ANH HUGNG CUA BIEN D01 KHi HAU DEN DONG CHAY LUU VUC SONG CA

Cui Thi Phuong'

Tém tat: Luu viec séng Ca la mét trong nhitng leu viee séng chinh ¢ Mién Bac Trung bg. Vi

dac diéem do doc luu vuec lon, luu viec thuwong gap nhiéu kho khan vé nguon nuwoc vao mua kho. Day

ciing la mét trong nhitng thach thire ciia luu vuee trong boi canh bién doi khi hdu. Bai viét sé gidi

thiéu két qua chi tiét héa lwong mwa theo 2 kich ban A2 va B2 trén luu viec trong twong lai dva trén
mé hinh bién doi khi hdu toan cau HadCM3 va sir dung mé hinh hé thong mwa dong chay dé mé

phong sw anh hwong cia bién doi khi hdu dén tai nguyén nudc trén hé thong séng tinh dén tram

Yén Thuong.

1. GIOI THIEU LUU VUC NGHIEN CUU

Séng Ca bat nguodn tir tinh Phong Sa Van va
Sam Nua cta nudc Cong hoa dan chii nhan din
Lao, chay theo hudng chinh 1a Tay Bac Pong
Nam qua dia phdn cia cac tinh Thanh Hoa,
Nghé An, Ha Tinh. Dién tich tu nhién toan bo
luu vue song Ca, tinh tir thuong ngudn dén cira
song 1a 27.200 km’. Dién tich ¢ Viét Nam
chiém 17.730 km’. Dia hinh séng Ca tinh dén
Yén Thuong 1a mot dang dia hinh tong hop
nhiéu dang c6 thé déc chung theo hudng Tay
Bic - bong Nam.. Do dbc binh quan luu vuc
16n, phan dong bang hep [4].

Hinh 1. Phén bé cdc tram khi tuong trén
lvu vue song Ca

Luu vuc song Ca c6 luong dong chdy kha

! Khoa Thity van va Tai nguyén nudc - Trudong Pai

hoc Thuy loi

ddi dao nhung phan bd khong déu, thién léch
manh theo thoi gian va khong gian. Modun
dong chay niam ting dan tir TAy sang Dong va
Tay Bic xudng Poéng Nam. Mo duyn dong
chay trung binh nim ving thuong ngudn séng
Ca dat 20 Vs.km®, vung trung luu dat 25
I/s.km® va ha du dat 25 + 30 I/s.km’. Mua li
va mua can trén song Ca va trén cdc song
nhanh c6 sy khac nhau vé thoi gian bat dau va
thoi gian két thac. Giita mua kiét vao thang 5,
6 c6 xuét hién Iii tiéu min va chinh vi c6 thoi
gian lii chen gitra mua ki¢t nay ma dong chay
trén song Ca c6 2 thoi ky ki€t khac bi¢t nhau:
Kiét vao thang 3 + 4 va ki¢t vao thang 7 + 8.
Dong chay kiét phan bd trén toan luu vyc rat
khong déu nhau ving tir thuong ngudn song
Ca dén Yén Thuong [4].

Nghién ctru s& tdp trung moé phong sy bién
d6i dong chay trén luu vyc trong tuong lai,
twong tng véi kich ban A2 va B2, bao gdm 2
bude: (1) Downscaling su bién d6i muwa theo céc
kich ban bién doi khi hau; (2) mé phong sy bién
d6i dong chay trén luu vire tng véi cac kich ban
bién d6i khi hau.

2. MO PHONG SU BIEN POI LUONG
MUA TREN LUU VUC

Trong nghién cuou st dung ) liéu 12 tram
khi tuong phan bd tuong d6i dong déu trén luu
vuc va ¢o sb lidu do mua tuwong d6i day du tir
ndm 1958 dén nay: Thac Mubi, Con Cuong,
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Tuwong Duong, Khe L4, Muong Xén, Vinh, Quy
Chau, Quy Hop, Tay Hiéu, D6 Luong, Nghia
Loi va Bt Mot. Vi tri cac tram do mua duoc
hién thi nhu trong hinh 1. Nghién ctru s& tng
dung phuong phap: Phan tich tuong quan da
bién (Transper function) két hop dé chi tiét hoa
luong mua ngdy tai 12 tram trén luu vuc dén
nim 2099 t md hinh khi twong toan cau
HadCM3.

