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1. Giéi thiéu chwong

Viét Nam 1a mot trong nhitng qudc gia bi anh huéng ning né cua bién ddi
khi hau (BDKH) (MONRE 2009). Trong nhitng nim qua kich ban bién d6i khi hau
va nuée bién dang cho Viét Nam da lién tuc dugc xay dung, cap nhat va cong bd
nhim cung cp nhirng thong tin méi nhat vé& nhirng biéu hién, xu thé bién doi trong
qua khtr va nhirmg dy tinh bién doi khi hau, nude bién dang trong thé ky 21 ¢ Viét
Nam (MONRE 2009; 2012; 2016; 2021). Nguyén tic xdy dung chung ctia cac kich
ban BDKH cua Viét Nam la chi tiét hoa cac kich ban toan cau dua trén cac phuong
phap chi tiét hoa théng k& (MONRE 2009; 2012) hoic chi tiét hoa dong luc
(MONRE 2012; 2016; 2021) theo cac kich ban khi nha kinh khac nhau. Cac kich
ban khi nha kinh duoc st dung trong cac bao cdo trén gém cac ho kich ban phat thai
SRES (Special Report on Emission Scenarios; Nakicenovic et al. 2000) va cac kich
ban dudong néng do6 dai dién RCPs (Representative Concentration Pathways; van
Vuuren 2011). Theo céc kich ban khac nhau di duoc cong bd bai Bo Tai nguyén va
MOoi trudng qua cac nim, nhiét o trung binh nim trén Viét Nam vao cudi thé ky 21
so v&1 thoi ky co s& (1980-1999 hodc 19862005 tuy thudc vao kich ban khi nha
kinh) tdng tir 1,5-4,2°C, lugng mua tang tor 10-40%, véi lugng mua cuc tri cling co
xu thé ting phd bién tir 20-40%.

Céc thong tin nhan duogc tir cac kich ban BDKH la dau vao quan trong dé tur
d6 c6 thé dua ra cac danh gia tac dong cia BDKH dén cac mit cua doi song kinh té
x3 hoi. Mot phan ctia cac nghién ciru danh gia nay dang duoc thyc hién trong khudn
khé ciia dy an GEMMES Viét Nam, dugc tai trg boi co quan phat trién Phap AFD.
Noi dung ctia chuong béo cdo nay 1a két qua nghién ctru ctia Goi lam viée thir nhat
(Working Package I) ctia dy 4n. Chuong nay sé tap trung trinh bay mot sé két qua
moi nhét cap nhat tir cac kich ban ciia Bo Tai Nguyén va Mbi truong (MONRE
2021). Bén canh d6 chung t61 cling dua ra cac tinh todn méi dya trén phuong phap
chi tiét hoa thong ké BCSD (Bias Correction Spatial Disaggregation) cho bo 31 mé
hinh khi hau toan cu thudc du 4n so sanh da mé hinh két hop CMIP5 (Coupled
Model Intercomparison Project Phase 5). Trong cac tinh toan mdi nay, ca 4 kich
ban duong néng do dai dién RCP2.6, 4.5, 6.0 va 8.5 da dugc st dung. Luu y rﬁng
bao cdo ndm 2016 va 2021 cua B Tai nguyén va Moi truong chi sir dung 02 kich
ban RCP4.5 va RCP8.5. Ly do 14 cac bao cdo nay sir dung phuwong phép chi tiét hoa
dong luc nén bi han ché véi s6 mo hinh va kich ban khi nha kinh do thdi gian tinh

toan qua 16m. Cac két qua tinh toan méi str dung phuong phap BCSD cho Viét Nam



nay co thé tai duoc mién phi tur dia chi:
https://remosat.usth.edu.vn/Download/dat GEMMES WP1/WP1 MODEL QOUTP
UT/.

Niam 2015, nhiéu qudc gia trén thé gidi di ban thao, tham gia vao Thoa thuan
Paris, v&i muc tiéu 13 giit cho mirc ting nhiét do trai dat vao cudi thé ky 21 duéi
ngudng 2°C so v6i thoi ky tién cong nghiép, va nd luc dé giéi han sy gia ting &
muirc 1,5°C. Cac nha khoa hoc khuyén cdo rang néu murc ting nhiét d toan cau vuot
qua ngudng 2°C thi s& gay nén nhimg tac dong rat nghiém trong dbi véi con ngudi
va hé sinh thai (IPCC 2018). Viéc xac dinh mic d6 BPKH ctia méi khu vuc véi cac
mirc néng 1én toan cau (GWLs: Global Warming Levels) khac nhau c6 ¥ nghia thuc
tién 16n trong viéc danh gia tic dong ciing nhu trong viéc tng phd véi BPKH cia
mdi quéc gia. Trong bdi canh d6, mot trong nhimng ndi dung can duoc nhan manh
cua Chuong nay la dua ra dugc cac tinh toan vé su thay ddi cua nhiét do, luong
mua va mot sb cac yéu td cuc doan tai Viét Nam theo cac mirc nong 1én toan cau
khac nhau, tir 1,5°C, 2°C, 3°C dén 4°C.

2. Bién d@6i khi hiu trong qua khi

Theo béo céo ctia Co Quan Khi tugng Thé gidi (WMO-No. 1248, 2020) cho
thay, trong nhitg nim gan day, nhiét do trung binh todn cdu ting rat nhanh. Thap
ky 2010-2019 1a thap ky nong nhét tir thoi ky tién cong nghiép dén nay; trong d6 5
nam gan day c6 nhiét do cao nhat trong 140 nam qua. Cuy thé nhiét do trung binh
toan cau nam 2019 da tang 1,1°C so v&i giai doan tién cong nghiép (~1850s).

Muc 2 nay s& cung cip mot sb thong tin cip nhat vé biéu hién cuia BDKH
trong qua khir ciia Viét Nam. Céc tinh toan dua trén ngudn sb liéu thu thap hang
ngdy giai doan 1958-2018 tir 150 tram quan trac trén dat lién va hai dao thudc
mang ludi tram khi tugng thuy van cua Téng cuc Khi tugng Thuy van. B s6 lidu
nay ciing duoc sir dung trong Béo cdo mdi nhat vé Kich ban Bién d6i Khi hau va
nudc bién dang cia BO Tai nguyén va Mai truong (MONRE, 2021). Cac két qua tap
trung vao cac yéu t6 nhiét dd va mua bao gom: 1) nhiét d6 trung binh ngay T2m, 2)
nhiét d6 cuc tiéu Tn, 3) nhiét d6 cuc dai ngay Tx, 4) lugng mua ngay R, va 5) mét
s6 chi s6 cuc doan nhu s6 ngiy nang noéng, nang nong gay gat, s6 ngay rét dam, rét
hai, lugng mua ngay 16n nhat trong naim Rx1day, va s6 cac ngay mua 16n trong nam
R50 c6 lugng mua 16n hon 50mm/ngay. Riéng s6 liéu nhiét d6 cuc dai va cuc tiéu
trong ngdy ciing nhu cac chi s6 cuc doan chi thu thap va tinh toan cho giai doan
1961-2018. Vi ndi dung muc nude bién dang, ngudi doc ¢ thé tham khao cac bao
cdo kich ban cép nhat cia By Tai Nguyén va Moéi truong (MONRE 2016; MONRE


https://remosat.usth.edu.vn/Download/dat_GEMMES_WP1/WP1_MODEL_OUTPUT/
https://remosat.usth.edu.vn/Download/dat_GEMMES_WP1/WP1_MODEL_OUTPUT/

2021). Cac béo cao nay cho thiy giai doan 1993-2014, muc nudc tai cac tram c6 xu
thé ting khoang 3,34mm/nim. S6 liéu vé tinh trong cung giai doan nay ciing di cho
thiy muc nuéc trung binh toan Bién Pong c6 xu thé ting (4,lmm/nim). Trong khi
d6, gitta Bién Dong ting 16n nhit (67,2 mm/nim) va myc nudc ven bién tir Pong
bang séng Ctru Long c6 murc ting thap nhat (2,2-2,5 mm/nim).

Dé cap nhat, dé danh gia xu thé bién doi khi hau cho Viét Nam, bién doi cta
cac yéu t6 khi hau trung binh nim cho quy mé ca nuéc dugc xac dinh theo chuan
sai nhiét 4o va luong mua ctia mdi tram. Gia tri thay ddi trén céc vung khi hau/toan
qudc 1a gia tri trung binh ciia chuén sai cua tit ca cac tram trong ving/toan qudc
dugc phan tich bang phuong phap hoi quy tuyén tinh. Muc d6 bién ddi cia cac yéu
t6 dugc thé hién thong qua tbc d6 xu thé tai cac tram quan tric. danh gia do tin cay
cta toc do xu thé cua cac yéu t6 tai cac tram dugc thuc hién bang phuong phap
kiém nghiém thong ké T-test v4i do tin cay 95%.

