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TOM TAT

Nghién ctru ndy danh gia tac dong cla bién déi khi hau dén lwong mwa va ngap lut trén lwu vuc séng Cau -
Thuwong - Luc Nam vao cudi thé ky 21 theo kich ban phat thai cao SSP5-8.5. M6 hinh mua-dong chay-ngap lut (RRI)
dwoc st dung d& mé phéng cac didu kién khi twong thdy van hién tai va twong lai. Trwéce tién, RRI dwoc hiéu chinh
va kiém dinh dua trén di¥ liéu quan tréc cta tran Id lich str ndm 2008. Két qua cho thdy mé hinh cé kha ndng mé phéng
chinh xac tran 10 nay véi mae dd tin cay cao. Tiép theo, hai mé hinh khi hau toan ciu CMIP6 1a EC-Earth3 va
HadGEM3-GC31-LL dwoc st dung dé duw tinh lwgng mwa va nhiét dd cho giai doan 2080-2099. Két qua cho thay ca
hai mé hinh déu dy bao xu hwéng gia ting lwong mua trung binh mia mwa tir 74-264mm so véi giai doan 2000-2019.
Bi kém véi didu nay, mrc do ngap lut trén lwu vye cling dwoc dw bdo sé tram trong hon nhiéu. Pham vi ngap lut co
thé mé réng hon so véi hién tai, véi dé sau ngép tai nhidu khu vwe [&n t&i 3-5m. M6 hinh EC-Earth3 cho két qua dv
bao nghiém trong hon so v&i HadGEM3-GC31-LL vé ca lwgng muwa va mirc d6 ngép lut. Tuy nhién, c& hai m6 hinh
d&u chi ra xu hwéng gia ting nguy co ngép lut trdm trong trong twong lai néu khéng cé cac bién phap trng phd phu
hop. Két qua nghién ctru cung cap nhirng thdng tin quan trong giup cac nha hoach dinh chinh sach dé& xuat cac giai
phap nang cao kha ndng chéng chiu v&i ngap lut do bién ddi khi hau cho khu vuc nghién ctru.

Tw khéa: RRI, Cau-Thwong-Luc Nam, ngap lut, bién ddi khi hau, mé phéng

Assessment of Future Flood Trends in The Cau — Thuong — Luc Nam River Basin
Under the Impact of Climate Change

ABSTRACT

This study assesses the impact of climate change on rainfall and flooding in the Cau-Thuong-Luc Nam river basin
at the end of the 21st century under the high emission scenario SSP5-8.5. The Rainfall-Runoff-Inundation (RRI) model
is used to simulate current and future hydro-meteorological conditions. First, the RRI model is calibrated and validated
based on observed data from the historic 2008 flood event. The results show that the model can accurately simulate
this flood event with a high level of reliability. Next, two global climate models from CMIP6, namely EC-Earth3 and
HadGEM3-GC31-LL, are used to project rainfall and temperature for the period 2080-2099. The results indicate that
both models predict an increasing trend in average monsoon rainfall, ranging from 74-264mm compared to the 2000-
2019 period. Accompanying this, the extent of flooding in the basin is also projected to be much more severe. The flood
extent may expand compared to the present, with inundation depths in many areas reaching 3-5m. The EC-Earth3
model yields more severe projections compared to HadGEM3-GC31-LL in terms of both rainfall and flood levels.
However, both models point to a trend of significantly increasing flood risk in the future if appropriate response
measures are not taken. The study results provide important information to help policymakers propose solutions to
enhance resilience to climate change-induced flooding for the study area.
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1. MO PAU

Theo Uy ban Lién chinh phu vé Bién d6i Khi hau (IPCC), nhiét d6 bé mit toan cau du kién
s& tang 1,5-2°C vao nam 2050 va 1én dén 2,5-4°C vao cudi thé ky 21 dudi kich ban phat thai cao
theo Bdo cdo Panh g1a lan thir 6 (AR6) nam 2021 (IPCC, 2021). Hién tuong nong 1én toan ciu
dan dén xu huong gia tang cac thién tai nguy hiém trén khip thé gioi. Nhitng phat hién mdi nhét
tir AR6 cho thay bién ddi khi hau (BDKH) d va dang gay ra tic dong nghiém trong ¢ nhiéu khu
vuc, dac biét 1a khu vyc Pong Nam A (ASEAN). Viét Nam dugc danh gid 1a mot trong nhitng
qudc gia d& bi tén thuong nhat boi bién dbi khi hau & khu vue ASEAN (World Bank, 2021).

