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TOM TAT

Dién bién man trong Khu vire d‘ong bang song Cuu Long kha phirc tap, do mdn lon nhdt trong
thoi ky quan trdc hau nhie KndNng xudt hién cing thoi diém trong nam, dong thoi cé s bién dong
gitta cdc tram khu vuc ciea song, khu viec noi dong va cac nhanh song chinh. Voi chuéi s6 liéu
tin cdy va di dai tir 2000 - 2022 tai mét s6 tram chinh nham déanh gid xu thé tang/giam trén hé
thdng song, kénh, rach, bai bdo su a’ungphuo‘ngphap kiém nghiém phi tham sé Mann - Kendall
va udc lugng xu thé Sen. Cac két qua dwoc danh gid dwa trén phan tich thong ké ¢ mufc Y nghia
a <0,1 (xdc xudt pham sai lam loai I la 10%), dam bdo loai trir nhitng gia tri bdt on cuwc doan
dén xu thé, tir do lua chon tram dii tiéu chudn tinh toan uéc lwong xu thé Sen. Xu thé dé dai dién
nét ddac trung cho ché dé xam nhdp man cua khu vuc.

Tir khoa: Xam nhap min; Dong bing song Ctru Long; 2000 - 2020; Kiém nghiém Mann - Kendall; Xu thé Sen.
1. MO PAU

Nudc 14 phan thiét yéu ciia cudc sdng, 1a nhu cau cin ban, nén tang cho cac hoat dong hé sinh
thai va xa hoi, nén nudc dong vai trdo quan trong trong viéc gbp phan vao nhimng xung dot, de doa
dén an ninh nudc trong moi hoat dong ciia con ngudi va moi truong [1].

Vén d& Nuéc bién dang, tridu cuong, thiéu hut luu luong thugng ngudn, ning néng, nhu cau
dung nudc qua cao, khién Pong bang song Ctru Long (PBSCL) trai qua nhitng ndm kho han, gay
thiét hai ning né cho kinh té - xa hoi va méi trudng nhu nim 1977, 1993, 1998, 2005 va nim
2010, dac biét trong nhitng nam gﬁn day c6 2 dot xam nhap man lich st vdi sy xuét hién sém
hon va xam nhap siu hon trong hé théng song, kénh rach [2]. So sanh xdm nhap min 2016 va
2020 ¢ DBSCL: trén hé thong séng Vam Co, phan bd min 2016 trong khoang 90 - 93 km, dén
nam 2020 tang cao 100 - 130 km; hé théng song Tién (Cua Dai, Cua Tiéu, Ham Luo6ng), man
xa4m nhép tir 65 dén 95 km vao nam 2020; trén nhanh séng Hau, nim 2016 xam nhdp vao ndi
ddng khoang 55 - 60 km, nam 2020 it bién dong, tir 60 - 65 km; twong tu nhu ddi véi nhanh séng
Cira Lon, c6 sy chénh 1éch khong qua 16n gitra 2 thoi ky, dao dong trong khoang 55 - 65 km [3].
C6 thé thdy, sy xuat hién ca 2 dot man lich sir gin day da thé hién & nét mirc do ngay cang
nghiém trong cia xam nhép man & DPBSCL.

Vi hé thdng chirc ning ngudn nudc cua ving bao gdm 37 séng kénh chinh (tong chiéu dai
1.706 km), 137 kénh thir cap 1 (tong chiéu dai 2.780 km), 33 kénh rach cip 2 (t6ng chidu dai 466
km) va hang ngan kilomet kénh rach nho, mat do trung binh khoang 1,3 km/km? - cao nhét ca
nude. Lai 1a ving ha ngudn cia chau thd song Mé Cong, tir ha luu ToneSap trén dia phan
CamPuChia, song Mé Cong tach thanh 2 nhanh: nhanh phia Pong dugc goi la song Mé Cong va
nhanh phia T4y goi 1a song Bassac. Hai nhanh nay chay vao ldnh thd Viét Nam véi tén goi tuong
g 13 song Tién va song Hau [4].