Hiéu chinh va kiém dinh mé hinh: B6 thong
sO ctia mo hinh bao gdom céc thong sé théng ké
chudi ngay mua (khong mua) lién tuc, cc thong
s6 ctia ham chuyén doi tuyén tinh da bién. Hiéu
chinh va kiém dinh m6 hinh duogc thuc hién trén
chudi sd liéu mua thuc do dya trén 3 tiéu chi:
Hiéu chinh gi4 tri lrgng mwa ngay tan sut Xp%-
Hiéu chinh ky vong va phuong sai d6i vdi ting
thang trong nam. Giai doan tir 1961 dén 1990

dugc s dung dé hiéu chinh xac dinh bo thong
s, giai doan tur 1991 dén 2001 dugc st dung dé
kiém moé hinh. Bo thong sé sau khi da duoc
kiém dinh s& mot 1an nita kiém dinh d6i v6i s
liéu mua downscaled tir mé hinh HadCM3 cho
cac kich ban gbc A2 va B2 trong giai doan tir
1961 dén 2001.

Két qua mé phong: Khi da xac dinh duoc bo
thong s6 ctia md hinh. Tién hanh moé phong
luong mua ngay cua tai 12 diém quan tric trén
luu vye dén nam 2099 va tinh toan sy thay doi
clia mua trong bdi canh bién d6i khi hau qua 3
giai doan: 2011-2040; 2041-2070; 2071-2099
cho 2 kich ban gbc A2 va B2. Két qua md
phong ctia mo hinh 1a chudi sé liéu mua ngay tir
2011 dén 2099 chi tiét hoa cho 12 tram trén luu
vuc song Ca va duogc hién thi trong hinh 2 va
trong tai li¢u tham khao [3].
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Hinh 2: Lieong mua ngay mé phong tir 2011 dén 2099 tai tram Quy Chéu

3. MO PHONG SU BIEN POI DONG
CHAY TREN LUU VUC

Theo sb liéu mua d3 duoc chi tiét hoa cho
12 diém trén lwu vuc twong ung voi cac kich
ban A2 va B2 tién hanh mé phong dong chay
cho tuong lai irng v6i cac kich ban: (1) Khong
tinh dén bién d6i khi hau; (2) Bién doi khi hau
kich ban A2; Bién dbi khi hau kich ban B2.

Co 56 Iy lu@n: Sy bién d6i dong chay trén
lvu vuc dugec mé phdng dua trén mo hinh hé
théng MIKE BASIN. MIKE BASIN 1a md
hinh tinh toan c4n bang nudc hé théng trén co
so xac dinh lwgng nudc dén (mwa - dong
chay) va luong nudc yéu cau cua cic nganh

do Vién Thuy luc DPan Mach (DHI) xay dung.
Mo hinh thudc kiéu moé hinh mang luéi, trong
d6 song va cac nhanh hop luu chinh duge biéu
dién bang mot ludi bao gdm cac nhanh va céac
nut. MIKE BASIN duoc tinh toan trén moi
truong ArcView GIS. Co sé todn hoc mo hinh
MIKE BASIN 1a phuong trinh can bang nudc
va duoc giai 6n dinh cho mdi budc thoi gian
trén toan hé thong mang ludi [4].

Dit liéu dau vao co ban ctia md hinh MIKE
BASIN c6 thé chia lam 4 nhém: Dir ligu vé
mang ludi séng sudi, dia hinh (DEM); dir lidu
khi tuong thuy van (mua va dong chay) trén
luu vyc; dir liéu dung nudce trén luu vuc va hé

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



théng diéu hanh phan b6 ngudn nudc; va dir
liéu vé cac hd chira dong thoi nguyén tic van
hanh cta hd chira.

Mang lwdi thiiy vin va phén chia tiéu lwu
yire: Mang lué6i trén luu vuc bao gdm 2 nhanh
chinh: dong chinh séng Ca va song Hiéu. Dién
tich ctia toan Iuu vuc s€ dugc chia lam cac
tiéu luvu vye. Poi véi mdi tiéu luu vuc ung
dung cong cu mua dong chay NAM tinh toan
dong chay tir mua. Phan chia tiéu luu vuc
dugc dua trén cac diém khéng ché sau: Dién
tich tiéu luu vuc khong 16n; Cac nit nhap luu
ctia cac nhanh song; Cac diém dung nudc trén
song; Cac tram thily vin, tram quan trac dong

chay moi truong. Phan chia tiéu luu vuc dugc
thé hién nhu trong hinh 3.

