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Tém tit: Bién doi khi hau (BDKH) dé lam thay do6i qua trinh mua va dong chay trén cac
luu vye song, anh hudng dén viéc quy hoach, thiét ké va quan 1y cac cong trinh thiy loi,
thity dién va phong, chdng thién tai... Do vay, bai bdo nay nghién clru sy bién d6i cua cac
chi s6 mua trén luu vuc song Vu Gia—Thu Bon trén co s¢ phan tich s6 liéu mua thue do va
tir cac mo hinh khi hau toan cau. Két qua cho thiy cac chi sb lién quan dén mua sinh li
P95p, Prcp, R5dp déu tang trong tuong lai, Va P95p tang khoang 50-100 mm so v6i thoi ky
nén, do vay nguy co lii lut s& cao hon. Chi sé tong luong mua nam (Ptot) va cuong do mua
ngay trung binh (SDII) ciing déu ting, su gia ting nay chu yéu tip trung vio nhimg thang
mua 1 chinh vy (IX- XI) Bén canh dé, nguy co cac dot kho han ciing s& xuat hién nhleu
hon do chi s6 Pedd (s6 ngay khong mua lién tuc trong ndm) tang I1én, cy thé s6 dot c6 sb
ngay khong mua lién tuc > 20 ngay s€ tang khoang 15%, dan dén nguy co han han s€ gia
tang. Nhimg thong tin nay cé thé tham khao cho nha quan ly va chuyén mén dé xuét cac
giai phap dé thich tmg véi BDKH va dam bao an ninh ngudn nudc trong tuong lai.

Tir khéa: Chi tiét hoa thong ké; Bién doi khi hiu; Hiéu chinh sai s6; Chi s6 mua; Vu Gia-
Thu Bon.

1. Giéi thiéu
C6 thé khang dinh rang BDKH dé c6 nhiing tac dong khong thé dao nguoc dén cac yéu
to khi tuong thuy van va gy ra mdi de doa 16n d6i véi su song [1]. Vi vay, dé phat trién kinh
té x4 hoi bén viing can ¢ nhimg nghién ciru dang tin cdy vé tac dong cua bién d6i khi hau
d6i véi moi trudng va tai nguyén nude. Do cac yéu to trong tuong lai lu6n c6 tinh khong chic
chén va kho dy doan, dac bi¢t khi chi 4p dung cac cong cu thong ké co ban dé phan tich cac
dir liéu quan quan tric, nén Mo hinh khi hau toan cau (Global Climate Model — GCM) duoc
danh gia 1a cong cu tot nhat dé nghién ctru khi hau khi xem xét cac gia dinh/ cac bién bén
ngoai khac nhau. Nhiéu GCM d3 duogc phat trién bdi cac co quan nghién ctru uy tin dé mé
phong khi hau dai han va dinh luong tac dong cua bién d6i khi hau [1]. Du 4n so sanh lién
mo hinh theo cip giai doan 5 (CMIP5) 1a bo mé phong mé hinh khi hdu méi nhat dé nghién
ctru danh gia toan cau hodc khu vuc [2-3]. Tuy nhién, san pham thd cia GCM thuong khong
duoc coi la nghién ctru khi hau & quy moé dia phuong do do phan giai khong gian tho cua
GCM [4-5]. Cac phuong phap tang d phan giai cia GCM da khéc phuc dan sy khong phu
hop vé d6 phan giai khi danh gia tac dong cua blen d6i khi hau & cap luu vuc, chang han nhu
lru vire dau ngudn dé c6 duoc dir lidu phan gial t6t hon nham mo phong tot hon céac qua trinh
thiry van va thuy dong luc hoc [6-7]. Chu yéu 6 hai cach tiép can dé chi tiét hoa GCM & cap
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dia phuong 14 chi tiét hoa dong luc va chi tiét hoa théng ké [6-8]. Pau ra cua phuong phap
tiép can chi tiét hoa dong luc duoc coi la vuot tro1 do m6 hinh hoa t6t hon cac co ché khi hau
va hién tuong vat ly [9-10]. Phuong phap chi tlet hoa thong ké loi thé hon so voi chi tiét hoa
dong luc vé su thuan loi trong tinh toan va yéu cau it thoi gian [5]. Vi vy, chi tiét hoa thong
ké duoc 4p dung nhiéu cho cac nghién ctru & quy md khu vuc (ving) dé dat két qua nhanh
hon [2, 6].

