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Abstract: This paper presents a comprehensive review of the development of climate change
scenarios (CC) in Southeast Asia and Vietnam over the past decades. In Southeast Asia, the
dynamical downscaling approach using regional climate models has been mainly applied, especially
by the Coordinated Regional Climate Downscaling Experiment - Southeast Asia (CORDEX-SEA)
community. In Vietnam, climate change scenarios were published and updated in 2009, 2012, 2016,
and, most recently, in 2020 by the Ministry of Natural Resources and Environment. While recent
CC scenarios in Vietnam have favored the dynamical approach, some studies have already applied
the statistical method and performed the downscaling for multiple models and greenhouse gas
(GHG) scenarios. So far, experiments in the region and Vietnam have only focused on downscaling
results from global climate models participating in the Coupled Model Intercomparison Project
Phase 3 (CMIP3) and Phase 5 (CMIP5). Published results show a consensus on the increase in
projected temperature; however, the results of precipitation projections remain highly uncertain.
This paper subsequently proposes several research directions that could be implemented in the
coming years in the region, including: i) Building a high-resolution grid-based climate dataset; ii)
Downscaling CMIP6 products with the latest GHG scenarios using dynamical, statistical, and
probabilistic projections, with a focus on the role of urbanization in the context of global climate
change; and iii) Developing a regional coupled atmosphere-ocean system to better understand the
mechanism of future climate change in the region and Vietnam.
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Kich ban Bién d6i khi hau cho khu vuc Péng Nam A
va Viét Nam: hién trang va dé xuat
hudng nghién ctru tiép theo

Ngo Buc Thanh”

Truong Pai hoc Khoa hoc va Cong nghé Ha Néi, Vién Han 1&am Khoa hoc va Cong nghé Viét Nam,
18 Hodng Quéc Viét, Cau Gidy, Ha Néi, Viét Nam

Nhan ngay 07 thang 01 ndm 2023
Chinh stra ngay 09 thadng 3 nam 2023; Chap nhan dang ngay 10 thang 3 nam 2023

Tém tit: Bai bio nay tong quan lai mot sb két qua nghién ciru vé viée xdy dung kich ban bién ddi
khi hau (BDKH) trén khu vuc Pong Nam A va Viét Nam trong nhiing thap ky vira qua. Trén khu
vuc Pong Nam A, phuong phap chi tiét hoa dong lyc str dung moé hinh khi hau khu vye duge ap dung
chu yéu, dac biét 1a cac két qua tir Thi nghiém Phéi hop Chi tiét hoa - Dong Nam A (CORDEX-SEA).
Tai Viét Nam, cac kich ban BDKH dé duoc cong bd va cép nhét vao cac nim 2009, 2012, 2016, va
gan day nhét 14 2020 boi Bo Tai nguyén va Moi trudong. Mac du cac kich ban gan day thién hon vé
céch tiép can dong lyc, tuy nhién mot s6 nghién ctru cling da ap dung cach tiép can thong ké va thuc
hién viéc chi tiét hoa cho mot tap hop da mo hinh va da kich ban khi nha kinh (KNK) tai Viét Nam.
Cho t6i nay, cac thi nghiém trén khu vuc va cho Viét Nam mdi chi tap trung vao viéc chi tiét hoa
céc két qua tir cac mo hinh khi hau toan cau tham gia Dy 4n D6i sanh Pa md hinh Pha 3 (CMIP3)
va Pha 5 (CMIP5). Cac két qua cong bd cho thdy su thdng nhit v& mirc ting cta nhiét d6 du tinh
trong twong lai, tuy nhién két qua dy tinh mua lai mang nhiéu tinh bét dinh. Bai bao nay ciing dé
xudt mot sb hudng nghién ciru can dwoc trién khai trong nhitng nim ti, bao gdm: i) Xay dung bd
s6 lidu khi hau trén ludi c6 phan giai cao; ii) Chi tiét hoa cac san phdm CMIP6 véi cac kich ban
KNK méi nhit bang phuong phap dong luc, théng ké, va dy tinh x4c suét, trong dé ¢6 chu trong dén
vai tro ciia d6 thi hoa trong bdi canh BPKH toan cau; va iii) Phat trién hé thong mé hinh két hop
bién - khi va Gmg dung hé thdng nay trong viéc 1am 1 co ché ciia sy BDKH trong twong lai trén khu
vuc va tai Viét Nam.

Tir khéa: BDKH, chi tiét hod, kich ban twong lai, Dong Nam A, Viét Nam.

1. Mé dau

Khu vyc Dong Nam A bao gébm 11 quc gia
(Hinh 1), chu yéu nam trong ving nhiét déi cb
khi hau nong am, nhiéu mua, ngoai trir mot sd
khu vyc nhu mién Bic Viét Nam, bic Lao, va
phia bac Myanmar c6 khi hau can nhiét déi [1].
Céc qudc gia trén khu vuc Pong Nam A thuong
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xuyén hung chiu cac thién tai nhu bao, mua lon,
néng nong, 1i Iut, va han han [2].

Céc két qua nghién ciru cho giai doan qua
khir da chi ra sy gia ting ctia nhiét d6 ciing nhu
cac cuc tri nhiét do trén hau khép khu vyc Pong
Nam A [3-9]. Su bién doi cua lugng mua trong
qué khir dién ra theo xu thé khong dong nhét trén
khu vuc. Trén khu vuc Viét Nam, lwong mua co
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xu thé ting 1én ¢ phia Nam va giam di ¢ phia Béc
giai doan 1961-2007 [7], tuy nhién xu thé ting
giam d6i nghich trén hai mién nay lai khong thuc
su 10 rét trong giai doan 1979-2019 [10]. Trén
khu vuc Thai Lan, cudng d6 mua ngay trung
binh ting trong khi s lugng ngay mua giam
trong giai doan 1955-2014 [11]. J. M. Gutiérrez
va cong su (2021) [9] cho thay mua giai doan
19612015 trén khu vuc hau hét 12 khong ¢ xu
thé rd rét ngoai trir mot s6 khu vire ¢6 xu thé ting
thuéc Malaysia, Viét Nam va phia nam
Philippines.