Chinh vi nhitng yéu t6 dia 1y, ty nhién dic thi ciia khu vuc ma ché do dong chay PBSCL vao
thoi ky mua khé phu thudc rat nhidu vao dong chay xuyén bién gigi (MRC). Theo danh gia vé
tinh hinh ngudn nudce luu vue séng Mé Cong PBSCL ciia 2030 Water Resources Group [5], chat
lwong ngudn nude va sb lugng nude phu thude cha yéu vao ngudn nude xuyén bién gidi, muc
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nudce bién gia ting, hién tugng cuc doan tir Bién ddi khi hau, mach nudc ngﬁm giam, tinh canh
tranh va nhu cau dung nuéc cao, d6 1a nhitng nguyén nhan cin ban khién tinh trang xam nhap
min ngay cang dién bién phtc tap trén dia ban khu vuc Pong bang song Ciru Long.

Véi cac cong bd lién quan c6 sir dung dén phuong phap kiém nghiém phi tham s6 Mann -
Kendall va u6c luong xu thé Sen trong linh vyc Khi twong - Thuy vin va Bién d6i khi hau ké
dén sau day:

- Phén tich, tinh toan dién bién man: [6] sir dung tich hop mé hinh SWAT va HEC - RAS mo
phéng va phan tich xu thé ngdp lut, xdm nhap man cho TP.HCM theo kich ban co sé va kich ban
RCP 4.5 (2016 - 2035) theo phuwong phap Mann - Kendall va @6 déc Theil - Sen va thanh 1ap ban
dd phan vung bién dong. [7] nghién ctru théng ké phan tich chudi sb liéu do dac tir nam 2000 -
2016 ciia 6 tram tinh Bén Tre, co s& dénh gia tap trung chii yéu vao thoi diém xuét hién man,
dinh mén Smax, chdn mdn Smin.

- Phén tich danh gia dién bién khi hau: [8] dénh gi4 xu thé bién doi cua luong mua ngay tai
dao Phu Quoc s6 lidu tinh toan 1985 - 2018 xu thé Sen, phep hoéi quy tuyén tinh, k1em nghiém
phi tham s6 Mann - Kendall, phan tich bién d6i luong mua bang viéc su dung hé s6 CV, chi s6
PCI - chi s6 lugng mua tiéu chuan hoa. [9] tinh toan xu thé bién dong ciia lwgng mua thoi doan:
15°,30°,45°, 60°,90°, 120" va 180° tai tram Tan Son Hoa giai doan 1971 - 2016 st dung phuong
phap k1em nghlem phi tham sb Mann - Kendall va uéc lugng xu thé Sen. [10] xu thé bién d6i ctia
7 yéu tb khi tugng trén lanh tho Viét Nam giai doan 1961 - 2007 sir dung phuong phap kiém
nghiém Mann - Kendall va uéc lugng xu thé Sen: nhiét do trung binh ngay tai 2m (T2m), nhiét
d6 cuc tiéu ngay (Tmin), nhiét d6 cuc dai ngay (Tmax), luong mua trung binh ngay (Pre), toc do
gi6 10m cuc dai ngay (Vx), d6 4m tuong ddi cuc tiéu ngay (Um) va bdc hoi tiém nang.

- Trong linh vyc méi truong: [11] nghién ctru xac dinh xu thé lang dong axit tai cac tram
thugc mang ludi gidm sat vung Pong A s0 liéu 15 nam (2000 - 2014) cua 54 tram Xxac dinh bang
phwong phap kiém nghiém phi tham sé Seasonal Mann - Kendall. [12] x4c dinh mdi twong quan
giira nhiét 46 khong khi véi luong CO, trao doi thuan cia hé sinh thai trong qué trinh quang hop
cua thyc vat ngap man tai khu vuc Can Gio, duoc kiém tra tinh déng nhét vé& mat dit liéu dyua
trén cac kiém dinh Pettitt va kiém dinh déng nhat d6 1éch chuin thong thuong va tiép tuc su
dung phuong phéap xu thé Sen va kiém dinh Mann - Kendall dé dédnh gia mic y nghia ciia chudi
sb liu.