Li lut 1a tham hoa gay thiét hai nghiém trong nhit & ving nii phia Bic Viét Nam. V61 tan

sut xay ra ngay cang gia ting cua céac dot li lut trong nhimg thap ky gan déy, nhu cau nang cao
nhan thirc va quan 1y rii ro 1ii lut da trd nén cap bach (Gupta, 2020). Sy bién ddi cuong do cua
mua anh huong truc tiép dén cuong d6 dong chay lii. Hinh 1 dai dién cho khu vuc nghién ciru va
vi tri cua luu vyc song Cau - Thuong - Luc Nam (CTLN). bay la mot trong nhung hé thong song
16n & ving nai phia Bac Viét Nam, chdy qua lanh thd ciia bay tinh. CTLN dong vai tro quan trong
trong phat trién kinh té vi né cung cip ngudn nudc sinh hoat va san xuat cho cac ving do thi va
nong nghiép trong diém. Luu vuc song CTLN dugc hinh thanh boi ba luu vuc song nho bao gom
song Cau & phia tay, song Thugng & giita va song Luc Nam ¢ phia déng. Toan b luu vuc dugce
bao quanh boi diy nui ¢ phia Béc, dia hinh dan thap dan vé phia Pong Nam véi luu vuc song thap
nam trén cao nguyén.

S6 lan xay ra 1 lut ¢ luu vue song CTLN da tang dang ké trong thoi gian gan day. Trong bbi
canh néng 1én toan cau, viéc xdy dung va thyc hién cdc bién phap ing pho va giam thiéu rai ro dé
d6i pho v6i cac mdi de doa tiém tang 1 rit quan trong. Khong thé thiét 1ap ké hoach hanh dong
khi chua hiéu rd ddc diém cua 1t lut trong diéu kién khi tuong thuy van hién tai va tuong lai.
Phuong phap mé phong truyén thong cho cac nghién ciru ngap lut két hop cac mod hinh dong chay
mua-lii dé xac dinh luu lugng song va mé hinh thuy luc dé mo phong qua trinh truyén tai nudc.
Tuy nhién, phuong phap nay khong phu hop cho céc luu vuc song bang phang c6 dién tich ngap
lut 16n vi n6 doi hoi tinh toan phirc tap dé lién két gitra luu vuc song va vung ngap lut (Dang va
cong su, 2011). Do dd, nghién ctru nay st dung mo6 hinh Mua-Dong chay-Ngap lut (RRI), day 1a
md hinh két hop day du giita mo hinh dong chay mwa-1ii va mé hinh ngap lut thuy lyc (Sayama,
2012).