Bao cédo Panh gia lan th 6 cua Ban Lién
Chinh pha vé BDPKH (IPCC, tiéng Anh:
Intergovernmental Panel on Climate Change)
[12] da tap hop duoc cac két qua du tinh tuong
lai tir cic md hinh toan cdu GCM (tiéng Anh:
Global Climate Model) tham gia vao Dy 4n Di
sinh Pa md hinh pha 5 (CMIP5, tiéng Anh:
Coupled Model Intercomparison Project Phase 5)
[13] va pha 6 (CMIP6) [14], va c&c md hinh khi
hau khu viee RCM (tiéng Anh: Regional Climate
Model) tir cac Thi nghiém Phdi hop Chi tiét hoa
Khu vic (CORDEX, tiéng Anh: Coordinated
Regional Climate Downscaling Experiment).
Trén khu vyc Pong Nam A néi chung va Viét
Nam noi riéng, viéc nhan dugc cac thong tin tin
cdy va chi tiét vé cac du tinh khi hau trong turong
lai (hay con goi 1a kich ban BDKH) theo céc kich
ban KNK khac nhau 1a rit quan trong. Ly do 1a
vi cac thong tin nay sé& 1a dau vao cho cac mo
hinh danh gia tac dong, tir d6 hd trg cac nha
hoach dinh chinh sach dua ra cac chién lugc va
quyét sach dé co thé ung phé hiéu qua véi
BDKH 6 céc cap, tir dia phuong (vi du nhu tinh,
thanh) dén quéc gia, khu vuc. Tuy nhién do han
ché ctia nang lyc tinh toan va luu trit, cac két qua
GCMs tham gia vao du an CMIP5 va CMIP6
méi nhit cho dén hién tai c6 do phan giai con
tuong ddi tho, da s tir khoang 100 km tré 1én,
khong du chi tiét cho viéc phan tich, danh gia
BDKH va tac dong ctia n6 ¢ qui md khu vuc
[15]. Vi vy, mot trong nhiing giai phap hi¢u qua
hién nay la ap dung mot s6 phuong phap chi tiét
ho4, bao gdm chi tiét hoa dong lic va chi tiét hoa
théng ké, v6i dau ra tir cac GCMs dé nhéan duge
kich ban BDKH véi phan giai cao hon.

Viéc xay dung kich ban BPKH chi tiét cho
mot quéc gia, khu vuc 1a mot cong viéc doi hoi
ngudn lye tinh toan, nang luc cua doi ngii can bo,
cling nhu thoi gian thyc hién. Ttr 2009, cac kich
ban BPKH véi mirc do chi tiét khac nhau cho
Viét Nam lién tuc dugc B Tai nguyén va Moi
truong xdy dung, cip nhat va cong bd [16-19].
Kich ban cap nhat tiép theo cho Viét Nam duoc
du kién s& cong bd vao 2025.

Bai bao ndy tong quan céc thong tin k¥ thuat
vé hién trang cia cac kich ban BPKH hién c6
cho khu vyc Pong Nam A va Viét Nam. Cac
thao luan trong bai s€ tép trung vao ndi dung khi
hau va khong dé cap dén 16p bai toan kich ban
“nudc bién dang” do cac ky thuat tinh toan,
nguén s6 lidu va phuong phap xay dung kich ban

“nude bién dang” la hoan toan khac. Bai bao nay
cling d& xuit mot sb huéng nghién ctru co thé
thue hién trong twong lai dé tiép tuc phat trién va
cap nhét cac kich ban BDKH trén khu vuc.

2. Hién trang Kich bén bién doi khi hju trén
khu vure Péng Nam A

Trén khu vuc Pong Nam A, trong nhiing
nam qua céac kich ban BPKH chi tiét di duoc xay
dung ca trén quy mo riéng 1€ cac quéc gia lan
toan khu vyc. Do phuong phap chi tiét hoa thong
ké thuong doi hoi phai c6 ngudn s6 liéu quan tric
du tét va cho giai doan du dai [20], viéc sir dung
phuong phap chi tiét hoa dong luc 1a phd bién
hon trén khu vire Dong Nam A trong nhimng nim
gan ddy. Phuong phap chi tiét hoa dong luc st
dung cac RCMs chay tich phan cho giai doan qua
khir va tuong lai véi diéu kién ban dau va diéu
kién bién tir cic GCMs trén mdt mién tinh cu thé
v&i phan giai cao [15, 21]. Méc du 1a mot phuong
phap ton kém vé tai nguyén tinh toan va luu tri,
chi tiét hod dong luc c6 uu diém 1a c6 thé dién
giai dugc dong luc, cac dac tinh vat 1y, va cac
qué trinh hi tiép giita cc bién khi hau, rat hitu
ich cho nhirng bai toan nghién ciru co ché va dac
diém ctia BDKH.

Mot s6 nd luc chi tiét hoa dong luc da duoc
thuc hién riéng 1€ cho mét $6 quéc gia trén khu
vuc nhu Thai Lan [22, 23], Indonesia [24],
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Philippines [25], dac biét 1a tir Viét Nam [16-19,
26-29]. S. Kang va cong su (2019) [30] st dung
mo hinh khi hau khu viuc MIT dé chi tiét hoa mot
s6 GCMs cho Luc dia Maritime. Trong khuon
kho du 4n SEACAM (tiéng Anh: Southeast Asia
Climate Analyses and Modeling), tai tro bdi
Trung tdm Nghién ctru Khi hau Singapore ctia co
quan Khi tugng Singapore va Trung tdm Hadley
cta Anh, Rahmat va cong sy (2014) [31], da dua
ra cac dy tinh BPKH cho khu viuc Péng Nam A
dua trén kich ban phat thai trung binh A1B t
Béo cdo dic biét vé kich ban phat thai SRES
(tiéng Anh: Special Report on Emission
Scenarios) [32]. Cac du tinh nay str dung két qua
tir 17 thanh phan t6 hop ctia mo hinh khi hau khu
vuc HadRM3P dugc chay véi do phan giai 0,22°
(xap xi 25 km).

