SO SANH MOT SO PHUONG PHAP CHI TIET HOA SU'BIEN BOI MUA
TREN LUU VUC SONG CA TRONG BOI CANH BIEN DOI KHi HAU

Cui Thi Phuong'

Tém tit: Bién doi khi hdu la mét trong nhitng van dé néng bong trong hodan canh hién nay. Sw
bién doi khi hdu trong twong lai dwgc mé phéng bang cdc mé hinh bién déi khi hdu todn cdu
(GCMs). Tuy nhién cdc mé hinh GCMs c6 ty 1@ rit thé so véi sw bién doi cia cdc yéu té khi twong
ciia mét ving, nhat la déi véi mwa. Do d6 cdc phwong phdp chi tiét héa cdc yéu to khi twong
(downscaling) dwgc iing dung dé mé phong sw bién doi mwa trong twong lai chi tiét cho timg viing,
tirng tram khdo sdt. Bai viét ndy sé gici thiéu 2 phwong phdp mé phong sw bién doi mwea ndm trén
lvu vuc song Ca dwa trén két qua cua moé hinh bién doi khi héu toan cau HadCM3 va tai liéu thuc
do muea tai 12 tram trén leu vuee. Tir @6 ¢6 thé danh gia cu thé hon vé anh hwong cua bién doi khi

hdu dén nguon nuwoc mua trén luu vie.

1. GIOI THIEU VUNG NGHIEN CcUU

Khu vuc nghién ctu duoc lya chon & day la
luu vuc song Ca phan dién tich thudc linh tho
Viét Nam va tinh dén tram Yén Thuong. Luu
vuc thudc Bac Trung Bo. Phan dién tich ndm &
Viét Nam chiém 17.730 km’. Luu vuc séng Ca
nam trong vung thoi tiét khi hau nhiét doi gio
mua. Chiu anh huong cia cac khdi khong khi
chinh: Khdi khong khi cyc doi luc dia, khéi
khong khi xich dao- Thai Binh Duwong, khdi
khong khi An Po Duong. Céc loai hinh thoi tiét

trén da gay ra su da dang vé khi hau & luu vuc.
Theo kich ban bién doi khi hau cta B Tai
nguyén Moi truong 2009, xay dung cho vung
Bic Trung B9, lwong mua nim ting nhe qua
ting thoi ky va duoc hién thi nhu trong bang 1.
Tuy nhién khi nghién cru xu thé bién doi cua
mua & cac tram quan tric trén luu vue, co thé
nhan thiy rang lugng mua nim cé xu thé giam.
Do d6 nghién ctru nay s€ tap trung khao sat su
bién d6i mua chi tiét tai 12 tram khi tuong, phan
b twong d6i ddong déu trén lru vuc.

Bing 1: Kich ban bién doi khi hdu, meée bién ding cho vimg Bdc Trung Bé [1]

Bl 1.5
Mirc thay d6i lwong mua (%) B2 1.5
A2 1.8

Trong nghién ctu s€ lya chon 12 tram khi
twong phan bd twong dbi déng déu trén luu
vuce va co s6 liu do mua tuong d6i day du tir
nam 1958 dén nay: Thac Mubi, Con Cudng,
Tuong Duong, Khe La, Muong Xén, Vinh,

' Khoa Thuy van va Tai nguyén nudc - Trudng

DPai hoc Thuy lgi

3.1 4.7 5.0
3.1 5.7 7.7
3.0 5.9 9.7

Quy Chau, Quy Hop, Tay Hiéu, D6 Luong,
Nghia Loi, Bat Mot. Vi tri cac tram do mua
duoc hién thi nhu trong hinh 1.2 phuong phap
mg dung trong nghién ctru 1a: Tao thoi tiét
ngiu nghién theo chudi (Series weather
generation) va phan tich twong quan da bién
(Transper function) dé chi tiét héa luong mua
tir mo hinh khi tuwong toan cdu HadCM3 cho

72 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 36 (3/2012)



lugng mua ngay tai 12 tram noéi trén cho
twong lai tinh dén nim 2099.

