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Abstract: This study presents, for the first time, the dynamical downscaled results at 25 km
resolution for Vietnam from a global climate model participating in the Coupled Model
Intercomparison Project Phase 6. The regional climate model (RegCM) version 4.7 was used with
initial and boundary conditions from the global model CNRM-CM6-1 (referred to as CNRM) under
the two Shared Socioeconomic Pathways (SSPs) 2-4.5 and 5-8.5. Simulated rainfall from RegCM
and CNRM for the baseline period 1995-2014 is compared with the observation-based Vietnam
Gridded Precipitation Dataset. The results indicate that downscaling is particularly effective in
complex terrain areas, notably in the Central region during the winter monsoon season. However, in
an overall assessment, the downscaled RegCM rainfall has not demonstrated added value compared
to the CNRM results, whether in terms of annual variation, rainfall amounts, or spatial distribution.
Future projection results until the end of the 21% century show an increase in average rainfall, rainfall
intensity, and annual maximum daily rainfall in Vietnam under both SSP2-4.5 and SSP5-8.5
scenarios. The increase is projected to reach approximately 25% in the Northern coastal area in the
RegCM experiment under SSP5-8.5. The increase in rainfall intensity is pronounced across most of
Vietnam, particularly under SSP5-8.5. Regarding projected maximum daily rainfall, there are
discrepancies between the regional climate model and the global model. While CNRM exhibits
unclear trends in many areas, RegCM indicates an overall increase in maximum daily rainfall across
most of Vietnam under both SSPs scenarios.
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Du tinh mua twong lai trén Viét Nam dua trén thi nghiém
chi tiét hoa dong luc két qua cua CMIP6
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18 Hodng Quéc Viét, Cau Gidy, Ha Ngi, Viét Nam
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334 Nguyé~n Trai, Thanh Xudn, Ha Noi, Viét Nam

Nhan ngay 25 thang 9 ndm 2023
Chinh sira ngay 24 thang 10 nam 2023; Chéap nhan ding ngay 21 thdng 11 ndm 2023

Tém tit: Nghién ctru ndy 1an dau tién trinh bay két qua chi tiét hoa dong luc & do phan giai 25 km
cho Viét Nam tir mot mé hinh toan ciu tham gia vao Dy an bdi sanh Pa M6 hinh Két hop Pha 6
(CMIP6). M hinh khi hau khu virc RegCM phién ban 4.7 (goi tit 1a RegCM) da duoc st dung véi
diéu kién bién va ban dau tir mo hinh toan cau CNRM-CM6-1 (goi tit a CNRM) theo hai kich ban
duong kinh té x4 hoi chia sé SSP2-4.5 va SSP5-8.5. Lugng mua md phong tir RegCM va CNRM
cho thoi ky co s¢ 1995-2014 duge so sanh véi ngudn sb liéu mua quan tric trén ludi VnGP. Két
qua cho théy viéc chi tiét hoa dat hiéu qua ro rét trén cac khu vuc dia hinh phirc tap, dac biét la khu
vuc Trung Bo vao mia gié miia mua déng. Tuy nhién nhin chung chi tiét hoa chua cho thdy duoc
su vuot troi so véi két qua md phong toan cdu, ca vé bién trinh nam, gia tri lugng mua, cling nhu vé
phan bd khong gian ctia mwa. Két qua du tinh trong twong lai dén cudi thé ky 21 chi ra su gia ting
phé bién cua mua trung binh, cudng d6 mua (SDII), va lugng mua ngdy 16n nhit trong nim
(RX1day) trén Viét Nam theo ca 2 kich ban SSP2-4.5 va SSP5-8.5. Mirc tang c6 thé dat toi ~25%
trén khu vuc ven bién Bic Bo cho thi nghiém RegCM véi kich ban SSP5-8.5. Mirc do ting cua
cuong d6 mua SDII 1a rd rét trén hau khap Viét Nam, ddc biét 1a theo kich ban SSP5-8.5. D6i véi
chi s6 RX1day, co su khac biét vé xu hudng ting giam trén cac khu vuc cu thé gitra mo hinh toan
cdu CNRM va két qua chi tiét hoa. Trong khi CNRM cho két qua ting giam khong rd rét trén nhiéu

khu vire, RegCM cho thdy RX 1day tang trén hau khip Viét Nam theo ca 2 kich ban.
Tir khéa: Bién dbi khi hau (BDKH), chi tiét hoa dong luc, mua, CMIP6, Viét Nam.

1. Mé dau

Viét Nam 1a mot trong nhitng qudc gia chiu
tac dong ro rét boi BDKH [1, 2]. K& tir nam 2009
dén nay, BO Tai nguyén va Mbi truong (TNMT)
dd thuong xuyén xiy dung, cdp nhat xu thé
BDKH trong qué khtr cling nhu kich ban BDKH
va nude bién dang twong lai cho Viét Nam [1-4].
Mot sb nghién ctru di chi ra lugng mua nim
trong thoi ky qua khir nhin chung c6 xu thé ting

" Téc gia lién hé.
Bja chi email: ngo-duc.thanh@usth.edu.vn

https://doi.org/10.25073/2588-1094/vnuees.4933

1én & phia Nam va giam di ¢ phia Bic Viét Nam,
mic du xu thé ting giam c6 thé thay ddi theo tram
va theo giai doan s liéu duoc phan tich [2-7].

