh
500
B Thap
. ,0
Kich ban 1% 2% 5% 10% 20%
M R4t cao 0.16 0.16 0.08 0.04
Cao 420.68 149.92 51.96 39.08 32.08
Trung binh 823.8 835.48 678.56 573.84 459.84
H Thap 2156.64 2415.76 2670.56 2788.24 2908.88

Hinh 3.50: Théong ké dién tich chiu hiém hoa ngdp vé xa héi twong g véi kich ban
BPKH nam 2030.
Théng ké cho thiy d6i véi su kién 1% (100 nim xay ra 1 1an) s& l1a kich ban c6

dién tich chiu hiém hoa cao nhat. Pay ciing 14 sy kién c6 dién tich chiu hiém hoa mirc
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Cao 16n nhat, diéu nay dan dén do hé théng chdng ngap khong dap tung duoc viéc
tiéu thoat nudc. Pidu nay ciing xdy ra nhung & mic d6 thap hon véi su kién 2% (50
nam xay ra mot 1an), dién tich ngap & micc Cao 1a dang ké. B4i véi cac su kién co
diéu kién it khac nghiét hon, cac dit liéu cho thay dién tich chiu hiém hoa chua yéu chi
nam & mac Thap va Trung binh.

T di liéu hiém hoa, thong ké dién tich chiu hiém hoa ngép tuong tng véi kich
ban BPKH 2050 cho thay, dién tich chiu hiém hoa rat cao ¢ kich ban 1%, giam dan
d6i voi cac kich ban it khac nghiét hon va thap nhat tai kich ban 20% (hinh 3.51).

Théng ké dién tich chiu rdi ro xa hdi theo kich ban BDKH 2050

4000
3500
3000
g 2500
o)
g 2000
s W R4tcao
3 1500
Cao
1000
Trung binh
500 m Thép
Kich ban 1% 2% 5% 10% 20%
m R4t cao 0.2 0.2 0.2 0.2 0.2
Cao 645.6 185.92 86.52 70.48 58.08
Trung binh 938.32 1058.96 919.68 830.92 760.76
mThap 1817.32 2156.36 2395.04 2499.8 2582.32

Hinh 3.51. Thong ké dién tich chiu hiém hoa ngdp vé xa héi rong g véi kich ban
BDKH nam 2050.

Theo d6, thong ké cho thay, véi cac su kién c6 muc do tang dan vé mirc d6 khac
nghiét thi dién tich chiu hiém hoa ting 1én twong tGng. Dbi véi mic do khic nghiét
cao nhat duoc xét dén 1a su kién 1%(100 nim xay ra 1 1an) thi c6 téi 645 ha chiu hiém
hoa & mac Cao.

Cac sb lieu thong ké dugc két hop ca 3 kich ban bién doi khi hau: Hién trang,
2030 va 2050 trong cac bang sb liéu chung nhiam xac dinh tac dong cua bién d6i khi
hau t6i hiém hoa. Céc sb liéu thdng ké nay dwoc trinh bay trong cac bang 3.10 dén
3.14 va cac hinh 3.52 dén 3.57 twong tmg cho cac diéu kién khac nghiét 1%, 2%, 5%,
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10%, va 20%.

Bang 3.10. Thong ké meze dé hiém hoa tiong iing véi diéu kién khdac nghiét 1%

Piéu kién khac nghiét 1%
Hién trang

Trung binh
Cao 679.5 420.7 645.6

Tong 3401.0 3401.3 3401.4

Dién tich chju hiém hoa ngap lut khu vuec 18i d6 thi Can Tho
v&i diéu kién 1%

2500.0

2156.6
1996.6
2000.0 1817.32
=
—= 1500.0
<
R
- 38.32
c  1000.0 23.8 )
fg 24.879.5 645.6 W Thap
500.0 §20.7 Trung binh
0.1 0.2 0.2 Cao
0.0 N
Hién trang 2030 2050 W R3t Cao
B Thap 1996.6 2156.6 1817.32
Trung binh 724.8 823.8 938.32
Cao 679.5 420.7 645.6
W R4t Cao 0.1 0.2 0.2

Kich ban BBKH

Hinh 3.52: Thang ké dién tich chiu hiém hoa ngdp lut tai 16i dé thi Can Tho
Vi diéu kién 1%.
Xét sau hon vé diéu kién 1%, khi luong mua va nudc triéw/li ¢ diéu kién 100 nam
xay ra mot 1an thi & bat ctr kich ban nao, hién trang hay trong twong lai 2030-2050,
murc hiém hoa Iii déu vuot qua kha nang chiu dung cia hé thong chong ngap hién tai.
Ngay ca ¢ hién trang voéi thi c¢6 t6i hon 679 ha nam trong dién hiém hoa cao, con véi
kich ban bién d6i khi hau & ndm 2050 thi diéu kién 1% cho 13 hon 645 ha dién tich
ctia 161 d6 thi Can Tho déu nam trong hiém hoa cao va rét cao. Trén thuc té, v6i diéu

kién 1%, toan by hé théng thoat nudc déu qua tai.
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Bang 3.11. Thong ké meze dé hiém hoa tiong iing véi diéu kién khdac nghiét 2%

Piéu kién khac nghiét 2%

Hiém hoa Hién trang 2030 2050
Trung binh 753.72 835.48 1058.96
Cao 288 149.92 185.92

Tong 3401.0 3401.3 3401.4

Dién tich chiu hiém hoa ngép lut khu viec 18i d6 thi Can Tho

v&i diéu kién 2%

3000
2359.32 2415.76
2500 2156.36
g 2000
ey
E 1500
c 58.96
2 1000 53.72 35.48
>00 288 149.92 185.92
0 0.16 0.2
0
Hién trang 2030 2050
B Thap 2359.32 2415.76 2156.36
Trung binh 753.72 835.48 1058.96
Cao 288 149.92 185.92
m R4t Cao 0 0.16 0.2

Kich ban BDKH

® Thap
Trung binh
Cao

W R3t Cao

Hinh 3.53: Thong ké dién tich chiu hiém hoa ngdp lut tai 16i @6 thi Can Tho véi

diéu kién 2%

ba1 vai dieu kién 2%, khi cac diéu kién 13p lai vi tan suat 50 nam, thi ta co thé

thdy tac dung ctia hé thong chéng ngap la kha t6t doi véi cac kich ban BPKH. O ca

3 kich ban nay, hiém hoa 1i 1 khong qua 16n. Hiém hoa lii c6 xu hudng ting 1én déu

dan tr hién tai tdi cac kich ban BDKH tuong lai.

Bang 3.12. Thong ké meze dé hiém hoa tiwong g véi diéu kién khdac nghiét 5%

Piéu kién khac nghiét 5%

Hiémhoa | Hién trang 2030 2050
Trung binh 673.2 678.56 | 919.68
Cao 28.36 51.96 86.52

Tong 3400.9 3401.2 | 34014
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Dién tich chju hiém hoa ngap lut khu vuec 18i d6 thi Can Tho
voi diéu kién 5%

3000

2500

2000

1500

Dién tich (ha)

1000

500

H Thap

Trung binh

Cao
W R4t Cao

2699.32

73.2

28.36 0

Hién trang
2699.32
673.2
28.36
0

2670.56
2395.04
19.68
78.56
51.960.16 86.52¢ )
2030 2050
2670.56 2395.04
678.56 919.68
51.96 86.52
0.16 0.2

Kich ban BBKH

B Thap
Trung binh
Cao

M R4t Cao

Hinh 3.54: Thong ké dién tich chiu hiém hoa ngdp lut tai 16i @6 thi Can Tho véi

diéu kién 5%

Diéu xay ra véi diéu kién 5% hé théng chdng ngap van hoat dong tot & kich ban

bién dbi khi hau cho 2050 khién cho chi mét s6 lwgng dién tich nhé chiu hiém hoa &

muc Cao.

Bang 3.13. Thong ké mie dé hiém hoa tiwong iig véi diéu kién khac nghiét 10%

Diéu kién khic nghiét 10%

Hiém hoa

Trung binh

Hién trang 2030 2050

525.08 | 573.84 | 830.92

Cao

7 39.08 | 70.48

Tong

3400.6 | 3401.2 | 3401.4
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Dién tich chiu hiém hoa ngép lut khu vic 18i d6 thi Can Tho

3500

3000

2500

2000

1500

Dién tich (ha)

1000

500

B Thap
Trung binh
Cao

B R4t Cao

2868.48

25.08

7

Hién trang
2868.48
525.08

7
0

0

véi diéu kién 10%

2788.24

73.84

39.08.08
2030
2788.24
573.84
39.08
0.08

Kich ban BBKH

2499.8

30.92

70480 5

2050
2499.8
830.92

70.48

0.2

® Thap
Trung binh
Cao

W R4t Cao

Hinh 3.55: Thong ké dién tich chiu hiém hoa ngdp lut tai 16i @6 thi Can Tho véi

diéu kién 10%

Bang 3.14. Thong ké muze dé hiém hoa tiwong iing véi diéu kién khac nghiét 20%

Diéu kién khic nghiét 20%

Hiém hoa

Trung binh

Hién trang

385.52

2030

459.84

2050

760.76

Cao

Téng

3.6

3399.8

32.08

3400.8

58.08

3401.4
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Dién tich chiu hiém hoa ngép lut khu vuec 18i d6 thi Can Tho
vdi diéu kién 20%

3500
3010.68 2908.88
3000
2582.32

__ 2500
©
<
= 2000
9
c 1500 ,
@ B Thap
[a)

1000 60.76 .

Trung binh
85.52 59.84
500 Cao
36 0 32.08.04 58.080.2
0 W R4t Cao
Hién trang 2030 2050
B Thap 3010.68 2908.88 2582.32
Trung binh 385.52 459.84 760.76
Cao 3.6 32.08 58.08

W R4t Cao 0 0.04 0.2

Kich ban BBKH

Hinh 3.56: Théng ké dién tich chiu hiém hoa ngdp lut tai 16i d6 thi Can Tho véi
diéu kién 1%

O diéu kién 10% va 20%, tac dung cta hé théng chdng ngap 1a rat tot, xuyén
sudt bat ké 1a voi kich ban bién d6i khi hau ¢ muc nao. Diéu nay cho thay, hé thong
chdéng ngap dap tmg duoc yéu cau vé han ché cac hiém hoa ngap thong thuong. Khi
so sanh v4i thong tin vé cac dot nude 16n cudi nam 2023, hé thdng chong ngap da
hoat dong tuong ddi tot, mac du hé théng nay con chua hoan thién.

Céc ban d6 Hiém hoa duoc trinh bay trong cac hinh tir 3.57 dén 3.66, thé hién
rd 161 d6 thi ctia thanh phd duoc bao vé boi hé thdng chéng ngap mai xay dung. Trong

khi d6, khu vuc phia ngoai twong ngan triéu, Hiém hoa twong dbi cao.
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3.3.3. Két qud ddinh gid thigt hai kinh té do ngdp tai \6i dé thi Can Tho.

Dbi v6i 161 d6 thi ctia Can Tho, két qua danh gia cho thiy su ting 1én dang ké
dbi cac thiét hai kinh té so sanh giita cac kich ban bién d6i khi hau trong tuwong lai.
Céc s6 liéu dugc biéu dién dua trén biéu dd cho quan Binh Thuy (hinh 3.67) va quan

Ninh Kiéu (hinh 3.68), cic bang 3.15va3.16:

Tong thiét hai kinh t& do ngap wdc tinh tai quan Binh Thay

5000.0
47021 m Thiét hai kinh t& theo di2u kién KH hién
4500.0 trang (triéu dong)
4000.0 B Thiét hai kinh té theo diéu kién BDKH
2030 (triéu déng)
3500.0
B Thiét hai kinh té theo diéu kién BDKH
3000.0 2050 (triéu dong)
2478.

