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ap luc ngay cang rd tir hoat dong ndng nghiép va rira tréi dinh dudng. TSS bién dong manh theo
mua, dac bi¢t gia tang trong mua mua dudi tac dong cua x61 mon va dong chay mat.

Két qua phan tich da bién ciing ¢6 cac nhan dinh nay khi ba thanh phan chinh giai thich phan
16n bién thién cua dir liéu, twong tmg véi (i) ngudn 6 nhiém hiru co tir sinh hoat va d6 thi, (ii) qua
trinh x6i mon - rira troi va (iii) ngudn dinh dudng tir hoat dong nong nghiép. Didu ndy cho thiy
chét lugng nudce trong luu vuc chiu tdc dong déng thoi ctia nhiéu nhom ngué)n khac nhau, voi xu
huéng chuyén dich tir 6 nhiém hitu co sang gia ting ap luc dinh dudng.

Chat lwong nude song van duy tri trang thai twong d6i 6n dinh nhung tiém an xu hudng bién
d6i theo huéng gia ting dinh dudng va phu thudc manh vao diéu kién mua. Két qua nghién ciru
cung cap co so khoa hoc cho viéc dinh hudng cac giai phap quan 1y theo luu vuce, trong d6 can wu
tién kiém soat ngudn thai phan tan tir ndng nghiép, giam thiéu x6i mon dat va duy tri hidu qua cac
bién phap xir Iy nude thai hién co, ddng thoi ting cuong hé théng quan tric nham theo di kip thoi
cac bién dong chét lugng nudc trong bdi canh phat trién kinh té-xa hoi.
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TOM TAT

Nghién ctru danh gia bién dbi khi hau cuc doan tai ving Dong Bac Viét Nam dwa trén cac chi s6 ETCCDI, st
dung di¥ liéu ngay tir 11 tram khi twong giai doan 1961-2023. Chudi ENSEMBLE dwoc xay dwng dé dai dién cho toan
ving, két hop hdi quy tuyén tinh (OLS) va so sanh hai théi ky 1981-2000 va 2001-2023. Két qua cho thdy nhiét do
trung binh ndm tang +0.0156°C/nam (=+0.98°C/63 n&m), trong d6 nhiét do tbi thip tang nhanh hon (+0.0180°C/nam)
so véi nhiét do téi cao (+0.0142°C/n&m). Cac cwc doan nhiét gia ting ré rét: TXx tang +0.0198°C/nam, TNn téng
+0.0223°C/nam; sb ngay néng néng =35°C (SU35) tang tr 8.2 1&n 18.7 ngay/ndm (+128%), sb d&ém néng (TR20) ting
tir 24.1 l1én 42.3 ngay (+75.6%), trong khi ngay swong gia gan nhu bién mat (gidm tir 2.3 xubng 0.4 ngay). Cac chi sb
phan vi cho thay TX90p va TN9Op tang tir ~10% lén 16.8-17.2%, con TX10p va TN10p gidm xubng ~4%. Thoi gian
dot néng (WSDI) ting tir 12.4 1&n 31.7 ngay/nam. D6i véi mua, tng lwong mwa nam gidm nhe (-1.42 mm/nam) nhung
khéng co y nghia théng ké, trong khi cac cuwc doan mua ting: Rx5day tdng +0.68 mm/nam, R95p ting +1.24 mm/ndm
va SDII tang +0.025 mm/ngay/ndm. Chudi ngay khé dai nhat (CDD) téng tir 28.2 1&én 31.8 ngay. Dang chu y, tAn suét
nam cé hién twong “hydroclimate whiplash” tang tir 15% lén 26%. Két qua cho thay xu hwéng dm 1én 16 rét di kém véi
gia tang cyc doan nhiét va cwéng dd mwa, cung cap co s& dinh lwong quan trong cho danh gia rii ro va thich tng khi
hau khu vwec..

Ttr khéa: Bién dbi khi hau, ETCCDI, Béng Bac, mhiét do cwc doan, mua cywe doan.
Assessment of Changes in Extreme Climate Indices in Northeastern Viet Nam

ABSTRACT

This study assesses changes in extreme climate conditions in Northeastern Viet Nam using ETCCDI indices,
based on daily data from 11 meteorological stations for the period 1961-2023. An ENSEMBLE series was constructed
to represent regional conditions, combined with linear regression (OLS) and a comparison between the baseline (1981-
2000) and evaluation (2001-2023) periods. Results show a clear warming trend, with mean annual temperature
increasing at +0.0156°C/year (=+0.98°C over 63 years). Minimum temperature increases faster (+0.0180°C/year) than
maximum temperature (+0.0142°C/year), indicating asymmetric warming. Temperature extremes intensify significantly:
TXx increases by +0.0198°C/year and TNn by +0.0223°C/year. The number of hot days 235°C (SU35) rises from 8.2
to 18.7 days/year (+128%), and tropical nights (TR20) increase from 24.1 to 42.3 days (+75.6%), while frost days nearly
disappear (from 2.3 to 0.4 days). Percentile-based indices show TX90p and TN90p increasing from ~10% to 16.8-
17.2%, while TX10p and TN10p decrease to ~4%. Heatwave duration (WSDI) increases from 12.4 to 31.7 days/year.
For precipitation, annual totals show a slight but statistically insignificant decrease (-1.42 mm/year), while extreme
rainfall indices increase: Rx5day (+0.68 mm/year), R95p (+1.24 mml/year), and SDII (+0.025 mm/day/year). The
maximum consecutive dry days (CDD) increase from 28.2 to 31.8 days. Notably, the frequency of hydroclimate
whiplash events rises from 15% to 26%. Overall, the results indicate a clear warming trend accompanied by intensified
temperature extremes and increasing rainfall intensity, providing important quantitative evidence for climate risk
assessment and adaptation planning in the region.

Keywords: Climate change, ETCCDI, Northeastern, temperature extremes, precipitation extremes.
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1. PAT VAN PE

Vung Dong Bic Viét Nam c6 vi tri dia ly va diéu kién ty nhién dic thu, dong vai trod quan
trong trong hé thong khi hau Dong Nam A. Dia hinh phirc tap, bao gdm su két hop giita dong bang
ven bién va day nti ndi dia, tao ra sy phan bd khong déng déu cua nhiét d6 va lugng mua theo
khong gian va mua (Phan Van Tan & cs., 2014; Le Thi Thanh Thuy & cs., 2019). Pic diém nay
khong chi chi phdi khi hau trung binh ma con lam gia ting cuong d va tan sudt cac hién tuong
cuc doan, dac biét 1a mua 16n tap trung & khu vuc ven nui va ven bién (Le Thi Thanh Thuy & cs.,
2019; Sunilkumar & cs., 2021).Vé nhiét do, khu vuc thé hién tinh mua ro rét véi mua he néng
(khoang 29,5°C tai viing ven bién) va miia dong lanh hon (16-22°C). Xu hudng ting nhiét do trong
giai doan gan day dugc ghi nhan trong nhiéu nghién ctru, trong d6 nhiét do tdi thiéu ting nhanh
hon nhiét d9 t6i da, pht hop v6i xu thé 4m 1én toan cau (Ngo Thanh Duc, 2014; IPCC, 2021). Ché
d6 mua mang tinh mua vu rd rét dudi tic dong cua gié mua va tuong tic bién - nai. Lugng mua
tap trung chu yéu vao mua mua, v6i cac “diém nong” tai khu vuc Quang Ninh - Hai Phong. Mua
mua déng c6 xu hudng giam dan tir tdy nam ra dong bic trong khu vuc Vinh Bic Bo (Nguyen
Khoi Dao & cs., 2021). Su két hop giita gié mua, bdo va tin hiéu khi hau dai duong c6 thé tao ra
cac su kién mua cuc doan trong thoi gian ngén (Caesar & cs., 2011; Sunilkumar & cs., 2021).

