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1. Mé déu

Bién ddi khi hau 1a mot trong nhitng thach thirc
16n v6i nhan loai trong thé ky XXI. Bién dbi khi
héu tac dong nghiém trong dén san xuét, doi séng
va méi trudng trén pham vi toan thé gioi Nhiét do
tang, dong chay song ngoi bién dong that thuong,
nuée bién dang gay ngdp lut, nhiém min ngudn
nuée, anh huéng dén nong nghlep, gay rui ro 16n
dbi véi cong nghlep va kinh té - x3 hoi trong tuong
lai. V&i cac biéu hién chinh 1a sy néng 1én toan cau
va mye nuée bién dang, bién di khi hau chu yéu 1a
do cac hoat dong kinh té - xa h01 cua con ngudi gay
phat thai qua muc vao khi quyén céc khi gy hiu
g nha kinh. Theo bo c4o danh gia lan thir tu cua
IPCC nam 2007, nhiét o trung binh toan clu da
tang khoang 0,74°C trong thoi ky 1906 - 2005 va
téc do ting cta nhiét d6 trong 50 nim gan day gan
gép do6i so voi 50 nam trude d6. Nhiét do trén luc
dia tang nhanh hon so véi trén dai duong [7].

Theo B¢ Tai nguyén va Moéi trudong [6] & Viét
Nam trong khodng 50 nam qua, nhiét do trung binh
nam di tang khoang 0,5 - 0,7°C, muc nu6c bién da
dang khoang 20cm. Bién ddi khi hau 1am cho céac
thién tai, dac biét 1a bao, 1l, han han ngay cang ac
liét. Hau qua cua bién dbi khi hau d6i voi Viét
Nam 1a nghiém trong va la mét nguy co hién hiru
cho muc tiéu xo0d d6i gidm nghéo, cho viéc thuc
hién cac muc tiéu thién nién ky va sy phat trién bén
virng cia dit nudc. Xu thé bién dong khi hau va
dong chay da dugc nghién ctru & mot s6 luu vuc [4,
5], bai bao nay trinh bay két qua nghién ctru cho dbi
tuong 1a luu vuc song vung nhiét d6i gié mua.

Luu vuc song Ba 14 Iuu vue 16n nhit ving Nam
Trung by, ndm trong dia gidi cua 4 tinh: Kon Tum,

Gia Lai, Dik Lik va Phu Yén, véi dién tich huu
vue 13.900km?. Bit ngudn tir ving ntii Ngoc R0 tai
d6 cao 1.200m, db ra bién tai ctra Pa Réng voi
chiéu dai séng khoang 388km. Luu vyc séng Ba co
vi tri dia ly dac biét, 1a vung cé tai nguyén thién
nhién phong pht, da dang, c6 vi tri quan trong vé
kinh té - chinh trj - an ninh - quéc phong cuia ca
nudc no6i chung, ving Tay Nguyén va Nam Trung
B noi riéng. Tuy nhién, cling nhu mdt $6 luu vuc
khac & 1an can va ¢ Viét Nam, ché d6 khi hau va
thiy van luu vuc song Ba dd c6 nhiing déu hiéu
bién dbi bat loi [1, 2]. Nghien cuu nay da ap dung
phuong phap Mann-Kendal dé danh gia xu thé bién
dbi khi hau va dong chay phuc vu cho cong tac
quan 1y téng hop ngudn nude luu vie séng Ba.