Hinh 1. Phén bé cdc tram khi tuong trén

lvu vue song Ca

2. Phwong phap nghién ctru:

a. Phwong phdp Tao chudi thoi tiét ngdu
nghién (Series weather generation):

Trong phuong phap nay chudi mua duoc mo
phong theo chudi Markov bac 1 [10]. So d6 mé
phong phuong phéap tao thoi tiét ngiu nhién
dugc mo6 phdng nhu trong hinh 2. Phuong phap
nay bao gébm 2 budc: M6 phong ngdy co mua,
khong mua va mé phdng lugng mua ctua nhiing
ngay c6 mua.

Trang thai thoi tiét

' Pot; P11 3 ‘ —
' f(u) :
Phan b6 déu |
(0.1) :ﬂ 5
; s A o
R'2
USpgy Va uspy,
e Yes i v No 4
i . Sbngay i
el e
f(x)
L Phanbs 5_
¢ gamma LE

Hinh 2: So dé tao chudi Markov

Mo phong ngay co mua, khong mua: Neéu
go1 tan suat xuat hién mua cua ngay hién tai la

pi1 néu ngay trude do co mua va po; 1a tan suat
xuit hién mua ctia ngay hién tai néu ngay trudc
d6 khong mua. Nhu vAy po va pi; s& 13 xéc sut
c6 dicu kién va duoc goi 1a tan suat chuyén doi.
Hay c6 thé chuyén d6i 2 dai luong nay vé 2 dai
Po
1+ po = pyy
VA 7, = p,, — Dy, Nhu vdy 7 s& 13 tan suat xuat

luong don gidn hon. varvan: 7 =

hién mua trung binh trong 1 ngay va r s€ 1a dac
trung thé hién hé s6 tu twong quan cta chudi cac
ngay c6 mua.

Trang thai thoi tiét c6 thé xac dinh theo timg
ngdy bang cach gieo gid tri ngdu nhién u c6
phan bd déu trong khoang (0;1) va so sanh véi
gia tri por va pii. Néu ngay trude dé 1a ngay
mua so sanh u vé&i pii, néu ngay trude do 1a
ngay khong mua khi d6 so sanh u voi per. Néu u
16n hon po; hodc p;; do s€ 1a ngay mua. Tuy
nhién, trong nghién ctru nay st dung phuong
phap md phéng chudi ngay khong mua (hoic c6
mua) lién tuc. Chudi ngay khong mua (hoic co
mua) lién tuc dugc xac dinh theo phan bd ban
thuc nghiém [5]. Phan bd ban thyc nghiém Emp
= {ao, a;, h; v6i i=1, ....,10} 1a biéu dd bao gém
10 khoang gia tri (ai;, a;) twong Ung voi moi
khoang 1a s6 truong hop ngau nhién h; roi vao
khoang gia tri thir i. Trong mdi khoang gia tri,
cic gia tri cia chudi ngay mua (khong mua) lién
tuc duoc xac dinh theo phin bd déu. Uu diém
clia phan bd ban thyc nghiém 14 tinh mén déo
trong viéc xay dung hinh dang phan b xac xuat
ctia dai lugng ngau nhién. Tuy nhién han ché ¢
day 1a mo hinh sé& c6 t6i 21 thong s, thay bang
2, 3 thong s6 nhu trong phan bd thong thuong vi
du nhu phian bd Gamma hay phan bb mil.

Mo phong luong mwa cua nhitng ngay co
mua. D61 v6i nhitng ngdy c6 mua, lwong mua
cling s& dugc md phong theo phan bd ban thuc
nghiém cua luong mua ngay. Phan bd nay duoc
xay dung riéng 1¢ cho tung thang.

b. hwong phap phdan tich twong quan da
bién két hop véi phwong phdp tao thoi tiét
ngdu nhién.
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Trong phuong phap nay, trang thai thoi tiét
dugc tinh toan theo chi sb thoi tiét Oi nhu trong
cong thic dudi day, phu thudc vao trang thai
thoi tiét SH, U, H trong ngay va phu thudc vao
chi s6 thoi tiét tai ngay trudc d6 Oui[5]:
O =a,+a,,0_ +oay,SH, +a U, +a,H,

Trong d6 ai la cac thong s6. Néu gia tri ngau
nhién u < O1 d6 s€ 1a ngay c6 mua. Lugng mua
trong ngay c6 mua s¢ dugc mo phong dua trén
tuong quan da bién gifra cac yéu t6 khi tuong
trong ngdy va dai luong ngau nhién & c6 ky
vong béng 0 va phuong sai be‘ing 1, c6 ham phan
bd chuan nhu trong phuong trinh sau:
R, =exp(f, + By SH, + B U+, H, +¢,).