2500.0 2307.0

2000.0
1500.0
1086.
1000.0 704.
500.0 I 409.
i

Triéu doéng

923.4
61 479.711.6 401.670.9
187.SI 162.9.] 143. I
[ | [ | -7.
1% 2% 5% 10% 20%

Kich ban ngap

Hinh 3.67 : Thiét hai kinh té do ngdp luz wéc tinh tai qudn Binh Thay
Bang 3.15. Thiét hai kinh té do ngdp lut woc tinh tai qudn Binh Thay

Thiét hai kinh té theo dié‘u kién KH hién trang (tri¢u
dong)
Kich ban 1% 2% 5% 10% 20%
bicu kién hién trang 704.3 409.9 187.5 162.9| 1437
Bicu kien BDKH 2030 24780|  1086.4 561.2 4792 | 4011
bicu kign BDKH 2050 4702.1|  2307.0 923.4 7116 | 6709
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900.0

Tong thiét hai kinh t& do ngdp wdc tinh tai quan Ninh Kiéu

B Thiét hai kinh té€ theo diéu kién KH hién trang (triéu

832.5 dong)
M Thiét hai kinh té& theo diéu kién BDKH 2030 (triéu
800.0 .
dong)
693.9 M Thiét hai kinh t& theo diéu kién BDKH 2050 (triéu
700.0 .
dong)
601.7
£00.0 578.8
523.9
£ 500.0 463.8
8 435.442. :
iqz-" 400.0 368.379-
= 339.339. 308.9
| 303.
300.0
200.0
100.0
0.0
1% 2% 5% 10% 20%
Kich ban ngéap
Hinh 3.68: Thiét hai kinh té do ngdp lut wéc tinh tai qudn Ninh Kiéu
Bang 3.16. Thiét hai kinh té do ngdp lut wéc tinh tai qudn Ninh Kiéu
Thiét hai kinh té theo diéu kién KH hién trang (tri¢u dong)
Kich ban 1% 2% 5% 10% 20%
biéu kién hién trang 601.7 435.1 368.2 339.3 308.9
biéu kién BDKH 2030 550.7 4429 379.4 339.5 303.9
Piéu kién BBKH 2050 832.5 693.9 578.8 523.9 463.8

S liéu cho thdy, khi bién ddi khi hau & mirc do cang khic nghiét hon thi thiét
hai kinh té ngay cang 16n. O truong hop ciia quan Binh Thay, dbi véi cac kich ban
ngap voi diéu kién khac nghiét 1 va 2%, thiét hai kinh té c6 thé nang 1én hon gip doi
d6i voi mdi budce bién doi khi hau. Pay 1a do dia hinh quan nay c6 khoang triing thap
16n ¢ phia Tay Nam khong duogc bao vé.

O truong hop cta cac phuong thudc quan Ninh Kiéu, thiét hai kinh té c6 xu
huéng thap & kich ban 2030 va cao hon & kich ban BDPKH 2050. Nguyén nhan 1a do
phan 16n dién tich dit cua quin nay nim trong khu vuc bao vé cta hé théng tudong
ngian triéu. Tuy nhién, dén diéu kién BPKH ctia 2050, hé thong chong ngap cua thanh
phd c6 thé da khong dap tmg duoc nhu cau.
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Viéc phan tich 2 kich ban BDKH 2030 va 2050 cho thfiy, té1 nam 2030, muc
tiéu vé chong ngap lut trong phat trién bén viing ctia ndi d6 TP Can Tho 13 co thé dat
duoc, tuy nhién, véi diéu kién BDKHtai nim 2050, khu vuc ndy van chiu anh huong
tir ngdp lut, didu nay khién cho viéc dam bao muc tiéu phat trién bén viing tai khu
vuc ndy can c6 thém cac bién phap tot hon.

KET LUAN VA KIEN NGHI
1. Két luan

Ttr nghién ctru cho thay, viéc danh gia rui ro ngap lut tai d6 thi da duoc nghién
cliru tuong doi rong trén thé gidi va tai Viét Nam. Tai khu vuc Can Tho, cac nghién
ctru vé rai ro ngap lut kha phong phtl va da dang, tir danh gia cac thanh phan rui ro
cho t&i viée lwong gia mot phan cac thiét hai kinh té thong qua thong ké. Tuy nhién,
cac nghién ctru con chua hinh thanh khung danh gia mang tinh phd qua va ciing chua
cho thiy kha ning 16ng ghép danh gia riii ro véi bién doi khi hau.

Nghién ctru da tién hanh xay dung duoc khung danh gia rai ro ngap lut d6 thi,
tir d6 x4y dung cong cu danh gia va ap dung cac cong cu nay dé xac dinh tac dong
ctia ngp lut d6 thi véi kinh t& - x3 hoi cua 16i d6 thi Can Tho. Tur cac kich ban bién
d6i khi hau duoc cung cap boi Bo Tai Nguyén — Mai trudng, cac kich ban dau vao
BDKH cho 2 giai doan 2030 va 2050 dugc xay dung, nghién ctiru di dwa cac tham sd
nay vao cong cu danh gia rii ro va du bao dugc cac tac dong cuia BDKH t6i kinh té -
xa hdi trong tuong lai.

Két qua nghién ctru cho thay, viéc danh gia rui ro thién tai néi chung va rai ro
do ngap lut néi riéng 1a rat phuc tap, doi hoi nhiéu tham sb. Viéc dua ra khung dédnh
gia rai ro ngap lut dwa vao ky thuat GIS 1a phi hop Cong nghé GIS cd thé hd tro viéc
danh gia rui ro do ngap lut & mic d6 chi tiét cao, truc quan. Cac két qua danh gia c6
thé duoc dung trong viéc xay dung, van hanh cac bién phap chéng ngap cho khu vuc
nghién cuu.

M6 hinh hoa ngap lut két hop GIS trong danh gia rai ro ngap lut mang lai hiéu
qué cao, két qua phuc vu tét qué trinh van hanh hé thong chéng ngap cua thanh phd.
Bén canh d6, b cong cu da hd tro danh gia rui ro dinh tinh va dinh lugng mot cach

c6 hiéu qua, nhanh chong va c6 d6 tin cay cao.
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Bén canh do, quy trinh va khung danh gia rui ro ngap lut dua vao cong nghé
GIS ciing doi hoi rat nhiéu cac thao tac ki thuat phic tap va mang tinh 1ap lai cao, do
vay viéc phat trién cong cu danh gia ty dong hoic béan ty dong 1a can thiét dé co thé
lién tuc cap nhat danh gia tiy theo cac dién bién cua ngap lut va su thay doi cua thanh
phd.

Ban dd ngap lut d6 thi cua Can Tho cho thiy, anh hudng cua cac diéu kién khi
hau va thuy triéu 1a rat cao ddi voi hién trang ngép lut cua Can Tho. Tac dong cua
cac diéu kién khac nhu sut lin dat hodc nude bién dang trén thuc té 1a kho quan tric
dugc. Bén canh d6, mé hinh hoéa ciing cho thiy, hé thong chong ngap ciia Can Tho
khi dugc van hanh da dem lai két qua kha tbt, han ché duoc mot trong nhitng nguyén
nhan chinh ciia ngap lut d6 thi tai ddy 1a triéu cuong. Tuy nhién, hé thong nay chua
c¢6 cac phuong an xtr Iy dé han ché tac dong cia luong mua, tir mo hinh hién trang
cho thay, viéc dau tu thém cac phuong tién bom cudng birc ddy nudc khoi cac kénh
rach muong mang nham triét dé loai bé céc tac dong tur lugng mua.

Két qua ctia nghién ctru da cho thay sy tac dong 16n cuaa bién d6i khi hau tai rai
ro thién tai ngap lut 15i d6 thi cua thanh phé Can Tho. Vi kich ban thip nhat, muc
nudc ngap va dién ngap ¢ tai thoi diém 2030 va 2050 déu ting 1én dang ké. Nhu vay,
hé thong chéng ngap caa Can Tho con nhiéu viéc phai lam dé dam bao déi pho duoc
Vai cac tac dong nay.

Viéc xay dung céc kich ban bién doi khi hau va dua vao thanh cac diéu kién dau
vao caa mo hinh thuy luc cho phép md phong, du béo cac su kién c6 thé dién ra do
tac dong cia BPKH. Kha nang lugng hda mot cach chi tiét cua mé hinh thity luc cho
phép lap ban d6 day du vé cac tac dong cia BDKH ciing nhu phan tich xa hon vé rui
ro ngap lut trong khu vuc noi d6 cua thanh phd Céan Tho.

Két qua phan tich cua 2 kich ban bién d6i khi hau 2050 (RCP 4.5 va 8.5) cho
thiy tac dong cua bién doi khi hau toi rai ro ngap lut vé kinh té va xa hoi la rat rd
rang. Phan dién tich nam trong khu vyc hé théng chong ngap bao vé van c6 kha nang
chiu rui ro & mac d6 cao dbi véi didu kién kich ban mua 100 nim hodc 50 nim xay
ra mot 1an. Khu vuc ndm ngoai hé théng bao vé chiu anh hudng rat 1on cia BDKH,
phan 16n dién tich s& chiu muc d rui ro cao trong twong lai. Nhu vay, dbi véi kich

ban BDKH 2050, muc tiéu phat trién bén viing vé “Ung phd kip thoi, hiéu qua véi
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bién d6i khi hau va thién tai” co thé s& khong dam bao duoc. Tir thoi diém nay dén
giai doan 2050, thanh phd Can Tho can danh gié chi tiét va xay dung phuong an (ng
pho kip thoi.
2. Kién nghi

M6 hinh hda ngap lut duoc st dung nhiéu trén thé giéi, cling nhu trong nuéc,
viéc &4p dung mo hinh hoa ddi v6i danh gia hién trang ngap lut ¢ 16i d6 thi Can Tho
cho két qua kha quan, céc két qua nay cé thé duoc eng dung trong céc cong tac chong
ngap trong hién tai va tuong lai.

Tir két qua danh gia rai ro xa hoi cua ngap lut ddi véi 161 d6 thi va so sanh Vi
cac khu vie do thi nho nam ngoai 18i d6 thi nhu cac thi tran, khu Cai Rang cho thay
viéc xay dung cac cong trinh phong chong ngap lut nhu hé thdng tudng ngan triéu da
lam giam nhe rat nhiéu rai ro c6 thé xay ra d6i véi cac dbi tuong kinh té, x& hoi trong
khu vuc duoc bao Vveé.