Bang cach tiép can thdng ké, phwong phap chi tiét héa cia GCM ciing khong tranh khoi
sai s6 mé hinh. Sai s6 mo hinh 14 sy sai 1éch c6 hé thong cua dir liéu dugc mo hinh hoda so
voi gia tri mong doi [11]. Déu ra cua GCM bi anh hudng boi nhiéu yéu t6, nhu 13 cac gia
dinh duoc dua ra dé phat trién GCM, trang thai ban dau, phuong trinh toan hoc va tuong tac
ctia cac bién khac nhau dwoc xem xét. .. Tuy nhién, nhitng yéu t6 ndy gay ra sai s6 ngau nhién
hodc hé théng dan dén c6 thé danh gia thién 16n (hodc thién nho) cac bién khi hau [11-13].
Mit khéc, cac bién khi hau thu dugc tir cic GCM c6 d6 phéan giai khong gian thd thuong
khong phu hop cho céac g dung ¢ quy moé khu vyc. M6 hinh GCM trung binh theo nhom
thudng duoc ap dung dé giam bét han ché nay gitra qué trinh mua quan tric va qué trinh mua
tinh toan cia GCM [14-15]. Tuy nhién, cach tiép can nay thich hop hon trong truong hop
nhiét do ddng nhét va khong thay doi dot ngdt, dong thoi khong thich hop véi lugng mua cé
d6 bién thién cao vi luong mua khong chi chiu anh huong cua hoan luu quy mé 16n ma con
bi anh hudng manh bai cac dic diém dija phuong nhu do cao, dic diém dia 1y, tham pha thuc
vat,... [16-18]. Ngoai trir nhiét do, ap suat va do am, cac bién khac ctia GCM khong nén sir
dung tryc tiép 1am dir liéu tho cho quy mé ving va lugng mua cho thay it phu hop nhat v4i
sO liéu thuc do [18] Do do, quy trinh hiéu chinh sai s6 thuong dugc ap dung dé thu hep
khoang cach giira két qua tinh todn mua tir GCM va tai liéu quan tric [19]. Quy trinh hi¢u
chinh d¢ 1éch ciling dugc ap dung dé diéu chinh do léch trong mo hinh tuan hoan khu vuc
RCM va két qua ciia GCM [13, 20, 21]. Cac mé hinh RCM duoc coi 1a tét hon so voi GCM,
tuy nhién khong thé khai quat héa cho lugng mua do c6 su anh hudng 16n cia cac dic diém
khu vure [22-23]. Vi véy, hiéu chinh sai s6 da duoc tmg dung cho cac du ra cia GCM trong
nghién ciru nay. Cac phuong phéap hiéu chinh sai s6 khac nhau duoc cac nha nghién ctru dé
xuét va ap dung dé chi tiét hoa két qua cta cac loai GCM. Vi du nhu: chuyén doi tuyén tinh
(Linear Scaling — LS), ty 1¢ v6i cuong d6 mua dia phuong (Local Precipitation Intensity
Scaling — LOCI), chuyén d6i theo ham mil, chuyén déi theo phuong sai, phan bb xac suit
(Distribution Mapping — DM), va cach tiép can thay doi khoang delta,.. -[13].

Nghién ctru bién d6i khi hu lién quan dén nhiét d6 va lugng mua chu yéu tap trung vao
viéc danh gia nhiing thay d6i vé trung binh dai han, gan day co xu the chuyén sang xem xet
anh huong cua cac trdn mua cyc tri [24]. B6i vi trong phan b6 tan suat clia cac tri s6 mua cyuc
tri, chi can thay ddi it vé tri s6 tan sut ciing c6 thé 1am thay d6i 16n vé tri s mua cuc tri, tire
1a mua sinh 1i 16n va c6 thé gay ra thiét hai 16n cho xa hoi [25]. Tuy nhién, van co rat it
nghién ctru xem xét cac hién tuong cuc doan dudi tic dong cua bién doi khi hau [26-28].

Dbéi véi luu vue nghién cuu, két qua tu s6 liéu thuc do 1978-2020 cho théy xu thé mua
Ximax, Xamax, VA& Xsmax clia cac tram trén luu vuc déu tdng trung binh tur 0,5-3,0 mm/nam,
0,8- 6,5 mm/nam, va 1,0—7,0 mm/nam. Dac biét khu vyc tdm mua Tra My c6 xu hudng ting
nhiéu nhat. Theo kich ban bién d6i khi hau cia B TNMT cong bd nim 2020, tong luong
mua nam céc thoi ky twong lai giita thé ky va cudi thé ky binh quan khu vuc Quang Nam —
Pa Ning ting 14,4-21,5% so véi ky co sé (1986-2005); tong luwong mua cac mua dong,
xudn, he, thu ciing déu ting trung binh tir 1,3-25,4% (trir truong hop ca biét co thoi ky giam).
Tuy nhién cac két qua theo kich ban nay khong cho biét cu thé cho ting khu vuc, va ciing
chua c6 thong tin chi tiét cho tung chi s6 mua, dic biét 1a cac chi s6 mua cuc doan.

Tir cac danh gia tong quan trén, thiy rang dén nay chwa c6 nghién ctru nao chi tiét dé
danh gia sy bién d6i cAc chi s6 mua cyc doan cho luu vee VGTB. Bai béo nay tap trung di
sau vao danh gia bién doi cac tran mua cuc tri trong tuong lai do tdc dong cua BDKH nho su
xem xét cac chi sé mua cuc doan khac nhau trén luu vuc VGTB.
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2. Phwong phap nghién ciru va sb liéu dung dé tinh toin

Céc bude nghién ctiru duoc khai quat hoa trong so do ¢ Hinh 1.

Phan tich tong quan cac nghién Phén tich qué trinh bién d6i
ctru trén The gidi va Viét Nam mua trén hru viee VGTB

Phan tich, hra chon cac chi so mra

Phan tich, hra chon cac mo hinh GCM

Phén tich, hra chon phwrong phap hiéu chinh sai s6

Hiéu chinh sai sé cho cdc mo hinh GCM

Tinh toan mua cho thoi ky 2035 - 2075
theo kich ban RCP4.5 va RCP8.5

Phén tich xu the chung Phén tich bién ddi mua Phan tich cac chi so
bang bieu do Boxplot thang va mua nam mua cue doan
Két luin

Hinh 1. So dd mé ta cac bude nghién ciu.