Céc nd luc hop tac trong khu vue vé chi tiét
hoa dong luc thuc sy dugc thuc déy trong khuoén
khd céc hoat dong cua dy an CORDEX Dong
Nam A (CORDEX-SEA) duoc bat du tir nam
2012 [33]. Dy an CORDEX-SEA véi sy tham
gia ban dau ctia cac nha nghién ciru dén tir 5 quc
gia gom Indonesia, Malaysia, Philippines, Thai
Lan, va Viét Nam, dan dan nhan duoc su quan
tAm va tham gia ciia cac nha nghién ctru dén tir
14 qudc gia khac nhau trong va ngoai khu vuc.

Trong Pha 1 ctia du an CORDEX-SEA, céc
thi nghiém vé d6 nhay cta két qua mé hinh véi
18 t6 hop tham sb vat Iy khac nhau ctia mé hinh
khi hadu khu vgyc RegCM did dugc thuc hién
[34-36]. Cac thi nghiém duoc tién hanh véi do
phan giai 36 km cho mién tinh [81,1E-143,9E,
15S-38,8N] (mién tinh D1, Hinh 1). Két qua cua
vi€c phan tich d nhay da cho phép chon ra so
dd d6i Iuu MIT-Emmanuel [37] két hop véi so
dd thong lwong dai duong BATS e [38] dé tir d6
mo hinh RegCM duoc cau hinh va chay chi tiét
hoa cho dau ra ctia cic md hinh CMIP5 thoi ky
tuong lai. Viéc chi tiét hoa CMIP5 vé d6 phan
giai 25 km sau d6 da dugc thuc hién cho mién
tinh nho hon ([89,5E-146,5E, 14,85-27N], mién
tinh D2, Hinh 1). Pha 1 cia CORDEX-SEA
dugc hoan thanh nam 2018 trong d6 7 RCMs
(ciing v6i RegCM) da duoc sir dung dé chi tiét
hoa 11 GCMs tu CMIPS. Trong Pha 2 cua
CORDEX-SEA, két qua 25 km tir CMIP5 dugc

tiép tuc chi tiét hoa xuéng 5 km cho mét s6 mién
tinh cu thé (cac mién tinh D2-1 dén D2-4, Hinh 1)
nham phuc vu nhu cau cua cong dong danh gia
tac dong BDKH. Trong Pha 3 dang duoc tién
hanh cia CORDEX-SEA, céc thi nghiém chi tiét
hoa cho cac mé hinh CMIP6 sé& dugce thuc hién
cho d6 phan giai 25 km trén mién tinh mé rong
hon mét chat vé phia Béc so voi mién tinh D2 dé
6 thé bao phu tron ven ca lanh thd Myanmar
([89,18E-146,61E, 14,725-29,36N], mién tinh
D3, Hinh 1).

Nhidu két qua nghién ctu tr du 4n
CORDEX-SEA vdi cac thi nghiém chi tiét hoa
da duoc cong bo. Nhin chung, cac thi nghiém
cho thdy kha ning nam bat dugc kha tét bién
trinh mua cua cac yeu t6 nhiét do, luong mua va
cac hoan luu quy mo6 lon trén cac khu vuc khac
nhau cta mién tinh [34-36, 39]. T. N. Duc va
cong su (2017) [36] chi ra ring cac md phong
cho két qua twong ddi thong nhat hon trén khu
vuc luc dia ban dao Péng Duong, trong khi cac
két qua kha 13 phan tan trén Luc dia Maritime.
Bén canh d6 tinh thién thép mot cach co hé théng
cia RegCM khi m6 phong nhiét d6 trén khu vuc
cling duge chi 6 [35]. Két qua ctia cac yeu t6 mod
phong rat nhay voi viéc lya chon cac so dd tham
s0 hoa vat ly. Chang han nhu lvong mua mod
phong rt nhay voi so d6 tham s6 hoa dbi luu
duoc luya chon [34, 36]. Viéc hiéu chinh san
phdm mé hinh bang phuong phap phan vi ciing da
duoc ap dung va cho két qua kha quan [40, 41].

Céc két qua tir cac thi nghiém CORDEX-
SEA da duoc sir dung rong rai dé dy tinh va phéan
tich khi hau twong lai trén khu vuc. S6 ngay
khong mua lién tiép dugc dy tinh ting 1én t&i
30% theo RCP4.5 va 60% theo RCP8.5, dic biét
la trén khu vuc Luc dia Maritime [42, 43]. Cac
nghién ctru nady cling chi ra lugng mua cuc dai
ngay duoc du tinh s€ tang 1én trén cac khu vuc
nhu Indonesia va phia bic Myanmar. S. T. Ngai
va cong su (2022) [41] st dung cac két qua to
hop mé hinh sau hiéu chinh phan vi cho thay su
gia tang luong mua du tinh vao mua dong trén
khu vyc ban dao Pong Duong va sy giam mua
vao mua h¢ trén khu vuc Luc dia Maritime. H.
Herrmann va cong sy ctia gié bé mit bién trén
khu vuc véi cac san phim CORDEX-SEA, cho
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thiy muc d6 va xu thé bién dbi phu thudc vao mod
hinh toan ciu dau vao, md hinh khu vuc duoc si
dung ciing nhu dic diém gio theo mua.

Céc két qua du tinh trong tuong lai tir cac thi
nghiém CORDEX-SEA chi ra rang nhiét d¢ trén
khu vic sé& tang 1én tir 3 °C-5 °C vao cudi thé ky
21 so voi thoi ky 1986-2005 theo kich ban

RCP8.5 [42]. Theo két qua Chuong Atlas tir Béo
c4o Panh gia 1an thir 6 cia IPCC [45], mirc gia
tang nhiét d6 trén khu vyuc dy tinh bdi cac mo hinh
toan cau CMIP5 (CMIP6) 1a tir 0,9 °C + 0,3 °C
(1,2°C £ 0,4 °C) theo kich ban RCP2.6 (SSP1-2.6)
dén 3,5°C + 0,7 °C (3,8 °C + 0,9 °C) theo kich
ban RCP8.5 (SSP5-8.5).