2. Phwong phap nghién ciru va 56 liéu thu thap

Phuong phdp Mann-Kendall [3] dugc st dung
de tinh toan, danh gi4 xu thé bién dong cua cac yéu
t6 khi tuong thuy van trén luu vuc song Ba.
Phuong phap Mann-Kendall 1a phuong phap ph1
tham s ding dé xac dinh xu thé trong mét chudi
dir li¢u thoi gian. Phuong phap nady so sanh bién do
tuong ddi cia dit liéu hon 1 ban than gia tri cta
cac dir ligu Ay. Piéu nay gitip tranh dugc xu thé gia
tao do mdt vai gia tri cuc tri cuc bo gy ra néu sir
dung phuong phép tinh toan xu thé tuyén tinh bang
binh phwong tbi thi¢u thong thuong dang dugc ap
dung chii yéu dya vao hé sb goc cua phuong trinh
hdi quy tuyén tinh. Ngoai ra, khi xem Xét Xu thé
ctia chudi bang phuong phap nay khong can quan
tam viéc tip mau tudn theo ludt phan b nao. Viée
ap dung mot phuong phap dé tinh toan xu thé khac
v6i phuong phap binh phuong téi thiéu ma cac
nghién cu trude da st dung la dong goép moi dang
dugc thuc hién cho céc luu vuc song ving nhiét
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doi gio mua [1, 2] cling nhu luu vuc song Ba. Gia
thiét rang chi c6 mot dit liéu tai mdi mot thoi diém.
Mbi gi4 tri dit liéu tai mdi thoi diém duoc so sanh
véi cac gia tri trén toan chudi thoi gian. Gia tri ban
dau cua thong ké Mann-Kendall, S, 12 0 (nghia la
khong c6 xu thé). Néu mot dir liéu & mot thoi diém
sau 16n hon gia tri cua dir liéu & mot thoi diém nao
do trude déy, S duoc tang thém 1 va nguoc lai.

Néu chudi x,, X,,..., X, biéu dién n diém dit liéu
trong do x; la gia tri dir li¢u tai thoi diém j. Khi do
chi s0 thong ké Mann-Kendall S dugc tinh boi:

n-1 n

S= Z Zsign(x/ -Xx,)

k=1 j=k+1
Trong do
sign(x,—x,) =1, x,>x,
sign(x;—x,) =0, x,=x;

sign(x;—x,)=-1, x; <x

Gia tri S duong la chi s6 cho mdt xu hudng
tang, gia tri S am la chi s6 cho mot xu hudng giam.
Tuy nhién can phai tinh toan xac xuat di kém véi S
va n dé xac dinh muc y nghia ciia xu huéng.

Phuong sai cua S dugc tinh theo cong thuec:

MRG)zé{ﬂn—DQn+$—§hA%—mmp+ﬂ

p=1
Trong d6 g 1a s6 cac nhoém co céac gia tri dir li€u
giong nhau, #, 1a s6 cac diém dit liéu trong nhom
thi p.

Chi sé Mann-Kendall Z du_qc tinh nhu sau
(tudn theo luat phan phdi chudn trung binh 0,
phuong sai 1):

5-1

=2 8§50

[VAR(S)]" g
Z=0,5=0
S+1

= 0

[VAR(S)]" -

Ham xac suat mat do c6 cong thirc nhu sau:

/(@)=

z

2

1
N
Xu huéng dugc xac dinh 1a giam (hodc tang)
néu Z nhé hon 0 (I6n hon 0) va xac sut tinh dugc
1a 16n hon mirc y nghia (thuong 1a 95%). Néu nhu
xac suét tinh dwoc nho hon muc ¥ nghia, xu thé
khong ton tai.
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Pé danh gia xu thé bién dbi khi hau va dong
chay luu vuc séng Ba trong nhitng nim gin day,
nghién ctru da st dung $6 liéu nhiét d9, luong mua,
dong chay va do duc tor nam 1979 dén 2010 tai 6
tram khi tugng thuy van trir 40 duc tai tram An
Khé chi c6 sb lidu tir nam 1988 (bang 1, hinh I).

Bang 1. Mang lwéi tram khi twong thay van
lwu vre séng Ba

STT Tram Vi tri D6 cao tram qI:: ttr%c
1 AnKhé 108,63; 13,95 150 X,T,QH,p
2  PoMoRe 108,35; 14,00 828 X
3  Cheo Reo 108,43; 13,42 27 X
4 Clng Son 108,98; 13,05 5 X,Q,H,p
5  TuyHoa 109,28; 13,08 12 X,T
6 MaDRac 108,77; 12,73 419 X

Cha thich: X: Mwa, T: Nhiét d6, Q: Lwu lwong nuwérc,
H: Myc nwéc, p: DY duc dong chay

3. Bién dong cia cic yéu to khi hau

Hai yéu t6 duoc coi 1a yéu t& nhay dé danh gia
bién ddi khi hau 13 nhiét d6 va lvong mua. Trong
nghién ctru nay, nhiét ¢ va lugng mua duoc phan
tich voi chudi sb liéu 1979-2010.