Pé co thé dua ra cac ké hoach tng pho phu
hop voi BPKH & céc cap tir trung uwong dén dia
phuong, viée c6 dugc thong tin dy tinh sy bién
d6i cuia cac yéu t6 khi héu trong tuong lai, trong
d6 co lugng mua, 1a rt can thiét. Cho dén nay,
cac thong tin dy tinh BDKH cho Viét Nam
thuong duoc thuc hién bé‘mg cach chi tiét hoa dau
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ra ciia cac md hinh khi hau toan cau (GCM, viét
tat ciia Global Climate Model) théng qua phuong
phap chi tiét hoa thong ké hodc dong luc [8].
Nhiéu nghién ctru dd duoc thuc hién cho Viét
Nam dé chi tiét dau ra cia cac GCMs tham gia
vao Dy 4n D6i sanh Da mo hinh Két hop Pha 3
(CMIP3, viét tit cua Coupled Model
Intercomparison Project Phase 3) vdi cac kich
ban phat thai khi nha kinh SRES (viét tit cta
Special Report on Emission Scenarios) [3, 4, 9-
12] hodc cac GCMs tham gia vao CMIPS vdi cac
kich ban dudng nong do dic trung RCPs (viét tat
cua: Representative Concentration Pathways) [1,
2, 13-15]. Nhin chung, theo cac kich ban khac
nhau da dugc cong bd boi BO TNMT qua cac
nam, lugng mua trén Viét Nam vao cudi thé ky
21 so voi thoi ky co so tang tur 10-40%, va luong
mua cyc tri cling ¢ xu thé ting phd bién tir 20—
40%. Trong khi d6, Ng6 Buc Thanh va cs (2014)
[12] t6 hop két qua tir 3 thi nghiém chi tiét hoa
dong luc cho 03 GCMs tham gia CMIP3 da chi
ra rang luong muwa ngdy 16n nhat trong nim
(RX1day) dugc du tinh tang trén khu vuc Nam
Trung B¢ giai doan 2000-2050 theo kich ban
phat thai trung binh. Q. T. Anh va cs (2022) [15]
sir dung két qua chi tiét hoa thong ké cua 31
GCMs tham gia CMIP5 va di chi ra tinh bét dinh
cao trong két qua du tinh mwa twong lai cho Viét
nam, voi gia tri trung binh toan qudc thay doi tir
1,16+7,1% v6i kich ban RCP2.6 dén 4,41+9,2%
v6i kich ban RCPS.5, khi so sanh gitta thoi ky
cubi thé ky 2080-2099 va thoi ky 1986—2005.
Nguon s lidu chi tiét hod cac kich ban
BDKH cho Viét Nam cling dugc ké thira tir mot
sd hop tac nghién ciru mang tinh khu vuc. Trong
d6 dang ké nhat 14 dy an du an “Thi nghiém Phdi
hop Chi tiét hoa Khu vyc - Pong Nam A”
(CORDEX-SEA, tiéng Anh: Coordinated
Regional Climate Downscaling Experiment -
Southeast Asia) [16-19]. Pha 1 cuia CORDEX-
SEA da duoc thuc hién véi muc tidu chi tiét hoa
dong luc cac mod hinh toan cau CMIP5 t6i phan
giai 25 km [19-21] str dung md hinh khi hdu khu
vuc (RCM, viét tit cua Regional Climate
Model); trong khi Pha 2 cuia CORDEX-SEA
thuc hién viéc tiép tuc chi tiét hoa dong lyc tu
phan giai 25 km vé phan giai 5 km cho mét s6

khu vyc nghién ctru cu thé, bao gém khu vuc ha
luu song Mé Kong [22]. Hién nay, trong Pha 3,
CORDEX-SEA dang tién hanh chi tiét hoa dong
lyc vé& d6 phan giai 25 km cho mét s6 GCMs
tham gia CMIP6 [23] theo mét s6 kich ban kinh
té x3 hoi chia s¢ SSP (viét tit cua: Shared
Socioeconomic Pathways) khac nhau [24]. Mbi
nhom nghién ctru tham gia CORDEX-SEA dugc
phan cong chi tiét hoa it nhat mét GCM. Nhom
nghién ctru ctia ching t6i chiu trach nhiém thuc
hién chi tiét hoa dong luc cho két qua dau ra cua
mo6 hinh CNRM-CM6-1 cua Trung tim Nghién
ctru Khi twong Quéc gia Phap [25]. Luu ¥ ring
T. N. Duy va cs (2023) [26] d4 xép hang kha
nang mé phdéng cua 29 GCMs tham gia vao
CMIP6 trén khu vuc Viét Nam, két qua chi ra
CNRM-CM6-1 nim trong sb 5 mé hinh tt nhat.
Bén canh d6, cho dén thoi diém hién tai, theo
hiéu biét cua cac tac gia, chwa c6 bét ky cong bd
nao sir dung két qua chi tiét hoa dong luc céc thi
nghiém toan cau CMIP6 dé phan tich danh gia
BDKH cho Vi¢t Nam.