40°N

30°N

20°N

10°N

0°

10°S e | T

i

/,3\~;?
%

80°E 90°E 100°E 110°E

120°E 130°E 140°E

Hinh 1. Cac mién tinh duogc lya chon qua céc pha khac nhau cua dy an CORDEX-SEA. D1 1a mién tinh
dé nghién ctru d6 nhay véi cac so dd vat 1y v6i cac thi nghiém c6 phan giai 36 km. D2 1a mién tinh cho pha
chi tiét hoa cac md hinh toan ciu CMIP5 vé phén giai 25 km. D2-1, D2-2, D2-3, D2-4 1a céc mién tinh
dé chi tiét hoa xudng 5 km. D3 1a mién tinh phan giai 25 km cho pha chi tiét hoa cic m6 hinh toan cau CMIPG.
Do cao dia hinh trén khu vyc ciing dugc hién th.

Trong khi cac két qua du tinh sy gia ting cua
nhiét d6 trén toan khu vuc 1a twong d6i dong nhat
giita céc thi nghiém toan cau va khu vue, két qua
du tinh mwa con bao ham nhiéu tinh khong chéc
chan. F. Tangang va cong sy (2020) [33] chi ra
rang mic du cac thi nghiém CORDEX-SEA cho
gia tri mua gidm trong cac thang mua he tuong
lai trén khu vuc, két qua ting giam van phu thudc
nhiéu vao mé hinh sir dung. P. L. Nguyen va
cong su (2022) [46] chi ra rang céac thi nghiém
chi tiét hoa voi RCMs cho két qua cuong do mua
ngdy cao hon so véi cac mé hinh ddu vao GCMs.
Hinh 2 minh hoa mirc @6 bién doi ciia lugng mua

trung binh tir 29 mé hinh toan cdu CMIP5 so
sanh gitra giai doan 2081-2100 theo kich ban
RCP8.5 va thoi ky 1986-2005. Hinh 3 ciing biéu
dién twong ty nhu Hinh 2 nhung 13 két qua tir 11
thi nghi€m chi tiét hod dong luc cua CORDEX-
SEA. Két qua cho thiy c6 su khac biét rd rét vé
xu thé bién d6i ctia mura trong tuwong lai gitta san
pham chi tiét hoa dong lyc CORDEX-SEA va
san pham tir cac GCMs. Néu nhu cac mé hinh
toan cau cho tin hiéu mua nhin chung ting lén
trong tuong lai trén khu vuc, thi cic san pham
md hinh khu vyc lai cho két qua ting giam véi
bién d9 16n, dac biét 1a vao mua he. Tin hi¢u tang
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giam 1a ngugc nhau trén nhicu ving giita két qua
tir mo hinh toan cau va ttr moé hinh khu vuce. Diéu
nay cho thay rang van dé du tinh su bién d6i cia

mua trong twong lai 14 rat phirc tap, va cin phai
ludn rat than trong khi nhén dinh vé xu thé mua
trong tuong lai.

CMIP5: Lworng mwa giai doan 2081-2100 (RCP8.5) so vé&i 1986-2005 (%)

Trung binh mua he (JJA) Trung binh mua déng (DJF)

110E
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Hinh 2. Mtc d6 bién ddi (%) cua lwong mura, tinh tir 29 mé hinh toan cau CMIPS5, trén khu viuc Dong Nam A
giai doan 2081-2100 theo kich ban RCP8.5 so véi thoi ky 1986—2005 cho cac gia tri (a) trung binh nam,
(b) trung binh mua he, va (c) trung binh mia dong. Céc 6 ludi khong cé gach thé hién khu vue ma cac mo hinh
¢6 tinh thong nhat cao vé xu thé bién d6i; cac 6 ludi co gach chéo 1 hudng thé hién khu vuc khong c6
su bién doi rd rét hodc két qua cac mo hinh khong thong nhét; cac 6 ludi co gach chéo 2 hudng thé hién
khu vire ma cac mé hinh cho tin hiéu trai ngugc nhau. Hinh v& nhan dugc véi cong cu Atlas cia [IPCC
(https://interactive-atlas.ipcc.ch).

CORDEX-SEA: Lwong mwa giai doan 2081-2100 (RCP8.5) so v&i 1986-2005 (%)
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Hinh 3. Twong ty nhu Hinh 2 nhung véi két qua tir 11 thi nghiém chi tiét hoa dong luc thude
du 4&n CORDEX-SEA.

3. Hién trang Kich ban bién ddi khi hiau cho
Viét Nam

Viét Nam la mot trong nhiing qudc gia bi anh
huong néng né cia BDKH [18]. Viét Nam c6 dia
hinh phure tap nhicu doi nui, véi duong bo bién

dai, va dugc chia thanh 7 vung khi hau [47].
Trong nhitng ndm qua kich ban BDKH va nudc
bién dang cho Viét Nam thudng xuyén duoc Bo
Tai nguyén va Moéi truong xay dung, cap nhat va
cong bd nham cung cap nhing thong tin cap nhat
nhit vé& xu thé BPKH trong qua khir va nhiing
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kich ban BDKH va nudc bién dang du tinh trong
thé ky 21 ¢ Viét Nam [16-19].

Kich ban dau tién xdy dung cho nim 2009
[16], sau day goi la Kich ban 2009, ap dung
phwong phap chi tiét hod théng ké st dung phan
mém MAGICC/SCENGEN phién ban 5.3. Cac
kich ban KNK dugc sir dung trong kich ban dau
tién nay la cac kich ban SRES, bao gém kich ban
phat thai thip B1, kich ban phat thai trung binh
B2, va kich ban phat thai cao A2. Mtrc do chi tiét
cua Kich ban 2009 chi dugc gidi han cho 7 ving
khi hdu cta Viét Nam.