B6 chi sé khi hau cuc doan ETCCDI (Expert Team on Climate Change Detection and
Indices) dugc st dung rong rii dé danh gia bién doi khi hau cuc doan. Phan tich tir bd dir liéu
HadEX2 cho théy xu hudng tang rd rét cua cac chi s6 nhiét do cuc doan trén toan cau, dic biét la
cac chi s6 lién quan dén nhiét d6 tdi thiéu (Donat & cs., 2013). Nghién ctru khu vuc An D6 Duong-
Thai Binh Duong ciing x4c nhan xu huéng gia ting cic cuc 4am vé dém, trong khi cac chi sé mua
thé hién sy bién thién khong dong nhit theo khong gian (Caesar & cs., 2011). Tai khu vuc chau A
gié mua, cac chi s6 mua cuc doan nhu R95p va RX1day c6 xu hudng ting, dic biét & cac ving
dia hinh cao, va c6 mdi lién hé chat ché véi phan bd luong mua trung binh (Sunilkumar & cs.,
2021). Cac nghién ciru md hinh CMIP5 cho thay cac chi s6 nhiét cuc doan nhuw TN90p, TX90p va
WSDI sé tang manh theo cac kich ban phat thai cao (Yang & cs., 2018). Pong thoi, cac chi s6 mua
cuc doan nhu RX1day, RX5day va SDII ciing ¢6 xu hudng gia ting theo mirc d6 4m 1én toan cau
(Peng & cs., 2020). Nhin chung, cic nghién ciru qudc té thdng nhat rang: (i) cac chi sb nhiét do
cuc doan ting nhat quan trén pham vi toan cau; (ii) cac chi s mua cyc doan c6 xu hudng ting
nhung khong dong nhit theo khong gian va thoi gian (Donat & cs., 2013; Caesar & cs., 2011;
Sunilkumar & cs., 2021).

Tai Viét Nam, cac nghién ctru cho théy xu hudng tang 10 rét cua nhi¢t do cuc doan trén pham
vi toan quéc, bao gdbm Txx va Tnn, cung véi su gia ting s ngay nong (Ngo Thanh Duc & cs.,
2014). Tuy nhién, xu huéng mua cuc doan c6 sy phan hda manh: giam & mién Béic va ting & mién
Trung (Phan Van Tan & cs., 2014). O mién Béc, nhiéu nghién ctru cho thay xu huéng mua khong
r rang hodc giam nhe trong muia mua (Goihl, 2018), phan anh tinh phirc tap ciia hé thong khi hau
khu vuc. Nguoc lai, tai mién Trung va Nam B9, nhiéu chi s6 mua cuc doan nhu RX5day, R95p,
R99p va SDII ¢6 xu hudng ting, tham chi thé hién dang xu hudng phi tuyén (Dang Nguyen Dong
Phuong & cs., 2022). Riéng ving Dong Bic, cac nghién ctru con han ché nhung cho thiy mua cuc
doan c6 lién hé chat véi nhi¢t do va cé xu hudng ting tai mot s6 khu VUC ven bién (Le Thi Thanh
Thuy & cs., 2019). Nhin chung, cac két qua trong nudc thong nhat vé xu hudng ting nhiét o cuc
doan, nhung chua dong nhat vé mua cuc doan (Phan Van Tan & cs., 2014).
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Nghién ctru bién ddi khi hau cuc doan tai ving Pong Bac Viét Nam cé ¥ nghia quan trong
ca vé khoa hoc va thuc tién trong bdi canh khi hau toan cau dang bién ddi nhanh va phtc tap.
Trude hét, sy gia tang cua cac chi s6 nhiét dd va mua cuc doan 1am gia tang rui ro thién tai nhu
x6i mon, 1ii quét, han han va thiéu nudc, dong thoi anh hudng dang ké dén stc khoe cong dong.
Do d6, cac chi s ETCCDI 1a co s& quan trong cho viéc xay dung chinh sach thich tmg hiéu qua
(Caesar & cs., 2011; Sunilkumar & cs., 2021; Ngo Thanh Duc, 2014). Bén canh do, dir li¢u vé khi
hau cuc doan 13 dau vao thiét yéu cho quy hoach thuy loi, phong chéng thién tai va thiét ké ha
téng, dac biét tai khu vuc c6 dia hinh phtre tap nhu Dong Bic. Viéc hiéu rd xu huong bién doi giup
nang cao kha niang chdng chiu ctia hé théng ha ting (Ngo Thanh Duc, 2014; Larbi & cs.,
2021).Ngoai ra, Pong Béc 1a ving kinh té trong diém v6i nhiéu d6 thi, khu cong nghiép va cang
bién, nén cac hién tuong cuc doan co thé gay ton that 16n dén san xuat va doi sdng. Nghién ciru
ETCCDI vi vay dong vai trd quan trong trong danh gia rui ro va xay dung chién luoc tng pho.

Mic du di c6 nhiéu nghién ctiru vé ETCCDI tai Viét Nam va Pong Nam A, van ton tai cac
khoang hé quan trong, dic biét & ving Pong Bac. Trude hét, xu huéng mua cuc doan con khong
ddng nhat theo khong gian va thoi gian, trong khi cac nghién ctru chuyén sau cho riéng khu vuc
nay con han ché (Donat & cs., 2013; Caesar & cs., 2011; Phan Van Tan & cs., 2014). Bén canh
d6, sai s6 cia md hinh khi hau trén dia hinh phtc tap va thiéu cac nghién ctru downscaling d6 phan
giai cao, dac biét tir CMIP6, van 1a thach thirc 16n (Sein & cs., 2018; Kumar & cs., 2020). Trén co
s& d6, nghién ciru nay c6 muc tiéu: (i) danh gia xu hudng cac chi s6 ETCCDI trong qua khir giai
doan 1961-2023; (ii) ap dung cac phuong phap phén tich xu hudng bao gdm hdi quy tuyén tinh
OLS, kiém dinh Mann-Kendall va u6c luong Sen's slope; (iii) 1am r& mdi lién hé véi cac yéu td
khi hau khu vuc va quy mé 16n. Qua d6, nghién ctru gép phan giam bét dinh trong danh gia khi
hau cuc doan va hd tro hoach dinh chinh sach tai ving Péng Bic Viét Nam (Sunilkumar & cs.,
2021; Dao Nguyen Khoi & cs., 2021).