Gia trj mo phong luong mua cudi cing sé
duoc xac dinh nhu sau:

E(R)=0CyexpB, + B, SH, + U, + B, H,)
V6i Cr 14 hé s6 hiéu chinh xu thé muwa va 0 1a hé
s6 bién d6i (bias correction). Céc bién thoi tiét
duogc st dung ¢ day la: PO cao dia thé vi 500
hPa, 850 hPa, d6 am tuyét dbi bé mat, d6 am
tuyét d6i & do cao dia thé vi 500hPa; d6 4m
twong d6i va dong xoay cua gio.

3. UNG DUNG MO HINH MO PHONG
LUQNG MUA NGAY:

Két qua mdé phong tir mo hinh bién ddi khi
hau toan cau HadCM3 sé& dugc st dung dé chi
tiét hoa lugng mua ngdy cho tuwong lai irng véi 2
kich ban gbc A2 va B2 trén 12 tram do mua trén
luu vuc. Budce thoi gian tinh toan dugc lya chon
1a ngay. Thoi khoang tir 1961 dén 1990 duoc
Ira chon dé hi¢u chinh mé hinh va khoang thoi
gian tir 1991 dén 2001 duoc st dung dé kiém
dinh mo hinh.

b. Két qua hiéu chinh va kiém dinh

Hiéu chinh va kiém dinh phwong phdp Tao

thoi tiét ngdu nhién: Kiém dinh mo hinh trong

phuong phap nay dugc thuc hién bang cac kiém
dinh thong ké Kolmogorov-Smirnov ddi véi cac

thong sd cia md hinh: kiém dinh théng ké doi
véi chudi ngay khong mua (c6 mua) lién tuc,
kiém dinh théng ké véi ky vong va phuong sai
ctia chudi lwgng mua ngay cho 12 thang trong
nim. Trong bang 2.3 hién thj két qua hiéu chinh
bd thong s ctia md hinh tai tram Quy Chau. Két
qua kiém dinh cua céc tram do khac tham khao
tai licu [3].

Bing 2: Kiém dinh thong ké Kolmogorov-Smirnov chuéi sé ngay khéng mua (c6 mira)

lién tuc tram Quy Chau

Mua XII-11 1I-V VI-VIII IX-XI
Ch.lAuA)i fl’(gi‘ly Mua Khéng Mua Khéng Mua Khéng Mua Khéng
lién tiép mua mua mua mua
KS-test 0.3 0.19 0.32 0.23 0.22 0.34 0.22 0.14
p-Value 0.22 0.78 0.16 0.50 0.58 0.10 0.59 0.96

Bing 3: Kiém dinh thong ké gid tri ky vong va phuong sai ciia chudi hrong
mua ngay tram Quy Chdu

Thang I I or|iv | v VI | vll |[vll | IX XI | XII
i (thuc do)  [14.87]13.13|28.31/85.68|226.18]200.89|198.30|275.65/306.95| 233.35 | 56.08 | 17.90
o2(thuc do) [17.55]11.89]24.22|54.70| 92.48 | 86.15 |114.40|111.28]176.35| 168.54 | 73.69 | 17.82
p (m6 phong) [17.32]14.06(37.90|88.29/208.84|187.07(198.80|293.44/363.21| 264.56 | 82.36 | 27.81
62 (mb 15.07]14.61]25.38|50.88| 89.55 | 76.80 | 95.19 |104.52{170.41|153.43 | 87.64 | 30.78
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Thang I |0 |0 |IV| V | VI |VI |VII| IX X | XI | XII
phong)