2.1. Gidi thiéu vé Khu viee nghién ciru

Luu Vuc song VGTB thudc loai 16n ¢ mién Trung véi tong dién tich luu vuc khoang
10.350 km? (Hinh 2), ¢6 2 nhénh chinh 1a Vu Gia va Thu Bon. Bat ngudn tir day Truong Son,
di qua mdt vung dong bang hep doc theo bo bién va cudi cung db ra B1en bong [26, 29]. Dia
hinh khu vyc nay rat phtc tap voi canh quan ddi nui hep ¢ thuong ngudn va cira song bang
phang & cubi ha Iuu vé phia Dong [30]. Khi hau luu vuc 1a nhiét d6i gié mua voi anh hudng
ving chi phdi cia diy Truong Son, anh hudng dén khi hau ving nay c6 hai mua rd rét: mia
dong (thang 11 dén thang 4) va mua ha (thang 5 dén thang 10) [31]. Luong mua mia mua
chiém 57-74% luong mua hang nim, thudng kéo dai trong khoang 4 thang tir thang 9 dén
thang 12. Luu vyc nhan dugc 26-43% luong mua hang nam vao mua kho (I-VI1Il). Lugng
mua trén luu vie song VGTB giam dan theo hudng dich chuyén tir Tay sang Pong. Ving
nui cao nhan dugc lugng mua trung binh hang nam khoang 3.100-4.200 mm, vung nui trung
binh khoang 2.500-3.000 mm trong khi viing nui thip va viing ven bién nhan duoc khoang
2.100-2.500 mm [32-33]. Trong tran mua lich st 1-5/11/1999 da ghi nhan lvong mua 1
ngdy 16n nhat 1én dén 667 mm tai Hoi An, it nhat ciing 1a 405 mm tai Tam Ky. Tuy nhién,
ngdy 5/11/2017 tai Tra My da pha ky luc v6i Ximax = 782 mm. Dbi véi Xamax, Xsmax Va X7max
thi ghi nhan tai tram Trao trong dot muwa 14-20/11/1980 lan luot 12 1124 mm, 1488 mm va
1677 mm. Nguoc lai véi mua 16n cuc tri xdy ra trong mua mua, thi trong mua kho lugng
mua lai suy giam da khién tinh hinh han héan, xdm nhap min dién ra rét nghiém trong trén
lwu vue. Nam 2014, 2015 va 2016 co tong lwong mua thiéu hut nhidu so véi cing ky trung
binh nhiéu ndm lan luot 1 150 + 790 mm, 50 + 550 mm va 30 + 300 mm. Dén 2020 ciing 1
nam thoi tiét bat thuong, tir thang 1-9 tinh hinh han han thiéu nudc xay ra nghiém trong anh
huong dén hoat dong san xuat va sinh hoat cia ngudi dan.
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Hinh 2. Luu vuc séng VGTB va cac tram KTTV.

2.2. S0 liéu ding dé tinh todn

Céc loai sd liéu thuc do va dir liéu tir cac GCM d3 duge st dung dé nghién ctru va tinh
toan trong nghién ciru nay. Mua ngay thuc do giai doan 1978-2020 tir sdu tram do mua trén
lvu vuc VGTB la ba Nﬁng, Hién, Nong Son, Hoi An, Kham Dtic va Tra My, dugc thé hién
trong Hinh 1.

C6 10 t6 hop dit liéu mua tir 5 mo hinh GCM tinh toan cho hai kich ban phat thai trong
twong lai ARS (RCP4.5, RCP8.5) da duoc su dung (http://cmip—pcmdi.linl.gov/cmip5/) trong
nghién ctru nay. Phuong phap noi suy dong tuyen tinh da dugc ap dung dé c6 dugc két qua
dau ra GCM tai céc vi tri ctia 6 tram mua. Chi tiét vé dix liéu GCM dugc st dung trong nghién
ctru niy thé hién trong Bang 1.

Bang 1. Cac thong sb cua cac GCM.

Mb hinh GCM Quéc gia Kich bian phat thii D¢ phan gidi khéng gian
CCsSM4 NCAR/USA RCP 4.5,85 0.94°x 1.25°
CSIRO-Mk 3.6 Australia RCP 45,85 1.875° x 1.875°
HadGEM2-ES Hadley/UK RCP 4.5,85 1.25° x 1.875°
MPI-ESM-LR Germany RCP 45,85 1.875° x 1.875°
ACCESS 1.0 Australia RCP 45,85 1.25° x 1.875°

2.3. Phuwong phdp tinh todn va thiét Igp mé hinh

2.3.1. Phuong phap chi tiét héa théng ké va hidu chinh sai s6

Cac phuong phap hiéu chinh sai s6 theo LS, LOCI va DM da duoc ap dung trong nghién
ctru nay dé chi tiet hoa két qua mua tir cac GCM. Céc bién so6 va chi s6 dugc st dung dé mo
ta cac phuong phap nay dugc dua ra trong Bang 2.
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Bang 2. Céc bién sb va chi s6 sir dung trong nghién cuu.

Bién s6 M5 ta Chi sb M5 ti
a.p Céc tham sb hinh dang va ty 1¢ phan x . Céc chi s6 hinh dang va ty 1 phan
' phdi Gamma ’ phdi Gamma
d Thoi khoang ngay Y Phan phdi Gamma
F Ham phan phdi tich luy (CDF) m Thoi khoang thang
F Nghich dao cia CDF obs Thuc do
. 2 M6 hinh RCM m6 phoéng cho thoi
M 5 i ref
Tri sO trung binh ky 19802011
M6 hinh RCM mé phong cho thoi
fut
P Mua ky 2012-2039
s Heé s6 ty 16 th Ngudng (Threshold)

2.3.2. Phuong phap hiéu chinh sai s6 theo ty 1é tuyén tinh (Linear scaling — LS)

Phuong phép hiéu chinh sai s6 theo ty 1& tuyén tinh [34] dugc dénh gia 14 phu hop nhat
dé hiéu chinh sai s6 cho dit liéu mua thoi doan thang. Gia dinh co ban trong phuong phap
nay la: cac gia tri hi€u chinh dya trén sy khac biét gitra lugng mua thuc do dugc va mé phong
GCM trong thoi gian tham chiéu (thoi ky nén) sé khong thay doi, va cac gia tri mo phong
cia GCM trong tuong lai duoc hiéu chinh theo sy khac biét trong thoi ky nén. Luong mua
ngdy duoc didu chinh dé tham khao va thoi gian trong tuong lai duoc thu thap bang cach sir
dung Cong thue (1) va (2).

et (d) S (d) X [Mm((PT

:J
)

. —] 2)

2.3.3. Phuong phap hiéu chinh sai sé theo cudng d6 mua dia phuong (LOCI)

Phuong phap LS chi hi€u chinh sai s6 duoc gia tri trung binh, nén su dung phuong phap
LOCI d& hiéu chinh dugc ca gia tri trung binh ciing nhur tan sut va cuong d6 mua ngay theo
dia phuong [35] (theo cac tram mua dai dién cho tig tiéu luu vuc). Cac budc lién quan dén
phuong phap LOCI dugc mo ta dudi day:

- Ngudng lugng mua (rainfall threshold) dugc chon tir lwong mua mo phong trong cac
GCM sao cho nhiing ngay c6 luong mua nho hon lugng mua ngudng dugc chon la nhiing
ngay khong mua co gia tri bang 0, va nhiing ngay mua vuot ngudng s& 14y gié tri bang nhimng
ngay mua quan trac (tai tram). Sau d6, s6 lwong cic tran muwa cho ca giai doan tham chiéu
(thoi ky nén) va trong twong lai duoc diéu chinh bang cach ap dung ngudng luong mua:

. 0, néu Por(d) < Py,

P -(d) = 3
. 0, néu Py, (d) < Py,

P = 4

-Hé sb tyle tuyen tinh dugc udce tinh dya trén cuong do mua ngay trung binh theo thang
v6i chudi s6 liéu nhiéu ndm. Chon nhitng ngay c6 mua tir dir lidu quan trac véi luong mua >
0 mm va nhitng ngay co6 lugng mua 1én hon ngudng mua trong moé phong cua cac GCM. Cac
hé s ty 1€ cuong dd mua dugc tinh béng cong thic (5).
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_ Km ( obs ( ) | Pobs ( ) >0 mm) (5)
“m( ref( )lPref ( ) >Pth)_Pth

- Cudi cung, viéc hiéu chinh luong mua dugc moé phong theo GCM va cac giai doan
tham chi€u va thoi ky tuong lai dugc thuc hién nhu sau:

i (d) = Pres (d) x5 (6)

Pt (d) =Pt (d)XS (7)
2.3.4. Phuong phap hiéu chinh sai s6 theo phan bé xac xuat (DM)

Phuong phap hiéu chinh sai s6 theo DM 1a mot dang cua phuong phap hiéu chinh phan
vi (quantile mapping), hiéu chinh ham phan phdi x4c suit ciia lugng mwa ngay dua trén cac
ham phan phdi tan suit lity tich (CDF) cta dir liéu mua thyc do [13]. CDF dugc xay dung
cho ca lugng mua thyc do va lugng mua md phong GCM, tirc 13, cho tat ca cac ngay trong
mot thang cua giai doan 1978-2005. Sau d6, gia tri cua lwgng mua mo phong GCM cua ngay
(d) trong thang (m) dugc tim kiém trén ham phan phdi Iy tich thuc nghiém (ECDFs) ciia md
phong GCM cung vé6i xéc suat lily tich twong tmg ctia nd. Sau do, gia tri cia luong mua cd
cling xéc sudt lity tich duoc xac dinh trén cac ECDF cua cac gia tri thuc do. Cudi cung, luong
mua ngay cho cac thoi ky nén va thoi ky twong lai duoc tinh toan bang cong thirc (8) va (9),
theo CDF cua phan bé Gamma (F,) va nghich ddo (F;?).

r'ef (d) = qu (Fy (Pref (d) | (x'ref,m/Bref,m) | aobs,m/Bobs,m) (8)

Pf'ut (d) = Fq:l (Fy (Pfut (d) | Olref,m s Bref,m) | Qlobs,m Bobs,m) (9)

2.3.5. Phan tich cac chi sé6 mua cuc doan

Nhimng bién doi trong cac hién tuong mua cuc doan da dugc danh gia dya trén 6 chi s6
sau: (1) lwong mua phan vi tht 95 (P95p, mm) tic 1a mua ing v6i tan sudt 5%; (2) tong s6
ngay mua I6n trong nam (Prcp, ngay); (3) cuong d6 mua ngay tinh trung binh cho nhitng
ngay c6 mua (SDII, mm/ngay); (4) lugng mua 5 ngay lién tiép 16n nhat (R5dp, mm); (5) téng
luong mua nam (Ptot, mm); va (6) tong sd ngay khong mua lién tuc dai nhit hang nam (Pcdd,
ngay) [36-38]. Cac chi s6 nay rat hitu ich dé mo ta phan 16n cac hién twong va dic diém mua
cuc doan.

a) Toéng lwong mua ndm tai phan vi mic 95% (P95p(), mm)

P95p) 1a tong lugng mua ndm ctia ndm th j° tai phan vi mirc 95% khi chi xét nhiing
ngay c6 mua trong nam do. Ngay c6 mua dugc quy udc la ngay c¢6 luong mua > 1,0 mm, con
lai néu<1,0 mm coi nhu khong mua.

b) Tong sO ngay mua l6n trong nam (Prepg), ngay)

Chi s nay cho biét tong s6 ngay mua 16n trong nim (j), quy ude 13 nhitng ngay c6 luong
mua > lrong mua ngay tai phan vi mirc 95% (P95p) da tinh & trén).

c) Cuong d6 mua ngay trung binh ctia nhitng ngay c¢6 mua (SDIIj), mm/ngay)

SDII; (Simple Precipitation Intensity Index) 1 chi s6 cuong d6 mua ngay trung binh cta

nhirng ngay c6 mua trong ndm thr (j), duogc tinh theo cong thirc:

W
ZRRWJ.

SDIl; == —— 10
o (10)

d) Tong luong mua 5 ngay lién tuc 16n nhéat (R5dpg), mm)
Chi sb nay dua ra tong lwong mua 5 ngdy lién tuc 16n nhat trong ndm j’.
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e) Tong luong mua ndm (Ptotg), mm)
Chi s6 ndy dua ra tong lwong mua cia tat ca nhitng ngay c6 mua (theo quy udc c6 luong
mua > 1.0 mm) trong nam (j), dugc tinh theo cong thic:

W
Ptot, = > RR,, (11)

w=1
f) Tépg sO ngay khong mua lién tuc dai nhit trong nim (Pcdd(j), ngay)
Chi s0 nay mo ta tong s0 ngay khong mua lién tuc 16n nhat trong tirng nam (j).