Trong nghién ctru nay chung t6i s¢€ tap trung
vao danh gia su bién ddi ciia mua trén khu vuce
Viét Nam mo phong bai thi nghiém chi tiét hod
CNRM-CM6-1 thong qua 03 chi s6 mua, gom:
i) Tong luong mua ngay; ii) Luong mua ngay
16n nhat trong nam; VA iii) Chi s6 cuong d6 mua
don gian (xem dinh nghia tai muc 2). Day s¢€ la
nghién ctru ddu tién ¢ Viét Nam phén tich két
qua chi tiét hoa dong luc cho mot md hinh GCM
tham gia vao CMIP6. Nghién ciru trudc tién sé&
danh gia kha ndng mo phong cua thi nghiém chi
tiét hoa dong luc cho mua trong thoi ky co so
1995-2014, sau d6 danh gia xu thé bién doi trong
thoi ky tuong lai 2015-2099 theo hai kich ban
kinh té xa hgi chia s¢ SSP2-4.5 va SSP5-8.5.

2. Khu vue, ngudn sb li¢u va phwong phip
nghién ciru

2.1. Thi nghiém chi tiét hod dong lyc va khu viec
nghién cuu

Trong nghién cttu nay, mo hinh khi hau khu
vuc RegCM phién ban 4.7 [27] d& dugc st dung
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dé chi tiét hoa két qua dau ra ciia mé hinh
CNRM-CM6-1 (thanh phan rlilp1f2, goi tit la
CNRM) cua Trung tdm Nghién cuu Khi tuong
Qudc gia Phap [25]. CNRM la phién ban mo
hinh tham gia vao CMIP6 va la mét trong 5
GCMs c6 két qua md phong tot nhat cho nhiét
d6 2m va lugng mua trén 7 vung khi hdu ctia Viét
Nam [26].

Thi nghiém chi tiét hod, goi tat Ia
RegCM_CNRM, vé d6 phéan giai 25 km duoc
thuc hién trén mién tinh [89°E-147°E, 15°S—
30°N] cho khu vic Pong Nam A (Hinh 1). Trong
nghién ctru nay, két qua danh gia va phan tich s&
dugc tap trung cho khu vyc dat lién Viét Nam
v6i 7 ving khi hau gdm: Tay Béc (R1), Pong
Bic (R2), dong bang Bic B6 (R3), Bic Trung Bo

(R4), Nam Trung B¢ (RS5), Tay Nguyén (R6), va
Nam B6 (R7) (Hinh 1). Luuy ré“lng ranh gidi cua
7 vung khi hiau dugc phan dinh theo tiéu chudn
cia Nguyén Puc Ngit va Nguyén Trong Hiéu
(2004) [28].

Mo hinh RegCM duoc st dung véi cac cdu
hinh so d6 tham sb hoa vat Iy nhu sau: so do
tham s& hoa ddi luu Kain-Fritsch [29], so do 16p
bién hanh tinh UW [30], so d6 mua quy mé 16n
SUBEX [31], so ) thong lugng dai duong-khi
quyen Zeng [32], so do bé mat dat CLM4.5 [33].
Céc cAu hinh tham sb hoa vat Iy nay da duoc du
an CORDEX-SEA lua chon cho Pha 3 dua trén
céc danh gia d6 nhay cua dau ra mé hinh ddi vai
cac lua chon so d6 vat 1y khac nhau trén khu vyc.

20°E 100°E 110°E 120°E

130°E 140°E

Hinh 1. Mién tinh cua thi nghiém chi tiét hoa dong luc cho khu vue Pong Nam A va khu vuc nghién ctru
Viét Nam (trong khung mau dé nét dat) véi do cao dia hinh twong tng (m). Vi tri cua 7 vung khi hau cua
Viét Nam duoc phan dinh bdi cac duong mau xanh.

Thi nghiém RegCM_CNRM dugc danh gia
cho thoi ky co s& 1995-2014 va thoi ky tuong
lai 20152099 theo hai kich ban kinh té xa hoi
chia sé SSP (viét tit cua: Shared Socioeconomic
Pathways) gom SSP2-4.5 va SSP5-8.5 [24].
SSP2-4.5 mo ta thé gidi twong lai voi sy phat
trién dat dugc mirc do can bang vira phai giita
cac khu vuc va cac linh vuc, trong d6 cudng birc
burc xa vao cudi thé ky so vai thoi ky tién cong

nghiép dat 4,5 W/m?. Gia tri cudng bilrc blrc xa
nay tuong tmg véi kich ban twong lai khi cc nd
lue dugce thyuc hién dé giam nhe bién d6i khi hau,
bao gom viéc ban hanh céac chinh sach giam phat
thai, viéc thic day si dung céac nguon nang lugng
tai tao, va thay ddi sir dung dét. Trong khi do,
SSP5-8.5 md ta mot thé gidi tuong lai trong d6
su phat trién thé hién sy bat binh ddng cao ¢ quy
mo khu vuc va toan clu, voi cudng buc buc xa
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vao cubi thé ky dat 8,5 W/m2 Gia tri cudng birc
blic xa nay twong tng voi kich ban tuong lai
trong do co rat han ché hoic khong cé cac hanh
dong thiét thuc nao duoc thuc hién dé giam nhe
bién d6i khi hau.