KS-test -0.74(-0.34|-1.90/-0.24| 0.94 | 0.84 | -0.02 | -0.81 | -1.60 | -0.95 |-1.60 | -1.94
Pt test 0.4610.7310.06 | 0.81] 0.35 | 0.41 | 0.98 | 0.42 | 0.11 | 0.34 | 0.11 | 0.06
KS test 136 |1.51[1.10|1.16| 1.07 | 126 | 1.44 | 1.13 | 1.07 | 1.21 | 1.41 | 2.98
P F-test 0.30|0.160.75]0.62| 0.82 | 0.43 | 0.21 | 0.67 | 0.81 | 0.52 | 0.24 | 0.00

Tir bang trén c6 thé thiy rang cac gia tri p
hau nhu déu nam trong khoang cho phép. Doi
v6i1 cac thang mua mua, gia tri p luén cao 0.4-
0.8 cho thdy mo hinh tng dung t6t ddi v6i cac
thang mua nhiéu. Cac thang mua kho luong
mua it do d6 kiém dinh thong ké chudi luong
mua ngay cho gid tri nho, thang 12 gia tri
p=0.00 do lrgng mua trong thang hau nhu
khong déng ké. Do d6 bo thong sb cua thang 12
s& duoc danh gia thong qua kiém dinh chudi cac
ngay khong mua lién tuc nhu trong bang 2. Gia
tri p ddi voi cac thang mua kho cho chudi ngay
khong mua lién tyc tuong ddi cao dat t&i 0.78
nhu vay bo thong sé cia md hinh 13 c6 thé chip
nhan dugc va s€ dugc s dung dé mo phdng
lugng mua trong tuong lai.

Hiéu chinh va kiém dinh theo phwong phdp
phén tich twong quan da bién két hop

B6 thong s6 cia mé hinh trong phuong phép niy
bao gdm cac thong sb théng ké chudi ngdy mua
(khong mua) lién tuc, cac thong sd ciia ham chuyén
doi tuyén tinh da bién. Hiéu chinh va kiém dinh mo
hinh duoc thuc hién dua trén 3 ti€u chi: Hi€u chinh
gia tri luong mua ngdy tan sut Xp% tinh toan va
thuc do. Hiéu chinh ky vong va phuong sai d6i voi
timg thang trong nim. Giai doan tir 1961 dén 1990
duoc str dung dé hiéu xac dinh b théng s, giai doan
tir 1991 dén 2001 duoc st dung dé kiém moé hinh. Bo
thong sb sau khi da duge kiém dinh s& mot 1an nita
kiém dinh d6i v6i sb liéu moé phong ciia md hinh
HadCM3 cho céc kich ban gdc A2 va B2 trong giai
doan tir 1961 dén 2001.

= Neep_1968_1990.TXT: Sum
— Tdo_1968_1990.TXT: Sum

Monthly precipitation

SDSM Line Chart

SDSM Line Chart

= Ncep_1968_1990.TXT: Variance
= Tdo_1968_1990.TXT: Variance

Y axis label
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a.
b.

C.

Hinh 3: Két qua hiéu chinh mé hinh: (a) Pé thi twong quan giita gid tri Xp tinh todn va thiee do, (b)

So sanh ky vong tinh toan va thuc do theo thang, (c) So sanh phwong sai tinh toan va thuc do.

Quantile-Quantile Plot 1991_2001

acha
Monthly precipitation

SDSM Line Chart

— Noep_1991_2001.TXT: Sum
— Tdo_1991_2001.TXT: Sum

SDSM Line Chart

= Ncep_1991_2001.TXT: Variance
= Tdo_1991_2001.TXT: Variance
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Hinh 4: Két qua hiéu chinh mé hinh theo gia tri thuc do tw 1990-2001
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Hiéu chinh va kiém dinh duoc thuc hién d6i
v6i 12 chudi mua ctia 12 tram mua trén luu vuc.
Két qua hiéu chinh va kiém dinh d6i v6i tram
Quy Chéau dugc hién thi nhu trong hinh 3.4,5.

Quantile-Quantile Plot

Két qua hiéu chinh va kiém dinh ddi voi cac
tram do khac tham khao tai li¢u [3]. Nhin
chung, hiéu chinh va kiém dinh cho thiy mé
hinh twong d6i 6n dinh.