3. Két qua va thao luan
3.1. Hiéu chinh sai sé cho 6 tram do mura

Ba phuong phap hi¢u chinh sai s6 da dugc ap dung dé hiéu chinh sai s6 vé gia tri trung
binh, tan sb xuét hién cua luong mua trong cac GCM. Kich ban thoi ky co sé (nén) cho cac
GCM la lugng mua thuc do thoi ky 1987-2005, trong khi tinh todn cho twong lai 1a cac thoi
ky 2035-2075 (giai doan giita thé ky). Hiéu qua théng ké ctia cac phuong phap hiéu chinh
sai s6 duoc trinh bay trong Bang 3, duoc danh gia bang cac chi s6 hiéu sust RMSE, MAE va
R?. C6 thé thiy rang co sy thay doi nho trong tat ca cac chi s hiéu qua tai cac tram mua khac
nhau, cu thé 1a: RMSE va MAE lan luot thay d6i tir 7,849 dén 14,177 va 4,54 dén 7,809; R?
dao dong trong pham vi 0,419-0,557 dbi voi bién lugng mua ngay. Trén co sé danh gia hiéu
qua, phuong phap LS va LOCI tt hon so voi phuong phap DM.
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Hinh 1. Két qua ciia cac phuong phéap hiéu chinh sai sb cho cac mé hinh RCM: (a) ACCESS (b)
CCSM (c), CSIRO (d), HadGEM va (e) MPI-GCM tai tram Da Nang.

Luong mua thang tai cac tram Pa Nang va Nong Son sau khi hiéu chinh sai s6 1an luot
duogc thé hién trén Hinh 3 va Hinh 4. C6 thé thiy dit liéu GCM khi di hiéu chinh sai s6 ¢6 su
phu hop kha t6t v6i sd liéu mua thuc do cua thoi ky co s¢. Khong co nhiéu bién dong vé
lwong mua tir thip dén trung binh. Tuy nhién, mot s6 ngay lugng mua 16n khong thé duoc
mo phong tdt do trong mot s6 thoi ky co luong mua ngay bién dong 1on. O day ciing cho thiy
cac phuong phap hiéu chinh sai s LS va LOCI thyc hién t6t hon so voi phuong phap DM.
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C6 thé nhan thiy rang lwong mua dugc diéu chinh sai sé bang cach sir dung CCSM va CSIRO
gan véi cac s lidu thyce do hon nhiéu so véi cac GCM khac. Md hinh HadGCM khong thé
md phong tdt khi so sénh véi mua thyc do, va cho thdy mua tir mé hinh cao hon so véi mua
thue do trong nhitng thang mua mua (IX—XI1) va thip hon trong mua khé (1-VI111).

Bang 3. Két qua cua hiéu chinh sai s6 bang 3 phuong phap (LS, LOCI, DM) cho 6 tram mua.

hég‘i‘l’l‘i‘fhp:‘;‘;f; gCl:lhsl(;l(li:Illll; PaNing Hién NéngSon  HdiAn K};‘zs‘ Tra My
RMSE 8139 7,849 9,647 8,311 11,21 14,177

LS MAE 4540 4501 5631 4,662 6,020 7,809
R? 0546 0419 0,531 0,533 0,557 0,543

RMSE 8429 70965 9,874 8,632 12,51 15,472

LOCI MAE 465 4672 5863 4,945 6,532 7,944
R? 0521 0402 0511 0,512 0,517 0.499

RMSE 9252 898 10,326 9,849 11,274 13,626

DM MAE 5246 5108 6,251 5,535 6,395 8,12
R? 0487 0358 0,495 0,458 0,55 0,551

NS o w[EEET
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Hinh 2. Két qua hiéu chinh sai s6 cho cac mé hinh ACCESS: (a) va CCSM (b), CSIRO (c), HadGEM
(d) va MPI-GCM (e) tai tram N6ng Son.

3.2. Tinh toan cac kich ban mua trong tuwong lai

Két qua danh gia, so sanh mua thyc do (1978-2005) va mua tir cac GCM giai doan nén
(1978-2005) va giai doan tuong lai (2035-2075) rng véi cac kich ban RCP4.5 va RCP8.5
tai tram Pa Ning va Nong Son duoc thé hién ¢ hinh 5 va hinh 6. Str dung phuong phap danh
gia cac dic trung thong ké va thé hién trén biéu d6 Boxplot dé d& xem xét, phén tich két qua
tinh toan giita cac mo hinh. Két qua tir biéu do cho thiy qué trinh mua tinh toan cia GCM
kha khop véi mua thye do ¢ giai doan nén. Su mo phong qua trinh mua trén luu vyce ctia md
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hinh CCSM thé hién t6t hon so v6i cac md hinh khéc, nén cac két qua tir mé hinh nay duoc
xem la dang tin cay va dugc chon uu tién tinh todn trong nghién ctru nay. M6 hinh CSIRO
cling c6 thé phu hop tot voi cac qua trinh mua thyc do.
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Hinh 3. Két qua danh gia thong ké bang biéu do Boxplot cho mua thyc do va BDKH ciia 5 GCM tai
tram Da Nang.
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Hinh 4. Két qua danh gia thong ké bang biéu d6 Boxplot cho mua thuc do va BPKH ciia 5 GCM tai

tram Nong Son.

C6 thé quan sat thay tir cac biéu do théng ké cia CCSM thi lwong mua trung binh hang
thang s€ tang lén trong tuong lai khi xem xét cac kich ban RCP4.5 va RCP8.5. M6 hinh
CCSM chi ra trong twong lai s& c6 sb luong cac tran mua cuc doan (X > 500 mm) sé& nhiéu
hon so véi qua khir. Tuy nhién, RCP4.5 ciia CSIRO cho biét lvong mua trung binh thang cao
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hon so vé6i thoi ky nén va sé luong cac thang c6 mua nhod (X < 50 mm) ciing nhiéu hon so
v6i thoi ky nén; trong khi RCP8.5 cia CCSM lai cho thay tan sudt xuét hién cua nhiing thang
¢ mua cyc doan (X > 500 mm) tang nhiéu hon cta nhiing thdng c6 mua binh thuong (X =
250 mm). Xem xet tong thé cé4c tinh toan trong twong lai cua cac GCM, c6 thé két luan rang
s& ¢6 nhiéu cac tran mua 16n hon so vai so vai thoi ky nén.