Hinh 3: Phén chia tiéu luu vuc

Cac h¢ dung nwoc: Su dung nudc trén luu
vuc dugc chia lam 6 khu dung nudc chinh, bao
gdm: Trung luu song Ca - Thanh Chuong, Khe
Khuén — Van Trang, Thugong luu song Ca,
Thuong luu song Hiéu, Trung Iwu séng Hiéu va
ha luu song Hiéu. Mdi khu ding nudc gom céc
hd dung nudc: nude tudi cho nong nghiép, sinh
hoat, cong nghiép, tiéu thi cong nghiép va nudi
trong thuy san. Bang 1 tong hop nhu ciu sir
dung nudc trén luu vyc cho ndm 2002 va du
tinh dén 2020.

Bing 1: Tong nhu cau ding nude

Cac nganh Téng lwong nwéc (10° m’)
dung nwoc 2002 2020
Tudi ti€u 709.4 4007.9
Chén nuoi 61.1 103.2
Thuy san 301 811.4
Cong nghiép - 546.5
Cacnganh tiéu ) 5 4 112.2
cong nghiép

Dit liéu khi twong thuy van: Dt liéu khi
tugng thiy vin 1a sd liéu mua ngay cta 12 tram
do, s6 liéu bdc hoi thang va dong chay thuc do
tai 4 tram: Ctra Rao, Nghia Khanh, Dura va Yén
Thuong. Luong mua trung binh trén mdi ticu
lvu vuc dugc tinh theo phuong phap da giac
Thiesson. Do sb liéu boc hoi trén luu vuc tai cac
tram do khong duoc day di, mat khac luong bdc
hoi trong d6i on dinh, nén trong truong hop nay
chi str dung tai liéu bdc hoi thang tai mot sb
tram do: Quy Chau, Quy Hop, Vinh, B6 Luong,
Twong Duong.

Hiéu chinh va kiém dinh mé hinh: Hiéu
chinh va kiém djnh m6 hinh dwoc tién hanh trén
chudi sd liéu dong chay thuc do tai 4 tram: Cua
Rao, Nghia Khanh, Dwra va Yén Thugng. Thoi
doan tir 1969 dén 1994 duoc sir dung dé hiéu
chinh, xac dinh by thong s6 clia md hinh NAM
cho mdi nhom tiéu Iuu vuc. B thong sb trén s&
dugc kiém dinh trén sb liéu thuc do mua va
dong chay tir nim 1995 dén 2010, va mot lan
nita s& dugce kiém dinh trén sb liéu chudi mua
mod phong theo kich ban A2 va B2 tir nam 1961
dén 2010. M6 hinh duoc tinh toan véi bude thoi
gian la 1 ngay. Budc thoi gian hiéu chinh va
kiém dinh 14 1 thang.

Két qua hiéu chinh va kiém dinh mé hinh
duogc hién thi nhu trong bang 2 va hinh 4.
Qua d6 c6 thé thdy hé sb Nash thay déi tur
0.72 dén 0.94. Nhu vay bd thong sb6 nay co
thé chip nhan dugc dé mo phong dong chay
cho tuong lai.
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Bdng 2: Két qua hiéu chinh va kiém dinh mé hinh doi véi dong chay tqi cac tram

Tramdo S6 liéu mua thue do | S6 liéu mua md phong A2 S;l(l)f; $:§ g‘zo
1969-1994 | 1995-2010 | 1969-1994 | 1995-2010 | 1969-1994 | 1995-2010
Cira Rao* 0.86 0.89 0.87 0.90 0.88 0.91
Nghia Khanh 0.90 0.88 0.78 0.78 0.77 0.77
Dira 0.87 0.75 0.94 0.94 0.83 0.72
Yén Thuong 0.87 0.87 0.78 0.75 0.78 0.77
Poi véi tram Cira Rao; Hiéu chinh 1969 — 1972; Kiém dinh: 1973-1976
Higu chinh Q theo tai ligu mua thyc do (Tr. Yén Thugng) Kiémdjnh Q theo tai ligu mwa thyc do (Tr. Yén Thuong) 42 Values Spit Viey 42 Displayed
Comparison Chart . T e
[ e e

QTioh toan (mas)

2000 200 3000 3800 4000
QThye do(m3s)

. Tisiw dubawd ok o iBémaum b plong B tr. Vn Tneng
T Tndid Ik oo e wh phéng A7 . Vou owug

Hinh 4: Két qua hiéu chinh va kiém dinh mé
hinh tai tram Yén Thuong

Két qua mé phong sw bién doi dong chdy
trén luu vwe: Vo1 tai liu mua ngay dugc mo
phong theo kich ban A2 va B2 dén nam 2099,
nhu cau nudc duge tinh dén nim 2020. Tién
hanh m6é phong dong chdy trén luu vuc thudc
dia phan Viét Nam.