3.1. Nhiét dp

Nhiét d§ khong khi luu vyc song Ba c6 su phan
hoa theo d9 cao dia hinh va cac mua trong nam.
Phan thuong nguén cua luu vyc song Ba, nhiét o
trung binh 1a 23°C trong khi & khu vyc ha du gin
bién, nhiét d§ trung binh hang nam la khoang
27°C. Nhi¢t @6 khong khi trung binh thang, trung
binh nhiéu nim, nhi¢t d6 16n nhit va nho nhat
thang tai 2 tram khi tuong An Khé va Tuy Hoa
dugc thé hién trong hink 2. Xu thé bién d6i cua
nhiét do trung binh ndm, nhiét 6 16n nhit va nhiét
d6 nho nhét tai 2 tram khi tuong An Khé va Tuy
Hoa dugc thé hién trong hink 3. Thay dbi cua nhiét
do trung binh hang thang tai cac tram khi tuong
kha rd rang. Khu vuc ven bién, tir thang XII dén
thang I, thang II nam sau, nhi¢t d§ trung binh la
khoang 24°C. Tir thang IIT dén thang IX trung binh
nhiét d¢ hang thang khoang 25-27°C & khu vuc
thuong nguén va 28-30°C & ha du. Chénh léch
nhiét do 16n nhat gitta thugng va ha du ciling c6 sy
khac biét, 38,3 va 40,5°C, tuwong ung. Trai lai,
nhiét do thap nhat lai khong c6 sy chénh léch 16n:
12,4°C & thugng du va 12,2°C & ha du.

Qua két qua tinh toan tir phuong phdp Mann-
Kendall c6 thé thay, chi trir nhiét d6 nho nhét tai tram
An Khé, cac dac trung nhiét d6 khac déu c6 xu hudng



gia ting tir nim 1979 dén 2010 (bang 2). Nhiét do
trung binh ndm c6 xu hudng tang & ca thuong va ha
du luu vuc song Ba. Nhiét d6 khong khi hang nam

trong luu vire séng Ba ciing ¢6 thay d6i khong dang
ké trong so sanh trudc va sau nam 1994 va déu ting
0,4°C ¢ ca thuong va ha du (bdng 3).
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Hinh 1. Lwu vyc s6ng Ba
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Bang 2. Két qua tinh toan tir phwong phap Mann-Kendall cho cac dic trwng nhiét do

Tram bac trung tau S z p Phwong trinh xu thé
Nam 0,406 189 3,226 0,0013 Y=-23,341+0,02353*x
An Khé
Max 0,267 124 2,099 0,0358 Y=-70,65+0,05*x
______ Min 0007 -8 0119 09082 Y162
Tuy Hoa Nam 0,35 412 3,565 0,0004 Y=0,01994+0,01333*x
Max 0,032 18 0,253 0,8004 Y=38,5
Min 0,209 117 1,723 0,0849 Y=-48,9+0,0333*x
Bang 3. Bién dong nhiét do trwéc va sau nam 1994
°C An Khé Tuy Hoa
1979 - 1994 1995 - 2010 1980 - 2010 1979 - 1994 1995 - 2010 1979 - 2010
TB 23,4 23,8 23,6 26,5 26,9 26,7
Max 38,3 37,8 38,3 40,5 40,1 40,5
Min 12,7 12,4 12,4 12,2 15,2 12,2
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Hinh 2. Nhiét d6 khéng khi trung binh thang, trung binh nhiéu n&m va nhiét d6 I&n nhat va nhé nhét thang
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Nhiét dé trung binh nam tai tram An Khé (1979-2010)
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Hinh 3. Xu thé bién dbi cta nhiét do trung binh