Céc két qua dat duoc tir nhitng nghién ctru trén, chirng minh phuong phap kiém nghiém phi
tham s Mann - Kendall va wéc luong xu thé Sen 1a hiéu qua, €6 do tin cdy cao. Pong thoi
nghién ctru [10] cling chi ra han ché cua phuong phap hoi quy tuyén tinh trong tinh toan va nhan
dinh nhimng diém bét thuong cua cac yéu to hay hién tuong dang xét. Do 1a Iy do bai bao nay st
dung kiém nghiém Mann - Kendall va xu thé Sen dé danh gia dién bién xu thé xam nhap min
khu vue Dong bang séng Ciru Long.

Dé c6 cai nhin tong quan hon vé sy bién dong ciia xdm nhdp min, nhém tac gia sir dung
chudi trong hon 20 nim tir nhirng niam 2000 dén thoi diém hién tai 2022 (cap nhat méi di ligu
tinh so v6i nhitng nghién ctru trudc), danh gia su thay doi va xu thé bién dong xam nhap min
khu vygc trung luu (ndi déng) va ha luu ven bién song Mé Cong BDBSCL tai mot sb tram do man
trén hé thong song rach chinh.

2. NOI DUNG CAN GIAI QUYET
2.1. Phwong phap nghién ciru va sb liéu sir dung
2.1.1. Phurong phéap nghién ciru
a) Kiém nghiém phi tham s6 Mann - Kendall (M - K test)
Kiém nghiém Mann - Kendall [13] so sanh d6 16n twong ddi cua cc phan tir trong chudi dit
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lidu, diéu nay co thé tranh duogc cac gia tri cyc dai hoac cuc tiéu cuc bd cua chudi gia tri. Néu gia
thuyét réng c6 mot dir liéu theo chudi trinh tu thoi gian (X1, X, ...,Xp) VOI X; biéu dién sb liéu tai
thoi diém i thi mdi gia tri dir liéu tai mdi thoi diém duoc so sanh véi cac gia tri trén toan chudi
thoi gian. Céc gia tri ban dau cua thong ké Mann - Kendall, S 1a 0 (nghia 1a khong c6 xu thé).
Khi d6, chi s6 thong ké Mann - Kendall S duoc tinh boi:

Sznz Zn:sign(xj—xi) (1)

i=1 j=i+l
Trong do:
1khi(x; —x;) >0
sign(x; —x;) =< 0khi(x; —x) =0
—1khi(x; —x) <0

Gia tri S > 0 chi xu thé ting, S < 0 chi xu thé giam. Tuy nhién, can phai tinh toan xac xuat di
keém véi S va n de xac dinh mirc y nghia ctia Xu huéng. Phuong sai ctia S dugc tinh theo cong thuc:

VAR(S) = % n(n —1)(2n+5)—zg“tp(tp =D(2t, +5) 2)
p=1

Trong d6: g 14 sb cac nhom co gia tri gidng nhau; tpla s0 phan tir thuéc nhom thi p.
Gi trj chuén Z cta S tuan theo dinh luat phan phéi chuén:

V4 :L&,S >0
VAR(S)] ®)
V61Z=0,S=0.
B S+1 <
R0 @

b) Phuwong phdp xu thé Sen (S - slope)
Dé xac dinh do 16n cua xu thé"chu(*)i Q (d6 dbc duong xu thé), ta dung udc luong Sen [14]. Q
la median ctia chudi n(n - 1)/2 phan tu.

. Xj - Xi res o Ll
Q =median Py voii=1.2,..,n-1;j>i (5)

Q > 0 chudi c6 xu thé ting va nguoc lai

2.1.2. S6 liéu st dung

Chudi sb lié’u st dung trong béi bao la gia tri d6 man 16n nhat mua kl}() (Smax) trong hon 20
nam tir 2000 den 2022 tai mot sO tram trén cac nhanh song chinh: hé thong song Vam Co (tram
Cau Noi, Tan An, Bén Lurc), hé thong song Tién, song Hau (Vam Kénh, Bén Trai, Binh Dai, Tra
Vinh, Tra Kha), song Ham Luong (tram An Thuan) va tram Ca Mau thudc séng Ganh Hao.
2.2. Xu thé xAm nhép min ving PBSCL giai doan 2000 - 2020
2.2.1. Kiém nghiém Mann - Kendall

Két qpé kiém dinh Mann - Kendall xu thé Smax tai tram Cau Noi, Tan An, Bén Lirc, Vam
Kénh, Bén Trai, Binh Dai, Tra Vinh, Tra Kha, An Thuéan va tram Ca Mau.