2. PHUONG PHAP NGHIEN CUU
2.1. Khu vue nghién ciru va ngudn dir liéu

Nghién ctru dugc thuc hién tai vung Bong Bic Viét Nam st dung 11 tram khi tugng (Bang
1) gdbm bdn bién khi hau tan suit ngdy: nhiét do trung binh ngay (tas, °C), nhiét d6 t6i cao ngay
(tasmax, °C), nhiét d6 téi thap ngay (tasmin, °C) va luong mua ngay (pr, mm), bao phu giai doan
1961-2023. Pé dai dién cho diéu kién khi hau toan ving, mot chudi tong hop ENSEMBLE dugc
xdy dung bang cach 13y trung binh khong gian ctia tt ca cac tram hop 18, loai trir gia tri thiéu:

N
1
XENSEMBLE,t = N Xi,t
i=1

Trong do:
X 12 gia tri bién khi hau tai tram i vao ngay ¢, N 1a s6 tram hop 18 tai thoi diém do.

Phuong phap trung binh don gian khong trong sé duoc lwa chon do mat d6 tram twong ddi
ddng déu trén khu vire nghién ctru va hé sb bién thién khong gian thip (< 15%) cho ca nhiét do va
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lwong mua. Kiém tra cho thiy hé sb twong quan giita chudi ENSEMBLE va timg tram don 1¢ dat
0.78-0.92 cho céc chi s6 nhiét d9, cho thiy tinh dai dién tét cia phuwong phap nay cho toan ving.

2.2. Phan ky thoi gian

Bang 1. Thong tin 11 tram khi twgng st dung trong nghién ctru

TT Tén tram Vi tri Kinh do Vidé
1 Cam Pha Quang Ninh 107.05 21.08
2 Mong Cai Quang Ninh 107.55 21.45
3 Ha Long Quang Ninh 106.98 20.97
4 Bang Tuong Lang Son 106.55 21.75
5 Phu Lién Hai Phong 106.62 20.82
6 Cao Bang Cao Bang 106.25 22.66
7 Bao Lac Cao Béng 105.67 22.95
8 Lang Son Lang Son 106.73 21.85
9 Thét Khé Lang Son 106.47 22.25
10 Thai Nguyén Thai Nguyén 105.82 21.60
11 Bac Kan Bac Kan 105.82 22.15
24.0
Vi tri |a:lr'|v:h6
23.5 4
”’/\\ Hoary sa
East Sea
23.01 BawM » 7 g 8, |
Cao Béang
22.5 1
That Khé
Bac Kan
% 0 A
s _ Lang Son
2154 A Méng Cai
A
21.0
Aphﬁ Lién’
4\ Vinh Bac Bé
20.5
50 km
4
z0-305.0 1OI5.5 10|6.0 10|6.5 lOI7.0 10|7.5 108.0
Kinh dé

Hinh 1. Vi tri cac tram khi twgng sir dung trong nghién ciru
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Nghién ctru 4p dung hai khung thoi gian song song: 1) Thoi ky co s& (Baseline): 1981-2000
(20 nam), duogc ding lam chuan tham chiéu dé tinh ngudng phan vi cho cac chi s ETCCDI phy
thudc phan vi, theo khuyén nghi cia WMO; ii) Thoi ky danh gia (Evaluation): 2001-2023 (23
nam), dai dién cho giai doan bién ddi khi hau hién dai. Trong do6, toan bd chudi 1961-2023 duoc
st dung cho phan tich xu hudng dai han.

S6 lidu quan tric duge kiém dinh chit lugng thong qua cac budce kiém tra tinh déy du, phat
hién gia tri ngoai lai va tinh nhat quan theo thoi gian. Céc gia tri thiéu duoc xir Iy bang phuong
phap noi suy song tuyén tinh, trong khi cac gia trj bat thuong duoc d6i soat voi chudi 1an can trude
khi hiéu chinh hoic loai bo (16n hon 3 1an d6 1éch chuan). Chudi sb liéu sau xir 1y dugc dam bao
tinh dong nhat va d¢ tin cay trude khi dua vao tinh toan cac chi s6 ETCCDI va phan tich xu thé.

2.3. Tinh toan nguwdng phan vi theo ngay

Dé tinh cac chi s6 nhiét do dua trén phan vi (TX10p, TX90p, TN10p, TN90p, WSDI, CSDI),
ngudng phan vi duoc tinh riéng theo timg ngdy trong nim (DOY - Day Of Year) tir thoi ky nén,
tranh thién 1éch mua:

QgDOY:d ) =Percentile, ({X;: teBaseline,DOY (t)=d})

trong d6 p € {0.10,0.90}twong tng v&i phan vi thir 10 va 90. Do mdi DOY chi c6 khodng
20 quan sat (1 gid tri/ndm x 20 nam baseline), dé ting do 6n théng ké, ngudng dugc lam muot
bang cira s6 trugt 5 ngay co tim (centered rolling window):
19 (dek
5@ _ (d+k)
Q= 5 Z Q,
k=-2
K¥ thuat nay twong duong vdi viée sir dung ctra s £2 ngdy quanh DOY muc tiéu, lam giam
nhidu ngiu nhién dong thdi bao toan bién trinh mua ctia ngudng. Két qua 1a mot tap ngudng phan
vi bién thién lién tuc theo ngay trong nam, dugc luu trlr dudi dang bang 365 gia tri cho mdi tram.

2.4. Tinh toan cac chi s6 ETCCDI

Hai muoi bay chi s6 ETCCDI duoc tinh toan theo nam cho tung tram va cho ENSEMBLE,
chia thanh sau nhém v&i cac cong thirc cu thé nhu sau.

Nhém 1: Nhiét do tuyét d6i: Day 1a cac chi sé don gian nhat, khong phu thudc vao thoi ky nén:

Chi sb Binh nghia Céng thirc
TXx | Nhiét do téi cao I&n nhat nam (°C) max ,(tasmax,)
TNx | Nhiét a9 téi thap I6n nhat nam (°C) max ,(tasmin,)
TXn | Nhiét dd téi cao nhé nhat ndm (°C) min . (tasmax,)
TNn | Nhiét do t6i thAp nhé nhat nam (°C) min . (tasmin,)
DTR Bién do nhiét ngay trung binh nam (°C) - dwoc tinh b&ng trung binh ndm cda lz .

hiéu nhiét do toi cao va t6i thap NGAY: DTR = mean_year(tasmax_daily- n t( asmax
tasmin_daily). Day la chi s do bién dd nhiét trong ngay (diurnal temperature — tasmin,)
range)
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Nhom 2: Ngudng nhi¢t do c6 dinh: Dém sb ngay vuot cac ngudng nhiét do tuyét ddi ¢b dinh:

SU3s = ) , 1(tasmax, = 35°C): Téng s6 ngay trong nam c6 nhiét do t6i da ngay (TX) >
25°C

FDO = ) . 1(tasmin, < 0°C): Tong sd ngay trong nim c6 nhiét do ti thiéu ngay (TN) <
0°C

Nhoém 3: Phan vi va nhiét @6 cuc doan

Céc chi sb tan suit (TX90p, TX10p, TN90p, TN10p) tinh ty 1é phan trim ngdy trong nim
vuot ngudng phan vi tuong ung tu thoi ky nén:

TX90p,, =~ Yeey 1(tasmaxt > Gé%%”“”) x 100%: % s6 ngay c6 TX > phan vi 90
y

TN10p, =niztey1(tasmint<Q§2§Y(t”)x100%: % sb ngdy c6 TN < phan vi 10
y

voinyla sd ngay trong nam y. Twong tu cho TX10p va TN9Op.
Chi s6 WSDI (Warm Spell Duration Index) & cs.DI (Cold Spell Duration Index) do d¢ dai
tich Iily ctia cac dot nong/lanh kéo dai lién tyc it nhat 6 ngay:

WSDI,, = Z Lpent» Sy = {spell: Lgyey = 6, tasmax; > QéggY(t)) vVt € spell}

spell€S,,

Thuat toan phat hién dot: mang nhi phan by = 1(tasmax; > Qég(gY(t)))duqc chuyén thanh

day run-length-encoding dé xac dinh diém bat dau va két thic ciia timg dot lién tuc. Chi tinh tong
do dai cac dot c6 L > 6ngay.