3.2. Lugng muwa

Luong mua trong nam trong luu vuc song Ba
cling phan hoa kha phirc tap va bién doi rat 16n
theo khong gian, thoi gian, phy thudc rat nhiéu vao
yéu to dia hinh va hoan luu khi quyén. Luong mua
phé bién trong luu vie dao dong 1.400 - 2.200mm,
trong d6 nhiéu noi mua trén 2.200mm nhu song
Hinh - 2.400mm va ciing nhiéu noi mua dudi
1.400mm nhu Phu Tuc - 1.214mm; Cheo Reo -
1.300mm, noi mua 16n c6 thé gip x4p xi hai lin

Nhiét d@ trung binh nam tai tram Tuy Héa (1979-2010)
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nam, nhiét do I&n nhat va nhiét dd nhd nhét

noi mua nho. Nhin chung, lugng mua ting dan tir
ving thap 1én ving cao, suon don gié luong mua
16n hon thung liing khuit gi6, doc theo thung liing
song c6 lugng mua nhod va giam dan tir hai dau luu
vuc (thugng va ha luu) vao khu vyuc trung luu. Céc
ving mua 16n déu thudc cac ving ndi twong dbi
cao, trong khi cic ving mua nhé nim rai rac trén
céc thung ling song thuong ngudn luu vyc. Lugng
mua binh quéan thang tai cac tram khi tugng trong
Ivu vuc dugc trinh bay trong hinh 4.
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Lwong mua binh quén thang cdc tram trong luu vue séng Ba

=+=Ankhé
=#=FoMoRé
=g=MalRac
= (fie0 Reo
——Tuy Hoa

o= Cing Son

Hinh 4. Lwong mwa binh quan thang
tai cac tram khi twong trong Iwu vwc séng Ba

Luong mua tip trung chi yéu vao mua mua
chiém 90% tong lwong mua hang nim trong khu
vuc mién nui, 75-85% & khu vuc dong bang ven
bién. Pic biét, mua 16n xay ra trong thang X va
XI. Vao mua kho, lvgng mua chiém 10-25% so véi
ca nam. Thang c6 luong mua thap nhat thuong roi
vao thang I, II, III. Chénh 1éch lugng mua giira cac
thang mua nhiéu nhat va it nhat rat 16n. Ché d¢
mua & dong bang va mién nai khac nhau, miia mua
& khu vuc dong bang thuong ngan véi lugng mua

tap trung, trong khi do, khu vuc mién nui phan bd
luong mua giita cac thang dong déu hon. Xu
huéng bién ddi lwong mua nim va luong mua ngay
16n nhét trong luu vuc song Ba dugc thé hién trong
hinh 5 va két qua tinh toan tir phuong phap Mann-
Kendall dugc trinh bay trong bdang 4.

Hinh 5 chi ra rang luong mua hang nim tai 6
tram trén song Ba c6 xu hudng bién ddi kha phirc
tap. Trung luu luu vuc - khu vyc khd thi lugng
mua lai ¢c6 xu thé giam, trai lai, & ha luu lugng
mua ¢ xu thé tang. Dac biét, lugng mua ngay 16n
nhat c6 xu thé giam o hau hét cac tram do mua, trir
tram An Khé.

So sanh gilta 2 thoi ky 1979-1994 va 1995-
2010 cho thiy luong mua gitra hai thoi ky nay cé
xu huéng bién d6i khong dong nhit trén toan luu
vuc (bang 5). Tai khu vyc trung luu, noi c6 lugng
mua khong doi dao thi lugng mua trung binh thoi
ky 1995-2010 gidm hon so véi thoi ky 1979-1994
va luong mua ngay 16n nhat ciing c6 xu huéng
giam. Phia tdy nam luu vuc, ca lugng mua binh
quan 1an lvong mua ngay 16n nhét déu tang khi so
sanh gitra 2 thoi ky. Khu vuc ha du thi chi c6 luong
mua binh quan ting, con lugng mua ngay nho nhét
lai giam.