Két qua cho thiy su khac biét 16n gitta mua trong tuong lai trén céc tinh todn caa GCM.
Diéu nay dé hiéu vi tit ca cac m6 hinh GCM déu c6 gia dinh trang thai ban dau khac nhau dé
mo phong cac hién trong nha kinh [39], ddn dén s& c6 su khac biét trong trong cc san pham
chi tiét hoa thong ké tir cac GCM. Do d6, trén thyc té trung binh cta té hop GCM duoc ap
dung dé giam dang ké sy khong chic chin trong nghién ctru bién dbi khi hau [40, 41]. Trung
binh t6 hop GCM (Ensemble average — EAG) duoc tinh bang cach iy trung binh cong cua
tat ca cac phép chiéu ciia cac md hinh GCM tai mdi tram.
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Hinh 5. Tinh toan mua cho kich ban RCP4.5 tai cc tram: a) Pa Ning, b) Hién, c) Nong Son, d) Hoi

An, e) Kham buec, f) Tra My.

Két qua hinh 7 va hinh 8 cho thay thoi ky mua kho (I-V) s6 liéu tir cac mo hinh GCM
rat sat vai thuce do, tuy nhién nhitng thang mua mua c6 sy khac biét rd rét, dac biét 1a thoi ky
10 chinh vy IX-XII. M6 hinh HadGEM va ACCESS du doan lugng mua trong tuong lai tang
15 1ét so voi thoi ky nén, nhung MPI va CSIRO lai cho két qua lugng mua giam. M6 hinh
HadGEM tinh toan luong mua thang 16n nhat trong mua 1i dao dong 1.000-1.750 mm mdi
thang, trong khi mé hinh CSIRO uéc tinh lugng mwa hang thang cao nhét tir 400-800 mm,
thip hon nhiéu so v6i két qua tir HadGEM trén ca 6 tram mua véi kich ban RCP4.5. Piéu
nay cho thay sy thay d6i dang ké giita cac du doan cia GCM vé luong mua theo ca phan bd
khong gian va thoi gian. Cac két qua ctia mé hinh CCSM va dudng trung binh GCM gan nhu
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twong ty nhau va cho thay lwong muwa trong mua mua ting 10-25% so véi thoi ky nén da
quan tric duoc. Phan 16n cac két qua tir GCM da cho thdy su thay d6i chut it vé thoi gian
xut hién mua 16n so vai thoi ky nén, thoi ky 1 tiéu man (1t som: V-VII) cac mé hinh GCM
kich ban RCP4.5 cho lugng mua cao hon so véi mua thuc do cua thoi ky nén.
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Hinh 6. Tinh todn mua cho kich ban RCP8.5 tai cac tram: a) Pa Nang, b) Hién, c) Nong Son, d) Hoi
An, e) Khdm brc, f) Tra My.

Két qua tinh toan theo kich ban RCP8.5 chi ra lugng mua trong c4c thang mia mua cao
hon 5-15% so v&i kich ban RCP4.5, diéu d6 cho théy cac hién tuong mua cuc doan s€ Xuét
hién nhiéu hon vao muia mua. Thé hién trdi nhit 14 méd hinh HadGEM rdi dén ACCESS.
Twong tu nhu kich ban RCP4.5, thoi ky 1 tiéu man (1i sém: V-VII) cac md hinh GCM kich
ban RCP8.5 ciing cho luong mua cao hon so vé6i thoi ky nén.

3.3. Xu thé cua cac chi sé mura cuc doan

Hinh 9 va hinh 10 mé ta cac ham phéan phdi Gama luy tich (CDF) ctia lugng mua phan
vi thir 95 (P95p, mm) — mua ngay (mg véi tan suat 5%; sé ngay mua 1on (P > P95p) trong
nam (Prcp, ngay); va luong mua 5 ngay lién tiép 16n nhat (R5dp, mm) cia kich ban RCP4.5
va 8.5 tai tram do mua Pa Nang va Nong Son. Xét cho thoi ky hién tai (PD) va tuong lai
(FU) cua 5 mo6 hinh GCM.
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Hinh 7. Ham phan b6 Gama luy tich (CDF) ctia mwa phan vi thir 95 (P95p, mm), sé ngay mua 16n
trong nam (Prcp, day), lvgng mua 5 ngay lién tiép 16n nhat (R5dp, mm) cho hién tai (PD) va tuong
lai (FU) ctia 5 md hinh GCMs véi 2 kich ban RCP4.5 va 8.5 tai tram Da Nang.

43

Két qué cho thiy phan phoi tan suat luy tich (CDF) Gamma déu phu hgp v6i qué trinh
mua hién tai va twong lai ctia tram Pa Néng va Néng Son (Hinh 9 va Hinh 10). Chi so6 P95p
cho biét lugng mua cua cac trdn mua co xac sudt vugt ngudng 5% (trc 1a 95% kha ning
lwong mua thap hon P95p) va cac qué trinh (patterns) mua cua cc tran mua I6n cyc tri. Kich
ban RCP4.5 cho tat ca cac md hinh GCM cho thay cac tran mua P95p cao hon nhiéu so véi
hién nay. Ca phan dudi va phan trén ciia CDF ciia cac kich ban trong tuong lai déu ha thap
hon so v&i hién tai, cho théy sy gia tang cua ca 2 loai mua P95p thép va cao. Mo hinh
ACCESS cho thdy mua P95p ting 2,5-3 1an so v&i thoi ky hién nay, khoang tir 50-100 mm.
Kich ban RCP8.5 chi ra qué trinh mua twong tw nhu RCP4.5, nhung nghiéng hon vé phia
trudc co nghia 1a trong tuong lai cac trdn mua P95p s€ tang.
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Hinh 8. Ham phan phdi Gama luy tich (CDF) ctia mwa phan vi thir 95 (P95p, mm), s6 ngay mua 16n
trong nam (Prcp, day), lwong mua 5 ngay lién tiép 16n nhat (R5dp, mm) cho hién tai (PD) va tuong
lai (FU) ctia 5 m6 hinh GCMs vdi 2 kich ban RCP4.5 va 8.5 tai tram Néng Son.