Kich ban cdp nhat nam 2012 [17], sau day
goi 14 Kich ban 2012, da cap nhat sb liéu quan
tric tir toan bd gﬁn 200 tram khi tugng ctua Viét
Nam dé danh gia xu thé BDKH trong qua khir
trén Viét Nam. Véi cac du tinh tuong lai, bén
canh viéc 4p dung phuong phéap chi tiét hoa
thdng ké, Kich ban 2012 ciing bo sung ca két qua
chi tiét hoa dong Iyc tir: i) M6 hinh PRECIS cua
Trung tdm Hadley — Vuong Qudc Anh; va ii) M6
hinh AGCM/MRI cua Nhat Ban. Cac kich ban
KNK duoc tinh dén gdm kich ban phat thai thap
B1, kich ban phat thai trung binh B2 va A1B, va
kich ban phat thai cao A2 va A1FIL. Kich ban
2012 dua ra thong tin dy tinh chi tiét cho 63
tinh/thanh phd trén toan qudc, dong thoi bén
canh cac yéu td khi hau la nhiét 6 va lugng mua
trung binh thi con bo sung cac gia tri cuc tri gdm:
nhiét d6 toi cao, tdi thap, lwong mua ngay 16n
nhét, va sd ngay co6 nhiét d6 16n hon 35 °C.

Kich ban 2016 [18] duoc xay dung trén co
s& Bao céo danh gia 1an tht 5 ciia IPCC [48] véi
cac kich ban duong nong do dic trung RCPs
(tiéng Anh: Representative ~ Concentration
Pathways) [49]. So lidu quan tric duoc thu thap
tir 150 tram quan tric khi tuong thuy van trén dat
lién va hai dao cap nhat dén nam 2014. Trong
Kich ban 2016, phuong phap chi tiét hoa dong
lyc dugc sir dung dya trén 5 mo6 hinh khi hdu khu
vuc gdm AGCM/MRI, PRECIS, CCAM,
RegCM, va cIWRF véi 16 phuong an tinh toan.
Céc kich ban BPKH cho cic yéu td trung binh
va cuc tri duoc tinh toan chi tiét cho 63
tinh/thanh phd va cho 150 tram khi tugng cua
Viét Nam.

Kich ban méi nhat cong bd nam 2020 [19]
dé c6 nhing cap nhat dang ké so véi Kich ban
2016. B s6 lidu quan tric trén cac tram da duoc
cap nhat dén nam 2018. Téng cong c6 19 phuong
an chi tiét hoa, trong d6 c¢6 14 phuong 4n cia
nhiét va 5 phuong an ctia mua tir 6 mo hinh gom
AGCM/MRI, PRECIS, CCAM, RegCM,
cIWRF, va RCA3 dugc st dung. Cac thong tin
BDKH tuong lai ciing dugc dy tinh cho 63
tinh/thanh phd, cac quan dao Hoang Sa va
Trudong Sa cua Viét Nam, va chi tiét cho 150
tram khi twgng. Bén canh d6, Kich ban 2020 con
bd sung thong tin lvong mua mia mua va mua
kho, kich ban han han cho cac viung khi hau cia
Viét Nam, va dinh lugng hoa cac dac diém cua
gi6 mua mua hé trong tuong lai nhu sy bién doi
clia thoi diém bat dau, két thuc, thoi gian ton tai,
cuong do.

Theo cac kich ban khac nhau da dugc cong
bd boi Bo Tai nguyén va Maéi truong qua cac
nam, nhiét d6 trung binh ndm trén Viét Nam vao
cubi thé ky 21 so voi thoi ky co so (1980-1999
hoac 1986-2005 tuy thudc vao kich ban KNK)
tang tir 1,5-4,2 °C, lugng mua tang tur 10-40%,
v6i lugng mua cyc tri ciing c6 xu thé ting phd
bién tir 20-40%.

Bén canh céc kich ban da dugc cong b cua
B0 Tai nguyén va Moi trudng va cac két qua cua
CORDEX-SEA, mdt s0 nghién ctru Khac ve viéc
xay dung kich ban BDKH cho Viét Nam ciing da
duge cong bd. Ho va cong sy (2011) [50] sir
dung mé hinh khi hau khu vuc RegCM3 dé chi
tiét hoa san phdm dau ra tir mo hinh toan cau
CCSM3 cho giai doan qua khir 1980-1999 va
giai doan tuong lai 2001-2050 theo 2 kich ban
A1B va A2. Két qua cho thdy sé ngay nong mua
hé s& ting va sb dém lanh mua dong s& giam,
dong thoi cac sy kién mua 16n trong mia mua
duogc dy tinh giam ngoai trir khu vuc Pong Bic
va Nam Trung Bo. N. D. Thanh va céng su
(2014) [28] sir dung t6 hop két qua tir 3 thi
nghiém chi tiét hoa dong lyc véi 3 mo hinh khu
vuc 1a CCAM, RegCM3, va REMO dé dy tinh
khi hau cho Viét Nam giai doan 20002050 theo
kich ban phat thai AIB. Két qua chi ra
1a san pham t6 hop cta cac mo hinh cho cac két
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qua tét hon timg mé hinh riéng 1¢ voi cac yéu to
khi hau trung binh va mot sd yéu td cuc tri.
Luong mua ngdy 16n nhét trong nim (RX1day)
cung duoc duy tinh tang trén khu vuc Nam Trung
Bo, ham y rang cac hiém hoa lién quan dén nuéc
duong nhu s€ tang trong tuong lai. J. Katzfey va
cong sy (2016) [27] str dung mé hinh khu vuc
CCAM va RegCM4.2 l?m lugt voi phan giai
10 km va 20 km dé chi tiét hoa két qua md phong
va du tinh cia m6 hinh CCAM toan cau Diém
dac biét 1a cac thi nghiém CCAM toan cau duoc
thuc hién sir dung nhiét d6 bé mat bién va mat
d6 bang bién tir 6 mo hinh toan ciu CMIP5 da
dugc hiéu chinh sai s trung binh va phuong sai.
Céc tac gia da chi ra rang cac thi nghiém chi tiét
hoa c6 kha ning biéu dién t6t bién trinh mua cua
nhiét d6, trong khi két qua mé phong lwong mua
con nhiéu khac biét. Chang han, RegCM4.2 qua
kho (thién thdp hon 60%) tai cac thang 10-11,
trong khi CCAM thi lai qua u6t (thién cao 1én toi
130%) tir thang 12 dén thang 3.