2.1. Nhiét d¢ trung binh va cuc tri

banh gid mac do bién doi va xu thé da chi ra nhiét do co xu thé tang o hau
hét cac tram quan trac nhung c6 mirc d ting khac nhau gitta cic viing va cac mua
trong nam (Hinh 1.1, Bang 1.1). Mtc ting nhanh dan theo céc thap ky va manh nhét
1a cac thap ky gan day (2011-2018). Trung binh trén ca nudc, nhiét d6 trung binh
nam da ting khoang 0,89°C cho thoi ky 1958—2018. Mtic d6 ting cao nhat vao mua
thu, khu vyc TAy Nguyén ting cao nhat 1én dén 1,4°C, Bac Trung Bo va Tay Bic
tang 1,3°C. Mtic d6 ting nho nhat vao mua hé va mua xuan tai khu vyc Nam Trung
B6 véi mirc ting tuong tng 1a 0,6°C va 0,4°C. Cuc tri nhiét d cling ting ¢ hau hét
cac vung, ngoai trir nhi€t do cuc dai ngay c6 xu thé giam & mot sb tram phia Nam
(Hinh 1.2). Cac ky luc vé nhiét do trung binh cling nhu nhiét d6 ti cao lién tuc

dugc ghi nhan tir ndm nay qua ndm khéc.
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Hinh 1.1. Mirc do tang nhiét do T2m & Viét Nam giai doan 1958—-2018.
Bang 1.1. Mirc tang cia nhiét do trung binh (°C) trong 61 nam (1958-2018)

trén 7 vang khi hau.

Vung khi hau Mua dong | Mua xuan | Mua he Mua thu
Tay Bic 1,1 0,8 0,9 1,3
Péng Bic 1,0 0,8 0,8 1,1
Pong bang Bic Bo 0,9 0,9 0,7 1,2
Bic Trung Bo 0,8 0,9 0,8 1,3
Nam Trung B 0,6 0,4 0,6 0,9
Tay Nguyén 1,3 0,7 1,0 1,4
Nam B0 1,1 0,8 0,9 1,1

Nhiét d6 tdi cao ngay (Tx) tang trén hau hét pham vi ca nudc trong giai doan
1961-2018 (Hinh 1.2). Cac ky luc cao chi yéu duoc ghi nhan vio nhig nam El
Nifio hoat dong (1987, 1997, 2010, 2017). Mirc ting phd bién tir 0,2 dén 1,7°C trén



hau hét cac khu vuc, trir mot sb tram khu vuc Tay Bic co ghi nhéan sy giam cua
nhiét d6 toi cao ngay véi khoang 0,2°C dén 0,6°/58 nam. Nhiét do tdi cao ngay ting
tuong di nhiéu & Pong bang Bic BY, phia nam cia ving Dong Bic, phia bic cua
vung Béc Trung Bo va phia dong ctia Nam B9, ¢6 noi ting trén 2,1°C. Trong khi d6
nhiét ting twong ddi it & khu viuc Nam Trung Bo va phia tiy ctiia Ty Nguyén.

Bén canh do, trong giai doan 1961-2018, nhi¢t do thfip nhét trung binh nam
(Tn) ciing c6 xu thé tang trén pham vi ca nude véi mirc ting nhiéu nhat 1én dén trén
1,8°C ¢ Tay Nguyén, 1,5°C & Tay Bic, 1,3°C ¢ Béc Trung Bo, 1,2°C & Dong Bic,
Nam B6 va it nhat 13 1,0°C & Déng bang Bic B va Nam Trung Bo. Nhin chung
muc tang trung binh cua Tn cao xu hudng cao hon mirc tang cua Tx trén Viét Nam
(Hinh 1.2).
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Hinh 1.2. Mtrc d9 thay d6i clia nhiét d9 cuc dai ngay Tx va nhiét d9 cuc tiéu
ngay Tn giai doan 1961-2018.

S6 ngay nang nong (ngay c6 Tx > 35°C) va nang nong gay gat (ngay cd Tx >
37°C) c6 xu thé ting; nguoc lai, s ngay rét dam (ngay c6 T2m < 15°C), rét hai
(ngay c6 T2m < 13°C) c6 xu thé giam (Hinh 1.3). Trong giai doan 1961-2018, s6
ngdy nang noéng cé xu thé tang trén hau hét cic ving khi hau v6i murc ting thém
pho bién tir 10 dén 40 ngay. Mtrc ting nhiéu hon & phia nam ving Pong Bac, Pong
béng Bic Bo, Béc Trung B va Nam Trung B9. Trong khi d6, mot s6 noi thudce khu
vuc Tay Bac, Tay Nguyén va Pong Nam Bo c6 sd ngiy nang néng giam tir 10-15
ngay/58 nam. S6 ngiy nang néng gay gat ciing c6 xu thé tang, nhung tang nhe hon



so v6i s6 ngay nang néng, v6i khoang 5-15 ngay/50 nam. Khu vic Bic Trung Bo

c0O sO ngay nang nong gay gat ting nhiéu nhat trén ca nudc.
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Hinh 1.3. Mitc d9 bién d6i s6 ngay ning néng (Su35), ning néng gay git
(Su37), s6 ngay rét dam (Fd15), sé ngay rét hai (Fd13) giai doan 1961-2018.
Don vi: ngay/58 nam.

Sb ngay rét dam co xu thé giam rd rét, phd bién tir 5 dén 25 ngay cho ca giai
doan 58 nam cho cac khu vuc phia Bic. Mirc giam 13 rét nhit xay ra & khu vuc Tay

Bic, Pong Bic, c6 noi giam dén trén 35 ngay. Khu vuc Tay Nguyén va Nam Trung



Bo c6 sb ngay rét ddm giam nhe khoang 2—5 ngay. S6 ngay rét hai co xu thé giam
trén mién khi hau phia Béc, pho bién tir 5 dén 20 ngay/58 nim, chi yéu tip trung &
khu vue Tay Béic va Dong Bic Bo.
2.2. Lwgng mua trung binh va cuwe tri

Tinh trung binh trén pham vi ca nudc, lugng mua nam tang nhe véi mire
tang 2,1% trong giai doan 1958-2018. Xu thé mua nam nhin chung giam trén da s
cac tram phia Bic va ting ¢ nhiéu tram & Nam Trung Bo va Tay Nguyén (Hinh
1.4). Tinh cho ting ving khi hiu, lugng mua cic mua c6 xu thé ting nhiéu nhét vao
mua dong, véi mic tang tu 16,8 tai khu vuc Bic Trung Bo dén 97,4% & Nam Bb.
Trong khi d6, vao mua he va mua thu, lugng mua cé xu thé gidm & cac vung khi
hau phia Béc tir 0.7 dén 27.1% (Bang 1.2).
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Hinh 1.4. Thay d06i lwong mua & Viét Nam giai doan 1958-2018 (%/61 nim)
Bang 1.2. Thay ddi lwong muwa trén cac vung khi hau giai doan 1958-2018
(%/61 nam)

Vung khi hau Dong Xuén He Thu
Tay Béc 41,4 9,9 -4,3 -17,3
DPéng Bic 34,3 -0,7 1,4 -16,0




DPong bang Bic B 13,8 2,7 -0,9 27,1
Bic Trung Bo 16,8 13,0 8,6 12,1
Nam Trung Bo 82,2 23,0 8,9 11,3

Tay Nguyén 40,3 14,6 0,5 7,4
Nam B9 97,4 7,5 2,5 3,8

Céc cyc tri cling nhu hién tuong cuc doan vé mua c6 xu thé bién ddi khac
nhau trén cac vung khi hau cua Viét Nam, giam & hau hét cac tram thudc Tay Bic,
Pong Bic, Pong bang Bic Bo va tang ¢ phan 16n tram thudc cac ving khi hau Béc
Trung B va Nam Trung B6 (Hinh 1.5). Trong nhimg nim gan ddy, mua 1on xay ra
bat thuong hon vé thoi gian, dia diém, tan suat va cuong d6 (MONRE 2021). Mua
16m khong chi xay ra trong mua mua ma ca trong mua kho.

Trong 58 nim qua, Rx1day c6 xu thé ting ¢ trung tim ving Pong Bic, mot
s6 khu vuc thuoc Pong Bing Bic B, hau hét tinh duyén hai Trung Bo, Tay
Nguyén v6i mirc ting phd bién tir 20 dén 50%. Rx1day c6 xu thé giam & mot sb cac
tinh ving dong bang Bic B6 va hau khip Tay Nam Bo. Rx5day c6 xu thé ting
nhiéu hon so véi Rx1day, phd bién tir 5 dén 60%, nhiéu nhit & Trung B9, trong khi
d6, khu vuc Tay Bic, mot phan Pong Bic, cac tinh Thanh Hoa, Quang Tri, cac tinh
phia Bic Tay Nguyén va Tay Nam B0 lai c6 su giam ctia Rx5day voi muc giam tir
2 dén 20%. S ngdy mua 16n ting nhiéu nhit 1a 10,4 ngay tai tram Ba To (Quang
Ngii) va giam nhiéu nhat 1a 12,8 ngay tai tram Cang Long (Tra Vinh).
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Hinh 1.5. Thay doi ciia Rx1day va Rx5day ¢ Viét Nam giai doan 1961-2018

Céac tinh toan chi tiét hon va thuc té cho théy han han xuét hién thuong
xuyén hon trong mua kho. S6 thang han c6 xu thé ting & khu vuc phia Béc, giam &
Trung Bo va phia Nam lanh tho, trong d6 ting nhiéu nhat & Pong bang Bic B0,
giam nhiéu nhat & Nam Trung B6 (MONRE 2021). S6 bdo manh c6 xu thé ting
cting nhu kha nang tac dong cua ENSO dén thoi tiét, khi hau Viét Nam c6 su gia
tang (MONRE 2021).