Phan dién tich bén Lao do khéng c6 sb liéu
do muwa nén kho c6 thé mod phong duoc lugng
mua trong bdi canh bién doi khi hau. Trong
nghién ctu dong chay dén cac tram thuong
ngudn cia song Ca tir dién tich bén Lao s& dugc
tinh theo phuwong phap ty 1€ dién tich va duogc
coi nhu khong thay d6i trong tuwong lai. Dé mo
phong dong chay tir phan dién tich bén Lao s
phuong phéap tao chudi ngau nhién Markov.

300 600 900 1200 1500 1800 2100

= Fiti: Lognormall] Data values

3

Hinh 5: Két qua “Fit” ham mdt dé tan sudt Iy
luan va tinh toan

Ttr chudi dong chay quan tric tai cac tram do
xac dinh ham phan bd xac sudt va cac dic trung
thong ké cia chudi. Cac dic trung théng ké
duogc xac dinh cho tung thang (12 thang trong
nam) bang cach “fit” theo ham phan bd xac suét
thuc do (hinh 5). Déi véi cac tram di lwa chon
(Muong Xén va Quy Chau) chudi dong chay
ngay cua tung thang trong ndm tuin theo ham
phan bd chuin (normal) hodc loga-chuan
(lognormal). Kiém dinh thdng ké duoc str dung
& day 1a gia tri p cia x° va Kolmogorov-
Smirnov (K-S). Gia tri p thay doi tir 0.5 dén
0.86 nhu vay doi véi mic dam bao p=0.05 thi
cac gia tri trén 13 c6 thé chip nhan dugc.

Ham phan bd xac sudt va cac thong sd niy
dugc coi nhu khong thay ddi trong tuong lai.
Duya trén cac thong s6 thong ké tim dugc, sir
dung phuong phap tao chudi Markov mo phong
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chudi dong chay ngay dén nim 2099. Dong
chay moé phong dén cac diém khéng ché Khe
B&, Con Cudng, Thanh Tién, Dira, Thac Mubi,
Ban Méng, Nghia Khanh, Yén Thuong duogc

tinh toan theo tin suit twong ung véi cac kich
ban mua hién tai, mua A2 va B2. Két qua duoc
hién thi nhu trong bang 3, 4, 5 va trong tai liéu
tham khao [3].

Bing 3: Su thay doi dong chay vmg véi cdc tan sudt tai tram Thdc Mudi

Hién tai Theo kich ban A2 Theo kich ban B2
1970-2010 2011-2040 2041-2070 2071-2099 2011-2040 2041-2070 2071-2099
Dong chay dén | Bién doi dong | Bién déi dong | Bién doi dong | Bién doi dong | Bién doi dong | Bién doi dong
nut chay chay chay chay chay chay
P Q AQ A% AQ A% AQ A% AQ A% AQ A% AQ9 A%
m3/s | m3/s m3/s m3/s m3/s m3/s m3/s
Tram Thic Mubi
50% 15.6 0.3 1.95 257 | 16.52 | 2.27 14.6 1.31 842 | -028 | -1.82 | 0.99 6.38
75% | 7.66 | -0.21 | -2.72 1.1 14.32 0.8 1042 | 047 6.17 | -0.68 | -8.93 | -0.09 | -1.13
90% | 3.45 047 | 13.52 | 1.67 48.4 1.22 | 3541 | 0.87 | 2525 | 035 | 10.16 | 047 | 13.73
95% 1.87 0.56 | 30.13 | 1.72 | 92.24 | 1.28 | 68.51 | 0.83 44.5 028 | 1487 | 059 | 31.73
Tragm Nghia Khanh
50% | 100.6 | -163 | -16.2 | 0.83 0.83 | -185 | -184 | -194 | -193 | -16.8 | -16.7 | -164 | -16.3
75% | 63.03 | -3.88 | -6.15 | 0.92 146 | -16.5 | -26.2 | -6.67 | -10.6 | -3.51 | -557 | -3.62 | -5.74
90% | 44.44 | 1.22 | 2.75 1.01 227 | 926 | -20.8 | -0.12 | -0.26 | 1.43 3.23 0.86 1.93
95% | 36.26 | 5.19 | 1431 | 1.14 313 | 452 | -12.5 | 443 | 1222 | 6.14 | 1693 | 531 | 14.66
Tragm Yén Thuon
50% | 420.1 -62 -14.8 -49 -11.7 | -114 | 273 | -66.8 | -159 | -61.7 | -14.7 | -61.7 | -14.7
75% | 255.6 | -21.4 | -8.36 -16 -6.27 | -82.9 | -324 | -185 | -7.22 | -19.2 | -7.52 | -21.2 | -8.32
90% | 1919 | -5.12 | -2.67 0.1 0.05 | -629 | -32.8 | -2.77 | -1.44 | -398 | -2.07 | -5.81 | -3.03
95% | 166.1 | 3.47 | 2.09 | 1033 | 6.22 | -50.6 | -304 | 7.28 4.38 7.77 4.68 5.49 3.31