Bang 4. Két qua tinh toan tir phwrong phap Mann - Kendall cho céc dic trwng mwa

Tram Pac trung tau S z p Phwong trinh xu thé
An Khé B 0,052 26 0,405 0,6852 =-5980,5+3,747*x
Max 0,042 21 0,324 0,7457 Y=-786,48+0,4598*x
Cheo Reo B -0,121 -60 -0,957 0,3386 Y=13489-6,125*x
Max -0,2 -99 -1,589 0,112 Y=2430,3-1,166*x
PoMoRe B -0,294 -146 -2,351 0,0187 Y=33213-15,74*x
Max -0,081 -40 -0,632 0,5271 Y=1185,7-0,5357*x
Cung Son B 0,137 68 1,087 0,2773 Y=-22282+11,99*X
Max -0,194 -96 -1,541 0,1234 Y=7702,7-3,769*x
Tuy Hoa B 0,089 44 0,697 0,4856 Y=-16701+9,349*x
Max -0,145 -72 -1,151 0,2496 Y=5401,9-2,605*x
MaDrac B 0,141 70 1,119 0,2632 =-31839+16,9*x
Max -0,069 -34 -0,535 0,5926 Y=1645,2-0,749*x

Bang 5. So sanh lwgng mwa binh quan nam, lwong mwa ngay I&n nhat 2 thoi ky 1979 - 1994 va 1995 - 2010
tai cac tram trong lwu vwc séng Ba

Trung binh nam (mm)

Lwong mwa ngay Ién nhét (mm)

Tram 1979-1994  1995-2010 Thayddi  Thay déi (%) 1979-1994 1995-2010 Thay dbi Thay dbi (%)
An Khé 1501 1563 62 4,1 241 241 0 0,0
PoMoRe 1935 1722 213 -11,0 227 226 -1 0,4
Cheo Reo 1365 1236 -129 9,5 250 147 -103 41,2
Cung Son 1677 1821 144 8,6 549 469 -80 -14,6
Tuy Hoa 2004 2143 139 6.9 629 463 -166 26,4
MaDRac 1867 2285 418 22,4 336 443 107 31,8
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Lweorng mwa binh quan nam tram An Khé
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Hinh 5. Xu thé bién dbi lwgng mwa nam trong lwu virc song Ba

4. Bién dong chay luu vue song Ba

Ném trong ving dia hinh thép bi che khuat timg
phén nén luong mua dem dén cho luu vyc song Ba
thap hon nhi€u so v6i cac luu vuc xung quanh.

Hang nam, trén luu vuc séng Ba tiép nhan 23,5
ty m® nuéc mua. Voi ngudn 4m mang dén luu vuc
kha han ché nén hang nam trén bé mat luu vuce
song Ba sinh ra 9,73 ty m® nu6c db vao mang ludi
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song sudi trong luu vuc ng véi modul trung binh
toan luu vuc dat 22,2 Vs/km’.

Phén thuong ngudén mua lii kéo dai 4 thang, tir
thang IX dén thang XII do anh hudng cua gié mua
Pbong Nam, phén ha du luu vuc thuéc vao vung
suon dong day Trudong Son nén mua li kéo dai
trong 3 thang (tr thang X dén thang XII) do tac
d6ng cua hoan luu Pong Bic két hop vai cac nhidu
dong thoi tiét. Trén dong chinh séng Ba, mua lii
chiém t6i 50-75% luong dong chay nim voi
M;=50-100 I/s’/km’. Ba thang c6 dong chiy 16n
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nhét thuong roi vao thang X, XI, XII chiém t6i 60-
70% luong dong chay nim. Thang xuat hién dong
chay 16n nhat 1a thang X ¢ phan thwong du va
thang XII ¢ ha du véi lugng dong chay thang
chiém t6i 20-25% lugng dong chay nim. Muia kiét
trén luu vuc song Ba kéo dai 8 thang, tir thang 1
dén thang VIII véi luong nudc chiém dudi 30%
lugng dong chdy nam, Mg dat 9,2 1/s/km?. Dong
chay mua kiét ciia song Ba thudc vao loai thép nhét
trén lanh thd Viét Nam, chi cao hon luu vuc song
Lily - mét trong nhirng tdm kho han.
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Hinh 6. Xu thé dong chay tai cac tram thiy van trong lwu viec séng Ba