Dbi v6i cach tiép can thong ke, trong khudn
kho du 4n GEMMES tai trg bdi co quan phat
trién Phap [51], phwong phéap hiéu chinh sai s6

trc thay ddi dy tinh clia nhiét do toan cau theo CMIP5

2
o

va phan rd khong gian BCSD (tiéng Anh: Bias
Correction and Spatial Disaggregation) [52] da
dugc st dung dé chi tiét hoa két qua tir cac mo
hinh toan cau CMIP5 [53]. Véi wu diém 14 tinh
todn nhanh va khong qua phure tap, phuong phap
BCSD dugc ap dung trén tap hop 31 md hinh
toan ciu CMIP5 theo 4 kich ban RCPs, bao gom
RCP2.6, RCP4.5, RCP6.0 va RCP8.5. Cac két
qua dau ra bao gdm bd s6 lidu ngay phan giai
10 km cho 4 bién gém lugng mua, nhiét do trung
binh ngay, nhiét d¢ tdi cao va toi thap ngay. Hinh
4 nhan dugc tir E. Espagne va cong su (2021)
[51] mo ta mure tang nhiét d§ trung binh trén toan
cau theo cac mé hinh CMIP5 va tai Viét Nam
theo céc kich ban chi tiét hoa BCSD c6 dbi sanh
v6i két qua dy tinh mai nhat tir 14 thi nghiém chi
tiét hoa dong luc sir dung cho nhiét d6 cua Kich
ban 2020 [19]. C6 thé thay két qua tir phuong
phap chi tiét hoa théng ké BCSD kha twong dong
v6i két qua tir phuong phap chi tiét hoa dong luc
ctia Kich ban 2020. Bén cudi thé ky 21, nhiét do
trung binh tai Viét Nam dugc du tinh tang 1én
dén 1,34 +1,14 °C theo RCP2.6 va 4,18+1,57 °C
theo RCP8.5 [51].

e thay dbi dw tinh cGa nhiét do Viét Nam theo CMIP5
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3]

——RCP2.6 (20)
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Hinh 4. Mtrc ting nhiét do toan cau (trai) va Viét Nam (phai). Nhiét d6 toan cau duoc trich xuét tir dit liéu
GCMs trong khi két qua cho Viét Nam nhan dugc tir san phém chi tiét hoa dong luc cua Kich ban 2020 cia
B Tai nguyén va Moi truong va tir phuong phép chi tiét hoa théng ké BCSD. Két qua té hop trung binh cua
cac phuong an dugc thé hién boi duong mau, trong khi khoang bét dinh (£1 1an d6 léch chudn) ciia cac phuong
an cho moi kich ban RCP dugc biéu dién bang ving mo ciing mau. SO lugng md hinh st dung cho mdi RCP
dugc thé hién trong déu ngodc don phia sau tén timg kich ban. Biéu d hop bén phai biéu dién cac khoang tir
phan vi, trung vi, khoang phén vi thir 10 va 90 ciia mirc néng 1én giai doan cubi thé ki 2080-2099 so v6i thoi ky
co s 1986-2005 trén pham vi toan cau (hdp trai) va Viét Nam (1 hodc 2 hop bén phai; 2 hop trong trudng hop
RCP4.5 va RCP8.5 khi ¢ két qua chi tiét hoa dong luc tir Kich ban 2020) (ngudn: [51]).



N. D. Thanh / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 1 (2023) 1-15 9

4. Mot s6 huong nghién ciru tiép theo trong
tuwong lai

Céc muyc trén di cho thiy nhitng nd luc va
budc tién dang ghi nhan trong thap ky qua dbi
véi bai toan xay dyng kich ban BBDKH cho khu
vuc Pong Nam A va Viét Nam. Pé c6 thé tiép
tuc xay dung dugc nhiing kich ban BDKH céap
nhat va phu hop voi xu huéng phat trién khoa
hoc trén thé gidi, dudi day 1a mot s6 bai toan co
thé can dugc chii trong bai cong ddng nghién ciru
khu vuc va Viét Nam trong nhiing nam tai.

4.1. Xay dung bo s6 liéu khi hdu phdn gidi cao
trén ludi

Céc qudc gia trén khu vue Dong Nam A, bao
gém Viét Nam, hién c6 hé théng mang tram quan
trac khi tuong thuy van con tuong dbi thua that,
va nhiéu tram dit liéu van dugc thu thap mot cach
thu cong [9, 54, 55]. O quy mé toan cau, mot sO
bd di liéu trén ludi da dugc phat trién va su
dung, voi phan giai khong gian va thoi gian khac
nhau. Vi du c6 thé ké dén: i) Bo sd liéu thang
CRU TS phién ban 4 gdm lugng mua, nhiét do
va mot s6 bién khac [56] c6 phan giai khong gian
0,5° cho giai doan 1901-2018; ii) Bo s liéu
thang GPCP phién ban 2.3 [57] cho giai doan tir
1979 dén nay v6i phan giai 2,5% va iii) Bo s6 liéu
mua va nhiét d0 ngay APHRODITE trén khu
vuc gié mua chiu A c6 d6 phan giai khong gian
0,25° cho giai doan 1951-2007 hodc dén 2015
tuy vao phién ban sir dung [58]. Trén khu vuc
Viét Nam, T. N. Xuan et al., (2016) [55] da tap
hop s6 liéu ngay tir 481 tram do mua va dung
phwong phap ndi suy Spheremap [59] dé xay
dung bd s6 liéu mua trén lugi VnGP phan giai
0,1°va 0,25° cho giai doan 1980-2010.

Trong nhiing ndm gan day, do ngudn sd liéu
quan tric hoic tua quan tréc trén khu vue dugce
cap nhét hon, bao gdbm ngudn sb liéu tai tram mit
dat, nguon s6 liéu tai phan tich phan giai cao, va
nguodn so li€u v¢ tinh, viéc xay dyng mdi mdt bo
sO liéu trén ludi chét luong cao, c6 phéan giai
khong gian va thoi gian phu hgp cho Pong Nam
A n6i chung va Viét Nam néi riéng 1a can thiét.
Mot thach thire 1a viée thu thap va chia sé s6 liéu
quan tric tai tram giita cac qudc gia hién khong

dé dang. B6 s6 liu trén ludi, néu duoc xay dung
thanh cong, s& gop phan kiém nghiém két qua
moé hinh duogc chi tiét hoa (dbi véi ca bai toan
dong luc va théng ké) hoic sé rat hiru ich trong
viéc xdy dung cac ham chuyén pht hop nhim
hiéu chinh mé hinh (d6i véi bai toan thong ké).