2.2. Nguén s6 liéu quan trdac trén hedi VaGP

Ngudn s6 lidu lugng mua ngay st dung trong
nghién ctru nay la tir bo s6 liéu trén ludi VnGP
(viét tit coa cum tur Vletnam Gridded
Precipitation dataset) [34, 35]. B9 s6 liéu VnGP
dugc xiy dung cho giai doan 1980-2014 bing
cach ndi suy s6 liéu ngay tir 481 tram do mua
trén 7 vang khi hau ctia Viét Nam vé luéi 0,1° x
0,1° hoac ludi 0,25° x 0,25° st dung ky thuat
Spheremap [36]. Trong nghién cru nay, phién
ban cua VnGP trén ludi 0,25° x 0,25° duoc st
dung dé phu hop véi do phan giai cia thi nghiém
chi tiét hoa dong luc sir dung mo hinh khi hau
khu vuc. Chit luong cia bo dir liéu VnGP da
duoc so sanh voi cac bd sb liéu mua trén ludi
pho bién duoc dung trén khu vue Pong Nam A
va ¢ nhiéu noi trén thé gidi gdm bo sb liéu mua
thang GPCC (viét tit ciia: Global Precipitation
Climatology Centre) [37], bo s6 liéu mwa ngay
APHRODITE (viét tit cta: Asean Precipitation
— Highly-Resolved  Observational  Data
Integration Towards Evaluation) [38], b6 s6 liéu
mua thang CRU (viét tit ciia: Climate Research
Unit) [39], va bd s6 liéu mua tai phan tich ERAS
trén luc dia (san pham ERA5-Land) [40]. Két
qua cho thiy chét luong cia bo dit liéu VnGP
vuot troi khi so vai cac b dir liéu con lai [35]
cling nhu khi so v6i mét s6 phuong phap ndi suy
khac khong sir dung Spheremap [34].

2.3. Céc chi s6 mua dwoc sir dung dé phan tich

Tir chudi sb liéu ngay ctia mua, 03 chi s6 lién
quan s€ dugc tinh toan va phan tich trong nghién
ciu nay gdm: i) Téng luogng mua ngdy R
(mm/ngay); ii) Chi sé cudng d6 mua don gian
(SDII, viét tit ctia Simple precipitation Intensity
Index, don vi mm/ngdy) duoc tinh bing tong
luong mua ctia nhitng ngay mua trong nam chia
cho s6 ngay mua; va iii) Luong mua ngay 16n
nhit trong nim (RXlday, don vi mm/ngay).

Phan tich cac chi s6 nay sé cho chung ta c6 cac
thong tin tuong ung vé sy bién ddi cua gia tri
trung binh, bién d¢ va cuong do cua cuc tri mua
trong tuong lai.

3. Két qua va thao ludn
3.1. Kha nang mo phong cho thoi ky co so

Lugng mua tung thang trung binh cho giai
doan 1995-2014 cua thi nghiém chi tiét hoa
RegCM_CNRM dugc so sanh voi két qua cia
mo hinh toan cau CNRM va ngudn s6 liu VnGP
trén Hinh 2. Mic du c6 su khac biét dang ké Ve
mit bién do giita két qua mé phong va quan trac
tuy nhién nhin chung RegCM_CNRM di nim
bét dugc bién trinh mua ciia mua trén da sd cac
khu vyc. Pac biét trén khu vyc Nam Trung Bo
(R5), RegCM_CNRM da nam bat duge kha tot 2
dinh mua duoc chi ra b1 VnGP, mot dinh nhé
vao thang 5 phan anh hién tuong mua tiéu min
do su dich chuyén cua dai héi tu nhi¢t déi qua
khu vuc, va dinh 16n hon vao mua thu déng dudi
anh hudng ctia gié mua mua dong, trong khi mo
hinh toan cau CNRM khong ném bét dugc. Tuy
nhién, cling luu y rang mic du nam bét duoc dinh
mua tiéu man trén khu vue mién Trung (R3-5),
thi nghi¢ém RegCM_CNRM c6 xu huéng cho gia
tri mua thién cao ro rét. Két qua nay gorl y rang
mot nghién ctru vé kha nang cai tién cau hinh thi
nghiém ciing nhu lya chon cac so d6 tham s6 hoa
phtt hop cho RegCM nhiam biéu dién tot gid tri
mua tiéu min trén khu vuc mién Trung s€ [a mot
hudng nghién ciru ¢6 ¥ nghia va can duoc thyuc
hién trong tuong lai. M6 hinh CNRM mé phdng
thién thap luong mua so v6i VnGP trén hau hét
cac vung khi hau. Trong khi d6 RegCM_CNRM
thuong c6 xu hudng lam giam tinh thién am cua
CNRM, nhung lai mang gia tri mua vé huéng
thién cao so voi gia tri cia VnGP. Trén khu vuc
Nam B (R7), két qua RegCM_CNRM thién cao
rd0 rét trong cac thang xuadn va hé trong khi
CNRM lai md phdng kha sat gia tri cia VnGP.
Diéu nay cé thé 1a do khu vuc Nam Bo c6 dia
hinh khé bang phéng, vi vy uu thé phan giai cao
dé c6 thé bicu dién dia hinh tot hon ciia
RegCM_CNRM sé khong co6 hiéu qua 10 rét.
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Hinh 2. Bién trinh ndm cua mua trung binh trén trng vung khi hau cua Viét Nam cho thoi ky co so 1995-2014.
Puong mau biéu dién gia tri trung binh khi hdu con cac khoang t6 mau bi€u dién khoang +/-1 lan d6 1éch chuan
cho 20 gia tri thang cta thoi ky co sd.