3. Du tinh BDKH trong twong lai ¢ Viét Nam
3.1. Phwong phap du tinh khi hju ap dung trong bao cao

Cac kich ban BPKH toan ciu cho twong lai thudng dya trén cac san phiam
duy tinh tir cic mo hinh khi hau toan ciu (GCM: Global Climate Model) véi cac kich
ban ndéng d6 khi nha kinh khac nhau. Cac két qua trong cac Bao céo danh gia cua
IPCC da phan déu dya trén két qua dau ra ctia cac GCMs. Tuy nhién do han ché cua
ning lyc tinh toan va luu trit, cac GCMs cho dén hién tai c6 do phan giai twong dbi
tho, da s6 tir khoang 100km trd 1én. Vi vay, dé c6 thé du tinh BDKH cho mot khu
vuc nho, cu thé 1a cac tinh thanh thudc mot quéc gia nhu Viét Nam, can thiét phai
ap dung mot sd ky thuat chi tiét hoa. Trong muc niy s& gi6i thiéu so luge 02
phuong phap chi tiét hod thong ké va dong lyc. Phuong phap dau tién 1a hiéu chinh
sai sO va phan ra khong gian BCSD (Wood et al. 2004) duoc thuc hién trong khuén
kho cta du an GEMMES. Phuong phép thtr 2 1a chi tiét hoa dong luc, st dung md
hinh khi hau khu vuc (RCM: Regional Climate Model) chay tich phan cho giai doan

qua khtr va tuong lai véi diéu kién ban dau va diéu kién bién tir mo hinh toan cau,
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dugc thuc hién trong qua trinh xay dung céc kich ban qudc gia cua Bé Tai nguyén
va Moéi truong (MONRE 2021).

Véi ca 02 phuong phap, ngudn sb liéu toan cau dau vao nhan dugc tir cac
GCMs tham gia vao dy 4n CMIP5 (Taylor et al. 2012). Luu ¥ rang cac thi nghiém
ctia CMIP5 duoc thiét ké voi cac kich ban duong ndng d6 dai dién RCPs (van
Vuuren et al. 2011; MONRE 2016). Cac gia tri 2.6, 4.5, 6.0 va 8.5 cua cac RCPs
g voi gia tri cudng birc birc xa (radiative forcing, don vi Wm) vao thoi ky cudi
thé ky 2100 so voi thoi ky tién coéng nghiép 1750. Cac thi nghiém CMIP5 di déng
gop rat 1én vao cac két qua du tinh BPKH toan cdu va khu vue, dugc tong hop
trong Bdo cdo danh gia 1an tha 5 (IPCC, 2013) va Bdo céo danh gia lan thtr 6 cua
IPCC du kién duge cong bd vao cudi nim 2021.

3.1.1. Phuong phap chi tiét hoa dong luc

Chi tiét hoa dong luc 1a phwong phap chinh duoc sir dung dé tinh toan xay
dung kich ban bién d6i khi hau gan dy cia Viét Nam (MONRE 2016; MONRE
2021). Cac mé hinh duoc sir dung trong cac két qua tinh toan cua bao cdo nay, cling
nhu cuia kich ban MONRE (2021) bao gdm sau md hinh khi hau khu vuc (RCM): 1)
md hinh PRECIS (Jones et al. 2004), 2) mé hinh cIWRF (Fita and Fernandez
2010), 3) md hinh CCAM (McGregor and Dix, 2008), 4) mod hinh RegCM (Giorgi
et al. 2012), 5) m6 hinh AGCM/MRI (Murakami et al. 2012), va 6) mé hinh RCA3
(Samuelsson et al. 2011).

M3di thi nghiém chi tiét hoa dong luc c6 didu kién bién va ban dau tir dau ra
ciia mot s6 mo hinh toan cu cua trong bao cao CMIP5 (IPCC, 2013). Riéng vai
md hinh CCAM, s6 liéu nhiét 6 bé mit bién tir cdc mo hinh toan cau da duoc hiéu
chinh vé&i ngudn s lidu quan tric (Katzfey et al. 2016). Tong cong c6 tat ca 19
phuong an tinh todn dugc lya chon, trong d6 c6 14 phuong an cua nhiét va 5
phuong an mua (Bang 1.3). Luu ¥ rang ddy ciing 1 cac phuong an duoc sir dung
trong kich ban cdp nhat moi nhat cia B6 Tai nguyén va Moi truong (MONRE,
2021), cung cap boi Vién Khoa hoc Khi tugng Thuy van va Bién d6i Khi hau
(IMHEN).

Bang 1.3. Danh sich 14 phwong 4n md hinh khi hau toan cau va khu vuc cho
nhiét d9. 5 phwong an cé danh diu * bén canh cic md hinh toan cau 1 cac
phuong an duge sit dung cho du tinh lwgng mwa trong kich bin MONRE

(2021).

TT | M®&hinh | Mb hinh toan cau Thoi ky P
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khu vuc Quakht |RCP4.5 |RCP8.5 phan
gidi
1 |PRECIS |HadGEM2-ES* |1960- 2006- 2006- 25 km
2005 2099 2099
2 GFDL-CM3*
3 CNRM-CM5*
4 | CCAM CCSM4 1970- 2006- 2006- 30 km
2005 2099 2099
5 CNRM-CM5
6 GFDL-CM3
7 NorESM1-M
8 |RegCM4 |CNRM-CM5 1980- 2046- 2046- 20 km
2000 2065 2065
2080- 2080-
2099 2099
9 HadGEM2-AO 1980- 2046- 2046-
2005 2065 2065
10 MPI-ESM-MR*
2080- 2080-
11 EC-Earth 2099 2099
12 CSIRO MK3.6*
13 GFDL-ESM2M
14 | cIWRF NorESM1-M 1970- 2006- 2006- 30 km
2005 2099 2099

Phuong phap chi tiét hoa dong luc c6 vu diém 13 ndm bat dugc cac qua trinh
vat 1y va hoa hoc ciia khi quyén nén két qua ctia mé hinh c6 tinh logic gitta cac bién
khi hau. Tuy nhién phuong phip ndy ciing c6 nhuoc diém la c6 thé khong mod

phong tt cac yéu té dia phuong do cac dir liéu dau vao khong da muc do chi tiét.
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Hon nira, mdi mé hinh toan cau va khu vuec déu c6 sai s6 hé théng nhét dinh. Vi thé,
trong bao céo nay ciing nhu trong bao cdo MONRE (2021), két qua dau ra cia cic
phuong an chi tiét hoa dong luc dugc hi¢u chinh dya trén s6 liéu thuc do tai cac
tram. Viéc hiéu chinh sai sd hé théng cho céc bién nhiét do trung binh ngay va
lwrong mua ngdy tai mdi tram cho thdi ky chuan 1986-2005 va trong twong lai cudi
thé ky 21 duoc thuc hién nhu sau: (1) d6i v6i luong mua (ngdy, Rx1day): phuong
phap hi€u chinh phan vi CDFt (Cumulative Distribution Functions transform) duoc
ap dung (Vrac and Friederichs, 2015; Vrac 2018); (2) ddi véi nhiét do: ap dung viéc
hiéu chinh dya trén cac ngudng phan vi theo Amengual et al. (2012).

Cac gia tri nhiét d9, lwgng mua mo phdng trong qua khur va tuong lai sau khi
hiéu chinh dugc st dung cho viéc tinh toan xay dung kich ban BDKH trinh bay
trong Muc 3.2.

3.1.2. Phwong phap hi€u chinh sai s0 va phan ra khong gian BCSD

Phuong phép chi tiét hoa thong ké duoc sir dung ¢ day 1a phuong phéap hiéu
chinh sai s0 va phan rd khong gian (Bias Correction Spatial Disaggregation -
BCSD; Wood et al. 2004). Phuong phap BCSD bao gom 2 budc riéng biét 1a hiéu
chinh sai s6 (BC) va phéan ra khong gian (SD) (Hinh 1.6). Cu thé cac budc thuc hién
nhu sau:

e BC: Paiu tién, bién dau ra nhiét d6 va mua cta cic GCMs va dit liéu quan
trac (OBS) duoc dua vé cung d6 phan giai ngang 1° x 1° (xap xi 100km)
bang phuwong phap ndi suy bao toan bic nhit (First order conservative
remapping) dé dam bao cac mién tai bién dat lién cua Viét Nam déu duoc 1ap
day. Tiép theo, phuong phap hiéu chinh sai sb bién doi phan vi (Quantile
Mapping - QM) dugc str dung trén ngudn sd liéu 1° nay dé hiéu chinh dir liéu
mo phong tir cic GCMs bang OBS. Cac ham phan phéi tich luy (CDEF:
Cumulative distribution function) cho mua (P), nhiét do trung binh (T2m),
nhiét d6 t6i cao tuyét doi (Tx), nhiét do t6i thap tuyét ddi (Tm) dugc xay
dung cho OBS va dit liéu mo6 phdng cua timg GCM cho tung thang va cho
ting 6 ludi. Sai s6 ciia két qua GCM so v6i OBS & d6 phan giai 1° x 1° duge
hiéu chinh bang cach hoan doi phan vi cia GCM bang phéan vi cung gia tri
xéc suat trong OBS. Muyc tiéu chinh ctia phuong phap bién d6i phan vi QM
1a tim ra cac truong khi hau da duoc hiéu chinh sai s6 véi gia dinh:

Xec = Fo! (Foem (Xoem))
trong d6 Xac va Xecwm thé hién gia tri GCM duoc hiéu chinh sai sé va gia tri

ban dau trong giai doan kiém nghiém. Fecm() Va Fo() lan luot 1a ham CDF
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ciia GCM va ham CDF nghich dao cua OBS. DPéi v6i nhiét do, xu thé tuyén
tinh cta nhiét do trén mdi 6 ludi duoc tach khoi chudi gia tri theo thdi gian
trude khi ap dung QM, va duoc cong lai sau khi phan gia tri con lai (noise)
d3 duoc hiéu chinh sai sb. Phuong phap nay dam bao xu thé bién ddi cua
nhiét d6 dugc bao toan nhu trong GCM ban dau (Wood et al. 2004; Maurer
2007; Sobie et al. 2012).

e SD: Hé sb thay doi mua va nhiét d6 giita kich ban twong lai GCM va OBS
dugc tinh toan bang hiéu s (d6i véi nhiét d6) hodc ty 18 (v6i mua) & d6 phan
giai 1°. Trude khi duge gdp vao mién trung binh cua khi hiu quan tric trong
qua khu dé tao ra dit liéu hiéu chinh trong tuong lai, h¢ ) thay ddi duge nodi
suy do phan giai 6 ludi 0.1°. Dit liéu da chi tiét hoa tiép tuc dugc phan ra
thoi gian vé do phan giai ngay bang cach lwa chon ngiu nhién mét thang
trong qua khir va thay doi nhirng ngay trong thang theo ty 1¢ hodc hiéu s6 sao
cho gia tri trung binh thang trong GCM la khong thay d6i.

Dir ligu quan
GCM trac (0,1°)
Néi suy NGi suy Tinh todn hé sé6
. Di¥ liéu quan thay déi giifa
GCM (1°) tric (1°) GCM hiéu chinh
‘ va di¥ liéu quan
< a P
Hiéu chinh sai sé trac G?,P hé s6 th.ay X
Quantile Mapping déi tuong lai vaf
khi hdu quan trac
Dit liéu GCM hiéu chinh sai s& (1°) trong qud khi dé
i tao ra di liéu
GC:M d&hrfu LQ’O Ch(?ﬂ mét
Hé s6 thay déi (1°) chinh sai sé. thdng ngdu nhién
- trong OBS va thay
l Noi suy déi ty 18 sao cho
H& s& thay déi (0,1°) gid tri trung binh
ngdy bang vdi gid
l trj trung binh
thang trong GCM
BCSD-GCM trung binh thang & 0,1° greng
'
BCSD-GCM trung binh ngay 4 0,1°

Hinh 1.6. Céac bwéc thue hién ciia phwong phap chi tiét hoa BCSD

Trong nghién ciru ndy, bd dit liéu chi tiét hoa bang phuwong phap BCSD dugc
xdy dyng dya trén téng cong 31 mo hinh khi hau toan cau GCMs thuoc CMIP5
(Bang 1.4) cho giai doan qua khir 1980-2005 va thoi ky tuwong lai 2006-2100. Cac
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kich ban néng do khi nha kinh RCPs dugc sir dung bao gém RCP2.6, RCP4.5,
RCP6.0 va RCP8.5. Dir li¢u quan tric duoc st dung 1a dir li€u 6 luoi tir 1980-2005
cho P, T2m, Tx, Tm ¢6 d6 phan giai ngang 0.1° dugc xay dung dua trén 481 tram

quan tric mua va 157 tram quan tric nhiét d6. Cac két qua chi tiét hoa thong ké sir

dung phuong phap BCSD cho Viét Nam nay dugc luu dudi dinh dang netCDF

(network Common Data Form) va c6 thé tai dugc mién phi tir dia chi:
https://remosat.usth.edu.vn/Download/dat GEMMES_WP1/WP1 MODEL_QOUTP

UT/.

Bang 1.4. 31 mé hinh CMIP5 GCMs duoc sir dung lam dir liéu diu vao cho cac

tinh toan BCSD.

T ID M6 hinh Do phan giai (°) Mo hinh kha dung
T (* 12 cdc mo hinh da dugc st dung)
Kinhdd | Vidd | RCP2.6 | RCP4.5 | RCP6.0 | RCP8.5
1 | ACCESS1-0 1.25 1.875 * *
2 | ACCESS1-3 1.25 1.875 * *
3 | BCC-CSM1-1 2.7906 | 2.8125 * * * *
4 | BCC-CSM1-1- 2.7906 | 2.8125 * * *
M
5 | BNU-ESM 2.7906 | 2.8125 * * *
6 | CanESM2 2.7906 | 2.8125 * * *
7 | CCSM4 0.9424 1.25 * * *
8 | CESM1-BGC 0.9424 1.25 * *
9 | CESM1-CAMS 0.9424 1.25 * * * *
10 | CMCC-CM 0.7484 0.75 * *
11 | CNRM-CM5 1.4008 | 1.40625 * * *
12 | CSIRO-MKk3-6- 1.8653 1.875 * * * *
0

13 | GFDL-CM3 2 2.5 * * *
14 | GFDL-ESM2G 2.0225 2 * * * *
15 | GISS-E2-H 2 2.5 * * * *
16 | GISS-E2-H-CC 2 2.5 * *
17 | GISS-E2-R 2 2.5 * * * *
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https://remosat.usth.edu.vn/Download/dat_GEMMES_WP1/WP1_MODEL_OUTPUT/
https://remosat.usth.edu.vn/Download/dat_GEMMES_WP1/WP1_MODEL_OUTPUT/

18 | GISS-E2-R-CC 2 2.5 * *
19 | HadGEM2-CC 1.25 1.875 * *
20 | HadGEMZ2-ES 1.25 1.875 * * *
21 | IPSL-CM5A-LR | 1.8974 3.75 * * *
22 | IPSL-CM5A- 1.2676 2.5 * * * *
MR
23 | IPSL-CM5B-LR | 1.8947 3.75 * *
24 | MIROC-ESM 2.7906 | 2.8125 * * * *
25 | MIROC-ESM- 2.7906 | 2.8125 * * *
CHEM
26 | MIROCS 1.4008 | 1.40625 * * * *
27 | MPI-ESM-LR 1.8653 1.875 * * *
28 | MPI-ESM-MR 1.8653 1.875 * * *
29 | MRI-CGCM3 1.12148 | 1.125 * * *
30 | NorESM1-M 1.8947 2.5 * * * *
31 | NorESM1-ME 1.8947 2.5 * *
Tong s6 mé hinh cho méi kich ban 20 31 12 31

3.1.3. Phwong phap tinh tng Vi cic ngudng nong 1én toan ciu 1,5°C, 2°C, 3°C

va 4°C

Céac ngudng néng 1én toan cau GWLs (Global Warming Level) 1,5°C, 2°C,
3°C va 4°C duoc xac dinh khi so sanh nhiét d¢ trung binh khong khi bé mit toan
cau (GSAT: Global mean Surface Air Temperature) (gia tri trung binh 20 nim) so
voi giai doan 1850-1900. Gia tri GWL duoc tinh toan cho mdi mé hinh GCM va
mdi kich ban khi nha kinh. Trong bio cdo nay, cac ngudng thoi gian cho cac
ngudng GWL cho mdi mé hinh trong s6 31 GCMs ctia CMIP5 dugc ké thira tir két
qua cua Hauser et al. (2019).

Bang 1.5 dudi ddy cho thong tin vé thoi diém (trung vi, som nhat, mudn
nhat) xay ra cac GWL 1,5°C, 2°C, 3°C va 4°C tng véi cac kich ban RCPs khac nhau
tinh tir tdp hop cac CMIP5 GCMs ¢ Bang 1 dugc st dung trong nghién clru nay.

Bang 1.5. Thoi diém cdc ngudng néng 1én toan ciu GWL 1,5°C, 2°C, 3°C va
4°C dat dwoe wng véi cac kich ban RCPs khac nhau. Ung véi méi kich ban va
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ngwong GWL, 3 gia tri dwoc liét ké gdm gia tri trung vi, gia tri nim sé'm nhét
va gia tri nim mudn nhét tir tip hop cac méd hinh toan cAu CMIP5 tai Bang 1.

NA (not available) nghia la khong xac dinh dwgc gia tri.

GWL 1.5° GWL 2° GWL 3° GWL 4°

Nam |[Nam |Nam | Nam [Nam |Nam | Nam | Nam | Nam | Nam | Nam | Nam
trung| sém |mudn|trung| sém mudn|trung| sém |mudn|trung| sém mudn

vi |nhit|nhat| vi |nhat|nhdt| vi |nhit| nhidt| vi |nhat|nhat

RCP2.
6 2023 | 2008 | 2047 | 2039 | 20252081 | NA | NA | NA | NA | NA | NA

RCP4.
5 2027 2008|2055 | 2047 | 2024 | 2085 | 2073 | 2064 | 2078 | NA | NA | NA

RCP6.
0 |2030 |2011|2060| 2053 |2033|2078| 2078 2072|2087 | NA | NA | NA

RCPS.
5 12023 2009|2042 | 2039 | 2023 | 2053 | 2062 | 2046 | 2087 | 2081 | 2065 | 2088

Vi cac két qua chi tiét hoa dong luc va théng ké cho Viét Nam sir dung
trong nghién ctru nay, ta s& xem xét sy bién doi ctia khi hau khu vuc tng voi mdi
thoi diém GWL dat dugc tir mo hinh toan ciu tuong ting.