Cac md hinh khi hau toan cau (GCM) trong béo c4o 1an gan ddy nhat (ARG) ctia IPCC di st
dung t6 hop cta 55 mé hinh (Jiang va cong su, 2021). Viéc chon GCM phu hop dé chi tiét hoa
hon nira 14 rat quan trong dé cai thién d6 chinh xéac cta két qua thu nhoé quy mé cuc bd va tdi uu
hoa tai nguyén tinh toan. Tuy thudc vao do phan giai khong gian va thoi gian, bién khi hau can
danh gia va muc dich cta ngudi dung, mot sé nghién ciru di str dung tir vai mé hinh GCM dén vai
chuc mo6 hinh GCM, nhu 3 m6 hinh (Chaney va cong su, 2014), 5 md hinh (Duan va cong su,
2022), 7 mo hinh (Raliya va cong su, 2022), 16 m6 hinh (Huang va cong sy, 2022), 29 m6 hinh
(Baay va cong su, 2022), 31 md hinh (Ahmed va cong su, 2022), 32 m6 hinh (Medina va cong su,
2022), 35 m6 hinh (Zhao va cong su, 2020), 41 mo hinh (Piem va cong su, 2021). Nghién ctru nay
lwa chon 02 mé hinh GCM da dugc mot s6 nghién ciru trude ddy st dung va danh gia 1a phu hop
v6i Viét Nam, gom: (1) EC-Earth3, (2) HadGEM3-GC31-LL (Duan va cong sy, 2022; Raliya va
cong su, 2022; Baay va cOng su, 2022) dé danh gia su bién dbi lugng mua va tinh trang ngép lut
trén luu vuc song CTLN dudi tdc dong cua BDKH.

2. DU’ LIEU VA PHU'ONG PHAP NGHIEN CG’U
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2.1 Dir liéu mwa

Dit lidu lugng mua quan tric do Trung tdm Dy bao Khi twong Thuy van Qudc gia Viét Nam
(NCHMF) thu thap tai cac tram do mua tir 2000-2019 dugc st dung cho nghién ctru nay. Dir liéu
lwong mua tai NCHMF duogc do bang cac may do mua tiéu chudn, bao cdo luong mua dugc ghi
lai va cir sau 6 gid lai dugc NCHMEF xir 1y dé theo ddi nhitng dién bién bat thuong cia khi hau.
Khi hdu mién Béic Viét Nam duoc phan biét boi hé théng gi6 mua bong Nam A v6i mua mua tir
thang 6 dén thang 8 sau d6 1a mua kho lanh tir thang 12 dén thang 2. Dé tai tap trung vao didu kién
khi tuong thily vin ctia hé théng song CTLN trong mila mwa. Tiéu chi cu thé da duoc ap dung cho
dit liéu tram thoi tiét duoe lya chon. Cac tiéu chi nay bao gém: (1) cac tram do mua dugc dinh vi
bén trong khu vuce tinh toan thuy van song CTLN va phai st dung cac ky thuat gidm sat tuong tu
dé giam thiéu sai léch trong dit liéu dugc ghi lai; (i) mot thang trong muia mua dugce coi 1a du dir
lidu néu s6 ngay bi thiéu it hon hodc béng 5; (ii1) mdt nam dugc coi 1a hoan thanh néu tat ca cac
thang trong mua mua théa man muyc (ii); (iv) mot tram bao gém tat ca cac nam cua giai doan
nghién ciru, khong bé sot bat ky nim nao, duoc coi 13 co dir liéu day du. Sau khi sang loc thong
qua céc tiéu chi nay, tong cong c6 19 tram dd duoc chon dé sir dung trong nghién ctru (Bang 1 va
Hinh 1).

Béang 1 Vi tri cac tram khi twgng s dung trong nghién ciru

STT Tram Kinh d¢ Vi do
1 Ngan Son 105.983 22.433
2 Bic Can 105.833 22.150
3 Thai Nguyén 105.833 21.600
4 Pht Ho 105.233 21.450
5 Viét Tri 105.417 21.300
6 Vinh Yén 105.600 21.317
7 T.Khanh 106.517 22.833
8 Thét Khé 106.467 22.250
9 Lang Son 106.767 21.833
10 Bic Son 106.317 21.900
11 Hitu Liing 106.350 21.500
12 Ubng Bi 106.750 21.033
13 Hiép Hoa 105.967 21.350
14 Luc Ngan 106.550 21.383
15 Son Pong 106.850 21.333
16 Bic Giang 106.217 22.300
17 Lang 105.850 21.033
18 Son Tay 105.500 21.133
19 Ha Pong 105.750 20.967