Két qua Mann - Kendall MK - test cho cac gié tri S > 0 ¢ 6/10 tram, diéu nay chimg to hon
mét nira s6 tram PBSCL ¢6 xu hudng min tang, dién hinh trén cac nhanh séng Vam Co, Cua
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Pai, C6 Chién, Ham Ludng va Ganh Hao. Trong d6, xu thé gia ting nf}ng d6 min cao nhat & 2
tram Tra Vinh (C6 Chién) va An Thuan (Ham Ludng) twong Gng véi S 1an luot 1a 95 va 107.
Tuy nhién, xét vé mic théng ké ¥ nghia P - value‘ cod a <0,1 (xac xuit pham sai 1dm loai [1a
10%), loai bo cac gia tri cuc doan, chi c6 3 tram la Cau Noi, Tra Vinh va An Thuan dat yéu cau.
Céc tram con lai c6 xu thé tdng/giam MK - test nhung khong théa man mutc y nghia a <0,1.
~ Murc thdng ké y nghia o <0,1 tai 3 tram Cau N6i, Tra Vinh va An Thuén lan lugt c¢6 cac théng
s0 Var(S) - P - value: 1431,67 - 0,057; 1431,67 - 0,013; 1429,67 - 0,005.
Bdng 1. Két qua kiém dinh Mann - Kendall xu thé man khu viec PBSCL.

Cau | Bén | Tan | Vvam Bén | Binh | Tra Tra An Ca

Smax | \&i | Laéc | An | Kénh | Trai | Pai | Vinh | Kha | Thuan | Mau

N 23 23 23 23 23 23 23 23 23 23

Min 950 | 1.70 | 050 | 20.20 | 17.80 | 19.90 | 580 | 11.10 | 23.00 | 29.55

Max | 22.50 | 15.70 | 15.70 | 29.70 | 29.30 | 29.40 | 19.60 | 25.90 | 31.50 | 42.20

Mean | 1596 | 6.87 | 573 | 2526 | 25.42 | 26.09 | 10.52 | 17.94 | 27.28 | 33.71

Std.
deviat | 3.18 3.99 | 4.15 2.16 2.94 2.44 3.53 3.47 2.32 3.26
ion

MK - 73 -12 9 -57 -3 28 95 -18 107 5
test

Var(S) (1431.67{1430.00(1431.67| 1427.00 |1429.00/1430.00{1431.67|1432.67| 1429.67 [1431.67

VaPIl-Je 0.057 | 0.771 | 0.833 | 0.138 | 0.958 | 0.475 | 0.013 | 0.653 | 0.005 | 0.916

2.2.2. Xu thé wéc lrong Sen

Hinh 1 -2 -3 cho théy xu thé bién ddi Smax tai cac tram Cau Noi (Vam C¢), Tra Vinh (CH
Chién), An Thuén (Ham Ludng) theo chudi s6 lidu 2000 - 2022. Két qua xu huéng ting & ca 3
tram voi toc do gia ting trung binh (S - slope) lan luot 13 0,1539 g/l/nam - 0,2779 g/V/nam -
0,1883 g/l/nam. Py man 16n nhét trong 23 nam tai 3 tram c6 gia tri 1a 22,5 g/l tai tram Cau Nbi
nam 2005; 19,6 g/l tram Tra Vinh ndm 2022; 31,5 g/l tram An Thudn nadm 2016.

Tram Cau No6i song Vam Cé

PO MAN LON NHAT (G/L) TU NAM 2000-2022

TRAM CAU NOI
27
¥y =0.6136x - 1214.9 y =0.2175x - 422.29
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Hinh 1. Xu thé bién doéi A6 man I6m nhdt nam tai tram Cau Noi song Vam Co
giai doan 2000 - 2020.
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Tram Tra Vinh séng C6 Chién

PO MAN LON NHAT (G/L) TU NAM 2000-2022
TRAM TRA VINH
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Hinh 2. Xu thé bién doi do man I6n nhdt nam tai tram Tra Vinh song Cé Chién
giai doan 2000 - 2020.