Chéng han ta can xét sy bién ddi cta nhiét do Viét Nam ung vo1 ngudng
GWL 1.5°C tir mot sb thi nghiém chi tiét hoa. Gia thiét c6 40 thi nghiém chi tiét hoa
mg v&i 10 md hinh toan ciu va 4 kich ban khi nha kinh. Ta c¢6 dugc 40 thoi diém
{t, t, .. ta} tra tr ké qua cua Hauser et al. (2019;
https://github.com/mathause/cmip_warming_levels) ma lan lugt timg mé hinh toan

cau v6i timg kich ban dat ngudng GWL 1.5°. Sy bién d6i Gmg v6i ngudng GWL
1.5° cua thi nghi¢m chi tiét hod i dugc xac dinh 1a sy sai khac gitra gia tri trung
binh 20 nim quanh thoi gian ti va thoi ky chuan 1986-2005. Sau d6 ta c6 thé tinh
két qua trung binh tir 40 két qua nay ciing nhu cac khoang bét dinh twong tng.
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https://github.com/mathause/cmip_warming_levels

3.2. Két qua du tinh khi hiu twong lai cho Viét Nam
3.2.1. Nhiét do

a) Nhiét dj trung binh

Murc dg gia ting nhiét d0 toan ciu va Viét Nam theo Hinh 1.7 duoc tinh
todn dua trén sy chénh léch nhiét do gitra thoi ky tuong lai va thot ky co s¢ 1986-
2005, theo dudng trung binh dong mdi 5 nam. Nhin chung, nhiét d trung binh trén
Viét Nam ting 1én cung véi xu thé ndng 1én toan cau. Co6 thé thiy két qua cua
phuong phap chi tiét hoa dong luc tir IMHEN kha twong dong véi két qua tir
phuong phap chi tiét hoa thong ké BCSD. Giira thé ky 21, nhiét d6 trung binh tai
Viét Nam c6 thé 1én dén 1,13+0,87°C theo RCP2.6 va 1,9+0,81°C theo RCP8.5; va
dén cudi thé ky co thé 1én dén 1,34 +1,14°C theo RCP2.6 va 4,18+1,57°C theo
RCPS8.5. Mtic d6 phan tan clia cac tinh toan theo cac kich ban cho quy mé toan cau
va cho khu vuc Viét Nam déu tuong dbi thap trong nhiing thap ky dau va ting dan
theo thoi gian vé cudi thé ky 21.

6CMIPS projected changes for global mean temperature gMIPS projected changes for Vietnam mean temperature

— — IMHEN-RCP8.5 (14)

— — IMHEN-RCP4.5 (14)
IMHEN—Historical (14)

—— BCSD-RCP8.5 (31)

——RCP8.5 (31)

3]
3]

——RCP2.6 (20)
—— Historical (31)

S
S

—— BCSD—-RCP2.6 (20)
—— BCSD~—Historical (31)

(]
(]

e relative to 1986-2005 (°C)

RCP8.5

9
N
N

8 - g % RCP2.6
§o LR ==
K

2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100

ature change relative to 1986-2005 (°C)

Hinh 1.7. Mikc ting nhiét dd toan cau (trai) va Viét Nam (phai). Tién trinh ciia
nhiét d toan ciu dwoc trich xuat tir dir liéu GCMs trong khi két qua cho Viét
Nam nhan dwgc tir sin pham chi tiét hoa dong lwc ciia IMHEN va tir phwong
phap chi tiét hoa thong ké BCSD. Két qua td hop trung binh ciia cic phuwong
an dwgc thé hi¢n béi dwong mau, trong khi khoing bat dinh (£1 lan dd léch
chuin) ciia cac phwong 4n cho mdi RCPdwoc biéu dién biang ving mo cung
mau. S6 lwong GCM dwoe sit dung cho mdi RCPdwogc thé hién trong dau
ngoic don phia sau tén tirng kich ban. Biéu do hop bén phai biéu dién xac suat
xdy ra (khodang tir phan vi, trung vi, khoiang phan vi thir 10 va 90) ctia mirc
néng Ién trong pham vi toan cau va Viét Nam giai doan cudi thé ki 2080-2099
s0 voi thoi ky co sé 1986-2005 . Véi mdi RCPs, sé ¢6 2 hoic 3 hop lan luot biéu
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dién gia tri toan cau tir cic GCMs, gia tri cho Viét Nam tir BCSD va gia tri cho
Viét Nam tir IMHEN (doi véi RCP4.5 va RCP8.5).

Xét trén 7 vung khi hau ciia Viét Nam (Nguyén Ptic Ngit va Nguyén Trong
Hiéu 2004), nhiét d6 trén cac ving déu gia ting dang ké trong thé ky 21 so véi thoi
ky co s& 1986-2005 (Hinh 1.8). C6 thé thdy mién khi hau phia Bic tir Pong Bic
xubng Bic Trung Bo c¢6 mirc gia ting nhiét do cao hon so voi mién khi hau phia
Nam tir Tdy Nguyén dén Nam B6.

BProJected changes for the Northeast mean temperature 6PNJjeCled changes for the Northwest mean temperature Proejected changes for the Red River Delta mean temperature
g — — IMHEN—-RCPB.5 (14) 2 — — IMHEN-RCP8.5 (14) 2 — — IMHEN-RCPB.5 (14)
4 — — IMHEN-RCP4.5 (14) 6 — — IMHEN-RCP4.5 (14) = — — IMHEN—-RCP4.5 (14)
8 5 — — IMHEN—Historical (14) g 5 — — IMHEN~Historical (14) g 5 — — IMHEN~Historical (14)
S —— BCSD-RCPB.S (31) S —— BCSD-RCPB.S (31) & —— BCSD-RCPB.S (31)
24 24 24
= —— BCSD-RCP2.6 (20) v —— BCSD-RCP2.6 (20) = —— BCSD-RCP2.6 (20)
e —— BCSD-Historical (31) e —— BCSD-Historical (31) e —— BCSD-Historical (31)
£3 £3 23
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Hinh 1.8. Mic ting nhiét d cho 7 viing khi hiu & Viét Nam t6i cudi thé ky 21
theo cac kich ban IMHEN va BCSD. Phwong thire biéu dién twong ty nhu
Hinh 1.7.

Bang 1.6 thé hién dinh luong vé muc gia ting nhiét do tai cac ving khi hau
Viét Nam vao cac giai doan giita va cudi thé ky 21 theo hai kich ban RPC4.5 va
RCPS8.5. Theo két qua duy tinh tir IMHEN, vao cubi thé ky 21, mirc gia ting nhiét 6
& khu vuc phia Béc s& dao dong trong khoang 2,00+1,2°C (tai ving Béc Trung Bo)
theo RCP4.5 va 4,34+1,68°C (tai ving Tay Bic) theo RCP8.5. Trong khi d6 & khu
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vuc phia Nam c6 muc tang nhiét trong khoang 1,67+0,96°C (Nam Trung B0) theo
RCP4.5 va 3,76+1,16°C (Tay Nguyén) theo RCP8.5. Vi két qua chi tiét hoa thong
ké BCSD, murc gia ting nhiét do ¢ cac ving Pong Béc, Tay Bic, Dong bing Bic
B6 s& cao hon ~0,2-0,3°C so v&i két qua cua IMHEN theo ca 2 kich ban RCP4.5
va RCP8.5, trong khi murc ting lai thap hon ~0,15-0,2°C trén vung Bic Trung Bo.

O khu vuc phia Nam, muc ting nhiét cia BCSD cao hon so véi két qua cua
IMHEN, thay d6i trong khoang 1,88+1,21°C (Nam Trung Bd) theo RCP4.5 va
3,78+1,31°C (Tay Nguyén) theo RCP8.5.

Bang 1.6. Mitc ting nhiét dd cho 7 viing khi hau Viét Nam t6 hop tir cac

phwong an chi tiét hoa dong lue ciia IMHEN va tir cac phwong an chi tiét hoa

thong ké ciia phwong phap BCSD.