Nhom 4: Luong mua tuyét dbi va cuong do (4 chi sd)
PRCPTOT,, = Yteyp1e - 1(pry = 1 mm): Téng mua nam (PRCP > 1 mm)

Rxldayy = rrtlg;i (pr): Luong mua 16n nhét trong 1 ngay

Rdeayy =max Ni_oP Titiol € [1,n,, — 4]: Lugng mua 16n nhit trong 5 ngay lién tiép
l

A(prez . .
SDII, = Z;’; :;;(:f;tl ::)n): Tong mua ndm / s0 ngay mua (>1 mm)

trong d6 ngady mua hitu hiéu dugc dinh nghia 1a ngay c6 pr, = 1mm, theo quy chuan
WMO/ETCCDL

Nhom 5: S6 ngay mua theo ngudng cb dinh (4 chi s6)

R10mm, = z 1(pr, = 10),R20mm,, = Z 1(pr, = 20)

tey tey
R50mm,, = Z 1(pr = 50),R100mm,, = z 1(pr, = 100)
tey tey
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Nhém 6: Phan vi mua va chi sb chudi kho/mua (4 chi sb)
Ngudng mua cuc doan R95 va R99 dugc tinh tir phan phdi lugng mua cia cac ngdy mua
hiru hiéu trong thoi ky nén:
Qpr,p = Percentile, ({pr;: t € Baseline, pry = 1 mm}), p € {0.95,0.99}
R9Sp, = D 7= 107 > Qproos), R, = ) b7 107 > Qpross)
tey tey
CDD (Consecutive Dry Days) va CWD (Consecutive Wet Days) la d6 dai ciia chudi ngay
kho (hodc ngay mua) lién tuc dai nhat trong nam:

CDD, = max {b—a+ 1:pr, < 1mm, Vt € [a,b]}

[a]

CWD,, = max {b—a+ 1:pr; = 1 mm, Vt € [a,b]}

[a]

2.5. Phan tich xu hwéng tuyén tinh
2.5.1. Hoi quy tuyén tinh

Xu huéng dai han cua timg chi sé ETCCDI dugc wéc lugng bang hoi quy tuyén tinh binh
phuong nhé nhat (OLS). Véi chudi thoi gian {(t;, ¥;)}1-,, mo hinh hdi quy c6 dang:

Y = Bo + Buti + 1,6 ~ N (0,0%)

Heé sb goc B (don vi thay d6i mbi ndm) dugc tinh theo cong thirc OLS:

. 2o (a=DE-7)
1= l_n _ ’ =Y - 1t
B S (=B Bo B

Mirc y nghia thong ké dugc dénh gia qua théng ké t:

~

2 DY
SE(ﬁl) SE(B) = 6 [Z(t —t) ] ,6% = nlilz

v6i p-value tinh tir phan phdi thai phia v&i bac tu do n — 2. Ngudng ¥ nghia thong ké 1a
a = 0.05. Hé s xac dinh R? = r?(binh phuwong hé sb tuong quan Pearson) do mirc do giai thich
ctia xu hudng tuyén tinh. Khoang tin cay 95% ctia dudng hdi quy tai diém t,duogc tinh 1a:

(to—£)?
i, (ti — D)2

_ 1
Y(to)i1.96-6\/1+ + >

2.5.2. Kiém dinh Mann-Kendall va wéc liwgng Sen's slope

Dé b6 sung cho phuong phap OLS (c6 thé nhay cam véi gia dinh phan phdi chuan va gia tri
ngoai lai), nghién ctru 4p dung kiém dinh phi tham sé6 Mann-Kendall (MK) nhdm danh gia y nghia
thong ké ciia xu hudng don diéu. Thong ké MK duoc x4c dinh nhu sau:
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n-—1 n
S= Z sgn (xj — x)
: : j=k+1
k=1

Phuong sai ciia S (c6 hi¢u chinh cho cac gié tri trung 1ap) dugc tinh theo:
n(n—1)(2n+5) — Zptp (t, — 1D(2t, + 5)
18
Tir d6, théng ké chuan hoa Z duogc xac dinh va so sanh v6i phan phdi chuan tai muc y nghia
o= 0,05 dé két luan vé ¥ nghia cua xu hudng.

Var(S) =

D0 16n ctia xu hudng dugce ude lugng béng hé s6 dbc Sen (Sen’s slope, hay Theil-Sen), dugc
xac dinh nhu sau:

. Xj — Xg .
Bzmedlan{j_k},‘v’k<]

Phuong phap Sen’s slope c6 tinh bén viing cao hon so voi OLS trude anh hudng cua gia tri
ngoai lai va phan phdi 1éch, do d6 phu hop véi dic diém bién dong manh ciia cac chudi khi hau
cuc doan (Phuong & cs., 2022).

2.6. So sanh dinh lugng giira hai giai doan

Pé dinh luong su thay doi cta cac cuc doan gitta thoi ky nén va thoi ky dénh gid, trung binh
nhiéu nim X]gfgcﬁa mdi chi s6 ETCCDI duoc tinh cho ting tram strong mdi ky nguyén. Mtic bién
doi tuyét déi duoc tinh 1a:

A — X'(S) —X(S)

Eval Base
Ma tran A(tram x chi sé) duoc tryc quan hoa bﬁ“mg ban dd nhiét (heatmap) v6i thang mau
phan ky (RdBu_r, tm tai 0), cho phép nhan biét dong thoi chiéu hudng (duwong/am) va do 16n caa
su bién d6i trén khong gian va theo ting chi sb.

2.7. Phan tich hydroclimate whiplash

Hién tugng "dao dong thity van cuc doan" (hydroclimate whiplash) - sw dong thoi gia ting
ca kho han cyc doan 1an mua 16n cuc doan - duoc phan tich thong qua biéu d6 phan tén giita CDD
va Rx5day cua chudi ENSEMBLE. Hai dudng phan vi trung vi Med(CDD)va Med(Rx5day)chia
khong gian thanh bon géc phan tu; goc phan tu "whiplash manh" (han han cao + mua 16n cao)
tuong ung vai:

{(cDD,, Rx5day,): CDD, > Med(CDD) va Rx5day,, > Med(Rx5day) }
Tan suét roi vao goc phan tu nay dugc so sanh giita hai thoi ky dé danh gia xu hudng gia

tang cua whiplash.