2.2 Dir liéu kich ban dw tinh bién ddi khi hau

Nghién ciru nay sir dung du tinh luong mua va nhiét do tir cac thi nghiém vé nong 1én toan
cau cia CMIP6 (Giai doan thtr 6 cua Dy an So sanh Lién két Mo hinh). Dy bao khi hau tuong lai
trong CMIP6 dua trén cac kich ban phat thai khi nha kinh khac nhau, dugc goi 1a Kich ban Phat
trién Xa hoi Dung chung (SSP). Dir liéu dugc sir dung 1a dy tinh lwong mua ngay cho giai doan
cudi thé ky 21 (2080-2099) theo kich ban phat thai cao SSP5-8.5. Trong SSP5-8.5, luc buc xa cua
Trai dat ting 8,5 W/m2 so vi trudc ky nguyen cong nghiép. Day 1a kich ban da dugc Chinh phu
Viét Nam cap nhat trong chién luge qudc gia vé bién do6i khi hau dé dé xuat ké hoach tmg pho véi
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hién tuwong thoi tiét cyc doan (Tran-Anh, 2023). Nghién ciru st dung hai mé hinh khi hau toan cau
(GCM) EC-Earth3 va HadGEM3-GC31-LL da dugc danh gia phu hop cho khu vyc Viét Nam. Dir
lidu lvong mua va nhiét do gan bé mit cia hai GCM nay di duoc chi tiét hoa voi do phan giai 0,1°
(twong dwong 10x10 km), 6 phan giai thoi gian ngay cho toan lanh thd Viét Nam.
2.3 Dir liéu dong chay

Dbi véi dit lidu thity van dong chay dung dé kiém dinh tinh chinh x4c ctia mé hinh mé phong
thity vin, dé tai sur dung dit liéu quan tric theo ngay tai tram KTTV Gia Bay vao thang 6, 7 va 8
nam 2009. Chi tiét tram KTTV Gia Bay va cac tram quan tric khi tuong duoc thé hién tai Hinh 1

W TramKTTV Gia Bay I Dong chay song CTLN o 5 10 20 30 40 N

®  Tram khi tuong [ Luu vue seng CTLN [

Hinh 1. Vi tri tram do mwa va thiy van sir dung trong nghién ciru

2.4. Dir liéu anh vé tinh

Dit lidu dia hinh dau vao cho mé hinh RRI bao gdm mé hinh d¢ cao s6, dit liéu tich liy dong
chay va huéng dong chay voi d6 phan giai 15 gidy cung (twong dwong khoang 500m) tir bg dir
liéu HydroSHEDS cua NASA (Hinh 2). HydroSHEDS cung cap thong tin thity vin nhat quan cho
cac ung dung quy mé khu vuc va toan cau, bao gom mang ludi song, ranh gidi luu vye, hudng
thoat nudc va tich lity dong chay. Dit liéu nay dua trén sb liéu do cao thu duoc tir chuong trinh
SRTM (Shuttle Radar Topography Mission) cua NASA.

M hinh 86 4 cao(m)
»
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Hinh 2. Di¥ liéu (a) M6 hinh sé @6 cao, (b) Hwéng dong chay va (c) tich tu dong chay dworc trich xuit tw
dir liéu HydroShed

Vé dir liéu 16p phu dét, nghién ciru st dung san pham tir bd cam bién MODIS (Moderate
Resolution Imaging Spectroradiometer - Hé thong quang pho hinh anh d¢ phan giai trung binh)
v6i d6 phan giai 0,5 km. MODIS 1a cam bién dugc phat trién boi Co quan Hang khong va Vi tru
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Hoa Ky (NASA) va dugc dit trén vé tinh. Luu vuc CTLN c6 téng cong 15 loai hinh sir dung dét
khac nhau. Dé dam bao tinh chinh xac trong mé phong twong quan luong mua-dong chay, cac loai
dat co tinh chét twong tu da duoc gop lai thanh 5 nhém 16p phu dat chinh (Hinh 3). Viéc nay giap
thuén loi hon trong qua trinh tim kiém dir liéu mo phong vé hé s6 nham cua dat cho ting loai tham
phu khac nhau, vi moi loai ¢c6 mirc bao v¢ khac nhau ddi véi dong chay bé mit va tac dong cua hat
mua.
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Hinh 3. Di¥ liéu tham phia bé mat dat (a) trwéc khi gop va (b) sau khi gop dworc 1dy tir div liéu anh
MODIS.