Ngoai trr m6 hinh ASSESS, tat ca cac GCM khéc déu cho thay xu hudng Prep ting,
diéu nay cho thiy s6 ngay c6 mua 16n cuc doan s& tang trong tuong lai. R5dp 1a dai luong
biéu thi tong lwong mua 16n nhét trong 5 ngay lién tiép. Chi s6 ndy mé ta nhiing tran mua
16n cudng do cao co thoi gian dai hon, dy 1a nguyén nhan chinh sinh ra ra 1a Iut. Co thé
quan sat thay tir Hinh 9 va hinh 10 ring CDF cua R5dp cho cac kich ban trong tuong lai d&
dich chuyén sang phai so v6i kich ban nén. Piéu d6 c6 nghia 1a lwong mwa 16n nhat trong 5
ngay lién tiép cao hon thoi ky nén, do d6 kha nang xay ra lii lut trong tuong lai s& cao hon.
Kich ban RCP4.5 cho théy cac tran mua 5 ngay xudt hién nhiéu hon so véi kich ban RCP8.5.

Nhin chung, c6 thé quan sat tir Hinh 9 va hinh 10 réng lrong mua ctia cac tran mua cyuc
doan s& tang 1én, dan dén 1a cung d6 16n cua trin mua d6 sé& co tan suat (do lip lai) giam di.
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Xét vé mit khong gian, khong c6 sy khac biét dang ké cuia cac chi sé mua trong tuong lai
gitra cac tram Pa Nang va Nong Son.
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Hinh 9. Ham phan phdi x4c suat Gamma (PDF) cua téng lwong mua nam (Ptot), sd ngay khong mua
lién tuc dai nhét trong nim (Pcdd) va cuong dé mua ngay trung binh (SDII) cho thoi ky hién tai (PD)
va twong lai (FU) caa 5 md hinh GCMs véi 2 kich ban RCP4.5 va 8.5 tai tram Da Nang.

Céc chi sb nhu: tong lvong mua nam (Ptot, mm), tong s6 ngay mua trong nam (W, ngay),
téng sb ngay khong mua lién tuc dai nhét trong nim (Pcdd, ngay), va cudng do mua trung
binh ctia nhitng ngay c6 mua (SDII, mm/ngay) cua thdi ky nén va twong lai tai cac tram Da
Niéng va Nong Son dugc thé hién trong Hinh 11 va hinh 12.

Dién tich cta biéu dd Ptot thé hién mwa ndm, phu thudc vao bién sb ngay c6 mua trong
nam W (quy ude ngdy c6 mua khi X > 1 mm). Trong cac nghién ctru trude day déu chi ra
rang tat ca cac GCM deu ¢6 ban chit thong ké trong thoi ky nén twong ty nhu qua trinh thuc
do [42]. 6 1a su xuat hién thuong xuyén cua cac trdn mua trung binh, va cac tran mua 16n
c6 tan suat it hon. CAc GCM tinh to4n mua trong twong lai cho cac kich ban RCP4.5 va
RCP8.5 trén luu vuc song VGTB di cho thdy xu hudng cac duong trong tuong lai cua biéu
dd Ptot 1éch vé bén phai nhiéu hon, vi vy, trong twong lai luu vuc s& ¢6 luong mua nim
nhiéu hon so véi hién nay. Tuy nhién, van chua thé 1y giai duoc nguyén nhan sy gia ting
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téng lugng mua nam 14 do cac trin mua trong mia mua ngdy cang 16n hon, hay do sé ngay
mua tang 1én, ma can sir dung thém thong tin ctia Pcdd va SDII @€ phan tich nguyén nhan gia
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Hinh 10. Ham phan phdi xac suat Gamma (PDF) ciia tong lugng mura nam (Ptot), tong s6 ngay khong
mua lién tuc dai nhat trong ndm (Pcdd) va cuong dé mua trung binh ngay (SDII) cho thoi ky hién tai
(PD) va tuong lai (FU) ctia 5 md hinh GCM véi 2 kich ban RCP4.5 va 8.5 tai tram Néng Son.

60

Duya trén phan tich chi s6 Pedd (tong s6 ngay khong mua lién tuc dai nhét trong nam),
két qua tir ACCESS cho thay nhiing dot kho han 16n nhat dao dong tir 5 dén 40 ngay, trong
d6 hon 80% la cac dot kéo dai dén 20 ngdy. M6 hinh khac cia GCM ciing biéu dién mé
phong ngay twong tw nhu vay. Tuy nhién, cac két qua trong tuwong lai cho thiy s6 ngay kho
han sé& tang manh, s6 ngay khong mua lién tuc trén 20 ngay s& ting tir 15% ¢ hién tai 1én 80%
trong twong lai, ddng thoi thoi gian mua kho s& kéo dai hon so véi hién nay. Nhu vay trong
twong lai thoi ky kho han s& dai hon va tan suit xuat hién s& nhiéu hon nén hau quéa cua han
han s& khoc liét hon.
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Chi s6 SDII la cuong do mua ngay trung binh trong nam (chi xét cho ngay c6 mua),
dugc tinh toan bang ty sb gitta Ptot va sd ngay c6 mua (W). Céc kich ban mua trong tuong
lai cho thdy s cac tran mua c6 cudng do trung binh va thap thi giam xubng, nhung s cac
tran mua c6 cuong do cao lai tang 1én.