3. KET QUA NGHIEN CUU

3.1. Pic trung khi hiu nén va bién dong theo mua
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Phén tich dic trung khi hau cua ving Pong Bic Viét Nam tir dir liéu ENSEMBLE cho thay
khu vyc nay thé hién rd tinh chét khi hau nhiét d6i gié mua v6i hai muia phan biét rd rét (Hinh 2).
Nhiét d6 trung binh nim dao dong tir 23.5°C dén 24.2°C, véi bién trinh mua dién hinh: mua hé
néng nhét (thang 7-8) dat 29.2-29.8°C va mua dong lanh nhat (thang 1) xudng 16.8-18.5°C, tao
bién do nhiét mua 1én t6i 12-13°C.

T nam (trend: +0.0194°Clyr) P nam (trend: -2.8 mm/yr) Warming Stripes
22.5 2500 []
20009 Al
o e (T TR | iy Teunr |t i o | o I RO | I (111710 o e | [
-
15001
0 2151 - §
& 1000
21.0
5001
205
0 L
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
T theo mia Walter-Lieth T vs P (théng)

et Y.

1
14

Ty —m
12 . o

o —

1960 1870 1980 1990 2000 2010 2020 100 125 150 175 200 225 250 275
Tieg

T theo thap ky Lién tram T Anomaly T

22.54 ° ﬁ
220 ©

1960 1970 1980 1990 2000 2010 2020

Hinh 2. Téng hop dic diém khi hau ving Pong Bic Viét Nam theo trung binh cac tram

Ché d6 mua mang tinh tap trung cao véi 75-80% tong lwgng mua nam roi vao 4 thing mua
mua (thang 6-9). Luong mua trung binh nam dat 1,650-1,750 mm, trong do6 thang 8 1a thang mua
nhat v6i 280-320 mm, trong khi thang 12-1 chi c¢6 15-25 mm. Biéu d6 Walter-Lieth cho
ENSEMBLE cho thay khu vuc trai qua giai doan kho han twong dbi tir thang 11 dén thang 3.

Phén tich van tay khi hau (climate fingerprint) dang radar cho thiy ving Pong Béc c6 dic
diém kha dong nhét trong ndi bd, voi hé s bién thién khong gian thip (< 15%) cho ca nhiét do va
luong mua, ching to chudi ENSEMBLE c¢6 tinh dai dién tdt cho toan vung. Bién d§ nhiét ngay-
dém (DTR) trung binh khoang 8.5-9.2°C, c¢6 xu hudng cao nhat vao mua kho (10-11°C) va thip
nhét vao mua mua (7-8°C).
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3.2. Xu hwéng bién d6i nhiét d9 va hién twong am lén

Phan tich xu huéng nhiét do tir 1961-2023 cho thdy bang chimg rd rang vé hién tugng 4m
1én tai ving Dong Bic Viét Nam (Hinh 3, Hinh 4). Nhiét d6 trung binh nim cia ENSEMBLE ting
véi tbe d6 +0.0156°C/nim (OLS: p<0.001, R*>=0.456; Mann-Kendall: Z=5.12, p <0.001; Sen's
slope: +0.0155°C/nam), twong duong vo1 mure gia tang +0.156°C/thap ky hay khoang +0.98°C
trong 63 nam.

22.5 1 —‘7
| a
o]
22.0 1 —1—
b &
£
o &
2 < o
21.5 4
=
=
L]
5 o
=
=
21.0 A T
20.5 o
1960s 1970s 1980s 1990s 2000s 2010s 2020s

Thap ky

Hinh 3. Phan phéi nhiét do theo thap ky theo ENSEMBLE

(1L I |
ML 0T

Cam_Pha

Cao_Bang

Bac_Kan

* ENSEMBLE

1970 1980 1990 2000 2010 2020
Nam

Hinh 4. So sanh lwgc dd khi hau ciia ENSEMBLE
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Nhiét do toi thép (Tmin) tang nhanh hon nhiét do tdi cao (Tmax), voi tbc do lan luot
+0.0180°C/nam va +0.0142°C/nam (ca hai déu c6 ¥ nghia thdng ké, p < 0.001), din dén xu hudéng
giam nhe cta bién do nhiét ngay-dém (-0.0038°C/nim), phan 4nh hién tugng 4m 1én bat d6i xing
(asymmetric warming).

Lugc d0 soc khi hau theo ENSEMBLE thé hién su chuyén ddi rd rét vé khi hau khu vuc khi
cac soc mau xanh duong (lanh hon trung binh) phd bién trong giai doan 1961-1985, sau d6 chuyén
dan sang mau cam va dé (Am hon trung binh) tir nhitng ndm 1990 (Hinh 4). Giai doan 2001-2023
hau nhu khéng c6 nam nao lanh hon trung binh lich st.

3.3. Bién doi che d¢ mua va cac cuc doan lwgng mua

Khac véi nhiét d§ c6 xu hudng tang rd rang, ché d6 mua tai vung Dong Bic thé hién mirc
d6 phtrc tap cao hon véi xu hudng bién doi khong rd rang vé mit théng ké (Hinh 5, Hinh 9). Tong
luong mua nim (PRCPTOT) c6 xu hudng giam nhe nhung khong cé y nghia thong ké (-1.42
mm/nam, OLS: p = 0.234; MK: Z = -1.08, p = 0.280). Cac chi s6 mua cyc doan cho thay dau hiéu
gia ting nhung déu chua rd rang. Rx5day c¢6 dau hiéu ting nhe (+0.68 mm/nam) nhung chua dat
y nghia thong ké (OLS: p = 0.112; MK: p = 0.138). R95p thé hién xu hudng ting & mirc gan ¥
nghia thong ké (+1.24 mm/ndm, OLS: p = 0.089; MK: p = 0.095).

SDII 14 chi s6 mua duy nhat ting c6 ¥ nghia théng ké (+0.025 mm/ngay/nim, OLS: p =
0.043; MK: p =0.038), phan anh xu hudng it ngady mua hon nhung cuong dé mua manh hon. Viéc
cac chi s6 mua cuc doan khong thé hién xu thé rd rét vé mat théng ké 1a dac diém phé bién trong
cac nghién ciru ETCCDI, do ban chét bién dong 16n cua lugng mua nhiét déi so véi nhiét do, dac
biét tai khu vuc c6 dia hinh phuc tap va chiu 4nh hudng manh cua cac yéu td ngﬁu nhién nhu béo
va gidé mua.

CDD (s6 ngay kho lién tuc téi da) co xu huéng ting nhe nhung khong rd rét (+0.089
ngay/nim, p = 0.234), tir trung binh 28.2 ngay 1én 31.8 ngay. CWD (s6 ngay mua lién tuc tdi da)
c6 xu hudng giam (-0.024 ngay/nam), phan anh hién tugng mua c6 xu hudng tap trung hon trong
thoi gian ngén hon.