4.2. Chi tiét hod san pham CMIP6

Céc thi nghiém chi tiét hoa dong lyc trén khu
vuc Pong Nam A va Viét Nam hién méi chi thuc
hién véi cac md hinh toan cAu CMIP3 va CMIPS5.
Céc két qua méi nhat tir Bdo cao Danh gia lan
thir 6 cua IPCC [12] d3 dua trén cac san phdm tir
cac md hinh toan cau CMIP6 véi céc kich ban
kinh té x3 hoi chia sé SSP (tiéng Anh: Shared
Socioeconomic Pathways) [60]. Tuy nhién, do
phan giai ciia cic mo hinh toan cau tham gia
CMIP6 van con thd, phd bién xung quanh
100-150 km theo phuong ngang, do d6 van chua
phu hop dé 4p dung cho quy mé khu vuc va dia
phuong. Viéc chi tiét hoa CMIP6 do vy 1a can
thiét. Cac nghién ciru chi tiét hoa CMIP6 cho khu
viyc Pong Nam A va Viét Nam hau nhu chua
dugc cong b, nhat 1a vo1 phuong phap chi tiét
hoa dong luc do yéu ciu vé nang lyc va thoi gian
tinh toan. Hién nay, cong dong CORDEX-SEA
d3 bat dau tién hanh viéc thiét 1ap mién tinh méi
va lya chon cAu hinh mé hinh khu vuc phu hop
dé co thé chi tiét hoa két qua CMIP6. Desmet &
Ngo Duc (2022) [61] da phét trién mot phuong
phap xép hang méi dé co thé cho diém hiéu suat
cua cac mo6 hinh CMIP6 trén khu vuc Pong Nam
A, tir d6 c6 thé khuyén nghi viéc ding mé hinh
toan cau nao dé chi tiét hoa cho khu vuec.

Déi voi phuong phap chi tiét hoa théng ke,
trong bao co gan nhat cho du an GEMMES vé
danh gia tac dong cua BDKH tai Viét Nam [62],
cac tac gia di budc dau chi tiét hoa sir dung
BCSD cho 35 m6 hinh CMIP6 véi cac kich ban
SSPs khac nhau cho Viét Nam xudng do phan
giai 10 km. Cho dén nay, chwa c6 nghién ctru chi
tiét hoa théng ké nao dugc thuc hién cho toan
khu vyc Pong Nam A, mot phan 1a do chua c6
b6 s6 lidu quan tric nao thuc sy phu hop dé 1am
co sO tham chiéu. Gan day, bo sb lidu tai phén
tich ERAS5 phéan giai 10 km trén dét lién cua
Trung tim Dy bao Thoi tiét han vira Chau Au da
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dugc xay dung [63], co the dong vai tro 1la mot
bd s6 liéu twa quan tric tot phuc vu bai toan chi
tiét hoa thong ké trén khu vuc. Bén canh cac yeu
td quen thudc nhu lwong mua va nhiét d6, mot
sO yéu t6 khac nhu toc do va hudng gio, biic xa,
bdc thoat hoi, do 4m,... ciing thudng xuyén duoc
yéu cau boi cong ddng nghién ctru danh gia tac
dong cua BPKH. Vi thé, viéc chi tiét hoa trong
céc nghién ctru twong lai trén khu vuc ciing can
xem xét dén ca cac bién khi hau khac bén canh
lugng mua va nhiét do.

Mot trong nhitng diém quan trong can dugc
nhin manh trong céc kich ban BDKH 1a viéc du
tinh duoc su bién d6i cta cac hién tugng, yéu td
cuc doan trong tuong lai. Cac yéu tb, hién tuong
cuc doan nay thuong nam & phan duoi ciia ham
phan phéi xac suit. Co mot thyc té 1a cac két qua
du tinh BBKH tir cac GCMs, hodc tir cac thi
nghiém chi tiét hoa van dua trén mot sb luong
han ché cac m6 hinh; vi thé nén chung khong phu
hét dugc toan bo khong gian xac suat. Bén canh
d6 cac GCMs ciing thuong danh gia thién thap
cac su kién cuc doan [64]. Do do, bén canh viéc
dua ra cac kich ban BDKH tir mot sb luong han
ché cac két qua mé hinh, phuong an du tinh xéac
suét ciing can duoc tinh dén. Mot trong nhiing
nghién ciru tién phong theo hudng nay da su
dung phuong phép thay thé/td hop hdn hop cac
m6 hinh SMME (tiéng Anh: Surrogate/Model
Mixed Ensemble) [65]. Phuong phap SMME c6
kha ning danh gia tich hop, vira dua ra trong s6
x4c sut cho cac GCM vira thé hién duge cac rui
ro dudi, 1a cac riii ro tuy c6 xac suét xay ra thip
nhung hau qua lai nghiém trong. Viéc ap dung
phuong phap SMME hoac tuong tu vao cac Kich
ban trong tuwong lai trén khu vuc Pong Nam A
va Viét Nam s& la rat hitu ich.

Bén canh cac yéu td va hién tuong cuc doan,
vai tro cia qua trinh do6 thi hoa ciing can dugc
luong hoa rd rang trong cac thi nghiém chi tiét
hod trong twong lai. Qua trinh d6 thi hoa dang va
s& dién ra manh m@ trén thé gidi, bao gdm ca khu
vuc Pong Nam A va Viét Nam [66]. Mot s6
nghién ctru d chi ra ring d6 thi hoa 1am gia ting
cuong d¢ cua cac dgt song nhiét [67, 68], cling
nhu ¢6 tac dong dén su xuat hién cta cac sy kién
mua cuc doan [69]. B0 thi hoa lam gia ting murc

d6 noéng 1én toan cau [12]. Luu ¥ rang cho dén
nay, da s6 cac mo hinh GCMs thuong bo qua vai
tro cua qua trinh d6 thi hoa do d6 phan giai tho
ctia chiing [70]. Trén khu vyc thanh phd H6 Chi
Minh, Doan & Kusaka (2018) [71] da tinh toan
vai tro cua do thi hoa trong boi canh BDKH, st
dung mé hinh WRF dé chi tiét hoa két qua
CMIPS theo 2 kich ban RCP4.5 va RCP8.5. Két
qua cho thdy qua trinh d6 thi hoa lam gia ting
thém 0,5 °C trong ca 2 kich ban, twong ung voi
20-30% muirc nong 1én do BDKH. Véi d§ phan
gidi cao hon, vi€c tich hop cac qua trinh d6 thi hoa
vao cac md hinh khu vuc can duge thuc hién cho
cac thi nghiém chi tiét hod trén mot sb thanh phd
16n trén khu vuc Pong Nam A trong tuong lai.