Hinh 3 biéu dién biéu d6 phan vi Q—Q cho
phép so sanh hai phan phdi cua cac gia tri mua
trung binh thang thoi ky 1995-2014 giita két qua
md hinh va ngudn sb liéu VnGP. Co thé thay
dang phan phdi cia mua CNRM thuong c6 xu
huéng 1éch phai so v6i phan phdi ciia VnGP trén
hau khap cac ving khi hdu ngoai trir R6 va R7,
thé hién boi cac diém mau do nam dudi duong
chéo. Piéu nay dan t6i viéc CNRM nim bit thién
thp cac cuc tri mua thang trén cac ving tir R1—
R5. Phan phéi ciia VnGP dugc biéu dién tot nhat
boi CNRM trén khu viuc R6 Tay Nguyén va sau
d6 1a R7 Nam B§. Trén khu vuc Nam B§, phan
phéi cia CNRM c6 xu huéng ting cudong do
nhon & phia cyc tri thip va giam d6 nhon & phia
cuc trj cao, dan toi két qua thién thép cua CNRM
0 nhiing khoang phan vi nho va thién cao cua
CNRM ¢ nhing khoang phan vi cao. Luu ¥ rang
Hinh 2 ciing thé hién mot phan két qua nay khi

lugng mua trung binh khi hiu trén R7 cua
CNRM nho hon VnGP vao mdt s6 thang it mua
nhit (thang 2—4) va cao hon VnGP trong cic
thang mua nhiéu nhat (thang 8-9).

Két qua chi tiét hoa Reg CNRM lam thay
d6i 1 rét phan phdi ctia gia tri mua thang so véi
CNRM. Phan phdi cia Reg_ CNRM c6 xu huéng
1éch trai ro rét so véi CNRM va so ca véi VnGP
trén cac vung khi hdu R4, R5 va R7, dan téi viée
mo phong thién cao cac gia tri cuc tri mua 16n
trén cac khu vuc nay. Trong khi d6, phan phdi
ctia Reg CNRM cho xu thé 1éch phai, nghia la
thién thap, & cic gia tri mua nho trén cac ving
khi hdu R1-3 va R6 va c6 xu thé 1éch trai, nghia
1a thién cao khi gia trj mwa quan tric vuot qua
mot ngudng nhat dinh. Nhin chung, Hinh 3 cho
thdy thi nghiém chi tiét hos Reg CNRM khdng
cho su cai thién 1o rét vé phan phéi cua mua
thang trén c&c vung khi hau ciua Viét Nam.
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Hinh 3. Biéu d6 phan vi Q-Q cho gi tri mua trung binh thang cho 240 thang giai doan 1995-2014.
Pon vi mm/ngay.

Hinh 4 12 mot so sanh khac vé két qua mo
phong RegCM-CNRM va CNRM so voi VnGP
st dung gian d6 Taylor [41]. Trén gian do
Taylor, ti 1€ gitta d¢ 1é€ch chuén cua két qua mo
phong so v6i quan tric duge biéu thi boi khoéng
cach xuyén tam, trong khi twong quan giita két
qua md phong va quan trac duoc biéu thi boi goc
curc. Mbi ky hiéu trén gian do tuong tmg véi két
qua tinh toan cho mdi ving khi hau, hodc bdi mo
hinh toan cau CNRM (ky hiéu tam giac d6), hoic
boi thi nghiém chi tiét hoa RegCM_CNRM (ky
hiéu hinh vudng xanh). Gia tri quan trac dugc
biéu dién bai mot diém trén truc ngang (c6 tuong
quan bang 1) & khoang cach don vi so véi diém

gbc cla gian dd (nghia 1 khong c6 sai s6 dbi véi
do léch chuan) Theo Taylor (2001) [41], khoang
cach tir mdi diém mo hinh dén diém quan trac ti
16 v6i gia tri chénh léch RMSD (viét tit cua
centred root mean square). RMSD ce‘mg nho
nghia 13 két qua mo phong cang gan voi ket qua
quan tric. C6 thé thay két qua chi tiét hoa
RegCM-CNRM nhin chung cho bién do thay d6i
mua cac thang trong nam thién cao so voi quan
tric, trong khi CNRM cho bién do thién thép.
Mot sb ngoai 18 1a R1 va R6 — thién thip — doi
v6i RegCM-CNRM, va R7 — thién cao — dbi véi
CNRM. Céc két qua mo phong nim bit kha tbt
chu trinh nim ctia mua, biéu thi & gia tri twong
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quan twong d6i cao, phod l?ién trong khoang tur
0,7-0,9. Thi nghiém chi tiet hoa khong gitp cai

Ti lé do léch chuan

thién chénh 1é&ch RMSD trén cac vung khi hau,
ngoai trr R1 va R2.