Ving RCP4.5 RCP8.5
2046-2065 | 2080-2099 | 2046-2065 | 2080—2099
Pong Bic BCSD |1,44+0,80 |2,49+1,78 |2,04+1,00 4,57+2 34
IMHE |1,48+1,02 [2,24+136 |1,86+1,02 4,27+1,89
N
Tay Béc BCSD |1,48+1,10 |2,50+1,97 |2,07+1,13 4,62+2 57
IMHE [1.49+1,13 |2,21+1,29 |1,88+1,14 4,34+1,68
N
DPdng Bang |BCSD |1,41+0,83 |[2,41+1,78 |1,98+1,12 4,42+2 41
Bic Bo
IMHE |1,48+1,10 |2,20+1,38 |1,80+1,10 4,10+1,77
N
Bic Trung BCSD |1,34+0,84 |1,86+1,01 |2,26+1,68 3,68+1,06
Bo
IMHE |1,34+0.96 |2,00+1,20 |1,65+0.93 3.87+1,30
N
Tay Nguyén |BCSD |[1,21+0,66 |2,50+1,97 |1,67+0,62 3,78+1,31
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IMHE |1,2+0,98 1,79+0,98 1,54+0,96 3,76%1,16
N

Nam Trung |BCSD |1,14+0,68 1,88+1,21 1,57+0,58 3,60+1,21

Bo
IMHE |1,13+0,77 1.67+0,96 1,42+0,86 3,47+1,06
N

Nam B9 BCSD |1,15+0,72 1,89+1,21 1,61+0,57 3,68+1,06
IMHE |1,14+0.88 1,72+0,96 1,45+0,93 3,64+1,28
N

Hinh 1.9 hién thi mirc thay d6i cta nhiét do trung binh nim tai 150 tram khi
tugng trong giai doan giita va cudi thé ky 21 theo hai kich ban RCP4.5 va RCPS.5.
O day, cac két qua chi tiét hoa dong luc duoc trinh bay dé théng nhat voi cac két
qua tlr bao céo vé kich ban moi nhat ciia Bé Tai nguyén va Moi truong (MONRE
2021). Co thé nhén thiy cang vé cubi thé ky mirc ting nhiét do cang cao. Kich ban
RCP8.5 ¢6 muc tang cao hon rd rét so voi kich ban RCP4.5 vao cudi thé ky. Khu
vuc phia Béic ludn c6 mirc ting cao nhét, giam dan vé phia Nam, thap nhit & Nam
Trung B9, Nam B0 va cac tram dao.

Két qua trung binh tir cic phuong an chi tiét hoa dong lyc cho thiy vao giita
thé ky tir 2046-2065, theo kich ban RCP4.5, nhiét d trung binh nim c6 xu thé ting
trén pham vi toan toan qudc voi mirc ting phd bién tir 1,2—1,7°C, trong dé khu vuc
phia Bic ting khoang 1,6—1,7°C, phia Nam ting pho bién 1,2—1,3°C. Trong khi do,
kich ban RCP8.5 cling dua ra xu thé tang nhiét 4o & tat ca cac khu vuc voi mire tang
tu 1,7-2,3°C, trong do, tang 2,0-2,3°C ¢ khu vuc phia Bic va 1.7-1.9°C & phia
Nam. Cudi thé ky, giai doan 2080-2099, c hai kich ban déu dua mirc d6 bién do6i
ctia nhiét do ting nhanh hon giai doan giita thé ky. Muc ting tir 2,0-2,4°C & phia
Bic va 1,8-1,9°C & phia Nam theo RCP4.5 va nhiét d0 cao nhét va thép nhét c6 thé
t61 4,7°C va 4,1°C theo kich ban RCPS.5.

21




RCP4.5 2046-2065 RCP4.5 2080-2099

24N 4 w 24N w
20N+ Fe 20N ‘
16N - 16N -
12N+ AN 12N A
8N k\ JOIIPERE B s
o T T T /M r T T ™ fm
100E 105E 110E 115 100E 105E 110E  115E
RCP8.5 2046—2065 RCP8.5 2080-2099
24N 4 ; 24N 4 P
20N A 20N 4
16N - 16N 4
12N{ W e | 1281 % _
&N ,k\ r"t '; ". aN -l‘-\ ;.. :-'_,' ‘IE
s T T T ;M o T T ™ /“
100E 105E 110E  115E 100E 105E 110E 115E

1.4 1.8 2.2 26 5 34 38 4.2

Hinh 1.9. Mirc @ bién déi nhiét d trung binh nim theo hai kich ban RCP4.5
(trai) va RCP8.5 (phai) trung binh tir cac Kkét qua chi tiét hoa dong luc cho giai
doan giira thé ky 20462065 (trén) va cudi thé ki 20802099 (dwéi) so véi thoi
ky co s& 1986—2005.

Muc d6 bién doi nhiét do theo mua déu ting tir gitra thé ky dén cudi thé ky
theo ca hai kich ban RCP4.5 va RCP8.5 (Bang 1.6). Su bién ddi nhiét d6 trong mua
hé xay ra cao nhat, véi mic ting dén 4,6°C vao cubi thé ky theo kich ban RCP8.5.
Trong khi d06, nhiét d6 bién doi it nhat xay ra vao mua dong, voi mirc ting cao nhat
vao cudi thé ky theo hai kich ban RCP4.5 va RCP8.5 tuong tng 14 2,2°C va 3,8°C.
Bang 1.6. Mirc @9 bién doi nhiét dd trung binh nim (°C ) theo kich ban RCP4.5
va RCP8.5 ciia cic mila trong nim, két qua trung binh tir cic phwong an chi
tiét hoa dong luc.

Thoi gian Kich ban RCP4.5 Kich ban RCP8.5
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Gitrathé ky | Cudithéky | Giitathéky | Cudithé ky
Muia xuan 1,3-1,7°C 1,7-2,3°C 1,8-2,4°C 3,1-4,2°C
Mua heé 1,3-1,8°C 1,7-25°C 1,7-2,5°C 3,3-4,6°C
Mua thu 1,2-1,7°C 1,6 -2,3°C 1,7-2,4°C 3,2—-4,4°C
Muia dong 1,2-1,6°C 1,5-2,2°C 1,7-2,2°C 2,9-3,8°C

b) Nhiét do cuc tri

Nhiét d6 cuc dai ngdy Tx trung binh nim va nhiét do cuc tiéu trung binh
nam déu c6 xu thé ting 1én theo ca hai kich ban RCP4.5 va RCP8.5 (Bang 1.7). Vao
gifra thé ky 21, nhiét do cuc dai ngay trung binh ndm trén ca nudc tang phé bién tir
1,3-1,9°C trong d6 khu vuc phia Béic ting phd bién tir 1,5-1,9°C; phia Nam phd
bién tr 1,3-1,4°C theo kich ban RCP4.5. Theo kich ban RCP8.5, nhiét do cuc dai
ngay trung binh nidm trén ca nudc ting phd bién tir 1,8-2,6°C; trong d6 khu vuc Béc
Bo ting tir 2,3-2,6°C; phia Nam ting tir 1,8—1,9°C. Pén giai doan 2080-2099 cubi
thé ky, nhiét do tang pho bién tir 1,7-2.6°C véi mirc ting phd bién phia Béc 1a tir
2,0-2,6°C, phia Nam tur 1,7-2,9°C theo kich ban RCP4.5 va tang tur 3,2-4,7°C
trong d6 phia Bic tang tir 4,0-4,7°C theo RCP8.5.
Bang 1.7 Mirc d bién doi nhiét dd toi cao va nhiét do toi thap (°C ) theo kich
ban RCP4.5 va RCP8.5, két qua trung binh tir cic phwong an chi tiét hoa dong

lwc.
Thoi gian Kich ban RCP4.5 Kich ban RCP8.5
Giira thé ky | Cudithé ky | Giirathéky | Cudithé ky
Tx 1,3-1,9°C 1,7-2.6°C 1,8 -2,6°C 32— 4,7°C
Tn 1,3-1,6°C 1,7-2,1°C 1,8-2,3°C 3,3-4,1°C

Nhiét do cuc tiéu ngay Tn trung binh ndm trén cad nudc tang tur 1,3-1,6°C
vao gitta thé ky, giai doan 2046-2065 theo kich ban RCP4.5. Dén cubi thé ky, nhiét
d6 cuc tiéu ngdy trung binh nim ting phd bién tir 1,7-2,1°C, trong d6, khu vyc phia
Bic c¢6 mic tang phé bién trén 2,0°C. Trong khi d6, nhiét do6 cuc tiéu ngay trung
binh niam ting tir 1,8-2,3°C v6i mirc ting ¢ phia Bic trén 2,0°C vao giita thé ky
theo kich ban RCP4.5. Tn trung binh ndm tang phé bién tr 3,3-4,1°C, trong do,
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phia Bic ting phd bién tir 3,6-4,1°C, phia Nam ting phd bién tir 3,6-4,1°C trong
giai doan cubi thé ky.
3.2.2. Lwgng mua

Céc két qua mo phong va du tinh lwong mua ludn mang tinh bat dinh nhiéu
hon so véi cac két qua vé nhiét d6 (Knutti and Sedlacek 2013; Ngo-Duc et al.
2017). Néu nhu cac md hinh toan cau ciing nhu cac két qua chi tiét hoa khu vic déu
du tinh nhiét d6 tang trén hau khip cac khu vuc cua Trai dat trong twong lai thi két
qua du tinh lai rat khac biét so v&i mua. Mot mé hinh ¢6 thé dy tinh lugng mua tang
& mot dia diém trong khi mot mo hinh khéc lai dy tinh lugng mua giam. Ngay trén
Viét Nam, cac két qua dy tinh vé& mua sé& rat khac nhau néu ta lya chon cac mé hinh
khac nhau, cac khu vuc khac nhau, cac kich ban ban khac nhau. Vi vay nham théng
nhat voi cac két qua lién quan dén su bién doi cua luong mua tir cac Béo cdo méi
cap nhat cua Bo Tai nguyén va Moi truong (MONRE 2016; MONRE 2021), muc
nay chi thao luin vé cac két qua dy tinh mwa nhan dugc tir 5 phuong an chi tiét hoa
dong luc ciia IMHEN.