Cac két qua danh gia rai ro ngap lut tai khu vuc noi do thanh phé Can Tho hoan
toan co thé duoc str dung trong céng tac quy hoach do thi, xay dung cac bién phép,

chién lugc nham giam nhe tac dong cuia BDKH trong tuong lai.
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PHU LUC

Phu luc 1. Thong ké Dién tich anh hwéng riii ro ngip lut phin theo phuong

1.1.Diéu kién khi hau hién tai

Quan Binh Thuy

Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich Dién tich rui ro (ha) theo kich Dién tich rui ro (ha) theo kich Dién tich rui ro (ha) theo kich ban

Quén Phuong 1% ban 2% ban 5% ban 10% 20%
Trung Trung Trung Trung Trung

Thép binh Cao Thép binh Cao Thép binh Cao Thép binh Cao Thép binh Cao
Binh Thiy An Théi 77.80 241.63 57.94 107.01 246.63 | 23.85 100.66 255.04 | 21.79 79.10 278.00 | 20.39 74.79 284.54 18.08
Binh Thiy Binh Thuy 258.62 239.91 29.04 214.07 290.97 | 21.85 159.56 357.17 9.16 159.84 358.05 8.00 169.83 352.23 3.84
Binh Thily | Bui Hitu Nghia 91.70 79.76 | 37.71 163.14 47.85 | 1.93 136.52 76.40 | 0.00 129.18 83.74 | 0.00 129.61 83.19 0.00
Binh Thiy Long Hoa 1315.55 239.72 0.40 1304.70 250.94 0.07 1283.88 271.70 0.01 1274.93 280.48 0.02 1256.36 298.74 0.00
Binh Thily | LongTuyén 1178.37 | 108.34 0.00 1157.63 | 129.12 | 0.00 1141.90 | 144.60 | 0.00 1142.59 | 143.84 | 0.00 1135.77 150.65 0.00
Binh Thiy Théi An Dong 1122.63 66.69 0.01 1043.79 145.52 0.01 1037.08 152.24 0.01 1027.50 161.80 0.02 1006.87 181.84 0.02
BinhThiy | TraAn 320.79 | 156.82 | 12.08 279.10 | 20222 | 4.70 24159 | 23832 | 350 259.25 | 220.11 | 254 302.32 175.68 1.62
Binh Thily | Tra Néc 343.13 | 103.18 0.16 325.58 | 117.62 | 0.00 317.63 | 123.96 | 0.00 318.25 | 12267 | 0.00 310.04 130.87 0.00
Binh Thily | Téng 4708.59 | 1236.04 | 137.35 | 3.95 | 4595.02 | 1430.86 | 52.41 | 0.00 | 4418.83 | 1619.43 | 34.47 | 0.00 | 4390.65 | 1648.69 | 30.96 | 0.00 4385.60 1657.74 23.56 | 0.00
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Quéan Ninh Kiéu

Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich Dién tich rui ro (ha) theo kich ban
1% 2% 5% ban 10% 20%
Trung Trung Trung Trung Trung

Thap binh Cao Thap binh | Cao Thap binh | Cao Thap binh | Cao Thap binh Cao
NinhKigu | AnBinh 40241 | 284.71 0.08 373.32 | 313.80 | 0.00 349.71 | 337.40 | 0.00 343.55 | 343.65 | 0.00 335.81 | 351.34 0.00
NinhKigu | AnCu 4.51 22.56 | 29.46 4.25 23.00 | 29.29 4.03 23.49 | 29.02 4.03 24.36 | 28.14 3.66 24.48 28.35
NinhKigu | AnHoa 24.43 | 144.34 0.98 22.95 | 146.02 | 0.78 20.57 | 14850 | 0.69 19.02 | 150.19 | 0.54 16.45 | 152.71 0.60
Ninh Kigu An Khénh 125.13 315.05 0.00 121.62 318.57 0.00 114.09 326.10 0.00 105.42 334.68 0.00 101.16 338.87 0.00
NinhKigu | AnNghiép 6.12 22.24 3.82 5.48 23.40 | 3.30 4.90 24.20 | 3.08 4.84 24.53 | 2.82 3.27 25.68 3.24
NinhKigu | AnPhd 8.99 37.15 0.60 9.46 36.55 | 0.73 9.81 36.11 | 0.81 9.06 36.78 | 0.89 7.62 38.22 0.89
Ninh Kigu CaiKhé 131.92 178.52 89.36 201.00 190.43 | 28.54 221.76 192.70 5.64 225.61 192.89 1.56 229.90 189.51 0.68
NinhKigu | HungLloi 65.32 | 246.06 0.00 63.75 | 247.63 | 0.00 55.87 | 25551 | 0.00 53.09 | 25825 | 0.00 50.28 | 261.06 0.00
Ninh Kigu Tan An 15.20 95.81 6.16 14.07 97.33 5.78 12.72 99.49 4.97 12.29 100.20 4.69 11.83 101.41 3.82
NinhKigu | ThéiBinh 8.62 42.58 2.75 7.22 44.27 | 2.45 5.34 45.75 | 2.85 4.62 46.36 | 2.97 3.95 47.81 2.18
Ninh Kigu Xuan Khanh 63.16 121.24 0.00 62.92 121.48 0.00 63.97 120.43 0.00 65.27 119.14 0.00 67.96 116.44 0.00
Ninh Kigu Téng 855.82 | 1510.26 | 133.21 20.25 | 886.04 | 1562.47 | 70.87 862.76 | 1609.68 | 47.05 846.79 | 1631.03 | 41.60 831.88 | 1647.54 39.76
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1.2. biéu kién bién d6i khi hau cho nam 2030

Quén Binh Thuy
Quan Phuong Dién tich rui ro (ha) theo kich ban 1% Dién tich rui ro (ha) theo kich ban 2% Dién tich rui ro (ha) theo kich ban 5% Dién tich rui ro (ha) theo kich ban 10% Dién tich rui ro (ha) theo kich ban 20%
Trung Trung Trung Trung Trung
Thép binh Cao Thap binh Cao Thép binh Cao Thép binh Cao Thap binh Cao
BinhThiy | AnThéi 376.39 0.07 0.07 376.30 0.07 0.07 376.13 0.08 0.08 376.13 0.08 0.08 376.11 0.06 0.06
Binh Thay Binh Thuy 513.22 3.34 3.34 514.07 2.94 2.94 512.68 3.40 3.40 500.63 6.51 6.51 499.52 0.00 0.00
Binh Thiy | BuiHGru Nghia 188.38 0.12 0.12 211.99 0.00 0.00 211.75 0.00 0.00 212.04 0.00 0.00 212.21 0.00 0.00
Binh Thay Long Hoa 924.70 0.03 0.03 875.83 0.03 0.03 937.60 0.00 0.00 868.23 0.09 0.09 793.35 0.02 0.02
Binh Thiy | LongTuyén 944.21 0.00 0.00 815.12 0.00 0.00 798.46 0.00 0.00 785.81 0.00 0.00 780.92 0.00 0.00
Binh Thay Théi An Dong 848.31 0.00 0.00 788.21 0.00 0.00 779.87 0.00 0.00 793.98 0.00 0.00 778.95 0.00 0.00
Binh Thay TraAn 199.97 10.16 10.16 195.25 3.56 3.56 192.81 2.64 2.64 191.77 2.28 2.28 191.62 2.24 2.24
Binh Thiy | TraNéc 325.21 0.12 0.12 309.68 0.00 0.00 260.33 0.00 0.00 260.95 0.00 0.00 247.74 0.00 0.00
Binh Thily | Téng 4320.38 13.84 13.84 1.00 | 4086.45 6.60 6.60 | 0.04 | 4069.63 6.12 6.12 | 0.00 | 3989.55 8.96 8.96 | 0.00 | 3880.43 2.32 2.32 | 0.00
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Quéan Ninh Kiéu

Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich ban Dién tich rdi ro (ha) theo kich Dién tich rui ro (ha) theo kich ban
1% 2% 5% ban 10% 20%
Trung Trung Trung Trung Trung

Thap binh Cao Thép binh Cao Thép binh Thép binh | Cao Thap binh Cao
Ninh Kigu An Binh 668.53 0.00 0.00 652.44 0.00 0.00 648.37 0.00 648.23 0.00 0.00 647.98 0.00 0.00
Ninh Kigu AnCu 3.71 0.00 0.00 3.63 0.00 0.00 3.56 0.00 3.32 0.00 | 0.00 3.36 0.00 0.00
Ninh Kigu AnHoa 87.40 0.39 0.39 87.12 0.51 0.51 87.03 0.47 87.00 0.42 0.42 86.18 0.55 0.55
Ninh Kigu An Khanh 438.65 0.00 0.00 438.53 0.00 0.00 438.54 0.00 438.46 0.00 | 0.00 438.64 0.00 0.00
Ninh Kigu An Nghiép 28.26 0.02 0.02 28.30 0.02 0.02 28.90 0.02 29.00 0.03 0.03 28.95 0.02 0.02
Ninh Kigu An Phu 46.65 0.00 0.00 46.65 0.00 0.00 46.65 0.00 46.65 0.00 0.00 46.65 0.00 0.00
Ninh Kigu C4i Khé 272.96 35.43 | 35.43 279.07 14.07 | 14.07 287.88 0.16 296.35 0.08 | 0.08 300.45 0.04 0.04
Ninh Kigu Hung Loi 310.54 0.00 0.00 310.54 0.00 0.00 310.54 0.00 310.50 0.00 0.00 310.46 0.00 0.00
Ninh Kigu Tan An 116.05 0.05 0.05 116.09 0.05 0.05 116.05 0.00 115.97 0.00 | 0.00 116.09 0.00 0.00
Ninh Kigu Théi Binh 36.97 0.64 0.64 36.85 0.68 0.68 36.73 0.71 36.65 0.71 0.71 36.51 0.71 0.71
Ninh Kigu ﬁ:ﬁ:h 184.01 0.00 0.00 183.97 0.00 0.00 183.97 0.00 183.99 0.00 0.00 183.95 0.00 0.00

Ninh Kiéu Téng 2193.72 36.52 36.52 5.00 | 2183.20 15.32 | 15.32 0.00 | 2188.22 1.36 1.36 0.00 | 2196.11 1.24 1.24 | 0.00 | 2199.22 1.32 1.32 | 0.00
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1.3.Piéu kién bién ddi khi hau cho ndm 2050

Quén Binh Thuy
Quan Phuong Dién tich rui ro (ha) theo kich ban 1% Dién tich rui ro (ha) theo kich ban 2% Dién tich rui ro (ha) theo kich ban 5% Dién tich rui ro (ha) theo kich ban 10% Dién tich rui ro (ha) theo kich ban 20%
Trung Trung Trung Trung Trung
Thép binh Cao Thap binh Cao Thép binh Cao Thép binh Cao Thap binh Cao
BinhThiy | AnThéi 376.39 0.07 0.07 376.30 0.07 0.07 376.13 0.08 0.08 376.13 0.08 0.08 376.11 0.06 0.06
Binh Thay Binh Thuy 513.22 3.34 3.34 514.07 2.94 2.94 512.68 3.40 3.40 500.63 6.51 6.51 499.52 0.00 0.00
Binh Thiy | BuiHGru Nghia 188.38 0.12 0.12 211.99 0.00 0.00 211.75 0.00 0.00 212.04 0.00 0.00 212.21 0.00 0.00
Binh Thay Long Hoa 924.70 0.03 0.03 875.83 0.03 0.03 937.60 0.00 0.00 868.23 0.09 0.09 793.35 0.02 0.02
Binh Thiy | LongTuyén 944.21 0.00 0.00 815.12 0.00 0.00 798.46 0.00 0.00 785.81 0.00 0.00 780.92 0.00 0.00
Binh Thay Théi An Dong 848.31 0.00 0.00 788.21 0.00 0.00 779.87 0.00 0.00 793.98 0.00 0.00 778.95 0.00 0.00
Binh Thay TraAn 199.97 10.16 10.16 195.25 3.56 3.56 192.81 2.64 2.64 191.77 2.28 2.28 191.62 2.24 2.24
Binh Thiy | TraNéc 325.21 0.12 0.12 309.68 0.00 0.00 260.33 0.00 0.00 260.95 0.00 0.00 247.74 0.00 0.00
Binh Thily | Téng 4320.38 13.84 13.84 1.00 | 4086.45 6.60 6.60 | 0.04 | 4069.63 6.12 6.12 | 0.00 | 3989.55 8.96 8.96 | 0.00 | 3880.43 2.32 2.32 | 0.00
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Quéan Ninh Kiéu

Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich ban Dién tich rui ro (ha) theo kich ban Dién tich rdi ro (ha) theo kich Dién tich rui ro (ha) theo kich ban
1% 2% 5% ban 10% 20%
Trung Trung Trung Trung Trung