L "
0 0.25 0.5 0.75

1.25 15 75

Tilé do léch chuan

Hinh 4. Gian d6 Taylor cho céc gia tri trung binh khi hau ctia mua (bao gdm 12 gia tri twong tng véi 12 thang
clia nam) trén 7 ving khi hau cua Viét Nam (cac s6 trén cac ky hiéu biéu dién ving khi hau twong tng).
Céc ky hiéu tam gidc mau do biéu dién két qua tir mo hinh toan cdu CNRM, céc k¥ hiéu hinh vuéng mau xanh
biéu dién két qua tir thi nghiém chi tiét hoa RegCM-CNRM. Ky hiéu tron mau den biéu dién vi tri cua gia tri
quan tric VnGP.

Dé 1am rd hon vai trd cua chi tiét hoa, gia tri
gia ting AV (viét tat cia: Added Values) ctia két
qua thi nghiém RegCM_CNRM so v&i két qua
md phong boi mo hinh toan cau CNRM duoc
tinh toan str dung cong thirc dé xuat boi Di Luca
va cs (2013) [42]:

AV = (Xoem — Xops)? — Xrem — Xops)? (1)
trong d6 X biéu dién gia tri trung binh khi
hau cta nhiét d6 hoac lwong mua, trung binh cho
ca giai doan 1995-2014. Cac bién X véi ky hiéu
GCM, RCM, va OBS biéu dién gia tri cia dai
lugng X tuong tmg cho béi md hinh toan cau
CNRM, thi nghiém chi tiét hoa RegCM-CNRM,
va ngudn s6 liéu VnGP. Néu AV>0, két qua chi
tiét hoa cho thiy gia tri gia ting khi so sanh véi
két qua ctia mo hinh toan ciu, trong khi AV<0
chi ra rang mé hinh toan cau cho két qua t6t hon
so v6i chi tiét hoa. Luu ¥ rang so sanh nay dugc
thuc hién trén ludi 0,25% két qua CNRM trudc
d6 da dugc nodi suy song tuyén tinh vé ludi nay.

Hinh 5 biéu dién AV cho gia tri mua trung
binh ndm va cdc mua trén Viét Nam. C6 thé thay
gia tri AV thay d6i theo khong gian va thoi gian,
tuy nhién trong da sd truong hop chi tiét hoa
khong cho két qua mé phong tét hon so voi mo
hinh toan cAu CNRM c6 phén giai cao. Piéu nay
mot phén dén tir viéc chi sb AV chi so sanh minh
gia tri mua trung binh cho ca thoi ky chir khong
xem xét dén cac yéu t6 nhu twong quan, d6 1éch
chuan nhu gian d6 Taylor. Trong khi d6 mét s6
nghién ctru trude di chi ra rang cac két qua mo
phong véi mo hinh khi hau khu vuc trén khu vuc
DPong Nam A, dic biét 14 mdé phong mua, rat
nhay vdi cac cau hinh tham s hoa vét 1y ciia mo
hinh va két qua mo phong c6 thé rat khac biét so
v6i két qua quan trac [16, 18, 42]. Nguyen-Thuy
va s (2021) [43] ciing chi ra ring néu nhu khong
4p dung phuong phép hiéu chinh sai s6 hau mé
hinh, két qua chi tiét hod dong lyc mua ddi voi
san pham CMIP5 thudng kém hon hon so vai két
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qua cua mo hinh khi hiu toan cdu ban dau trén
Viét Nam. Thi nghiém chi tiét hoa dong luc chi
cho théy hi€u qué r6 rét sau khi ap dung hiéu
chinh sai sb hodc st dung phép nhan chénh Iéch
[43], hoac str dung hiéu chinh phan vi [44]. Luu
y réng viéc hiéu chinh sb liéu mua cua thi
nghiém chi tiét hoa CMIP6 nim ngoai muyc tiéu
clia nghién cru nay. Tuy nhién, can ghi nhan

rang vao mua mua SON do twong tic giita gio
gi6 mua mua dong va dia hinh gdy mua doc
duyén hai mién Trung, thi nghiém chi tiét hod
cho két qua t6t hon dang ké (AV>0) trén khu vuc
nay. Diéu nay cho thiy vai trd ctia do phan giai
cao thé hién trong RegCM_CNRM trong viéc
nidm bt cc tuong tac cta cac hinh thé thoi tiét
v6i dia hinh gdy mua.
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Hinh 5. Diém s AV cua thi nghiém chi tiét hoa RegCM_CNRM cho gia tri mua trung binh nim (Annual)
va cac mua trén Viét Nam, bao gom mua dong (DJF), mua xuan (MAM), miia hé (JJA) va mua thu (SON).
Mau xanh nghia 14 thi nghiém RegCM_CNRM t6t hon so véi két qua CNRM néu xét theo diém AV.
Don vi (mm/ngay)?.