2.5. M6 hinh dy bao mwa dong chay va ngap lut

Mo hinh RRI (Sayama va cs, 2012) da duoc sir dung d& mé phong dong thoi cac diéu kién
mua-dong chay va ngap lut cho khu vic nghién ctru. Trong mé hinh RRI, ca suon dbc va song déu
duoc gia dinh nam trong ciing mot 6 ludi. Kénh song duogc coi 1a mot dudng don trén cac 6 ludi
sudn dbc phu 1én trén. M6 hinh song khuéch tan 2 chiéu dwoc ap dung dé tinh toan dong chay trén
cac 6 ludi suon dbc, trong khi mo hinh song khuéch tan 1 chiéu dugc ap dung cho dong chay kénh
chinh. Dé biéu dién tét hon cac qua trinh mua-dong chay-ngap lut ciia lvu vue CTLN, tham sb hoa
diéu kién bé mat/dudi bé mat duoc kich hoat v&i méd hinh thAm Green-Ampt theo phuong théng
dung. Tham s6 bdc hoi trong mo hinh RRI khong duoc sir dung do thiéu dit liéu bbe hoi chi tiét.

Céc bude thyuc hién kiém nghiém va hi¢u chinh cho mé hinh RRI cho tran 11 lich sir nam 2008
duoc thé hién tai Hinh 4. Két qua du tinh sy thay ddi vé diéu kién bio 1ii caa song CTLN trong
tuong lai dugc sir dung dua trén cac du tinh mua va nhiét d¢ ctia hai mo6 hinh khi hau EC-Earth3
va HadGEM3-GC31-LL véi kich ban SSP5-8.5 cho giai doan cudi thé ky 21, tir 2080 dén 2099.
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Hinh 4. Sor @6 cAc bwéc md phéng mura va dong chay ngap lut bang mé hinh RRI cho nam 2008
3. KET QUA NGHIEN CU*U VA THAO LUAN

3.1. Panh gia phin bd mwa trén lwu vwec séng CTLN

Luong mua trung binh mua mua trén luu vie song CTLN qua cac nam tir 2005 dén 2009 cho
thdy su bién dong dang ké cua lugng mua giira cac nam (Hinh 5). Nam 2008 c¢6 lwong mua cao
nhat, trung binh 963,2 mm, trong khi nam 2007 thép nhat, chi 627,7 mm. Su chénh 1éch luong
mua giita cac nam lién tiép rat 16n, dic biét trong giai doan 2007-2009. So v&i nim 2007, luong
mua ndm 2008 tang 335,5 mm, nhung dén ndm 2009 lai giam 270,4 mm. So sanh luong mua mua
mua (thang 6-8) va ca nam cho thiy mua mua dong gop tir 66% dén 1% téng lwong mua niam,
phu hop voi dic diém khi hau nhiét d6i gi6 mua khi mua tp trung chu yéu vao mua mua do anh
hudng ciia hé thng gié mua Pong Nam A. Nam 2008 c¢6 lwong mua mila mua va ca nim cao nhat,
v6i mua mua mua chiém 69,27% tong lugng mua nam. Nam 2007 ¢ luong mua thip nhit ca
trong mila mua va ca nim, véi mua mua mua chiém 68% tong lwong muwa nam.
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Hinh 5. Biéu d6 so sanh lwog'ng mwa miia mwa va ca nam
trén lwu viere song CTLN trong giai doan 2000-2019