Thap binh Cao Thép binh Cao Thép binh Thép binh | Cao Thap binh Cao
Ninh Kigu An Binh 668.53 0.00 0.00 652.44 0.00 0.00 648.37 0.00 648.23 0.00 0.00 647.98 0.00 0.00
Ninh Kigu AnCu 3.71 0.00 0.00 3.63 0.00 0.00 3.56 0.00 3.32 0.00 | 0.00 3.36 0.00 0.00
Ninh Kigu AnHoa 87.40 0.39 0.39 87.12 0.51 0.51 87.03 0.47 87.00 0.42 0.42 86.18 0.55 0.55
Ninh Kigu An Khanh 438.65 0.00 0.00 438.53 0.00 0.00 438.54 0.00 438.46 0.00 | 0.00 438.64 0.00 0.00
Ninh Kigu An Nghiép 28.26 0.02 0.02 28.30 0.02 0.02 28.90 0.02 29.00 0.03 0.03 28.95 0.02 0.02
Ninh Kigu An Phu 46.65 0.00 0.00 46.65 0.00 0.00 46.65 0.00 46.65 0.00 0.00 46.65 0.00 0.00
Ninh Kigu C4i Khé 272.96 35.43 | 35.43 279.07 14.07 | 14.07 287.88 0.16 296.35 0.08 | 0.08 300.45 0.04 0.04
Ninh Kigu Hung Loi 310.54 0.00 0.00 310.54 0.00 0.00 310.54 0.00 310.50 0.00 0.00 310.46 0.00 0.00
Ninh Kigu Tan An 116.05 0.05 0.05 116.09 0.05 0.05 116.05 0.00 115.97 0.00 | 0.00 116.09 0.00 0.00
Ninh Kigu Théi Binh 36.97 0.64 0.64 36.85 0.68 0.68 36.73 0.71 36.65 0.71 0.71 36.51 0.71 0.71
Ninh Kigu ﬁ:ﬁ:h 184.01 0.00 0.00 183.97 0.00 0.00 183.97 0.00 183.99 0.00 0.00 183.95 0.00 0.00

Ninh Kiéu Téng 2193.72 36.52 36.52 5.00 | 2183.20 15.32 | 15.32 0.00 | 2188.22 1.36 1.36 0.00 | 2196.11 1.24 1.24 | 0.00 | 2199.22 1.32 1.32 | 0.00
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1.4. Thiét hai kinh té u6c tinh do ngép lut tai quan Binh Thuy va Ninh Kiéu

Thiét hai kinh té theo diéu kién KH hién

Thiét hai kinh té theo diéu kién BDKH

Thiét hai kinh té theo diéu kién BDKH

trang (triéu dong) 2030 (triéu dong) 2050 (triéu dong)
Quan Phuong 1% 2% 5% 10% 20% 1% 2% 5% | 10% | 20% 1% 2% 5% | 10% | 20%
Binh Thay | An Thdi 54.5 45.3 11.2 9.6 8.9 66.4 516 | 43.6| 40.3| 35.0 153.3 994 | 77.1| 67.3| 56.4
Binh Thay | Binh Thuy 78.2 41.9 33.9 31.5 24.1 62.0 472 | 36.6 | 25.3 16.1 133.1 626 | 489 | 454 | 43.7
Binh Thay | Bui Hitu Nghia | 147.7 | 112.6 43.3 33.8 31.2 140.3 81.7| 415| 349 | 294 | 180.5 130.8 | 66.0 | 53.6 | 50.5
Binh Thiy | Long Hoa 95.1 38.3 14.0 11.8 10.5 | 844.1 376.8 | 177.9 | 155.6 | 133.4 | 1679.7 | 599.3 | 262.2 | 211.1 | 199.3
Binh Thiy | Long Tuyén 126.5 | 120.0 68.2 61.8 56.8 131.5 77.0| 69.2| 669 | 644 | 221.7 128.1 | 85.3| 78.2| 73.0
Binh Thay | Théi AnDong 125.3 21.6 9.6 8.6 7.7 | 992.6 345.1 | 125.1 | 105.7 | 94.3 | 1866.1 | 1041.4 | 278.7 | 167.9 | 162.9
Binh Thay | Tra An 22.1 17.0 2.1 1.2 1.0 128.7 41.2 | 26.5| 20.2 17.0 | 257.0 125.6 | 436 | 354 | 36.9
Binh Thay | Tra Néc 54.9 13.1 5.2 4.4 3.4 112.3 65.8 | 40.6 | 30.1 11.2 | 210.6 1199 | 615 | 52.6| 48.2
Binh Thuy | Téng 704.3 | 409.9 | 187.5 | 162.9 | 143.7 | 2478.0 | 1086.4 | 561.2 | 479.2 | 401.1 | 4702.1 | 2307.0 | 923.4 | 711.6 | 670.9
Ninh Kiéu | An Binh 172.6 94.5 77.5 71.9 66.6 99.4 780| 709 | 66.7| 629 | 1494 | 111.7| 93.8 | 88.0 80.3
Ninh Kiéu | AnCu 4.2 5.2 4.5 3.7 3.3 11.7 10.9 8.9 5.8 4.9 16.9 16.3| 154 14.5 12.4
Ninh Kiéu | AnHoa 11.6 6.3 5.8 5.1 4.2 69.8 658 | 58.7| 514 | 4438 112.6 1009 | 905 | 82.1| 71.9
Ninh Kiéu | An Khanh 69.5 86.9 78.6 72.1 63.6 74.8 67.5| 604 | 54.7| 48.6 | 114.2 110.2 | 102.5| 93.1| 79.5
Ninh Kiéu | An Nghiép 2.2 1.4 1.3 1.2 1.1 2.2 1.9 1.8 1.6 1.5 4.2 4.1 4.0 3.8 2.1
Ninh Kiéu | An Phu 4.0 7.2 6.8 6.4 5.8 2.5 2.0 1.5 1.3 1.2 6.6 6.1 5.3 4.0 2.8
Ninh Kiéu | C&i Khé 206.8 | 145.6 | 110.2 | 100.7 92.8 | 201.8 136.0 | 103.6 | 90.4 | 80.4 | 254.3 | 200.8 | 149.5| 135.4 | 124.5
Ninh Kiéu | Hung Loi 19.8 18.2 17.3 15.9 14.2 33.5 321 | 295 | 26.8| 23.0 50.4 46.8 | 426 | 376 | 34.2
Ninh Kiéu | Tan An 14.5 8.9 8.4 8.0 7.0 18.1 16.4 | 15.3 14.7 | 13.6 27.9 26.2 | 23.7| 21.0 18.5
Ninh Kiéu | ThdiBinh 1.8 2.0 1.9 1.9 1.8 6.9 6.2 54 5.2 4.7 15.8 11.3 8.8 8.0 6.9
Ninh Kiéu | Xuan Khanh 94.8 59.0 55.7 52.4 48.7 29.8 26.2 | 23.2| 21.0 18.5 80.3 594 | 42.7 | 36.5| 30.6
Ninh Kiéu | Téng 601.7 | 435.1 | 368.2 | 339.3 | 308.9 | 550.7 | 442.9 | 379.4 | 339.5 | 303.9 | 832.5| 693.9 | 578.8 | 523.9 | 463.8
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Phu luc 2: Dén s6 chiu rii ro trong khu vire nghién ciru
2.1. Uéc tinh dan sd bi anh huong trong khu vuc nghién ctru cho kich ban hién trang

Quén Binh Thuy
S8 ngudi chiu tic dong cda ridiro S8 ngudi chiu tdc dong cha riiro S8 ngudi chiu tdc dong cha riiro S& ngudi chiu tac dong cua rdiro S ngudi chiu tac dong cua rairo
Quén Phuong theo kich ban 1% theo kich ban 2% theo kich ban 5% theo kich ban 10% theo kich ban 20%
Trung Trung Trung Trung Trung
Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao
Binh Thay |BUi Htu Nghia 4718 4104 8394 2462 7025 3931 6647 4309 6669 4280
Binh Thay |Binh Thuy 8791 8155 7277 9891 5424| 12141 5433| 12171 5773| 11973
Binh Thy |Long Hoa 22897 4172 22708 4368 22345 4729 22190 4882 21867 5199
Binh Thuy |Long Tuyén 13823 1271 13580 1515 13395 1696 13403 1687 13323 1767
Binh Thly |Thdi An Dong 14541 864 13520 1885 13433 1972 13309 2096 13042 2355
Binh Thy |Tra Noc 3497 1051 3318 1199 3237 1263 3243 1250 3159 1334
Binh Thay |An Théi 1098 3410 1510 3481 1421 3599 1116 3923 1055 4016
Binh Thiy |Tra An 7672 3751 6675 4836 5778 5700 6200 5264 7230 4202
Binh Thay 77037| 26778 76982 29636 72058| 35032 71542 35582 72119| 35127
Quan Ninh Kiéu
S8 ngudi chiu tac dong cua rdi ro theo| S6 nguwdi chiu tac dong cuia rui ro theo[S6 nguwdi chiu tac dong cua rairo theo| SE ngwdi chiu tac dong cua rdiro S8 ngudi chiu tac dong cua rairo
Quén Phuong kich ban 1% kich ban 2% kich ban 5% theo kich ban 10% theo kich ban 20%
Trung Trung Trung Trung Trung
Thap binh Cao Thap binh Cao Thap binh Cao Thap binh Cao Thap binh Cao
Ninh Kigu[An Pha 328 1355 345 1333 358 1317 330 1341 278 1394
Ninh Kigu[An Binh 108870 77026 100999 84897 94613| 91283 92946| 92973 90852 95053
Ninh Kigu[An Cuw 823 4113 775 4193 734 4283 735 4442 5131 667 4464 5169
Ninh Kigu|An Hoa 2176 12859 2045 13008 1832 13229 1694 13380 1465 13605
Ninh KigulAn Nghiép 1290 4687 1156 4931 1033 5101 1020 5169 689 5412
Ninh Kigu[Cai Khé 35791 48436| 24246 54534 51667 60166 52282 61212 52334 62375 51417
Ninh Kigu[Hung Loi 2199 8285 0 2146 8338 1881 8603] 1788 8695 1693 8790
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Ninh Kiéu[Tan An 1777) 11202 720 1645 11379 1487| 11632 1437 11715 1383 11856
Ninh Kiéu[Thdi Binh 3512 17348 1118 2942 18040 2176| 18642 1882 18890 1609 19480
Ninh Kiéu[Xuan Khanh| 15225 29228 0 15169 29284 15421 29032 15734 28720 16383 28069
Ninh Kigu|An Khanh 19866 50019 0 19308 50576 18113 51772 16737 53135 16060 53800
Ninh Kiéu 191859 264558 32393 201064 277647, 197814 287175 195515| 290794 193455 293340
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2.2. Uéc tinh dan sb bj anh huéng trong khu vye nghién ctru cho kich ban BDKH 2030

Quan Binh Thuy
S8 ngudi chiu tic dong cda ridiro S8 ngudi chiu tdc dong cha riiro S& ngudi chiu tac dong cua rdiro S& ngudi chiu tac dong cua rdiro S ngudi chiu tac dong cua rairo
Quén Phuong theo kich ban 1% theo kich ban 2% theo kich ban 5% theo kich ban 10% theo kich ban 20%
Trung Trung Trung Trung Trung
Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao

Binh Thay |BUi Htu Nghia 9692 6 10907 0 10895 0 10910 0 10919 0

Binh Thuy |Binh Thuy 17446 113 17475 100 17428 116 17018 221 16980 0

Binh Thy |Long Hoa 16094 1 15244 0 16319 0 15111 1 13808 0

Binh Thuy |Long Tuyén 11076 0 9562 0 9366 0 9218 0 9161 0

Binh Thly |Thdi An Dong 10988 0 10210 0 10102 0 10284 0 10090 0

Binh Thay |Tra Noc 3314 1 3156 0 2653 0 2659 0 2525 0

Binh Thay |An Théi 5312 1 5311 1 5308 1 5308 1 5308 1

Binh Thly |Tra An 4782 243 4670 85 4611 63 4587 55 4583 54

Binh Thay 78705 366 76533 187 76682 180 75096 279 73373 55

Quan Ninh Kiéu
S8 ngudi chiu tac dong cua rairo S8 ngudi chiu tc dong chardiro  |S6 ngwdi chiu tac dong cua rairo theo| S6 ngwdi chiu tac dong cua ruiro S8 ngudi chiu tac dong cua rdiro
Quan Phuong theo kich ban 1% theo kich ban 2% kich ban 5% theo kich ban 10% theo kich ban 20%
Trung Trung Trung Trung Trung
Thap binh Cao Thap binh Cao Thap binh Cao Thap binh Cao Thap binh Cao