4.3. Phdt trién hé thong mé hinh két hop bién-khi

Khi hau trén khu vuc dét lién Pong Nam A
dién hinh 1a néng am, chju anh hudng cia gio
mua va cac yéu to dai duong. Mot s6 nghién ctru
trude day da chira tam quan trong cua tuong tac
khi quyén-dai duwong ¢ quy md toan céu va khu
vuc [72-74]. Nhiét d6 bé mit bién duoc chi ra 1a
¢6 lién quan dén hoat dong cua gio mua [75, 76],
va do d6 c6 sy lién két tir xa v6i cac yéu td khi
héu trén dat lién [77-79]. Vi vay, viéc c6 thé biéu
dién chinh x4c cic twong tic hai chiéu giita bé
mat dat, khi quyén va dai duong 1a rat quan trong
dé c6 thé dé hiéu sau va hiéu dung vé cac qua
trinh vat 1y va BDKH ¢ Pong Nam A.

Cac GCMs tham gia vao cac pha CMIP khéac
nhau thuong 1a cac mé hinh két hop bao gdm céc
thanh phan khi quyén, dai dwong va bé mat dat
lién ciing nhu cac tuong tac giita ching [14].
Nhu d3 dé cap & trén, cac phuong phap chi tiét
hoa théng ké va dong luc da budc dau duoc ap
dung trén khu vuc Péng Nam A va Viét Nam
trong nhitng nam qua. Tuy nhién, nhuoc diém
ctia phuong phap chi tiét hoa thong ké 1a viéc
khong bao toan duge quan hé vat 1y giira cac bién
khi hau. Trong khi d6, cac thi nghiém chi tiét hoa
dong lyc & Pong Nam A hién sir dung cac RCMs
v6i tuong tac dai duong — khi quyén mot chiéu,
tire 1a thong tin tir diéu kién bién dai duong dugc
dwa vao khi quyén nhung cac qué trinh héi tiép
tir khi quyén vao dai duong khong duoc xét dén.
F. Juneng va cong su (2016) [34] chi ra rang cac
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thi nghiém RCM mot chiéu trén khu vuc 1am gia
tang luong mua trén khu vuc ban ddo Dong
Duong vao mua hé. Viéc khong tinh dén tuong
tac bién-khi hai chiéu ciing c6 thé 1a nguyén nhan
gdy ra su khac biét gitra két qua du tinh sy bién
d6i ctia lwong mua tuong lai tir cac thi nghiém
chi tiét hoa dong lyc (Hinh 3) so véi cac két qua
tir caic GCMs (Hinh 2). Trong khi nhiéu khu vuc
trén thé gidi cho dén nay da nghién ctru phat trién
cac hé thong md hinh két hop dai dwong-khi
quyén khu vuc [80-82], cac nghién ciru tuong tu
hién van chua dugc thuc hién trén khu vuc bong
Nam A va Viét Nam. Do d6, viéc tip trung phat
trién mot hé thdng két hop gitra mot RCM va mod
hinh dai duong trén khu vuc s€ 1a mot hudng di
can duoc cha trong thuc hién va hira hen s€ giup
lam 16 hon vAn dé BDKH chi tiét trén khu vuc
va nhit 13 co ché cua cac bién dbi nay trong
tuong lai.

5. Két luan

Cac két qua vé viéc xay dung kich ban
BPKH cho khu viuc Pong Nam A va Viét Nam
trong hon mét thap ky qua 1a rat ddng ghi nhan.
Bai toan chi tiét hoa dong luc da dic biét duoc
chu trong va nhiing nd luc hop tac sau rong va
hiéu qua trong khu vuc Dong Nam A da duoc
thuc hién, nhét 1a trong khudén khd cac dyu an
CORDEX-SEA. Pdi voi Viét Nam, thong qua
cac Kich ban BPKH qua cac nam dugc cong bd
boi Bo Tai nguyén va Moi truong, cung véi mot
sd két qua cong bd trong mdt s6 nghién ciru khac,
c6 thé thiy viéc xay dung cac Kich ban BDKH
ngdy cang chi tiét, cap nhat, voi cach tiép can
khoa hoc va phuong phap hién dai. Trong thoi
gian toi, mot s6 hudng nghién ctru sau ¢ thé can
dugc cht trong trén khu vuc Dong Nam A va
Viét Nam, bao gdm: i) Xay dung bd sb liéu khi
héu trén ludi c6 phén giai cao dya trén ngudn sb
liéu quan tric hodc cac ngudn sb lidu tai phan
tich cép nhat; ii) Chi tiét hod cac san phém
CMIP6 véi cac kich ban SSPs mai nhat bang ca
phuong phap dong luc, thong ké, va du tinh xac
sudt; trong d6 c¢6 chu trong dén vai tro cua do thi
hoa trong bdi canh BDKH toan cau; va iii) Phat
trién hé thong mo hinh két hop bién-khi cho khu

vuc Dong Nam A, tir d6 tmg dung hé thong két
hop nay cho cac thi nghiém chi tiét hoa dé lam
13 co ché ciia sy BDKH trong twong lai trén khu
vuc va tai Viét Nam.

Loi cam on

i Nghién ctu nay duoc tai tro boi Quy Phat
trien Khoa hoc va Coéng ngh¢ Quoc gia
(NAFOSTED) ma s6 105.06-2021.14.
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