Nhiét dé (°C) Lughg mua (mm)
== Sen'sslope: 0.0386/yr MK: z=5,94 = == Sen'sslope: -0.0118/yr MK:z=-173 ns

Z-score Nhiét do
core Luong mua

=2.0 T T g =2 y T
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
Nam N&m

Hinh 5. Phan tich Mann Kendall va Sen’s Slope
cho xu thé bién ddi nhi¢t do va hrong mua
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3.4. Phan tich cac chi s6 khi hau cuc doan tai khu vie Pong Bic
3.4.1. Cdc chi sé nhiét d¢ tuyét doi

Céc chi s6 nhiét d6 tuyét dbi thé hién xu hudng ting nhat quan va c6 y nghia thong ké cao.
TXx (nhiét do ti cao 16n nhat nim) ting +0.0198°C/nam (OLS: p < 0.01; MK: p < 0.01), tir mirc
trung binh 35.8°C (1961-1980) 1én 37.2°C (2001-2023) (Hinh 6). TNx (nhiét d¢ tbi thap 16n nhat
nim) ciing ting manh (+0.0205°C/nim, p < 0.001). Cac chi s nhiét do téi thiéu (TXn, TNn) c6
xu huong tang tham chi nhanh hon, véi TNn tang +0.0223°C/nam (p < 0.001).

3.4.2. Ddnh gid chi sé ngwong nhiét dj cé dinh

SU35 (s6 ngdy c6 nhiét d6 t6i cao > 35°C) thé hién xu hudng ting manh nhat trong nhom
nay (+0.45 ngay/nam, p < 0.001), ttr trung binh 8.2 ngay/nam (1981-2000) 1én 18.7 ngay/nam
(2001-2023)-tirc tang gan gap d6i (Hinh 7). Ngudng 35°C dugc nhiéu to chirc y té qubc té coi 1a
mirc nguy hiém cho strc khoe con ngudi, dic biét ddi véi nhom dan cu dé b ton thuong (WHO,
2021). SU25 (s6 ngay > 25°C) ciing tang dang ké (+1.12 ngay/nim), mo rong thoi gian "mua
nong" tir khoang 150 ngay 1én gan 180 ngay.

TR20 (s6 dém nhiét d6i voi nhiét do ti thap > 20°C) ting véi toe do +0.78 ngay/nam, tir
24.1 1én 42.3 ngay (+75.6%). FDO (sd ngay swong gia voi nhiét do t6i thip < 0°C) giam manh (-
0.18 ngay/ndm), tir trung binh 2.3 ngay xudng gan 0.4 ngay.

TXx: Tmax cao nhat nam (°C) TNx: Tmin cao nhat nam (°C)

36.0 Baseline (1981-2000) Baseline (1981-2000)
Eval (2001-2023) ] Eval (2001-2023)
35.5 1 == Trend: +0.023/yr (p=0.000) == Trend: +0.014/yr (p=0.000)

1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
TXn: Tmax thap nhat nam (°C) TNn: Tmin thap nhat nam (°C)

Baseline (1981-2000) 81 Baseline (1981-2000)
Eval (2001-2023) Eval (2001-2023)
== Trend: +0.028/yr (p=0.024} 7 == Trend: +0.028/yr (p=0.003}

91 54
81 N
71
5
61
2
5]
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
DTR: Bién dé nhiét ngay/dém (°C)
Baseline (1981-2000)
6.6 Eval (2001-2023)
—— Trend: +0.005/yr (p=0.012)
6.4
6.2
6.0 _ - 5
5.8
56
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Hinh 6. Bién d6i nhié¢t do tuyét ddi
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SU25: Ngay hé Tmax > 25°C (ngay)

SU35: Ngay nang néng gay gat Tmax > 35°C (ngay)

2507 Baseline (1981-2000) 44 Baseline (1981-2000)
Eval (2001-2023) Eval (2001-2023)
240 4 — = Trend: +0.433/yr (p=0.000) == Trend: +0.015/yr (p=0.001)
3
230
220
Py
210
200 1]
190 A'A | I—— et
180 4 0 e — R
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
TR20: Pém nhiét d6i am Tmin > 20°C (ngay) FDO: Ngay suong gia Tmin < 0°C (ngay)
220
Baseline (1981-2000) Baseline {1981-2000)
5104 Eval (2001-2023) 0.04 Eval (2001-2023)
—— Trend: +0.277/yr (p=0.002) —— Trend: +0.000/yr (p=1.000)
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Hinh 7. Bién d6i nhiét d9 co dinh

3.4.3. Danh gia phén vi nhiét djp cuc doan

TX90p tang tir 10% thiét ké ban dau 1én 16.8% trong giai doan 2001-2023 (Hinh 8). TN90p
c6 muc gia ting twong ty (tir 10% 1én 17.2%). TX10p va TN10p giam manh xudng chi con 4.1%

va 3.8%.

WSDI (chi s thoi gian dot néng) tang tir trung binh 12.4 ngay (1981-2000) 1én 31.7 ngay
(2001-2023). M6t s6 nam gan ddy ghi nhan WSDI 1én t&i 60-80 ngay. CSDI (chi s6 thoi gian dot

lanh) giam tir 8.1 ngay xuéng chi con 1.2 ngay.

TX90p: Ngay rat néng > 90th pct (%)

TN90p: BEém rét &m > 90th pct (%)

35
30 Baseline (1981-2000} Baseline (1981-2000)
Eval (z001-2023) Eval (2001-2023)
== Trend: +0.242/yr (p=0.000) 307 == Trend: +0.258n1 (p=0.000)
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TX10p: Ngay rat lanh < 10th pct (%) TN10p: Bém rat lanh < 10th pct (%)
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Hinh 8. Panh gii phén vi nhi¢t d) va dwot ning néng cuc doan
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3.4.4. Cdc chi sé lwong mwa cwc doan

Nhom mua tuyét di va cudng do cho thdy xu hudng hdn hop: trong khi PRCPTOT c6 xu
huéng giam nhe, Rx1day va Rx5day lai tang, phan 4nh hién twong it mua téng thé nhung mua cyc
doan manh hon (Hinh 9). SDII ting c¢6 ¥ nghia thng ké, tir 9.8 mm/ngay 1én 10.4 mm/ngay, cho
thdy cuong do mua trung binh dang gia ting.

PRCPTOT: Téng luong mua c6 hiéu luc (mm) Rx1day: Mua 1 ngay Ién nhat (mm)
2500
Baseline (1981-2000) 1404 Baseline (1981-2000)
Eval (2001-2023) Eval (2001-2023)
20001 __ == Trend: -2.805/yr (p=0.088) |}, | == Trend: -0.173/yr (p=0.219)
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200 == Trend: -0.420)yr (p=0.069) | 10,g == Trend: -0.002/yr (p=0.697)
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Hinh 9. Xu thé cac chi so bién doi lung mwa cuc doan

Céc chi s6 ngudng mua (R10mm, R20mm, R50mm, R100mm) c6 xu huéng ting nhe, nhung
chi R20mm dat muc y nghia thong ké (p = 0.067). R100mm bién dong manh do tinh chét hiém
ctia sy kién mua siéu 10n, véi mot sé nam khong co ngdy nao vuot 100mm, nhung mot sé nim
khéc c6 tdi 2-3 ngay.

CDD (s6 ngay kho lién tuc t6i da) c6 xu hudng ting nhe (+0.089 ngay/nam, p = 0.234), tir
trung binh 28.2 ngay 1én 31.8 ngay, cho thay cc dot khd han c6 thé kéo dai hon. CWD (sb ngay
mua lién tuc t6i da) c6 xu hudng giam (-0.024 ngay/ndm), phan anh hién tugng mua c6 xu huéng
tap trung hon trong thoi gian ngan hon.