Ninh Kigu |An Phu 1701 0 1701 (0] 1701 0 1701 0 1701 0

Ninh Kigu |An Binh 180866 0 176515 (0] 175414 0 175374 0 175308 0

Ninh Kigu |An Cuw 677 0 662 0 649 0 606 0 613 0

Ninh Kigu |An Hoa 7786 34 34 7761 45 45 7758 42 7751 38 7677 49

Ninh Kigu |An Nghiép 5956 4 5965 4 6091 4 6112 5 6102 5

Ninh Kigu |C&i Knhé 74057 9613 9613| 75717 3818 3818 78105 43 80406 22 81517 11

Ninh Kigu |Hung Lgi 10456 0 0 10456 0 10456 0 10455 0 10453 0

Ninh Kigu [Tan An 13568 6 6 13572 6 13568 0 13558 0 13572 0
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Ninh Kiéu [Thgi Binh 15062, 260 260
Ninh Kiéu [Xuan Khanh| 44359 0 0
Ninh Kiéu [An Khanh 69642 0 0
Ninh Kiéu 424130 9917 9917

15013 276 14965 289 14932 289 14877 289
44349 0 44349 0 44353 0 44343 0
69623 0 69624 0 69611 0 69639 0
421335 4148 422675 379 424857 354 425803 354
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2.3. Uc tinh dan sb bj anh huéng trong khu vue nghién ctru cho kich ban BDKH 2050

Quan Binh Thuy
S8 ngudi chiu tic dong cda ridiro S8 ngudi chiu tdc dong cha riiro S8 ngudi chiu tdc dong cha riiro S& ngudi chiu tac dong cua rdiro S8 ngudi chiu tic dong cua rdiro
Quén Phuong theo kich ban 1% theo kich ban 2% theo kich ban 5% theo kich ban 10% theo kich ban 20%
Trung Trung Trung Trung Trung
Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao Thap  |binh Cao

Binh Thay |BUi Hitu Nghia| 10811 132 6847 3852 7130 3824 6963 3992 6973 3983

Binh Thuy |Binh Thuy 17037 987 7459| 10583 6760| 11316 6392| 11688 6541| 11539

Binh Thy |Long Hoa 17539 9541 22459 4621 22342 4738 22357 4723 22265 4814

Binh Thuy |Long Tuyén 10916 4178 13739 1355 13659 1435 13663 1431 13548 1546

Binh Thly |Thdi An Dong 10490 4818 13636 1762 13168 2230 13136 2262 13146 2252

Binh Thay |Tra Noc 3111 1473 3680 907 3456 1101 3418 1127 3445 1101

Binh Thay |An Théi 5316 12 1708 3552 1622 3655 1519 3757 1430 3844

Binh Thly |Tra An 5670 6184 9172 2726 9235 2670 9231 2657 9149 2673

Binh Thay 80890| 27324 78700| 29357 77371| 30968 76680| 31638 76497| 31752

Quan Ninh Kiéu
S8 ngudi chiu tac dong cua rairo S8 ngudi chiu tc dong chardiro  |S6 ngwdi chiu tac dong cua rairo theo| S6 ngwdi chiu tac dong cua ruiro S8 ngudi chiu tac dong cua rdiro
Quan Phuong theo kich ban 1% theo kich ban 2% kich ban 5% theo kich ban 10% theo kich ban 20%
Trung Trung Trung Trung Trung
Thap binh Cao Thap binh Cao Thap binh Cao Thap binh Cao Thap binh Cao

Ninh Kigu |An Phu 1701 3 274 1430 207, 1497 184 1520 136 1568

Ninh Kigu |An Binh 181036 4881 107096| 78821 104308 81609 103658 82259 101933| 83984

Ninh Kigu |An Cuw 965 9344 480 5941 3887 480 6881 393 7916/ 2000 403 8234 1672
Ninh Kigu |An Hoa 7913 7207, 2844 12276 2596| 12527 2543| 12580 2505 12618

Ninh Kigu |An Nghiép 6437 343 1289 5174 1280 5186 1296 5248 1330 5172

Ninh Kigu |C&i Knhé 71829| 26924 9700 56359 54248 2926 60509 52504 60246/ 53156 60344| 53254

Ninh Kigu |Hung Lgi 10461 23 0 3125 7359 3076 7408, 2936 7548 2794 7690,

Ninh Kigu [Tan An 13577 117 6 1930[ 11734 1918 11722 1910 11740 1924 11745
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Ninh Kiéu [Thdi Binh 15236 6743 0 2951 19017 2907 19061 2856 19112 2785 19182
Ninh Kiéu [Xuan Khanh| 44407 46 0 21520 22933 21524 22929 21384 23069 21400 23053
Ninh Kiéu [An Khanh 69687 198 0 24058| 45827 23851 46034 23581| 46304 22974 46911
Ninh Kiéu 423250, 55828/ 9711 221927| 264759 222657 267358 220987| 270452 218527| 273412
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Phu luc 3: Co sé gido duc va y té chiju rii ro trong khu vuwc nghién ctru
3.1 Udc tinh s6 co s& gido duc trong khu vyce chiu rii ro ngap

Kich ban BDKH Hién trang 2030 2050

Diéu kién ngap 1% 2% 5% 10% 20% 1% 2% 5% 10% 20% 1% 2% 5% 10% 20%
Khéng 54 54 54 54 55 53 54 54 54 55 53 53 53 53 53
Thap 353 343 320 321 321 582 578 578 575 571 586 379 415 386 396
Trung binh 310 325 351 350 350 87 93 95 99 102 83 272 257 287 277
Cao 9 4 3 3 2 6 3 1 0 0 6 5 3 2 2

3.2. Uéc tinh s6 co s Y té tron khu vuce chiu rii ro ngap

Kich ban BDKH Hién trang 2030 2050

Piéukiénngap | 1% 2% 5% 10% 20% 1% 2% 5% 10% 20% 1% 2% 5% 10% 20%
Khong 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Thap 29 26 10 10 8 120 119 122 119 119 119 30 29 26 23
Trung binh 93 101 117 117 120 9 10 7 10 10 7 97 100 103 106
Cao 6 2 2 2 1 0 0 0 0 0 3 2 0 0 0
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Phu luc 4: B cong cu tinh toan rii ro ngip lut vé xa hdi va thiét hai kinh té

1. import arcpy

2. import os

3. import sys

4. from arcpy import env

5. from arcpy.sa import*

6.

7. def returnDate():

8. sDate = str(datetime.date(datetime.today())).replace('-", "'

9. sTime = str(datetime.time(datetime.today())).split('.")[@].replace(':", "")
10. return sDate + sTime
11.
12. class Toolbox(object):
13. def __init_ (self):
14. """Define the toolbox (the name of the toolbox is the name of the
15. .pyt file)."""
16. self.label = "Flood risk tools"
17. self.alias = "Phan tich thiet hai lu-Can Tho"
18.
19. # List of tool classes associated with this toolbox
20. self.tools = [EcoTool, SocialTool, RiskStats_tool, Maxminvalue,

StandardizeRasterTool, IdentityAndCountTool, JoinTablesAndExport, GridCodeSummaryTool]
21.

22.

23. class EcoTool(object):

24. def __init_ (self):

25. """Define the tool (tool name is the name of the class)."""
26. self.label = "2. Coéng cu tinh toadn thiét hai kinh té"
27. self.description = "tool for calculating flood event"
28. self.canRunInBackground = False

29.

30. def getParameterInfo(self):

31. param@=arcpy.Parameter(

32. displayName="Di liéu si dung dat da phan nhom",
33. name="in_rastere",

34. datatype="GPRasterLayer",

35. parameterType="Required",

36. direction="Input")

37. paraml=arcpy.Parameter(

38. displayName="Di&r 1liéu ngap",

39. name="in_rasterl”,

40. datatype="GPRasterLayer",

41. parameterType="Required",

42. direction="Input")

43.

44, param2=arcpy.Parameter(

45. displayName="Dir liéu gid tri dat",

46. name="in_raster3",

47. datatype="GPRasterLayer",

48. parameterType="Required",

49, direction="Input")

50.

51. #tparam3 = arcpy.Parameter(

52. #displayName="Choose Output Folder on your Local Drive",
53. #name="mxdFile",

54. #datatype="DEFolder",

55. #parameterType="Required",

56. #direction="Input")

57.

58. param3=arcpy.Parameter(

59. displayName=" Luu dir liéu thiét hai tiém tang",
60. name="in_raster4",

61. datatype="GPRasterLayer",

62. parameterType="Required",

63. direction="Intput")

64.

65. paramd=arcpy.Parameter(

66. displayName="Luu dit 1iéu thiét hai kinh té&",
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67. name="in_raster5",

68. datatype="GPRasterLayer",

69. parameterType="Required",

70. direction="Intput")

71. return [param@, paraml, param2, param3, param4]

72.

73. def islicensed(self):

74. """Set whether tool is licensed to execute."""

75. return True

76.

77.

78. def execute(self, parameters, messages):

79. #"""The source code of the tool."""

80. #"""env.workspace = "C:/temp"""

81. LULC=parameters[0].valueAsText

82. FL=parametersEN1l.valueAsText

83. Price= parametersEN2.valueAsText

84, LU=Int(LULC)

85. h= Float(FL)

86. LP=Float(Price)

87. Rice=Float(Con((LU ==9) & (h<=0.6) & (h>=0.1) ,0.0019*Power(h,2) + 0.1982*%h -
0.1078,Con((LU>=9)&(h>=0.6), 1,0)))

88. Perenial=Float(Con( (LU ==4)& (h<=0.6)&(h>=0.1), 0.1671*h -0.0034,Con((LU == 4) & (h
> 0.6),1,0)))

89. AnnualCro=Float(Con((LU == 2)& (h <= 0.6) & (h >= 0.1), 0.171*h-0.0163,Con((LU ==
2) & (h > 0.6),1,0)))

90. Aquaculture=Float(Con((LU == 13)& (h <= 0.6) & (h >= 0.1), 0.1643*h+0.0189,Con( (LU
== 13) & (h> 0.6),1,0)))

91. Commercial=Float(Con((LU == 5)& (h <= 0.5) & (h >=0.1),
0.009*Power(h,2)+0.225%h+0.0912,Con((LU == 5) & (h > ©.5),1,0)))

92. Business=Float(Con((LU == 6)& (h <= 0.5) & (h >= 0.1), 0.006*Power(h,2)+0.1985*h-
0.1255,Con((LU == 6) & (h > ©.5),1,0)))

93. Industrial=Float(Con((LU == 10)& (h <= 0.5) & (h >=0.1),
0.006*Power (h,2)+0.1958%h-0.1255,Con((LU == 18) & (h > ©.5),1,0)))

94. Gov=Float(Con((LU == 3)& (h <= 0.5) & (h >=0.1), -
0.096*Power(h,3)+0.0814*Power(h,2)-0.0428*h+0.3734,Con((LU == 3) & (h > ©.5),1,0)))

95, School=Float(Con((LU == 7)& (h <= 0.5) & (h >= 8.1), 0.0225*h+0.8875,Con((LU == 7)
& (h > 0.5),1,0)))

96. Health=Float(Con((LU == 8)& (h <= 0.5) & (h >=0.1), -
0.0258*Power(h,3)+0.1988*Power(h,2)-0.1688*h+0.0816,Con((LU == 8) & (h > ©.5),1,0)))

97. Residential=Float(Con((LU == 11)& (h <= 0.6) & (h >= 0.1), -
0.013*Power(h,3)+0.1356*Power(h,2)-0.1913*h+0.0943,Con((LU == 11) & (h > 0.6),1,0)))

98.

99. total=Rice+Perenial+AnnualCro + Aquaculture + Commercial + Business + Industrial +
Gov + School + Health + Residential

100.

101.

102. """final=Con(total<=0,0.0,total)"""

103. final=Con(total<0,0,Con(total>1,1, total))

104. economicloss=final*LP

1e5. arcpy.env.overwriteOutput = True

106.