3.2. Dy tinh tuwong lai

Hinh 6 biéu dién dién bién cua di thuong
luong mua tuong lai trung binh trén toan Viét
Nam, duoc du tinh boi mé hinh toan ciu CNRM
va thi nghiém chi tiét hoA RegCM_CNRM theo
2 kich ban SSP2-4.5 va SSP5-8.5. Két qua cho
thiy mua c6 xu thé tang 1én trén Viét Nam trong
tuong lai tir gitta dén cudi thé ky so vai thoi ky
chuén, mic du sy khac nhau gitta 2 kich ban
SSP2-4.5 va SSP5-8.5 1a khong rd rét néu xét
riéng giai doan cudi thé ky 21. Xu thé bién doi
trung binh trén toan Viét Nam cia két qua chi

tiét hoa kha twong dong véi xu thé bién d6i nhan
dugc tir md hinh toan ciu CNRM. Két qua xu thé
tang mua trén Viét Nam nay ciing phu hop vdi
nhiing két qua du tinh trudc day da dugc cong
b ciia B Tai nguyén va Méi truong sir dung két
qué chi tiét hoa cho cac mo hinh tham gia CMIP5
tr& vé trude [1-4].

Hinh 7 biéu dién twong tu nhu Hinh 6 nhung
cho chi s6 cuong d6 mua don gian SDII va luong
mua ngay 16n nhét trong nam RX1day. Két qua
cling cho thiy sy twong ddng vé xu thé bién doi
giita thi nghiém chi tiét hoa va mé hinh toan cau.
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SDII ¢6 xu hudng tang ro rét trong tuwong lai theo
ca 2 kich ban. RX1day cting ¢6 xu hudng tang o
rét. Nhu vay mua duoc dy tinh gia tang ca vé

(a) CNRM | Dj thuong mua

cuong do va lugng mua cuc tri, dan dén cac hiém
hoa do mua l6n c6 nhiéu kha nang s€ gia tang
trong tuong lai.

(b) RegCM_CNRM | Di thuong mua
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Hinh 6. Trung binh truot 10 nim cta di thudng mua so véi trung binh thdi ky co s cho (a) mé hinh toan cau
CNRM va (b) két qua chi tiét hoa RegCM_CNRM . Puong mau den biéu dién cho thoi ky co so, dudng mau
xanh va do tuong mg cho thoi ky twong lai theo kich ban SSP2-4.5 va SSP5.8-5. Cac khoang boi mau biéu dién
+ 1 1an d6 1éch chuén. Pon vi mm/ngay.
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Hinh 7. Tuong ty nhu Hinh 6 nhung cho chi sé SDII (trén) va chi sé6 RX1day (dudi).

Hinh 8 cho thiy su bién ddi cta luong mua
theo khong gian trén lanh thd Viét Nam giira thoi
ky cudi thé ky va thoi ky co so theo 2 kich ban.
Nhin chung lugng mua c6 xu thé ting Ién theo
ca 2 kich ban trén hau khép Viét Nam, cho ca két
quéa chi tiét hoA RegCM_CNRM va mé hinh
toan cau CNRM, v6i mirc ting co thé dat t6i

~25% (khu vuc ven bién Bic By, két qua
RegCM_CNRM, kich ban SSP5-8.5). O day can
luu ¥ 12 CNRM cho két qua lwong mua giam
trong tuong lai trén dong bang séng Ciru Long,
trong khi d6 RegCM_CNRM lai cho két qua
tang trén khu vuc. Nhiéu nghién ctru trudc day
cling da chi ra tinh bat dinh cta két qua mo
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phong mua tir cac mo hinh [8, 16, 18]. Nhu vay
can luu y viée str dung két qua du tinh mua trong
tuong lai cho mdt khu vyc cu thé can phai can
nhéc thém ca tinh bat dinh cia mé hinh. Trén khu
vuc Nam Trung B va Tay Nguyén, md hinh
CNRM cho két qua mua gia ting 1o rét trong
tuong lai theo ca 2 kich ban SSP2-4.5 va SSP5-
8.5, dat mirc y nghia thong ké & ngudng 95%.

11

Tuy nhién két qua chi tiét hoa RegCM_CNRM
cling cho két qua nhin chung ting trén cac khu
vuc nay, ngoai trir duyén hai Nam Trung B0 theo
kich ban SSP5-8.5 ¢6 xu huong gidm nhe. Tuy
nhién cdc muc ting gidm cia RegCM_CNRM
trén Nam Trung Bo va Tdy Nguyén déu khong
dat murc y nghia théng ké 95%.
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Hinh 8. Su bién d6i (%) luong mua trung binh thoi ky cudi thé ky 20802099 theo kich ban SSP2.4-5 (tréi)
va SSP5.-8.5 (phai) so vdi thoi ky co so, nhan dwoc tir mé hinh toan ciu CNRM (trén) va két qua chi tiét hoa
RegCM_CNRM (duéi). Cac khu vuc c6 gach chéo thé hién su bién doi dat y nghia thong ké & ngudng 95%
v6i kiém nghiém t-test.