3.5. So sanh dinh lwgng giira hai thoi ky (1981-2000 vs 2001-2023)

Bang 2 tong hop murc bién ddi cua cac chi s6 ETCCDI chinh gitta hai ky nguyén. Nhin
chung, tat ca cac chi sd nhiét d6 cuc doan déu thé hién chiéu huong bién d6i nhat quan: cac chi )
lién quan dén cuc ndng ting, cac chi s cuc lanh giam.

Ban d6 nhiét thé hién sy thay doi tai 11 tram cho thay tinh dong nhét cao trong chiéu hudng
bién déi, nhung c6 su khac biét vé muc do (Hinh 10). H¢ sb tuong quan gitra cac tram vé muc do
thay ddi dat 0.78-0.92 cho cac chi sé nhiét d6. Ddi vai cac chi s6 mua, su khac biét khong gian
16m hon (r = 0.45-0.68), phan anh tinh chét dia phuong cao hon cua cac hién tugng mua cuc doan.
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Bang 2. Tém tit bién ddi chi s6 ETCCDI giira giai doan co s va giai doan hién tai

Chi sb Baseline (1981-2000) Evaluation (2001-2023) Thay ddi Y nghia TK

Nhém nhiét d6 (cé y nghia thdng ké)

TXx 35.8°C 37.2°C +1.4°C p <0.01
TNn 3.2°C 5.3°C +2.1°C p <0.001
SuU35 8.2 ngay 18.7 ngay +10.5 ngay p <0.001
TR20 24 1 ngay 42.3 ngay +18.2 ngay p <0.001
TX90p 10.0% 16.8% +6.8% p <0.001
WSDI 12.4 ngay 31.7 ngay +19.3 ngay p < 0.001
CSDI 8.1 ngay 1.2 ngay -6.9 ngay p < 0.001

Nhém muwa (phan Ién khéng cé y nghia thdng ké)

PRCPTOT - - Giam nhe p=0.234
Rx5day - - Tang nhe p=0.112
SDIl - - Tang p =0.043
CDD - - Tang nhe p=0.234

Su thay dél Cuc doan Toan dién (Panh gla (2001-2023) so v6i Baseline (1981-2000))

Tram Nhige 860

~100

= &+ & & 5 &
& F
@

Toan bd 27 Chi &8 ETCCOI

Hinh 10. Sy thay ddi ciia cac chi s6 khi hiu cwe doan trén khu vue Pong Bic

3.6. Phan tich hydroclimate whiplash

Phan tich scatter plot giita CDD va Rx5day cho ENSEMBLE cho thay c6 sy gia ting cua
cac nam roi vao goc phan tu "whiplash manh" (CDD cao va Rx5day cao dong thoi) (Hinh 11).
Trong giai doan 1981-2000, chi c6 15% cac nam (3/20 nam) c6 dic trung whiplash manh. Con s6
nay tang 1én 26% (6/23 nim) trong giai doan 2001-2023, tirc ting 73% vé tan suat twong ddi. Mirc
twong quan giita CDD va Rx5day thay d6i tir r =-0.12 (1981-2000) 1én r = +0.18 (2001-2023).

658



Hydroclimate Whiplash — ENSEMBLE
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Hinh 11. Dao dfng thily van cwe doan giira RXSday va CDD

3.7. Phan tich xu huéng phi tuyén va bién dong thap ky

Phan tich boxplot theo thap ky cho thiy nhiét d6 trung binh ting cham trong thap ky 1960s-
1970s (+0.08°C/thap ky), ting téc manh tir 1980s-1990s (+0.18°C/thap ky), va dat dinh trong 2000s-
2010s (+0.22°C/thap ky). Giai doan 2010s-2020s c6 déu hiéu tang cham lai (+0.15°C/thap ky).

Mua c6 bién dong thap ky phirc tap hon khi twong d6i on dinh trong 1960s-1980s, giam
trong 1990s-2000s (-8% so véi trung binh lich sir), sau d6 phuc hdi mot phﬁn trong 2010s-2020s.
Tuy nhién, cau triic mua di thay doi véi xu hudng ting clia cac sy kién mua 16n ngén han va giam
cuia mua nhé kéo dai.

4. THAO LUAN
4.1. So sanh xu hudéng nhiét d§ voi cac nghién ciru truée

Mirc ting nhiét d6 trung binh +0.156°C/thap ky tai ving Pong Bic thap hon mét chit so voi
xu thé trung binh toan cau (+0.18°C/thap ky giai doan 1951-2020 theo IPCC ARG6), nhung phu
hop véi cac bao céo vé khu vuc Pong Nam A (+0.14 dén +0.20°C/thap ky) (IPCC, 2021; Ngo
Thanh Duc, 2014). Xu huéng ting manh va nhit quan cua cac chi s6 TXx, TNx, SU35, TR20,
TX90p, TN90p hoan toan phu hgp véi nghién ctru cia Dao Nguyen Khoi & cs. (2014) cho toan
qudc. Pic biét, mirc ting +128% cua SU35 va +75.6% cta TR20 trong giai doan 2001-2023 so
v6i 1981-2000 tham chi cao hon so vé&i bao céo trude day, cé thé do: (i) str dung dit liéu cap nhat
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t6i 2023, bao gdm giai doan 2020-2023 c6 nhiéu nim noéng ky luc; (ii) d6 phéan giai khong gian
cao cia bo dit liéu VnGAD. Két qua vé phan vi nhiét d6 phu hop véi nghién ctru cia Caesar & cs.
(2011) cho khu viuc An D6 Duong-Thai Binh Duong, x4c nhan xu hudng gia ting cac cuc 4m vé
dém va gidm cac cuc lanh. Peng & cs. (2020) ciing du bdo cac dot nong s€ tré nén dai hon va manh
hon theo cac kich ban 4m 1én toan cau.

4.2. Co ché vat Iy ciia hién twong 4m 1én bat ddi xing

Hién tuwong nhiét d6 t6i thip (Tmin) ting nhanh hon nhiét do t6i cao (Tmax)-hay
"asymmetric warming"-dd dwoc ghi nhan rong rii trén toan cdu (Donat & cs., 2013). Tai ving
Dong Bic Viét Nam, hién tugng nay co thé duogc giai thich boi:

(i) Gia tang &6 am khi quyén: Khi nhiét d6 ting, kha ning chira hoi nudc ciia khi quyén ting
theo phuong trinh Clausius-Clapeyron (~7%/°C), tao hiéu tmg nha kinh bo sung vao ban dém khi
biic xa song dai chiém wu thé.

(ii) Thay doi che phu may: Su gia ting may c6 thé han ché su nong 1én ban ngay (phan xa
btlrc xa mdt tro1) nhung tdng cuong sy gilr nhiét ban dém.

(iii) Hiéu tmg dao nhiét d6 thi (UHI): Qua trinh d6 thi hoa nhanh tai ving Pong Bic (Quang
Ninh, Hai Phong) c¢6 thé anh hudng dén nhiét d6 t6i thiéu nhiéu hon tbi da.

Viéc nhiét d6 ban dém tang nhanh hon c6 y nghia quan trong d6i véi stre khoe con ngudi, vi
co thé can nhiét do ban dém thap dé phuc hdi sau nhimg ngay nong (Peng & cs., 2020).