107. output_filenamel=parametersEN3.valueAsText

108. filedata=output_filenamel

109. final.save(filedata)

110.

111. output_filename2=parametersEN4.valueAsText

112. filedata2=output_filename2

113. economicloss.save(filedata2)

114.

115. return

116.

117. class SocialTool(object):

118. def __init_ (self):

119. """Define the tool (tool name is the name of the class)."""

120. self.label = "1.1 Coéng cu tinh todn rdi ro xa hoi"

121. self.description = "tool for calculating social risk"

122. self.canRunInBackground = False

123.

124. def getParameterInfo(self):
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125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.

param@=arcpy.Parameter(
displayName="Ranh gigi",
name="in_vectore",
datatype="GPFeatureLayer",
parameterType="Required",
direction="Input")

paraml=arcpy.Parameter(
displayName="Hiém hoa",
name="in_rasterl”,
datatype="GPRasterLayer",
parameterType="Required",
direction="Input")

param2=arcpy.Parameter(
displayName="Muc dé phoi 10",
name="in_raster3",
datatype="GPRasterLayer",
parameterType="Required",
direction="Input")

param3=arcpy.Parameter(
displayName="Tinh dé& bi tén thuong",
name="in_raster4"”,
datatype="GPRasterLayer",
parameterType="Required",
direction="Input")

paramd=arcpy.Parameter(

displayName="Luu dit 1iéu Hiém hoa da phan cap",
name="in_raster2",

datatype="GPRasterLayer",

parameterType="Required",

direction="Intput")

param5=arcpy.Parameter(
displayName="Luu dit 1iéu ROi ro",
name="in_raster5",
datatype="GPRasterLayer",
parameterType="Required",
direction="Intput")

return [param@, paraml, param2, param3, param4, param5]
def islLicensed(self):

"""Set whether tool is licensed to execute.
return True

def updateParameters(self, parameters):
"""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed."""
if parametersEN3.value is True:
parameterstEN4.enabled = False
if parametersEN3.value is False:
parametersEN4.enabled = True
err_spacing = "The path for the file must be equal to or greater than 1."
if parameters[@].value is False:
parameters[0].setErrorMessage(err_spacing)
if parametersENl.value is False:
parametersENl.setErrorMessage(err_spacing)
if parametersEN2.value is False:
parametersEN2.setErrorMessage(err_spacing)
return

def updateMessages(self, parameters):
#  """Modify the messages created by internal validation for each tool
#  parameter. This method is called after internal validation.™""
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195.

if parameters[0].hasError and parameters[0].message == 'ERROR 000366: Thiéu thong

tin st dung dat':

196.
197.

parameters[0].clearMessage()

parameters[0].setWarningMessage('thong tin khong phu hop. Labeling is not

recommended. ')

198.

if parametersENl.hasError and parameterstENl.message == 'ERROR ©00366: Thiéu thoéng

tin s do sau ngap':

199.
200.

parameters[0].clearMessage()

parameters[0].setWarningMessage('Thong tin khong phu hop. Labeling is not

recommended. ')

201.
202.
203.

if parameterstN2.hasError and parametersEN2.message == 'ERROR 000366: No output':
parameters[0].clearMessage()

parameters[0].setWarningMessage('Thong tin khong phu hop. Labeling is not

recommended. ')

204.
205.
206.

if parametersEN3.hasError and parametersEN3.message == 'ERROR 000366: No output':
parameters[0].clearMessage()

parameters[0].setWarningMessage('Thong tin khong phu hop. Labeling is not

recommended. ')

207.
208.
209.

if parametersEN4.hasError and parameterstEN4.message == 'ERROR 000366: No output':
parameters[0].clearMessage()

parameters[0].setWarningMessage('Thong tin khdéng phu hop. Labeling is not

recommended. ')

210.
211.
212.

if parametersEN5.hasError and parameterstEN5.message == 'ERROR 000366: No output':
parameters[0].clearMessage()

parameters[0].setWarningMessage('Thong tin khéng phu hop. Labeling is not

recommended. ")

213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
411)
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245,
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.

def

return

execute(self, parameters, messages):
#"""The source code of the tool."""
#"""env.workspace = "C:/temp"""
Boundary_CanTho=parameters[0].valueAsText
FL=parametersEN1l.valueAsText

Expo= parametersEN2.valueAsText

Vul= parametersEN3.valueAsText

h= Float(FL)

#clip the Hazard

h_clip= arcpy.sa.ExtractByMask(h, Boundary_CanTho)

#reclasse the hazard (4 classes )

reclass_ranges = RemapRange([[©, ©.75, 1], [@.75, 1.25, 2], [1.25, 2, 3],[2, 1@,

# Reclassify the raster
h_reclass = arcpy.sa.Reclassify(h_clip, "Value", reclass_ranges)

#STANDARDIZE hazard data to ranges 0-1

h_std = arcpy.sa.Con(h_clip<=0.75,(h_clip * 0.25/0.75),
Con((h_clip»0.75)&(h_clip<=1.25),(h_clip - ©.75)/(1.25-0.75)*0.25,
Con((h_clip>1.25)&(h_clip<=2),(h_clip - 1.25)/(2-1.25)*0.5, 1) ) )

Expose=Float(Expo)
Vulnerabilty=Float(Vul)

#Risk calculation

#Risk = (h_std+Expose+Vulnerabilty)/3

Risk = h_std*(Expose+Vulnerabilty)/2

# Get the minimum and maximum values

min_value = arcpy.GetRasterProperties_management(Risk, "MINIMUM").getOutput(®©)
max_value = arcpy.GetRasterProperties_management(Risk, "MAXIMUM").getOutput(Q)

#save the data
arcpy.env.overwriteOutput = True

output_filename2=parametersEN4.valueAsText
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256. filedata=output_filename2

257. h_reclass.save(filedata)

258.

259.

260.

261. output_filename4 =parametersEN5.valueAsText

262. #filedata=output_folder + "/" +output_filename+".tif"
263. filedata=output_filenamed

264. Risk.save(filedata)

265.

266.

267. return

268.

269. class RiskStats_tool(object):

270. def __init_ (self):

271. """Define the tool (tool name is the name of the class)."""
272. self.label = "1.4. Céng cu hd trg théng ké rui ro"

273. self.description = "tool for calculating flood risk event"
274. self.canRunInBackground = False

275.

276. def getParameterInfo(self):

277. # Output Workspace parameter

278. output_workspace = arcpy.Parameter(

279. displayName="CSDL goc",

280. name="output_workspace",

281. datatype="DEWorkspace",

282. parameterType="Required",

283. direction="Input")

284.

285. # Input Raster parameter

286. input_raster = arcpy.Parameter(

287. displayName=" D liéu rui ro da phan cap",

288. name="input_raster",

289. datatype="DERasterDataset”,

290. parameterType="Required",

291. direction="Input")

292.

293. # Input Vector parameter

294. input_vector = arcpy.Parameter(

295. displayName="Di&t 1iéu ranh gidi xa, phuong",

296. name="input_vector",

297. datatype="DEFeatureClass”,

298. parameterType="Required",

299. direction="Input")

300.

301. # Risk_commune output parameter

302. risk_commune_output = arcpy.Parameter(

303. displayName="Luu DIt 1iéu chéng xép",

304. name="risk_commune",

305. datatype="DEFeatureClass”,

306. parameterType="Required",

307. direction="0Output")

308.

309. return [output_workspace, input_raster, input_vector, risk_commune_output]
310.

311. def execute(self, parameters, messages):

312. output_workspace = parameters[0].valueAsText

313. input_raster = parametersEN1l.valueAsText

314. input_vector = parametersEN2.valueAsText

315. risk_commune = parametersEN3.valueAsText

316.

317. arcpy.env.workspace = output_workspace

318.

319. # Convert input raster to polygons without simplification
320. raster_polygons = arcpy.conversion.RasterToPolygon(input_raster, "RasterPolygons",
"NO_SIMPLIFY")

321.

322. # Perform Identity operation between raster polygons and input vector
323. Risk_commune = arcpy.analysis.Identity(raster_polygons, input_vector, risk_commune)
324.
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325.
326.
327.
328.
329.
330.
331.
332.

# Extract the file name from the full path of risk_commune
risk_commune_basename = os.path.basename(risk_commune)

# Loop from 1 to 4 for each gridcode

for i in range(1, 5):
# Select features by attribute
where_clause = "gridcode = {}".format(i)
selected_features =

arcpy.management.SelectLayerByAttribute(in_layer_or_view=Risk_commune,
selection_type="NEW_SELECTION", where_clause=where_clause, invert_where_clause="")

333.
334.
335.
i)

336.

# Initialize table name based on feature class name and gridcode
output_table_name = "{} gridcode {} statistics".format(risk_commune_basename,

output_table = arcpy.CreateTable_management(output_workspace,

output_table_name)

337.
338.
339.
340.
341.
342.

"FIRST"],

343.
344.
345,
346.
347.
348.
349,
350.
351.
352.
353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
385.
386.
387.
388.
389.

arcpy.AddField_management (output_table, "Commune_ID", "LONG")
arcpy.AddField_management(output_table, "NAME_3", "TEXT")
arcpy.AddField_management(output_table, "Shape_Area", "DOUBLE")

# Perform Summary Statistics
arcpy.analysis.Statistics(selected_features, output_table, [["NAME_3",

["Commune_ID", "FIRST"], ["Shape_Area", "SUM"]], "Commune_ID")

arcpy.AddMessage("Output Feature Class created: Risk_commune™")

class Maxminvalue(object):

def

def

def

_init_ (self):
"""Define the tool (tool name is the name of the class).
self.label = "1.2. Cong cu tinh toadn gia tri 1&n nhat, nhd nhat cla cac kich ban"
self.description = "Standardizes input rasters based on min-max normalization."
self.canRunInBackground = False
getParameterInfo(self):
"""Define parameter definitions.
# Input rasters
param@ = arcpy.Parameter(
displayName="D{t 1iéu rdi ro dau ra cla 1.1",
name="input_rasters",
datatype="DERasterDataset”,
parameterType="Required",
direction="Input",
multiValue=True)

# Output text file

paraml = arcpy.Parameter(
displayName="Luu file chia gia tri min-max",
name="output_text_file",
datatype="DEFile",
parameterType="Required",
direction="0Output")

parameters = [param@, paraml]
return parameters

execute(self, parameters, messages):
"""Execute the tool."""
try:
# Get input parameters
raster_list = parameters[0].values
output_txt = parametersEN1l.valueAsText

# Check if input rasters are provided
if not raster_list:
raise arcpy.ExecuteError("No input rasters provided.")

# Initialize dictionaries to store maximum and minimum values of each raster
max_values = {}
min_values = {}
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390.

391. # Initialize variables to store overall maximum and minimum values

392. overall_max = None

393. overall min = None

394.

395. # Loop through each raster to calculate max and min values

396. for raster in raster_list:

397. try:

398. # Calculate maximum and minimum values

399. max_val = arcpy.GetRasterProperties_management(raster, "MAXIMUM")
400. min_val = arcpy.GetRasterProperties_management(raster, "MINIMUM")
401.

402. # Store values in dictionaries

403. max_values[raster] = float(max_val.getOutput(0))

404. min_values[raster] = float(min_val.getOutput(0))

405.

406. # Update overall maximum and minimum values

407. overall max = max(overall max, max_values[raster]) if overall_max is
not None else max_values[raster]

408. overall min = min(overall_min, min_values[raster]) if overall_min is
not None else min_values[raster]

409. except Exception as e:

410. arcpy.AddWarning("Failed to process raster '{}': {}".format(raster,
str(e)))

411.

412. # Write maximum and minimum values to the text file

413. with open(output_txt, 'w') as f:

414. f.write("Overall maximum value: {}\n".format(overall_max))

415. f.write("Overall minimum value: {}\n\n".format(overall_min))

416.

417. for raster in raster_list:

418. f.write("Raster: {}\n".format(raster))

419. f.write("Maximum value: {}\n".format(max_values.get(raster, "N/A")))
420. f.write("Minimum value: {}\n\n".format(min_values.get(raster, "N/A")))
421.