Muc d6 tang cia cuong d6 mua SDII 1o rét
hon so véi lugng mua trung binh (Hinh 9), dat
mirc y nghia thong ké 95% trén hau khap Viét
Nam theo kich ban SSP5-8.5 cho ca két qua chi
tiét hoa RegCM_CNRM va mé hinh toan cau
CNRM. Muc tang nho hon cho kich ban SSP2-
4.5, trong d6 xu hudng tdng gidm trai ngugc gitra
RegCM_CNRM va CNRM trén ving Tay Bic,
tuy nhién cac muc ting giam nay déu chua dat
mirc y nghia thong ké. D6i voi chi sb RX1day
(Hinh 10), CNRM cho xu thé ting & khu vuc

phia Bic Viét Nam theo ca 2 kich ban, va xu thé
tang giam khong rd nét trén cac khu vuc khac.
Trong khi d6 RegCM_CNRM cho két qua
RX1day tang trén hau khap Viét Nam theo ca 2
kich ban, ngoai trir mot phan khu vuc Tay Béc
va Nam Trung Bo. Diéu nay goi y rang voi do
phén gidi cao hon, tuong tac gitra dia hinh va cac
hinh thé gy mua c6 thé duoc ting cuong, dan
toi sy gia tang lwong mua cuc tri RX1day trong
tuong lai.
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Hinh 9. Twong ty nhu Hinh 8 nhung cho chi s6 SDIL.
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Hinh 10. Tvong ty nhu Hinh 8 nhung cho chi s6 Rx1d.
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4. Két ludn

Nghién ciru nay da lan dau tién trinh bay két
qua chi tiét hoa dong lyc tr mot md hinh toan
ciu tham gia vao CMIP6 cho Viét Nam. M6 hinh
khi hau khu vuc RegCM phién ban 4.7 da dugc
sir dung dé chi tiét hoa diu ra cia mé hinh toan
cau CNRM-CM6-1 theo 2 kich ban SSP2-4.5 va
SSP5-8.5.

Céc két qua nhan duoc cho thay viéc chi tiét
hoa dat hiéu qua ro rét trong mo phéng mua trén
cac khu vuc dia hinh phue tap, dac biét la khu
vuc Trung B vao cac thadng gié mua mua dong.
Tuy nhién nhin chung két qua chi tiét hod chua
cho théy duoc sy vuot troi so vai két qua mod
phong toan cau, ca vé bién trinh nim cta mua,
gié tri lwong mura, ciing nhu vé _phan bd khong
gian cla mua. Diéu nay gm y rang trong tuong
lai, dé co thé tan dung uu dlem d6 phan giai cao
ctia két qua chi tiét hoa, mot s phuong phap hiéu
chinh mua nén duoc ap dung trudc khi dua vao
sir dung cho cac bai toan cu thé [21, 43, 44].

Két qua du tinh trong tuong lai cho thay
mua, bao gdm ca mua trung binh, cuong d6 mua
SDII, va lugng mua ngiy 16n nhat trong nim
RX1day, nhin chung c6 xu hudng ting trén nhiéu
khu vuc cia Viét Nam theo ca 2 kich ban SSP2-
4.5 va SSP5-8.5. Miic ting co thé dat toi ~25%
trén khu vuc ven bién Béc B cho thi nghiém
RegCM_CNRM véi kich ban SSP5-8.5. Muc do
tang cua cuong d6 mua SDII 12 13 rét trén hau
khip Viét Nam (ngoai trir khu vuc Tay Bic theo
thi nghiém RegCM_CNRM va kich ban SSP2-
4.5), dic biét 1a theo kich ban SSP5-8.5. Déi véi
chi s6 RX1day, ¢6 su khac biét vé xu hudng ting
giam trén cac khu vuc cy thé gitta mé hinh toan
cdu CNRM va két qua chi tiét hoa. Trong khi
CNRM cho két qua tang giam khong 16 rét trén
nhiéu khu vuyc, RegCM_CNRM cho thdy
RX1day tang trén hau khip Viét Nam theo ca 2
kich ban, ngoai trir mot phan khu vuc Tay Béc
va Nam Trung BJ.

Trong cac nghién ciru tiép theo, chung toi dur
kién s& hiéu chinh lugng mua tir m6 hinh dé co
thé c6 duoc bo sb liéu phén giai cao va c6 két
qua phu hop véi nguon s6 liéu quan tric trong
thoi ky chuan, nham phuc vu cac nghién ciru

danh gié tdc dong. Bén canh do, chling t6i cling
s& tién hanh phan tich sy bién d6i cia mua trong
tuong lai dya trén dau ra cua t6 hgp mot sd thi
nghiém chi tiét hoa dong luc va thong ke, tir 6
c6 thé danh gia duoc tinh khong chic chin cia
cac két qua mo hinh. Cac két qua dy tinh chi tiét
hoa tir cac mo hinh toan cdu CMIP6 sé& 1a ngudn
thong tin, dir liéu quan trong dé cap nhat cac kich
ban bién d6i khi hau cho Viét Nam trong tuong lai.

Loi cam on

Nghién ctru nay dugc tai trg boi Quy Phat
trién khoa hoc va cong nghé quéc gia
(NAFOSTED) mi s 105.06-2021.14. Cac tac
gia chan thanh cdm on céc dong nghiép thudce
cong dong CORDEX-SEA v¢ cac trao dbi, thao
luan, cling nhu vé cac thi nghiém d6 nhay voi
diéu kién bién tai phan tich ERAS da duoc thuc
hién, tir d6 ¢o thé xac dinh dugc cau hinh vat ly
phu hop st dung cho RegCM phién ban 4.7 trén
khu vuc.
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