Qehaudat
Y axis label

SDSM Line Chart

=— A2_1968_2001_3.TXT: Variance
== Tdo_1968_2001.TXT: Variance

SDSM Line Chart

= A2_1968_2001_3.TXT: Sum
= Tdo_1968_2001.TXT: Sum

Monthly Precipitation
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Hinh 5: Két qua hiéu chinh mé hinh theo kich ban A2 giai doan 1961-2001

4. KET QUA MO PHONG:

Khi da xac dinh duoc bo thong s ciia md
hinh. Tién hanh mé phong lwong muwa ngay cua
tai 12 diém quan tric trén luu vuc dén nim 2099
va tinh toan su thay doi cia mua trong bdi canh
bién dbi khi hau qua 3 giai doan: 2011-2040;
2041-2070; 2071-2099 cho 2 kich ban gdc A2 va
B2. Két qua dugc hién thi trong hinh 6, 7, 8, 9.

Qua d6 thi 6 c6 thé nhan thiy rang su thay

d6i luong mua bién dong 1on theo timg thang
trong ndm. Trong nhirng thang mua mua luong
mua thang c6 xu thé giam nhe trong ca 2 kich
ban. Tuy nhién d6i voéi nhitng thang mua kho,
theo kich ban A2 lwong mua c6 xu thé ting nhe.
Nhung ddi véi kich ban B2 lwong mua giam
manh. C6 nhitng thang & Quy chau lugng mua
gidm té1 hon 20% nhu thang 12. Cac thang 3, 4
lwong mua giam tuong d6i manh.

S bién ddi mwa theo kich ban B2
Tram Quy Chau

Sy bién doi mwa theo kich ban A2

Tram Quy Chau
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—a— Gl dogn 2041-2070 A F &3
© G dogn 2071-2099 Y

S bién déi mwa nam giai doan 2011-2040
Kich ban A2

Sy bién ddi mwa nam giai doan 2041-2070

Hinh 7: Sw bién doi

Kich ban A2

mua nam (%) theo kich

ban A2 tinh theo 2

phwong phap Tao thoi
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tiet ngau nhién va Phan

tich twong quan két hop

Su bién ddi cia mua cua cac tram trén luu
vuc khac nhau tuy thudc vao ting ving. Ddi
vO1 cac tram ¢ phia Nam cua luu vuc thugong
nguodn song Ca (Thac Mudi, Muong xén, Con
Cudng, Khe L4) lwong mua nim c6 xu thé

ting. Nguoc lai d6i véi ving thudc hé thong
song Hiéu, lwvong mua qua ting thoi ky giam.
Tuy nhién mic d§ giam cua lugng mua khi
md phong bang 2 phwong phap c6 su khéc
nhau ro rét.
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Sw bién d6i mwa nam giai doan 2071-2099
Kich ban A2

Sy bién dbi mwa nam giai doan 2011-2040
Kich ban B2
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phwong phap.

Sw bién d6i mwa nam giai doan 2041-2070
Kich ban B2

Sw bién déi mwa nam giai doan 2071-2099
Kich ban B2

Hinh 9 : Su

v bien doi mwa nam

(%) theo kich ban
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R phwong phap

Trong phuong phap Phan tich tvong quan két
hop cho ta thdy lwong mua nim c6 sy giao dong
16n gitra cac tram do trén luu vuc, trong khi dé
phuong phap Tao thoi tiét ngau nhién cho ta
thiy sy bién doi trong dbi diéu hoa hon. Trong
phuong phap phan tich twong quan két hop cho
phép can thi€p sau hon dén hé théng Ivu vuec,
phan anh duogc sy thay d6i cua dia hinh dén
hoan luu ciia khi quyén trong mé hinh khi tuong
toan cu trong cac mua cua nam, do d6 s& phan
anh duoc sy bién dong cia mua theo mua va
theo viing mot cach tot hon. Trong phuong phap
Phén tich twong quan két hop cho phép kiém
dinh cac thong s6 cia md hinh theo 2 chudi:
kiém dinh theo s liéu thuc do tai diém (chudi
mua do dugc tai tram do) véi s6 liéu thuc do
theo ving, va sau d6 kiém dinh s6 liéu thyc do
tai diém véi s6 liéu mo phong tir md hinh. Do
d6, nhin chung phuong phap Phan tich tuong
quan két hop c6 do tin cdy cao hon.