422. # Set messages

423. arcpy.AddMessage("Maximum and minimum values calculated and saved
successfully.")

424,

425. except Exception as e:

426. # If an error occurs, add error message to tool output

427. arcpy.AddError(str(e))

428. class StandardizeRasterTool(object):

429. def __init_ (self):

430. """Define the tool (tool name is the name of the class)."""

431. self.label = "1.3. Cdéng cu chudn héa két qua phan tich"

432. self.description = "Standardizes input raster based on min-max normalization."
433. self.canRunInBackground = False

434,

435. def getParameterInfo(self):

436. """Define parameter definitions."""

437. # Input raster

438. param@ = arcpy.Parameter(

439. displayName="Dir 1iéu raster can chudn héa tur 1.1",

440. name="input_raster",

441. datatype="DERasterDataset",

442. parameterType="Required",

443, direction="Input")

444,

445. # Text file containing max and min values

446. paraml = arcpy.Parameter(

447. displayName="File luu tri gia tri max-min tinh tU céng cu 1.2",

448. name="text_file",

449. datatype="DETextFile",

450. parameterType="Required",

451. direction="Input")

452.

453, # Output raster 1 (standardized)

454, param2 = arcpy.Parameter(

455. displayName="Dir 1iéu raster da dugc chuan héa",
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456. name="output_rasterl®,

457. datatype="DERasterDataset",

458. parameterType="Required",

459. direction="Output")

460.

461. # Output raster 2 (classified)

462. param3 = arcpy.Parameter(

463. displayName="Dit 1iéu raster da dugc phan 1lop",

464. name="output_raster2",

465. datatype="DERasterDataset”,

466. parameterType="Required",

467. direction="0Output")

468.

469. parameters = [param@, paraml, param2, param3]

470. return parameters

471.

472. def execute(self, parameters, messages):

473. """Execute the tool."""

474. try:

475. # Get input parameters

476. input_raster = parameters[0].valueAsText

477. text_file = parametersEN1l.valueAsText

478. output_rasterl = parametersEN2.valueAsText

479. output_raster2 = parametersEN3.valueAsText

480.

481. # Open text file and extract max and min values

482. with open(text_file, 'r') as f:

483. lines = f.readlines()

484. overall max = float(lines[@].split(": ")[15].strip())
485. overall min = float(linesEN1l.split(": ")[15].strip())
486.

487. # Standardize raster

488. standardized_raster = (Raster(input_raster) - overall_min) / (overall_max -
overall_min)

489. standardized_raster.save(output_rasterl)

490.

491. # Classify the standardized raster

492. classified_raster = Reclassify(standardized_raster, "VALUE", RemapRange([[©,
0.1, 1], [@.1, ©.25, 2], [0.25, 0.5, 3], [0.5, 1, 4]]), "NODATA")

493, classified_raster.save(output_raster2)

494,

495, # Set messages

496. arcpy.AddMessage("Raster standardized and classified successfully.")
497.

498. except Exception as e:

499. # If an error occurs, add error message to tool output
500. arcpy.AddError(str(e))

501. class IdentityAndCountTool(object):

502. def __init_ (self):

503. """Define the tool (tool name is the name of the class)."""
504. self.label = "1.6. Coéng cu hd trg théng ké rui ro cho cac déi tugng diém"
505. self.description = "Performs Identity between a point feature class and a polygon
feature class, and then counts the number of points in each gridcode."
506. self.canRunInBackground = False

507.

508. def getParameterInfo(self):

509. """Define parameter definitions"""

510.

511. # Workspace parameter

512. param@ = arcpy.Parameter(

513. displayName="CSDL géc",

514. name="workspace",

515. datatype="DEWorkspace",

516. parameterType="Required",

517. direction="Input")

518.

519. # Point feature class parameter

520. paraml = arcpy.Parameter(

521. displayName="L6p dir 1iéu diém can tinh toan",

522. name="point_fc",
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523.
524.
525.
526.
527.
528.
529.
530.
531.
532.
533.
534.
535.
536.
537.
538.
539.
540.
541.
542.
543.
544.
545.
546.
547.
548.
549.
550.
551.
552.
553.
554.
555. def
556.
557.
558.
559.
560.
561.
562.
563.
564.
565.
566.
567.
"gridcode")
568.
569.
570.
571.
572.
573.

datatype="DEFeatureClass”,
parameterType="Required",
direction="Input")

# Polygon feature class parameter
param2 = arcpy.Parameter(
displayName="L&p dir 1iéu rui ro da chuyén sang vector",
name="polygon_ fc",
datatype="DEFeatureClass",
parameterType="Required",
direction="Input")

# Output point feature class parameter
param3 = arcpy.Parameter(
displayName="L6p dir 1iéu diém dau ra",
name="output_point_fc",
datatype="DEFeatureClass",
parameterType="Required",
direction="Output")

# Output table parameter
param4 = arcpy.Parameter(
displayName="Bang théng ké diém trong khu vuc rui ro",
name="output_table",
datatype="DETable",
parameterType="Required",
direction="0Output")

params = [param@, paraml, param2, param3, param4]
return params

execute(self, parameters, messages):
"""Execute the tool"""

workspace = parameters[0].valueAsText
point_fc = parametersEN1l.valueAsText
polygon_fc = parameterstEN2.valueAsText
output_point_fc = parametersEN3.valueAsText
output_table = parameterstEN4.valueAsText

# Perform Identity
identity_output = arcpy.Identity_analysis(point_fc, polygon_fc, output_point_fc)

# Count the number of points in each gridcode
arcpy.Statistics_analysis(identity output, output_table, [["OBJECTID", "COUNT"]],
arcpy.AddMessage("Identity and count process completed successfully!™)

return

574. class JoinTablesAndExport(object):

575. def
576.
577.
578.

__init_ (self):

Define the tool (tool name is the name of the class).
self.label = "1.5. Lién két bang théng ké va xudt sang txt"
self.description = "Joins tables to a polygon feature class by 'Commune_ID' and

exports the result to a .txt file"

579.
580.
581. def
582.
583.
584.
585.
586.
587.
588.
589.
590.

self.canRunInBackground = False

getParameterInfo(self):
"""Define parameter definitions
params = []

params.append(arcpy.Parameter(
displayName="DU' 1iéu ranh gidi xa",
name="input_polygons",
datatype="DEFeatureClass”,
parameterType="Required",
direction="Input"))
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591.

592. for i in range(1, 5):

593. params.append(arcpy.Parameter(

594. displayName=f"Input Table {i}",

595. name=f"input_table {i}",

596. datatype="DETable",

597. parameterType="Required",

598. direction="Input"))

599.

600. params.append(arcpy.Parameter(

601. displayName="Luu bang téng hop",

602. name="output_txt",

603. datatype="DEFile",

604 . parameterType="Required",

605. direction="0Output"))

606.

607. return params

608.

609. def islLicensed(self):

610. """Set whether tool is licensed to execute."""

611. return True

612.

613. def updateParameters(self, parameters):

614. """Modify the values and properties of parameters before internal validation is
performed. """

615. return

616.

617. def updateMessages(self, parameters):

618. """Modify the messages created by internal validation for each parameter."""
619. return

620.

621. def execute(self, parameters, messages):

622. """The source code of the tool."""

623. input_polygons = parameters[0].valueAsText

624. input_tables = [parameters[i].valueAsText for i in range(1l, 5)]
625. output_txt = parametersEN5.valueAsText

626.

627. # Create a copy of the input polygons to avoid altering the original data
628. temp_polygons = arcpy.management.CopyFeatures(input_polygons,
"in_memory/temp_polygons")

629.

630. # Perform the joins

631. for table in input_tables:

632. arcpy.management.JoinField(temp_polygons, "Commune_ID", table, "Commune_ID")
633.

634. # Export the joined table to a .txt file

635. fields = [f.name for f in arcpy.ListFields(temp_polygons) if f.type not in
('Geometry', '0OID")]

636.

637. # Debugging: print the fields to ensure they are correct

638. messages.addMessage(f"Fields: {fields}")

639.

640. with open(output_txt, 'w', encoding='utf-8') as f:

641. f.write(',"'.join(fields) + '\n')

642. with arcpy.da.SearchCursor(temp_polygons, fields) as cursor:
643. row_count = ©

644. for row in cursor:

645. f.write(',".join([str(r) for r in row]) + '\n'")
646. row_count += 1

647.

648. # Debugging: print the number of rows written to the file

649. messages.addMessage(f"Number of rows written: {row_count}")
650.

651. # Clean up

652. arcpy.management.Delete(temp_polygons)

653.

654. return

655.

656. class GridCodeSummaryTool(object):

657. def __init_ (self):
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658. """Define the tool (tool name is the class name).

659. self.label = "1.7. Céng cu théng ké d6i tugng diém ha tang anh hudng rui ro theo
xa/phudng"

660. self.description = "Summarizes points by gridcode and commune, and joins the result
to the commune boundaries."

661. self.canRunInBackground = False

662.

663. def getParameterInfo(self):

664 . """Define parameter definitions"""

665. params = []

666.

667. # Input 1: Polygon feature class with commune boundary
668. param@ = arcpy.Parameter(

669. displayName="Ranh gigi xa",

670. name="commune_fc",

671. datatype="DEFeatureClass”,

672. parameterType="Required",

673. direction="Input"

674. )

675. params.append(paramo)

676.

677. # Input 2: Point feature class with gridcode and commune ID
678. paraml = arcpy.Parameter(

679. displayName="L6p diém can tinh",

680. name="point_fc",

681. datatype="DEFeatureClass”,

682. parameterType="Required",

683. direction="Input"

684. )

685. params.append(paraml)

686.

687. # Output 1: Text file

688. param2 = arcpy.Parameter(

689. displayName="Dit 1iéu thong ké",

690. name="output_txt",

691. datatype="DETextfile",

692. parameterType="Required",

693. direction="Output”

694. )

695. params.append(param2)

696.

697. return params

698.

699. def islLicensed(self):

700. """Set whether tool is licensed to execute."™""

701. return True

702.

703. def updateParameters(self, parameters):

704. """Modify parameter values before internal validation is performed. This method
705. is called whenever a parameter has been changed."""
706. return

707.

708. def updateMessages(self, parameters):

709. """Modify messages created by internal validation for each parameter. This method
710. is called after internal validation."""

711. return

712.

713. def execute(self, parameters, messages):

714. """The source code of the tool."""

715. commune_fc = parameters[0].valueAsText

716. point_fc = parametersEN1l.valueAsText

717. output_txt = parametersEN2.valueAsText

718.

719. # Set workspace

720. arcpy.env.workspace = arcpy.env.scratchGDB

721.

722. # List to keep track of summary tables

723. summary_tables = []

724.

725. # Loop through gridcode values 1 to 4
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726.
727.
728.
729.

for gridcode in range(1, 5):
# Select points with the current gridcode
where_clause = f'"gridcode = {gridcode}"
selected_points = arcpy.management.SelectLayerByAttribute(point_fc,

"NEW_SELECTION", where_clause)

730.
731.
732.

# Summarize by Commune_ID
summary_table = os.path.join(arcpy.env.scratchGDB,

f"summary_gridcode_{gridcode}")

733.

arcpy.analysis.Statistics(selected_points, summary_table, [["OBJECTID",

"COUNT"]], "Commune_ID")

734.
735.
736.
737.
738.
739.

summary_tables.append(summary_table)

# Join summary tables to commune feature class
joined_commune_fc = commune_fc
for summary_table in summary_tables:
joined_commune_fc = arcpy.management.AddJoin(joined_commune_fc, "Commune_ ID",

summary_table, "Commune_ID")

740.
741.
742.
743.
744.
745.
746.
747.
748.
749.
750.