Ba thang c6 dong chiy nhé nhit thuong kéo dai
tir thang 11 dén thang IV, trude khi xay ra mua tiéu
mén vé6i lugng nude chiém 5-6% tong lugng nude
nam. Thang c6 dong chiy nhoé nhét thuong roi vao
thang IV véi lugng dong chay dat dudi 2% tong
luong dong chay nam. Tai tram An Khé
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Mithing nho nhit = 4,3 l/s/kmz, tai tram Cuing Son
M thing nhé nhit = 3,9 1/s/km?. Modul dong chay thang
nho nhét xac dinh dugc tai tram An Khé vao thang
VI nam 1977 1a M = 1,15 I/s’/km’. Modul dong
chay mua kiét ciing nhu thang nho nhét thip thé
hién rd tinh chét kho han cua luu vue séng Ba. Xu



thé dong chay trung binh nam, dong chay 16n nhat
va dong chay nhé nhat dwoc thé hién trong hinh 6.
Qua két qua tinh toan tur phuong phap Mann-
KenDall (bdng 6) cho thiy dong chay nim trong

luu vuc song Ba c6 xu hudng gia tang, trai lai,
dong chay 16n nhét lai c6 xu thé suy giam. Dong
chay nho nhét co xu thé suy giam & ha luu va gia
tang ¢ thugng luu.

Bang 6. Két qua tinh toan tir phwong phap Mann-KenDall cho cac dic trwng dong chay

Tram Bac trung tau S z p Phwong trinh xu thé
An Khé B 0,18 101 1,482 0,1382 Y=-603,7+0,3188*x
Max -0,119 -67 -0,979 0,3278 Y=22994-11*x
Min 0,398 223 3,292 0,001 Y=-322,52+0,1643*x
B 0,081 48 0,668 0,5044 Y=-1784,7+1,038*x
Clng Son Max -0,079 -47 -0,653 0,5136 Y=-94656-44,29*x
Min -0,171 -102 -1,435 0,1513 Y=672,45-0,325*x

Dé co6 thé ap dung phuong phap Mann-Kendall
chung t6i da su dung chudi s liéu d duc thu thap
duoc tai tram An Khé tir nam 1988 dén 2010 va tai
tram Cung Son tir nim 1979 dén 2010. Két qua
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tinh toan cho thiy, tuy véi mirc do gia ting khac
nhau nhung tAt ca cac dac trung do duc tai 2 tram
thily van trong luu vuc séng Ba déu c6 xu thé gia
tang (hinh 7, bang 7).
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Hinh 7. Xu thé dé duc tai cac tram thly van trong lwu vuc séng Ba
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Bang 7. Két qua tinh toan tir phwong phap Mann-KenDall cho cac dic trwng dd duc

Tram bac trung tau S z p Phwong trinh xu thé
B 0,613 155 4,067 0 Y=-13261+6,679*X
An Khé
Max 0,51 129 3,381 0,0007 Y =-0,13E+6 + 67,67 * X
MmO 0435 moo 2886 00039 Y=-39%8+02"X
B 0,121 64 0,976 0,329 Y =-17152+0,9317* X
Cung Son
Max 0,095 50 0,759 0,4477 Y =-10566 + 5,788 * X
Min 0,223 118 1,815 0,0695 Y =-159,63 + 0,81E-01 *X
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SUMMARY

The trend of climate and runoff changes in the Ba river basin

A warming planet and changing climate will alter the distribution, volume, timing and type of rainfall, and will modify
the distribution and timing of run-off. Many regions around the world show that climate change is having an overall net
negative impact on water resources and freshwater ecosystems. The impact of climate change on local discharge
variability is considered in the Ba river basin. Ba river basin is the largest basin of the South Central region, located in
the four provinces of Kon Tum, Gia Lai, Dak Lak and Phu Yen, with a catchment area of 13,900 km?.

This research applied the Mann-Kendall model to calculate and evaluate the trend of climate and runoff changes in
the Ba river basin. The result of calculation showed the increase of temperature over the Ba basin except the minimum
temperature at An Khe station. In the central of the basin - the dry area - the rainfall tends to decrease while that in the
lower area tends to increase. The maximum daily rainfall tends to decrease in almost of the meteorological stations
except for the An Khe station. The annual runoff in the Ba river basin tends to increase whereas the maximum river flow
tends to decline. The minimum river flow tends to decrease in the lower and increase in the upper area. In particulaly,
the maximum and minimum sediments tend to increase in the Ba river basin.
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