3.2. Bdnh gid dé chinh xdc ctia mé hinh RRI
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Dé danh gia do chinh x4c cia md hinh RRI, két qua mé phong luu lwong dong chay cho tran
It lich st ndm 2018 tir mo hinh dugc so sanh voi dir 1i€u thue do tai tram Gia Bay. Cac chi s6 danh
gia bao gom hé s6 tuong quan Pearson (r), sai sd gié tri trung binh, va hé s6 Nash-Sutcliffe (NSE).
Hinh 6a thé hién sy twong quan giira luu luong dong chay mé phong va thyc do tai tram Gia Bay.
Két qua cho thiy mdi quan hé ty 1¢ thuan giita lwong mua va luu luong dong chay, vdi cac tran
mua 16n tao ra dinh 1ii sau d6 tré tir 12 dén 24 gid (Hinh 6b). Luong mua va luu luong dong chay
tap trung chu yéu vao cac thang 7 va 8, véi gia tri dinh 1én t6i 3 mm/h va 900 m3/s.

Hé s tuong quan Pearson (r) gilta luu lugng dong chay mé6 phong va thue do dat 0,733, cho
thy sy trong ddng cao vé xu hudng. Gia tri nay twong dwong véi két qua tir cac nghién ciru tuong
tu sir dung mo hinh RRI, nhu nghién ctru cia Sayama va cs. (2015) trén luu vuc song Chao Phraya,
Thai Lan (r = 0,78), va nghién ctru ciia Duan va cs. (2020) trén luu vuc séng Mekong (r = 0,81).
Tuy nhién, gia tri luu luong trung binh tir mé hinh RRI (447 m?/s) thip hon so véi thuc do (480

m3/s), voi sai s6 6,8% (Hinh 3.6). Diéu nay cho thiy mo hinh ¢6 xu huéng danh gia thap luu lugng
dong chay va mirc d6 ngép lut so voi thyuc té. Sai s nay co thé do nhiéu nguyén nhén, nhu do
chinh xac cia dit liéu dau vao (dia hinh, 16p phu, thd nhudng), sy don gian hoa cua cac qua trinh
thily van trong mé hinh, va sy bat dinh trong qua trinh hiéu chinh théng s6 (Tran va vs., 2018).

Hé s6 Nash-Sutcliffe (NSE) dat 0,57 (Hinh 6a) cho théy d6 chinh xac tuong dbi cao ciia mo
hinh RRI trong viéc md phong dong chay theo thoi gian. Gia tri NSE nay twong duong véi két qua
tir cac nghién ctiru khéac sit dung moé hinh RRI, nhu nghién ctru cia Sayama et al. (2012) trén luu
vuc song Tone, Nhat Ban (NSE = 0,63), va nghi€n ctru ciia Bhagabati & Kawasaki (2017) trén luu
vuc song Barak, An Do (NSE = 0,58). M6 hinh m6 phong chinh xéc cac dinh dong chay trén luu
vuc, nhu vao cubi thang 7, dau va cudi thang 8. Diéu nay cho thdy tiém ning cia md hinh RRI
trong vi¢c du bao va canh bao lii, dac biét l1a cac su kién 1l cyc doan. Két qua danh gia cho théy
mo hinh RRI ¢6 thé tai tao tuong ddi chinh x4c tran 1@ lich st ndm 2008 trén luu vuc song CTLN,
v6i cac chi sb danh gia dat mirc chap nhan dugc va trong dwong vai cac nghién clru twong tu trén
thé gidi.
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Hinh 6 (a) Twong quan dong chay Iwu virc song CTLN tai tram Gia Bay va s6 liéu thwc do va (b) Biéu do
twong quan giira dong chay va lwong mwa phan bé trén lwu vire vao muia mwa nim 2008