# Export the joined table to the output text file
fields = [f.name for f in arcpy.ListFields(joined_commune_fc) ]
with open(output_txt, "w", encoding="utf-8") as f: # Use UTF-8 encoding
f.write(",".join(fields) + "\n")
with arcpy.da.SearchCursor(joined_commune_fc, fields) as cursor:
for row in cursor:

f.write(",".join([str(r) for r in row]) + "\n")

return
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Phu luc 5: Két qua khao sat ngap lut 2020 tai ngi @6 Cin Tho

STT | Kinhdé Vido :;cp':gzc) STT | Kinhdé Vi dé :';gcp';:'zc)
1| 10.777452 | 10.037916 5| 131105770187 | 10.03868 5
o | 105.721 | 10.040726 5| 132 105.770303 | 10.048275 5
3 | 105.749674 | 10.023725 5| 133 | 105770342 | 10.019753 5
4 | 105.751975 | 10.030661 5| 134 | 105770344 | 10.019717 8
5 | 105.752389 | 10.031104 5| 135105770761 | 10.054703 5
6| 105.752408 | 10.052 5| 136 | 105770822 | 10.019478 5
7 105.752524 | 10.1694 5| 137| 10577087 | 10.055419 5
8 | 105.753225 | 10.031553 5| 138 | 105770933 | 10.049148 5
9 | 105.753973 | 10.071613 55| 139 | 105.771059 | 10.021928 20
10| 105.75398 | 10.071644 30 | 140 | 105.771091 | 10.049546 5
11 | 105.754087 | 10.071671 30 | 141 | 105.771099 | 10.050075
12 | 105.754265 | 10.070691 5| 142 | 105.771246 | 10.038387 40
13 | 105.754362 | 10.041317 5| 143 | 105771359 | 10.055874 5
14 | 105.754364 | 10.041318 5| 144 | 105.771359 | 10.055874 5
15 | 105.754812 | 10.041144 5| 145105771838 | 10.021776 5
16 | 105.754908 | 10.070554 5| 146 | 105772041 | 10.056038 5
17 | 105.755157 | 10.070227 5| 147 | 105.772137 | 10.056609 5
18 | 105.755214 | 10.070872 30| 148 | 105.772319 | 10.051055 5
19 | 105.755251 | 10.071187 10 | 149 | 105772484 | 10.025557 30
20 | 105.755264 | 10.071069 50| 150 | 105.772496 | 10.033283 5
21 | 105.755284 | 10.071177 5| 151 105.772943 | 10.06018 5
22 | 105.755309 | 10.070857 30 | 152 | 105.773022 |  10.0354 5
23 | 105.755338 | 10.071278 20| 153 | 105.773767 | 10.043969 5
24 | 105.755351 | 10.070861 30 | 154 | 105.774408 | 10.051815 5
25 | 105.755357 | 10.070693 5| 155 | 105774537 | 10.052011 5
26 | 105.755724 | 10.06977 5| 156 | 105.774635 | 10.033072 5
27 | 105.755851 | 10.069426 20| 157 | 105.774702 | 10.032935 5
28 | 105.755885 | 10.05001 5| 158 | 105774726 |  10.0269 5
29 | 105.755981 | 10.071217 40| 150 | 105.774869 | 10.034164 5
30| 105.7561 | 10.070731 10 | 160 | 105.775436 | 10.035262 5
31 | 105.756403 | 10.040399 5| 161| 10577544 | 10.03527 5
32 | 105.756568 | 10.040577 5| 162 | 105775444 | 10.03531 5
33 | 105.756651 | 10.072519 5| 163| 105.77545 | 10.057028 5
34 | 105.756816 | 10.069163 5| 164| 10577552 | 10.052775 5
35 | 105.756875 | 10.068953 5| 165 | 105.775614 | 10.0355278 5
36 | 105.756888 | 10.068619 5| 166| 10577562 | 10.035289 5
37 | 105.756975 | 10.040521 5| 167 | 105776102 | 10.046049 5
38 | 105.757027 | 10.071622 5| 168 | 105.776361 | 10.046337 5
39 | 105.757104 | 10.040085 5| 169 | 105776372 | 10.068595 5
40| 1057572 | 10.09391 5| 170 | 105.776418 | 10.046113 5
41 | 105.757256 | 10.068015 5| 171 | 105776451 | 10.046233 5
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42 | 105.757276 | 10.040339 S) 172 | 105.776501 | 10.035225 5
43 | 105.757389 | 10.040144 5 173 | 105.776504 | 10.038288 5
44 | 105.757422 | 10.067894 5 174 | 105.776534 | 10.051467 30
45 | 105.757471 | 10.068323 S) 175 | 105.776582 | 10.046449 5
46 | 105.757596 | 10.036009 5 176 | 105.776657 10.04646 5
47 | 105.757665 | 10.067654 5 177 | 105.776877 | 10.027227 15
48 | 105.757678 | 10.068144 5 178 | 105.777071 | 10.046827 5
49 | 105.75795 | 10.040024 5 179 | 105.777249 | 10.047012 5
50 | 105.758197 | 10.048029 S) 180 | 105.777391 | 10.050333 10
51 | 105.758742 | 10.022644 5 181 | 105.777441 | 10.047209 5
52 | 105.758746 | 10.071801 5 182 | 105.777446 | 10.037978 5
53 | 105.758751 | 10.023576 5 183 | 105.77745 | 10.037935 30
54 | 105.759105 | 10.066554 10 184 | 105.777562 | 10.025546 5
55 | 105.759115 | 10.047229 5 185 | 105.777591 | 10.035328 5
56 | 105.75946 | 10.058988 5 186 | 105.777648 | 10.035647 10
57 | 105.759478 | 10.071661 5 187 | 105.777715 | 10.042418 20
58 | 105.759663 | 10.059222 7 188 | 105.777731 | 10.402435 35
59 | 105.759772 | 10.06597 5 189 | 105.777735 10.04242 20
60 | 105.759843 | 10.065464 5 190 | 105.77776 | 10.037506 30
61 | 105.76002 | 10.065752 5 191 | 105.777823 | 10.037459 30
62 | 105.760419 | 10.034671 10 192 | 105.77792 | 10.051038 10
63 | 105.760454 | 10.065235 5 193 | 105.778056 | 10.048096 10
64 | 105.760474 | 10.058811 5 194 | 105.778192 | 10.049046 5
65 | 105.760504 | 10.058779 5 195 | 105.778307 | 10.049348 5
66 | 105.760522 | 10.065056 5 196 | 105.778418 | 10.050148 5
67 | 105.760608 | 10.039244 5 197 | 105.779256 | 10.037083 20
68 | 105.760793 | 10.064622 5 198 | 105.779385 | 10.045277 5
69 | 105.761253 | 10.059009 5 199 | 105.779387 | 10.039292 5
70 | 105.761846 | 10.046052 5 200 | 105.78036 | 10.026195 20
71 | 105.761967 | 10.060474 5 201 | 105.780368 | 10.026203 15
72 | 105.762091 | 10.059981 7 202 | 105.780381 | 10.026269 30
73 | 105.762282 | 10.058297 5 203 | 105.780382 | 10.026271 40
74 | 105.762726 | 10.059586 10 204 | 105.780383 | 10.026269 20
75 | 105.762962 | 10.04162 5 205 | 105.780384 | 10.026146 20
76 | 105.762984 | 10.060385 5 206 | 105.780452 | 10.034877 15
77 | 105.763031 | 10.05832 5 207 | 105.780545 | 10.034744 5
78 | 105.763031 | 10.058087 5 208 | 105.78064 | 10.044714 5
79 | 105.763145 | 10.02285 5 209 | 105.781093 | 10.025721 70
80 | 105.763345 | 10.058524 5 210 | 105.781297 | 10.025762 40
81 | 105.763613 | 10.058303 5 211 | 105.781311 10.02584 10
82 | 105.763727 | 10.057914 20 212 | 105.781612 | 10.025379 60
83 | 105.763807 | 10.058018 5 213 | 105.782102 | 10.032804 5
84 | 105.763918 | 10.057747 10 214 | 105.782103 | 10.032808 20
85 | 105.763945 | 10.058426 10 215 | 105.782265 | 10.033094 5
86 | 105.763986 | 10.030737 5 216 | 105.782299 | 10.033079 5
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87 | 105.763992 | 10.03075 S) 217 | 105.782305 | 10.033091 5

88 | 105.763992 | 10.030743 S) 218 | 105.782399 10.04494 5

89 | 105.764009 | 10.030729 5 219 | 105.782409 10.04501 5

90 | 105.764184 | 10.058545 S) 220 | 105.782419 | 10.045007 5

91 | 105.764428 | 10.05837 5 221 | 105.782438 | 10.042797 5

92 | 105.764942 | 10.058424 5 222 | 105.782892 | 10.044888 5

93 | 105.765182 | 10.047229 5 223 | 105.78366 | 10.032218 5

94 | 105.765385 | 10.060852 5 224 | 105.783855 | 10.041695 5

95 | 105.766186 | 10.058659 S) 225 | 105.784225 | 10.031948 20

96 | 105.766278 | 10.169401 5 226 | 105.784744 | 10.040789 5

97 | 105.76634 | 10.060164 6 227 | 105.784777 | 10.040601 5

98 | 105.766426 | 10.058943 5 228 | 105.784834 | 10.035169 5

99 | 105.766427 | 10.063886 5 229 | 105.784975 | 10.040626 5
100 | 105.766623 | 10.059046 5 230 | 105.785366 | 10.032241 5
101 | 105.76678 | 10.045036 5 231 | 105.785371 | 10.031863 5
102 | 105.766874 | 10.05874 5 232 | 105.785372 | 10.031955 5
103 | 105.766939 | 10.044872 5 233 | 105.785402 | 10.031905 5
104 | 105.767262 | 10.05833 5 234 | 105.785463 | 10.040037 5
105 | 105.767276 | 10.040275 20 235 | 105.785565 | 10.040061 5
106 | 105.767298 | 10.040183 5 236 | 105.78599 | 10.029349 8
107 | 105.767313 | 10.039448 30 237 | 105.786008 | 10.030443 40
108 | 105.767353 | 10.041335 25 238 | 105.786115 | 10.030465 5
109 | 105.768601 | 10.057327 5 239 | 105.786157 | 10.030417 10
110 | 105.768601 | 10.057327 5 240 | 105.786286 | 10.034612 5
111 | 105.76866 | 10.057511 5 241 | 105.786286 | 10.034612 5
112 | 105.768959 | 10.039958 40 242 | 105.786286 | 10.034273 5
113 105.7692 | 10.039187 5 243 | 105.786286 | 10.033078 5
114 | 105.769239 | 10.040076 20 244 | 105.786286 | 10.033833 5
115 | 105.769239 | 10.041404 5 245 | 105.78646 10.02761 20
116 | 105.769328 | 10.038262 30 246 105.7865 | 10.033802 5
117 | 105.769335 10.0267 8 247 | 105.786539 | 10.030498 5
118 | 105.769556 | 10.039613 20 248 | 105.786681 | 10.027988 5
119 | 105.769658 | 10.047684 5 249 | 105.787437 | 10.029127 5
120 | 105.76972 | 10.169389 5 250 | 105.787474 | 10.034083 5
121 | 105.769761 | 10.059111 5 251 | 105.787666 | 10.033183 30
122 | 105.769763 | 10.059085 8 252 | 105.787814 | 10.030071 5
123 | 105.769772 | 10.059055 5 253 | 105.787914 | 10.033838 5
124 | 105.769778 | 10.038308 20 254 | 105.788014 | 10.031055 5
125 | 105.769778 | 10.05908 5 255 | 105.788042 | 10.032223 5
126 | 105.769792 | 10.059063 5 256 | 105.788128 | 10.031909 5
127 | 105.769797 | 10.059066 5 257 | 105.788158 | 10.033767 10
128 | 105.769798 | 10.038529 20 258 | 105.788184 | 10.033773 20
129 | 105.769804 | 10.038552 20 259 | 105.788416 | 10.034012 5
130 | 105.769804 | 10.058999 5 260 | 105.78942 | 10.035929 5
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