a) Luwong mwa trung binh

Lugong mua ndm dugc dy tinh ting trén da phﬁn 1anh thd Viét Nam theo cé 2
kich ban RCP4.5 va RCP8.5 (Hinh 1.10). Theo kich ban RCP4.5, lugng mua nam
dugc dy tinh ting trén pham vi ca nudc v6i muic ting phd bién 10-15% vao giira
thé ky va 10-20% vao cudi thé ky. Theo kich ban RCP8.5, lugng mua nim ciing
dugc duy tinh ting phd bién tir 10-15% trén hau hét ca nude vao giira thé ky 21. O
céc tram dao, ven bién bong Bic luong mua co thé tang tir 20-30%. Luong mua
dugc dy tinh giam & mot phan dién tich céc tinh Lao Cai, Ha Giang véi mac giam
khong dang ké, phd bién dudi 5%. Dén cudi thé ky, lwong mua duoc dy tinh ting
trén pham vi ca nudc theo kich ban RCP8.5, mirc ting phd bién tir 10-25%, trong
khi mét phan dién tich thuoc Pong Bic lugng mua c6 thé ting trén 40%.
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Hinh 1.10 Mirc d§ bién d6i hwong mua trung binh niim dy tinh theo hai
kich ban RCP4.5 va RCP8.5 cho giai doan giita va cudi thé ki 21.

Su bién d6i cla lugng mua theo mua mua va mua kho cling dugc xem xét
theo hai kich ban va déu duogc du tinh tang trén da phﬁn dién tich ca nudc trong cac
giai doan cua thé ky 21. Lugng mua mia mua ting pho bién 5-30% vao giita thé ky
va 10-40% vao cudi thé ky theo kich ban RCP4.5; ting tuong ung tir 5-25% va 15—
30% vao giita va cudi thé ky theo kich ban RCP8.5. Trong khi d6, luong mua mua
kho dugc dy tinh theo kich ban RCP4.5, ting pho bién 8-20% vao giita thé ky va
10-25% vao cudi thé ky; trong d6 ting cao nhat & ven bién Pong Bic, ting thap
nhat & Ty Nguyén va Bac Trung B9. Theo kich ban RCPS.5, luong mua mua kho
dugc du tinh ting trén da phan dién tich ca nudc véi muc ting khoang 5-25% vao
cudi thé ky, ngoai trir xu thé giam & mot phan dién tich Bac By, Nam Tay Nguyén,
va bong Nam B v6i muc giam dudi 5%.

Mtc d6 bién ddi cua lwong mua c6 sy thay d6i qua 4 mia trong nim theo ca
hai kich ban (Bang 1.8). Mia thu dwgc du tinh ¢é sy ting luong mua 16n nhat trong
nam, véi muc ting c6 noi 1én dén 40% vao cudi thé ky theo RCP8.5. Mlia xuan ¢
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muc ting luong mua tir 2-15% cho giai doan gitta va cudi thé ky theo RCP4.5.
Trong khi theo kich ban RCP8.5, luong mwa mua xuin c6 noi c6 xu thé giam.
Luong mua mua hé va mua dong c6 su bién ddi tir 5-25% theo ca hai kich ban.

Bang 1.8 Mirc d9 bién doi lwrong mwa nim pho bién trén Viét Nam theo kich

ban RCP4.5 va RCP8.5 cua cac mua trong nam.

Thoi gian Kich ban RCP4.5 Kich ban RCP8.5
Giira thé ky | Cudithé ky | Giirathéky | Cudithé ky
Mua xuan 2 - 15% 2 - 15% -5 - 10% -2 -10%
Mua he 5 — 20% 3 - 25% 2 — 25% 10 — 25%
Mua thu 5 — 25% 10 — 25% 5 — 25% 15 — 40%
Mua dong 5—15% 5 — 20% 5—25% 5—15%

b) Lwong mwa cuc tri

Luong mua ngdy 16n nhat naim (RX1day) va luong mua 5 ngay lién tiép 1on
nhat trong naim (RX5day) dugc du tinh ¢6 xu thé ting trén pham vi ca nudc trong
cac giai doan cua thé ky 21 theo ca hai kich ban RCP4.5 va RCP8.5 (Bang 1.9).

RX1day ting pho bién tir 15-25% theo 2 kich ban, va ting manh hon Ién t6i
24-30% va 25-40% tuong tng cho RCP4.5 va RCP8.5 vao cudi thé ky. RX5day
dugc du tinh ting phd bién tir 10-20% va 15-20% vao giita thé ky theo RCP4.5 va
RCPS.5, va ciing ting manh hon 1én t&i 20-30% va 25-40% tuong g vao cudi thé
ky. V&i ca RX1day va RX5day, khu vuc Bic Bo duoc du tinh ¢6 mirc tang lon nhét
vao cudi thé ky.
Bang 1.9. Mirc d9 bién doi lwrong mwa mot ngay lén nhat (RX1day) va luong
mua nim ngay l6n nhat (RX5day) (%) theo kich ban RCP4.5 va RCP8.5.

Thoi gian Kich ban RCP4.5 Kich ban RCP8.5
Gitrathé ky | Cudithéky | Giirathéky | Cudithé ky
RX1day 15 — 25% 20 — 35% 15 — 25% 25— 40%
RX5day 10-20% 20-30% 15-25% 25-40%
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3.3. Bién doi twong wng véi cac mirc ting toan cAu +1,5°C, 2°C, 3°C, 4°C

Dua trén phuong phép tinh toan da dugc dé cap tai muc 3.1.3, muc nay s€
trinh bay mot s6 két qua tinh toan murc thay ddi cua nhiét do va lugng mua trén Viét
Nam tng véi cac muc tang toan cdu GWL +1,5°C, 2°C, 3°C, 4°C. Céc tinh toan s&
duoc thuc hién cho to hop tir cac phuong an chi tiét hoa dong luc cua IMHEN va
chi tiét hoa théng ké BCSD. V&i phuong phap chi tiét hoa BCSD, so thi nghiém
tham gia vao tinh toan sy bién doi tng véi cac ngudng GWL 1.5°, 2°, 3° va 4° twong
ung la 76, 65, 33 va 18 thi nghiém.

3.3.1. Nhiét do

Két qua tinh todn muc thay doi cua nhiét do trén Viét Nam giira cac thoi
diém twong Ung voi cac mirc nong 1én toan cau khac nhau so véi thoi ky co so
1986-2005 duoc biéu dién trén Hinh 1.11. Két qua t6 hop tir cac phuong an chi tiét
hoa théng ké BCSD va chi tiét hoa dong luc IMHEN kha tuong dong.

C6 thé thdy, néu GWL 14 1,5°C, nhiét d6 trung binh nam trén toan qudc co
mure ting phd bién tir 0,7-0,9°C so véi thoi ky co s¢ 1986-2005 trong d6 ting cao
nhat & Bic B, thdp nhét & Trung B.

Néu GWL 1a 2°C, nhiét do trung binh ndm trén toan qubc c6 mirc ting phod
bién tir 1,1-1,5°C so véi thoi ky co sé 1986—2005; trong d6 tang cao nhat & khu vuc
Bic Bo, phé bién tr 1,4-1,5°C; tang thép nhét & Nam B9, phé bién tr 1,1-1,2°C.

Néu GWL la 3°C, nhiét do trung binh nidm trén todn qubc c6 mirc ting phd
bién tir 2,2-2,8°C so véi thoi ky co sé 1986-2005; trong d6 ting cao nhét & khu vuc
Bic Bo, phé bién tir 2,6-2,8°C; tang thép nhit & Nam B0 va ven bién Nam Trung
B9, phd bién tir 2,0-2,1°C.

Véi muc ting toan cau 1a 4°C so véi thoi ky tién cong nghiép, murc ting pho
bién trén toan Viét Nam duoc du tinh déu tir 3°C trd 1én so voi thoi ky co sé 1986—
2005; trong d6 tang cao nhét & khu vuc Béc B9, phé bién trén 3,7°C; tang thép nhét
& Nam Bo va ven bién Nam Trung BO, phé bién tr 2,8-3°C. Trung Bo va Tay
Nguyén c¢6 muc tang tur 3.2-3.5°C.
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Temperature changes (°C) in response to different GWLs
Hinh 1.11. Bién d6i nhiét d9 (°C) trén Viét Nam tai c4c thoi diém dat mirc
GWL khéac nhau so véi thoi ky co sé 1986—-2005 doi véi két qua to hop tir
phwong phap chi tiét hoa dong lwe (trén) va tir phwong phap chi tiét hoa thong
ké BCSD (dudi).

3.3.2. Lwgng mua

Két qua tinh toan murc thay d6i ciia lwong mua trén Viét Nam giita cac thoi
diém tuong Gmg véi cac muc nong 1én toan cau khac nhau so véi thoi ky co s
1986-2005 duoc biéu dién trén Hinh 1.12. Két qua t6 hop tir cac phuong an chi tiét
hoa théng ké BCSD c6 mét s6 khac biét so v6i két qua tir phuong phép chi tiét hoa
dong luc IMHEN.