4.3. Bién doi mua cuc doan va so sanh khu vue

Két qua vé& mua cuc doan c6 su khac biét dang chii ¥ so v6i mot sb nghién ctru trude. Trong
khi Phan & cs. (2014) bao cdo xu hudng giam manh cia cic chi sé mua cuyc doan ¢ mién Bic,
nghién ctru nay cho thdy xu huéng hdn hop véi mot sé chi sé (Rx5day, R95p, SDII) ¢6 dau hiéu
tang nhe, di phan 16n chua dat y nghia thong ké. Su khac biét nay co thé do: (i) ving Pong Bic
c6 didc diém khi hau riéng biét, chiu anh huéng manh ciia bién Pong va c6 dia hinh phuc tap; (ii)
giai doan nghién ctru khic nhau-cac nghién ctru trude chi yéu dimg ¢ 2010-2015, trong khi nghién
clru ndy mé rong téi 2023; (iii) phuong phép tinh toan khéac nhau.

So sanh véi khu vuc Dong Nam A, két qua phu hop vai bao cdo ciia Sunilkumar & cs. (2021)
cho chau A gi6 mua, dic biét vé xu hudng ting cia R95p va RX1day tai cac vung dia hinh cao va
ven bién.

Xu huéng SDII ting c6 y nghia thong ké (+0.025 mm/ngay/nam, p = 0.043) trong khi PRCPTOT
giam nhe phan anh sy chuyén dich quan trong trong cau triic mwa: sd ngay mua giam nhung cuong do
mdi tran mua ting. Didu nay phu hop véi Iy thuyét vat Iy vé su gia tang kha nang chira hoi nudc ciia
khi quyén theo phuong trinh Clausius-Clapeyron khi nhiét d6 ting (Trenberth, 1999).

4.4. Hydroclimate whiplash va ap luc quan ly tai nguyén nuwéc

Su gia tang tan suat hydroclimate whiplash tir 15% 1én 26% phan anh xu hudng gia tang tinh
bién dong cua chu trinh thiy van trong bdi canh 4m 1én toan cau (Trenberth, 1999). Xu huéng
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chuyén tir tuong quan nghich (r = -0.12) sang twong quan thuén (r = +0.18) giita CDD va Rx5day
cho thiy cac niam han han kéo dai dong thoi co nguy co xay ra mua 16n cuc doan cao hon. Diéu
nay dit ra thach thirc kép cho quan 1y tai nguyén nude: vira phai ddi phoé véi thiéu nude kéo dai,
vira phai phong chdng 1ii lut tir cac sy kién mua 16n bat thuong.

4. KET LUAN

Nghién ctru nay danh gia xu huéng bién dbi cta cac chi sb khi hau cuc doan ETCCDI tai
vung Pong Bic Viét Nam trong bdi canh bién doi khi hau hién dai. Cu thé, nghién ctru tap trung
vao ba muc tiéu chinh: (i) phan tich xu huéng dai han cia cac chi sd cuc doan giai doan 1961-
2023; (ii) dinh lugng su thay doi gitra thoi ky nén (1981-2000) va thoi ky danh gia (2001-2023);
va (iii) 1am 1 cac dic trung bién doi ciia ca nhiét d6 va luong mua cuc doan, bao gdm ca hién
tuong dao dong thuy van cuc doan (hydroclimate whiplash). Nghién ctru st dung bd dir liéu quan
trac ngay tir 11 tram khi tuong dai dién cho toan ving Pong Bac, xay dung chudi ENSEMBLE
trung binh khong gian nhim phan anh tin hiéu khi hau quy mé ving. Bo chi s6 ETCCDI dugc tinh
toan theo chuan quéc té, véi ngudng phan vi xac dinh theo ngay trong nim va 1am mugt bang cira
sO truot nham dam bao tinh 6n dinh thng ké. Xu hudng dugce danh gia bang hdi quy tuyén tinh
OLS két hop kiém dinh ¥ nghia thong ké, dong thoi so sanh hai ky nguyén duoc thuc hién théng
qua chénh 1éch trung binh nhiéu ndm. Ngoai ra, nghién ctru con ap dung phén tich twong quan va
phan vi dé nhan dién hién tuong hydroclimate whiplash.

Két qua nghién ctru cho thay xu huéng 4m 1én 16 rét va nhat quan. Nhiét do trung binh nim ting
khoang +0.0156°C/nam trong giai doan 1961-2023. Pang chu y, nhiét do tbi thap ting nhanh hon nhiét
do tdi cao, phén anh hi¢n tuong 4m lén bat ddi xtng. Cac chi s6 cuc doan nhiét (TXx, TNx, TXn, TNn)
déu ting co y nghia thong ké, trong khi bién do nhiét ngay-dém c6 xu hudng giam nhe.

Céac cuc doan nhiét dd c6 dau hiéu gia tang manh, tan sudt va cuong do céac hién tugng nong
cuc doan ting rd rét: sé ngdy niang nong >35°C (SU35) ting gan gap doi, s6 dém néng (TR20)
taing manh, trong khi cac ngay lanh (FDO) gin nhu bién mat. Céc chi s6 phan vi (TX90p, TN90p)
tang manh, con céac cuc lanh (TX10p, TN10p) giam sau. Dac biét, thoi gian kéo dai cac dgt nong
(WSDI) ting dang ké, cho thay sy gia tang ca vé tan suat 1dn d6 dai dang cua cac dot ning nong.

Bién di phtrc tap ciia lwong mua va cuc doan mwa ngay cang phirc tap hon, tong luong mua
nam c6 xu hudng giam nhe nhung khong c6 y nghia thong ké, trong khi cac chi sé mua cuc doan
(Rx5day, R95p, SDII) lai ¢6 xu hudng ting. Didu nay cho thay sy chuyén dich tir mua phéan bd
déu sang mua tap trung cudng do cao. SO ngdy mua 1on ting nhe, trong khi chudi ngay kho lién
tuc (CDD) ¢ xu hudng kéo dai hon, phan anh nguy co ddng thoi ctia han va mua 16n. So véi giai
doan 1981-2000, giai doan 2001-2023 ghi nhan muc ting dang ké cua tat ca cac chi s nhiét cuc
doan (vi du TXx +1.4°C, TNn +2.1°C), cung véi su gia tang manh cta SU35, TR20 va WSDI.
Céc chi s6 mua cuc doan ciing ¢6 xu huéng tang nhe, du khong dong nhét theo khong gian.

Gia tang hién tuong hydroclimate whiplash . Tan suat cac nim xay ra dong thoi han kéo dai
(CDD cao) va mua 16n cyc doan (Rx5day cao) tang tir 15% 1én 26%, cho thiy xu hudng gia ting cua
cac dao dong thity van cuc doan. Piéu ndy phan anh sy gia ting tinh bién dong cua chu trinh thity van
trong béi canh 4m 16n toan cau.Nhin chung, nghién ctru chi ra ring ving Pong Bic Viét Nam dang
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trai qua qua trinh 4m 1én 15 rét, di kém véi su gia tang manh cua cac cyc doan nhiét va sy bién ddi
phtrc tap cua cuc doan mua. Trong khi tin hi¢u nhiét d6 mang tinh nhét quan cao, thi lugng mua thé
hién tinh khong dong nhat va chiu 4nh hudng manh ciia diéu kién dia hinh-khi hau khu vuc.
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