Theo két qua tinh toan nhu trén, c6 thé nhan
thay rang néu tinh dén bién doi khi hau, tai cira ra
cia pham vi lvu vuyc nghién cuu, tram Yén
thuong, dong chdy tan suat 50% giam tir 12 dén
dudi 30% tng véi kich ban A2. Trong kich ban
B2 ¢6 tinh dén cac bién phéap bdo v¢€ moi truong,
luong mua gidm nhe hon, do d6 dong chay cling
dugc cai thién hon so vdi kich ban, tuy nhién dong
chay tan suat 50% giam khoang 15% so v6i dong
chay tu nhién. Tuy nhién, sy phan bd dong chay
theo khong gian khong dong déu trén luu vuc.
Phia luu vuc song Hiéu va thuong luu dong chinh
song ca dong chay trong song tan suat 50% giam.
Tinh dén tram thiy van Nghia Khanh, dong chay
nam tan suat 50% giam dén 20% tmg véi kich ban

A2 va 16% tng voi kich ban B2. Luu vyuc Thac
Mubi, dong chay tan suat 50% tang: 15% Gng voi
kich ban A2 va khoang 8% trng vé1 kich ban B2.

4. THAO LUAN VA KIEN NGHI

Luu vuc song Ca 1a mot trong nhirng luu vuc
gdp nhiéu khé khan vé ngudn nude vao mua kho
do d6 anh huong cua bién d6i khi hau dén
ngudn nude song trén lwu vue séng 1d mot trong
nhirng van dé dang dugc dugc su quan tim cua
cac nganh su dung nudc. Nghién ctu da thanh
cong trong viéc hiéu chinh va kiém dinh mo
hinh khi twong toan cau HadCM3 cho luu vuc
va mo phong duoc sy bién d6i dong chay trong
song tng v6i 2 kich ban A2 va B2. Qua két qua
nghién ctu c6 thé nhan thiy ngudn nudc trén
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luu vire giam, va sy bién d6i dong chay phan b
khong déu theo khong gian. Néu trén luu vuc
song Hiéu dong chay ndm tan suat 50% giam
dén 20% tai tram Nghia Khanh thi tai luu vuc
Thac Mubi, dong chay trong song lai ting. Tuy
nhién, néu xét tong thé trén luu vuc, dong chay
nim nhin chung giam. Néu khong tinh dén cac
bién phap giam thiéu tac dong mdi trudng dong
chay nam c6 thé giam dén 30% (kich ban A2).
Nhu vay day s€ 1a mot trong nhitng thir thach
16n ciia viing, nhat 1a d6i v6i cac viing huong loi
& ha luu song trong van dé tng ph6 véi bién doi

Tai liéu tham khao

khi hau trong twong lai. Do d6, rat can thiét phai
c6 cac bién phap bao vé moi truong nham giam
thiéu bién d6i khi hau nhu: nang cao nhan thirc
ctia ngudi dan vé bién d6i khi hau, bao vé ngudn
nude, moi truong va xa hoi. Tuy nhién cling nén
c6 nhirng giai phap nham thich tng véi bién di
khi hau nhu diéu hoa va phan bd ngudn nudc
hop 1y. Nghién ctru s& gép phan danh gia su
bién d6i dong chay tai cac diém khdng ché trén
luu vue, 1a co s& khoa hoc cho cac nha quan ly
trong viéc ra quyét dinh phan bd va s dung
ngudn nudc trong twong lai.
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Abstract:
IMPACTS OF CLIMATE CHANGE ON RUNOFF ACROSS CA RIVER BASIN

Ca river basin is one of the main basins in the North of Center Vietnam. The basin is very steep
leading to difficults in water resources in dry season. Simulations of future climate using general
circulation models (GCMs) suggest that rising concentrations of greenhouse gases may have
significant consequences for the global climate. In this paper, a downscaling technique is used to
simulate rainfall change in the future at 12 stations within Ca river Basin based on Global
circulation model HadCM3. A hydrological model is then used to simulate streamflows in each
subbasin under the downscaled current- and future-climate conditions.

Ngueoi phan bién: PGS.TS. Nguyén B4 Quy
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