Két qua chi tiét hoa dong luc cho théy, néu GWL 13 1,5°C, lwong mua nam
6 xu thé tang trén hau hét ca nudc voi mirc ting phd bién tir 0-20% so véi thoi ky
co s& 1986-2005, trong d6 ting cao nhat 10-20% & mot s6 tram thudc Pong Bic
Bo, Bic Trung B9, va Nam Bo. Khu vuc ven bién va mot sé tram dao thudc khu
vuc Pong Bic Bo, muc tang luong mua cé thé trén 20%. Luong mua tang nhe ¢
Tay Nguyén va Nam Trung Bo. Trong khi d6 véi két qua tir BCSD, Bic B va Nam
B6 lai c6 xu thé gidm mua nhe ung vé1i GWL 1a 1,5°C. Luong mua trén khu vuc
Trung B va Tay Nguyén ciing dugc du tinh tdng vé1 BCSD, tuy nhién véi muc
tang pho bién nho hon 5%.

Vi GWL 1a 2°C va 3°C, két qua thay d6i lugng mua nam kha twong dong
voi két qua nhan dugc tr GWL 1,5°C, tuy nhién mirc do tang lugng mua nam la cao
hon, va dién tich c6 lugng mua giam theo BCSD ciing thu hep lai. Véi két qua chi
tiét hoa dong luc, mot s6 tram dao va Dong Bic B6 c6 mic tang mua lén téi 40%
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tmg v6i GWL 3°C. Trong khi d6 murc ting mua c6 thé dat t6i 11% tir két qua cua
BCSD trén khu vuc Bic Trung B, Nam Trung B, va Tay Nguyén.

Véi GWL 1a 4°C, ca 2 phuong phap chi tiét hoa déu cho két qua 1a luong
mua tang trén Viét Nam trong tuong lai. V&1 phuong phap dong luc, luong mua
tang nhiéu nhat trén khu vuc Pong Bic, Pong Bing Bic Bg, va Nam Bo voi mirc
tang phé bién 10-30%, c6 tram 1én téi hon 40%. Trén cac khu vuc khéc, luong mua
tang pho bién tir 0-10%. Trong khi d6, phuwong phap BCSD cho lugng mua ting
phé bién 0-10% trén hau khép Viét Nam. Tai mot sé khu vuc thudc Trung B va

Tay Nguyén, luong mua c6 thé ting cao hon 10%.
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Hinh 1.12. Bién do6i lrong mwa (%) trén Viét Nam tai cic thoi diém dat mirc
GWL khac nhau so véi thoi ky co sé 1986-2005 doi voi két qua to hop tir
phwong phap chi tiét hoa dong lwc (trén) va tir phwrong phap chi tiét hoa thong
ké BCSD (dwéi). V6i lwong mwa ciia BCSD, nhirng khu vire ¢6 trén 2/3 s thi
nghiém cho ciing dau thay d6i dworc hién thi véi cac gach chéo.
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4. Tong hgp va két ludn

Chuong bao céo nay di trinh bay duoc mot s6 két qua danh gia BDKH cap
nhat cho Viét Nam. Ngudn sb liéu quan trac thoi ky 1958-2018 da duogc sir dung dé
danh gia BPKH thoi ky qua khir. Phuong phap chi tiét hoa dong luc va chi tiét hoa
thong ké BCSD da duoc sir dung dé dy tinh BDKH trong thé ky 21.

Mot sb két qua chinh nhan dugc tir Chuong nay nhu sau:

- Tinh trung binh trén toan Viét Nam, nhiét d¢ da tang khoang 0,89°C cho thoi
ky 1958-2018 v&i muc tang khac nhau gitra cac vung va cac mua trong nam.
Mirc ting nhanh dan theo cac thap ky va manh nhat 1a cac thap ky gan day.
S6 ngay nang nong va nang ndng gay gat c¢6 xu thé ting; nguoc lai, s6 ngay
rét dam, rét hai co xu thé giam;

- Xu thé mua nam thoi ky 1958-2018 nhin chung giam trén da sé cac tram
phia Bic va ting ¢ nhiéu tram & Nam Trung Bo va Tay Nguyén. Céc cuc tri
cling nhu hién tugng cuc doan vé mua c6 xu thé giam o hau hét cac tram
thudc Tay Bac, Pong Bic, Pong bang Bac Bo va tang ¢ phan 16n tram thudc
cac ving khi hau Bac Trung B6 va Nam Trung Bo;

- Céc két qua du tinh chi ra réng nhiét do trung binh tai Viét Nam vao gitta thé
ky 21 c6 thé tang 1én dén 1,13+0,87°C theo RCP2.6 va 1,9+0,81°C theo
RCP8.5 so v6i thoi ky co s& 1986-2005; va dén cubi thé ky c6 thé 1én dén
1,34 +1,14°C theo RCP2.6 va 4,18+1,57°C theo RCPS8.5. Mién khi hau phia
Bic ¢6 mic gia ting nhiét do cao hon so v&i mién khi hau phia Nam;

- Theo cé4c két qua tir phuong phap chi tiét hoa dong luc cia IMHEN, luong
mua nam dugc du tinh ting trén da phan lanh thd Viét Nam trong tuong lai.
Theo kich ban RCP4.5, luong mua nam duoc du tinh tang trén pham vi ca
nudc véi mirc ting phd bién 10-15% vao giira thé ky va 10-20% vao cudi
thé ky. Theo kich ban RCP8.5, lugng mwa nim ciing duoc du tinh ting phd
bién tir 10—-15% trén hau hét ca nude vao giira thé ky 21;

- CAc tinh toan vé mirc d6 bién ddi cua nhiét dd va mua trén Viét Nam ung véi
cac thoi diém dat duge mirc néng 1én toan cau GWL 1,5°C, 2°C, 3°C, 4°C da
dugc thuc hién véi ca 2 phuong phéap chi tiét hoa dong luc va chi tiét hoa
thé)ng ké BCSD. Ung voi cac mitc GWL, nhiét d6 trén Viét Nam déu tang
vO1 muc tang cao nhat & khu vuc Bic Bo, va thép nhét & duyén hai Nam
Trung B va Nam B§. Lugng mua nam nhin chung c6 xu hudng ting, dac

biét trén khu vuc Trung Bo va Tay Nguyén theo cac mirc nong 1én toan cau.
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Céc két qua tinh toan cho thiy sy nhit tri cao trong két qua du tinh nhiét do
tir phwong phap chi tiét hod dong luc va chi tiét hoa thdng ké BCSD. Tuy nhién do
tinh bat dinh cao cua bai toan mé phong va dy tinh mua, két qua tir phuwong phap
BCSD c6 su khac biét so véi phuong phap chi tiét hoa dong luc vé muac do va xu
thé bién d6i cuia mua trén cac khu vuc khac nhau cua Viét Nam. Pay s€ 1a mot van
dé can nghién ctru sau hon trong twong lai, khi thyc hién bai toan chi tiét hoa cho
cac két qua moi hon tir cdc md hinh toan cau thudc du an CMIP6.

Mot trong nhimg diém nhdn trong cac két qua cua Chuong nay 1a viéc ap
dung thanh cong phwong phép chi tiét hoa thong ké BCSD, tir d6 c6 thé xdy dung
duge bo kich ban chi tiét phan giai cao (~10km) cho Viét Nam véi dau vao 1a 31
mo hinh toan cau tir du 4an CMIP5. Vi phuong phap BCSD, cac kich ban tuong lai
khong bi gidi han bdi RCP4.5 va RCP8.5 ma con dugc tinh toan cho cac RCP2.6 va
RCP6.0, 1a cac kich ban chua dugc dé cap dén nhiéu trong cac nghién ctru ¢ Viét
Nam trudc day. Pac biét, bd kich ban phan giai cao cho Viét Nam nay co thé duoc

tai va str dung mién phi tir dia chi:

https://remosat.usth.edu.vn/Download/dat GEMMES WP1/WP1 MODEL OQUTP
UT/

Bo6 kich ban nay duoc luu dudi dinh dang netCDF (network Common Data
Form), va thich hop cho viéc st dung dé nghién ctru danh gia BPKH ciing nhu cac
tac dong cuia BDKH dén cac hoat dong kinh té x3 hoi cua Viét Nam.

Ngoai ra, véi bai toan chi tiét hoa kich ban BDKH cho tuong lai tai Vit
Nam cho t6i hién tai, cac tinh toan nhin chung van bi giéi han boi cac két qua tir cac
mo hinh toan cau. Trong khi d6 két qua tir cic mo hinh toan cau trong CMIP5 co
thé van chua phu hét khong gian xac suét ciia cac kha ning c6 thé dién ra trong
tuong lai. Trong khuon kho ciia WP1 ciia du an GEMMES, chiing t6i dang dong
thoi nghién ciru viée ap dung phuong phép xac suat dé xuat boi (Rasmussen et al.
2016; Hsiang et al. 2017) dé tiép tuc xay dung bd kich ban BPKH phén giai cao
cho Viét Nam, trong d6 c6 thé tinh dén tét hon céc rui ro cuc tri co thé xay ra trong
tuong lai.
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