Thao luin va kién nghi

Luu vuc song Ca 1a mot trong nhirng luu vuc
c6 muc do han han vao mua kho tuong ddi 1on.
Nhat 13 khi bién d6i khi hau toan cau gia ting.
Bang 2 phuong phap trén, bai viét da dua ra cac
hudng tiép can tuong d6i phu hop d6i véi luu
vuc song Ca khi nghién ctru vé lwong mua —
ngudn cap nudc chinh cho cac hé thong song
ngoi va luu vuc. So sanh 2 phuong phap danh
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gia déu cho thdy rang luong mua trén luu vuc
bién doi khong déu. Phuong phéap tuong quan
da bién két hop cho thay & nhitng ving thudc
ngudn dong chinh song Ca, phia nam luu vuc
(Mudng Xén, Con Cudng, Thac Mudi, Khe L4)
lwong mua nim c6 xu thé tang tir 10% dén 32%
theo kich ban A2. Kich ban B2 cho thiy luong
mua tang nhe hon tur 5% dén 15%. Nguoc lai &
ving thugng ngudn séng Hiéu va ha luu song
Ca lugng mua ndm giam. Lugng mua ndm giam
dén 16% d6i véi kich ban A2 va B2. Tuy nhién,
dién tich luu vuc c6 lwong mua giam chiém wu
thé hon. So véi phuong phap twong quan da
bién, phuong phap tao thoi tiét ngdu nhién cho
két qua twong d6i diéu hoa hon. O cac giai doan
2011-2070 lugng mua nim giam dén 10% doi
véi kich ban A2 va B2. Giai doan 2071-2099
luong mua nam tdng nhe. Nguyén nhan cia sy
khac biét két qua trong 2 phuong phép tinh toan
d6 c6 thé 1a do phuong phap tuong quan da bién
két hop cho phép dua trén két qua ctia mo hinh
khi tugng toan cdu can thi€p sau hon vao hé
thdng moé phong trong khi mé hinh tao thoi tiét
ngiu nhién hoan toan chi duya trén cac thong sb
thong ké. Tuy nhién 2 phwong phip déu cho
phép md phong luong mua ngay. Do dé rat
thich hgp cho vi¢c nghién ctru dong chay trong
boi canh bién dbi khi hau doi véi luu vyc
nghién ctru.
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Luong mua ndm trung binh trén luu vuc
nghién ctru giam. Pay s€ 1a mot trong nhirng thir
thach ciia viing, nhét 1a viing ha luu song trong
van dé ung pho voi bién doi khi hau trong twong
lai. Luong mua giam sé& dan dén cic ngudn
nude trong song s€ gidm, lam cho mua khd &
day da khan hiém nuéc lai cang tré nén khéc

Tai liéu tham khao

nghiét hon. Do d6 van dé bao vé, diéu hoa va
phan bd ngudn nudc hop 1y s& can phai co su
tham gia cia cac cong dong xa hoi, cac nha
quan 1y va dong thoi cling rat can dén sy hd tro
ctia nha nudc trong viéc ra quyét dinh, chinh
sach nang cao nhan thirc cta cong ddng vé bién
d6i khi hau, bao vé moi truong va xa hoi.
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Abstract:
COMPARISION OF SEVERAL DOWNSCALING METHODS OF RAINFALL
IN CA RIVER BASIN UNDER CLIMATE CHANGE

Climate change is an challenge problem worldwide. Climate change is simulated by a number of
Global Climate Models (GCMs) which have very coarse resolution. Downscaling methods are used
to simulate rainfall more details. Weather generation and Transfer function are typical
downscaling methods and have been successfully applied to many areas in the world. This paper
compares these two methods of downscaling daily rainfall series at 12 stations across Ca basin

based on global climate model HadCM3.
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