3.3. Dw tinh phdn bé Iworng mwra trén Iwu viee CTLN vao cudi thé ky 21

Hinh 7 thé hién phén_ bd khong gian ciia lugng mua trung binh trong 3 thang mua mua (thang
6, 7, 8) dugc mo phong bang mé hinh RRI, str dung dit liéu tram quan tric (goi la ‘OBS), m6 hinh
EC-Earth3 va HadGEM3-GC31-LL. Trong qua khtr, phén bd lwong mua twong d6i ddng déu trén
toan luu vuc, dac bi¢t 1a & khu vuc song Cau. Khoang 90% di¢n tich luu vuc nhan lugng mua tur
700 dén 1.100 mm trong muia mua. Luong mua & thuong luu va ha Iuu twong dbi thap, khoang
900 mm. Mot phén luu vuc song Cu ¢co luong mua 16n nhét, khoang 1.100 mm, trong khi mot
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phan luu vyc song Luc Nam chi nhan khoang 700 mm. Su phan bd nay phu hop véi dic diém dia
hinh cua luu vuc, voi khu vye thugng luu 1a ving nai cao (trén 3.000 m), tao diéu kién thuén lgi
cho sy hinh thanh mua do anh hudng cia gié mua Ty Nam. Két qua mo phong bang mé hinh du
tinh tuwong lai cho thiy luong mua mua mua trong tuong lai dugc du bao s& ting dang ké so véi
qua kha. Theo m6 hinh HadGEM3-GC31-LL, lugng mua trung binh mua mua giai doan 2080-
2099 1a 681,6 mm, tang 74,4 mm so voi giai doan 2000-2019. Trong khi d6, m6 hinh EC-Earth3
du bao muc tang 16n hon, véi luong mua trung binh 871,9 mm, tang 264,5 mm so vdi qua khir.
Sy gia ting lugng mua trong tuong lai ¢6 thé dan dén nguy co gia tang tan sudt va cudng do cua
cac tran 10 lut, gdy anh hudng nghiém trong dén nguoi dan va kinh té-xa hoi trong khu vye.

So sanh giita hai mé hinh khi hau, EC-Earth3cho két qua mua phéan b véi cuong d6 16n hon
va pham vi rong hon so v6i HadGEM3-GC31-LL , dac biét & khu vuc thugng luu va mot phén ha
luu séng Cau. Sy khac biét gitta hai mé hinh c6 thé xuét phat tir sy khac nhau trong cAu tréic, thuat
toan, va dit liéu dau vao ctia mdi mo hinh.. Tuy nhién, ca hai mé hinh déu cho thay xu huéng gia
tang lwong mua trong twong lai, va duoc ky vong s& cung cip két qua véi do tin cdy cao.

>
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A

Hinh 7. Ban d6 phin bd lwong mwa trong (a) 2000-2019 theo s liéu thwc do;
(B) EC-Earth3 giai doan 2080-2099; (C) HadGEM3-GC31-LL giai doan 2080-2099

3.3. Dy tinh vé tinh trang ngip ting trén lwu viec CTLN vao cudi thé ky 21

Hinh 8 so sanh truong hop ngap lut xau nhat c6 thé xay ra bang cach loc gia tri d6 siu ngap
lut 16n nhat cho timg 6 ludi dugc mod phong bang moé hinh RRI cho giai doan OBS (200-2019),
EC-Earth3 (2080-2099) va HadGEM3-GC31-LL (2080-2099). Két qua cho thdy su khac biét rd
rét vé mirc 6 ngap lut trong muia mua giita giai doan qua khir va twong lai. Trong giai doan 2000-
2019, cac vung ngap lut c6 do sau khong qua 16n, thuong nhd hon 0,5m. Tuy nhién, trong du bao
twong lai cta ca hai m6 hinh EC-Earth3 va HadGEM3-GC31-LL, mirc d6 ngép lut tang dang ké,
phd bién & muc 0,5 dén 3 m. Trong giai doan tham chiéu, murc d ngap t6i da duoc dy bao khoang
1-3 m, chi xuét hién & mot s6 vung rat nho nam trong pham vi luu vuc séng Cau, noi cac nhanh
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song hoi tu ¢ vung dia hinh thoai. Nguoc lai, trong cac kich ban tuong lai, nhiéu ving duoc du
bao ngdp ¢ mirc do rat 16n tir 1-3 m, bao pha hoan toan vung ha luu cua luu vuce song. Tai cac
diém giao cét giira cac tuyén song chinh, mtrc d6 ngp co thé 1én tdi 3-5 m. Dic biét, trong md
hinh EC-Earth3, toan b cac khu vuc doc theo nhanh séng chinh déu c6 muc do ngap lut té nhét,
trén 5 m. Ca hai mé hinh EC-Earth3 va HadGEM3-GC31-LL déu dy béo d6 sau ngap lut 16n hon
dang ké so v6i qua khir, tuy nhién EC-Earth3 cho két qua ngap lut ning né hon so v6i HadGEM3-
GC31-LL. Diéu nay phi hop véi du bao lugng mua tir hai mé hinh, khi lvgng mua trung binh mua
mua cua EC-Earth3 16n hon HadGEM3-GC31-LL hon 300 mm.