So v6i cac nghién ctru trude ddy, bai bao nay di danh gia cu thé vé sy phu hop ciia mé
hinh ACCESS dbi v6i luu vue song VGTB so voi cac mo hinh GCM khac; ddng thoi ciing
chi ra riang phuong phap hiéu chinh sai s6 LS hiéu qua hon 2 phuong phap LOCI va DM.
Két qua 6 chi s6 mua ciing cho thdy mirc do bién ddi trong tuong lai cua cac ddc trung mua
16n trong mua mua, mua thang va mua ndm voi mac d6 chi tiét tai 6 vi tri tram mua dai dién
trén luu vuec.

4. Két luén

Céc qua trinh mua thyuc do va tinh toan trong tuong lai (giai doan giita thé ky 2035
2075) trén luu vue séng VGTB dé duge mo phong, phan tich va tinh toan. Sau tram do mua
trong luu vuc da dugc xem xeét dé danh gia su blen d6i khong gian, két qua cho thdy su bién
d6i theo thang cuia mua thyc do tai CAC tram gan tuong ty nhau. Tuy nhién, tong luong mua
nam co6 thay ddi theo dia hinh, cu thé tram Hién c6 lugng mua ndm thép nhét, trong khi tram
Kham Purc ¢6 luong mua nim cao nhat.

Trong s6 5 mo hinh GCM, thi mé hinh ACCESS dugc cho két qua mé phong tt nhat
cac qué trinh mua trén luu vuc. Sau chi s6 mua duoc stir dung dé phan tich xu huéng va nhiing
thay dbi ctia qua trinh mua trong tuong lai khi xét cac kich ban BDKH RCP4.5 va RCPS.5,
tat ca cac chi sé déu thay ddi trong ca 2 kich ban. Trong tuwong lai, chi s6 mua P95p va Prcp
déu ting, va luong mua ciia cac trdn mua 1on (vuot tin sudt 5%) ting so véi thoi ky nén
khoang 50-100 mm tuy tung vi tri cua luu vue. Pong thoi chi sé R5dp ctia cac kich ban
tuong lai cling ¢6 xu thé 16n hon kich ban nén, co nghia la lvgng mua lon nhét trong 5 ngay
lién tiép s& cao hon, dan dén nguy co 1t lyt. Chi s6 tong lwong mua nam (Ptot) va cudng do
mua ngay trung binh (SDII) déu ting, sy gia ting nay lai chi tap trung vao nhing thang mua
lii chinh vy (IX-XI). Bén canh d6, nguy co cac dot kho han ciing s& xuét hién nhiéu hon do
chi s6 Pedd (s6 ngay khong mua lién tuc dai nhat trong ndm) tang 1én, cu thé 1a s6 ngay khong
mua lién tuc > 20 ngdy sé& ting khoang 15%, dan dén nguy co han han sé& ngay cang khéc liét
hon.

Nhin chung, ¢6 thé két luan rang hién twong 4m 1én toan cau c6 thé co tac dong 16n dén
téng luong mua va qua trinh dién bién mua trén luu vuc VGTB & cac thang mua mua, dic
biét 1a cac thang Ii chinh vu. Tén suét va cuong do cua cac hién tugng cuc doan co thé s&
tang 1én, cuong d6 mua ciia cac tran mua 16n co thé ting, nhung nguoc lai sé ngay khong
mua ciing c6 thé kéo dai hon. Trong khi dién bién mua nhiing thang mua kho it thay doi.

Mot s6 han ché cua nghién ctru nay 1a: méi chi tinh todn mua trong tuwong lai theo céc
kich ban BPKH cho 6 tram mua dién hinh (mua diém) ma chwa xac dinh duoc cac ban dd
phan b mua theo khong gian (mwa dién); va chua xét dén cac ddc trung mua mua kho. Rat
mong mudn cc nghién ctru tiép theo s& bo sung khic phuc nhirng han ché nay.

bong gop tac gia: Xay dung y tuong nghién ciru: N.M.D.; Lwa chon phuong phap nghién ctru:
N.M.D.; Xur 1y s0 liéu: L.N.V,; Tinh toan: L.N.V.; Phan thh két qua: L.N.V., N.M.D.; Viét ban
thao ba1 bao: L.N.V.; Chinh stra bai bao: N.M.D.

Loi cam on: T4p thé tac gia xin trin trong cam on cic co quan ctia Tong cuc Khi tuong Thuy
van di cung cap tai liéu; cac chuyén gia trong nudc va qudc té da dong gop ¥ kién dé hoan thanh
nghién ctru nay.

Loi cam doan: Tép thé tac gia cam doan bai bao ny 1a cong trinh nghién ctru cta tap thé tac
gia, chua duogc cong bd, khong dugc sao chép tir nhitng nghién ciru trude ddy; khong co sy tranh
chép loi ich trong nhom tac gia.
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Abstract: Climate change made the changes of precipitation and flow on river basins, it is
needed to adjust the planning, design and management of hydraulic works, hydropower, and
natural disaster prevention system. Therefore, this paper studies the variation of rainfall
indices in Vu Gia—-Thu Bon river basin on the basis of analysis of real rain data and from
global climate models. The results show that the heavy rainfall indicators P95p, Prcp, R5dp
all increase in the future, and P95p increases by about 50-100 mm compared to the baseline
period, so the flood risk will be higher. The total annual rainfall index (Ptot) and the average
daily rainfall intensity (SDII) also increased; these increases were mainly concentrated in
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the main flood season (1X-XI). Besides, the drought hazard is also increases due to the Pcdd
index (number of consecutive days without rain in a year) also increases, specifically, the
number of days without continuous rain > 20 days will increase by about 15%, leading to
the risk of drought would be more severe. This information could be useful for managers
and researchers to propose measures to adapt to climate change and ensure water security
in the future.

Keywords: Statistical downscaling; Climate change; Bias correction; Precipitation
indicators; Vu Gia —Thu Bon.