OBS (2000-2019)
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Hinh 8. Ban d6 dw bao trwdrng hep ngip ngap lut xau nhat cé thé xay cho giai doan OBS 2005-2009, dw
tinh EC-Earth3 2080-2099, HadGEM3-GC31-LL 2080-2099

Pham vi ngép lut trén séng Cau-Thuong-Luc Nam theo du bao tir mo hinh RRI thudng chi
gi6i han trong khoang 0,5 km2 & vung thuong luu tai nhitng noi dong chay giao thoa, khoang 1,5
km2 & vung trung luu va 3 km2 ¢ vung ha luu. Tuy nhién, theo du bido cua EC-Earth3 va
HadGEM3-GC31-LL, pham vi ngép lut dugc mo rong dang ké. Trén céc vung thugng luu, hai mé
hinh nay du béo pham vi ngap lut c¢6 thé ting 1én dén 3 km2, trong khi & cac ving trung luu va ha
luwu, ban kinh anh hudng ctia ving ngp c6 thé 1én dén 5 km? va 10 km?.

4. KET LUAN

Nghién ctru nay da img dung mé hinh mua-dong chay-ngap lut (RRI) dé danh gia tac dong
cua bién d6i khi hau dén lugng mua va ngap lut trén luu vuc song Cau - Thuong - Lyuc Nam vao
cudi thé ky 21 theo kich ban phat thai cao SSP5-8.5. Pau tién, két qua cho thiy mo6 hinh RRI ¢6
kha ning mo phong chinh xéc tran 1ii lich st ndm 2008 véi cac chi s danh gia nhu hé sé tuong
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quan Pearson (0,733), sai s gié tri trung binh (6,8%), va hé s6 Nash-Sutcliffe (0,57) dat mirc chap
nhan dugc va tuong dwong véi cac nghién ctru twong tur trén thé giéi.

Tiép theo, hai mo hinh khi hdu EC-Earth3 va HadGEM3-GC31-LL dugc st dung dé dy tinh
lwong mua va nhiét do cho giai doan cudi thé ky 21. Ca hai mé hinh déu cho thiy xu huéng gia
tang dang ké lwong mua trung binh mua mua trén luu vuc, voi mic ting khoang 74-264 mm so
v0i giai doan 2000-2019. Di kém véi lugng mua tang, murc do ngap lut trén luu vuc cung duoc du
bao s& tram trong hon nhiéu so v&i hién tai. Pham vi ngép lut c6 thé mé rong ra ti vai km so véi
hién nay, voi do sau ngdp tai nhiéu khu vuc 1én t6i 3-5m.

Mo hinh EC-Earth3 cho két qua du bao vé lugng mua va ngap lut nghiém trong hon so véi
HadGEM3 GC31-LL. Tuy nhién, ca hai m6 hinh déu du bao xu hudng gia ting nguy co ngap lut
tram trong trong tuong lai néu khong cé cac bién phéap g pho va thich nghi phu hop. Nhimng két
qud nay cung cap co so khoa hoc quan trong dé cac nha hoach dinh chinh sach d& xuit cac giai
phap nham nang cao kha nang chdng chiu véi hién tugng ngap lut do bién d6i khi hau cho khu vyre
nghién cuu.
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