PO MAN LON NHAT (G/L) TU NAM 2000-2022

TRAM AN THUAN
32
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Hinh 3. Xu thé bién doi d¢ mén 16n nhdt ndm tai tram An Thudn séng Ham Luéng
giai doan 2000 - 2020.

Trong chudi dit liéu c6 d dai 23 nam, c6 thé phan thanh 2 giai doan 2000 - 2011 (00 - 11)
va 2011 - 2022 (11 - 22) dé xét tiép su bién dong d6 man 11 nam dau va 11 nam sau. Xét tai
tram Cau Noi, dudng biéu dién bién dong gia ting giai doan 00 - 11, c6 xu thé S - slope la
0,6136 g/I/nam, xu thé tang trudng manh so véi thoi doan 00 - 22 va 11 - 22. Ngugc lai, xu thé
tai tram Tra Vinh c6 mirc do bién dong giai doan 11 - 22 cao hon nhiéu so véi 2 giai doan con
lai, S - slope dat 0,5332 g/l/nam. Riéng tram An Thuén, mirc bién dong theo chubi gia tri 3 giai
doan khong rd rét, S - slope 1an luot dao dong trong khoang gia trj 1a 0,2944 (00 - 11), 0,1615
(11 -22) va 0,1883 (00 - 22).

Tap chi Nghién citu KH&CN quén sw, S6 Pdc san Vién Nhiét ddi Méi truong, 12 - 2022 41



Hoa hoc & Moi truong

Bing 2. Thang xudt hién dé man (Smax) 1om nhat tai méi tram thoi ky mia khé 2011 - 2022.

Théng xuit hién Smax
vam | Bén | Binh | Tra | Tra | An
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C6 thé dwa ra nhan dinh rang, dién bién mén trong khu vuce dong bang séng Ciru Long kha
phuc tap, d6 man 16n nhat trong thoi ky quan tric hau nhu khong xuét hién cung thoi diém trong
nam, dong thoi ¢co su blg:n dpng gitra cac tram khu vuc ctra song, lghu vue noi dongﬂ va cac nhar}h
song chinh do nhi€u yéu t6 tac dong, tu dong chay thugng nguén, dén nudc bién dang, triu
cuong, nhu cau sit dung nude va bién doi khi hau.
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Bai bao di danh gia xu thé bién doi nf)ng d6 man voi chudi sb lidu tin cay va du dai 1a 23
nam, tir 2000 dén thoi diém hién tai 13 2022 bang phuong phap Mann - Kendall va u6c luong xu
thé Sen. Nhan thay, véi kiém nghiém MK - test, co nhiéu gia tri cyc doan (max,min cuc bo) Xuét
hién gay anh huong chudi xu thé chung tai cac tram do min PBSCL. Trong sb 10 tram dung tinh
toan, chi c6 3 tram dat chudn dé udc lugng xu thé Sen, dai dién cho 3 khu vuc song Vam Co, o)
Chién va Ham Ludng. Tuy nhién, nhin chung, xu hudéng gia ting d0 mén xay ra 6/10 tram
DPBSCL va ¢6 4 tram ¢ xu hudng giam theo sd lidu da tinh toan.

Su xuit hién cic thang c6 d6 min Smax tai 10 tram chinh PBSCL ciing khong c6 sy dong b,
din bién va thay d6i phirc tap. Vi hé thong séng Vam Co6 Tay, Vam C6 Pong, thoi diém xuét
hién giita thoi ky mua kho tir thang 2 dén thang 4, hé théng song Tién, Hau, d6 man Smax c6 khi
da xuat hién vao dau mua kho 1a thang 1 kéo dai dén thang 3 va khu vyc Ban ddao Ca Mau (sb
lidu thé hién tai tram Ca Mau, song Ganh Hao), tap trung vao cubi miia kho 1a thang 4 va 5.

Loi cam on: Nghién ciru nay duoc hoan thanh trong khuon khé nhiém vu thuwong xuyén theo chirc
nd}?g nam 2022 cua Vién Khoa hoc Khi twong Thuy van va Bién doi khi hgu. Nhiém vy 09: “Duy bao thuy
triéu, xdm nhdp man trén cdac song chinh khu vwe Nam Bo”. Cac tac gida xin chdn thanh cam on.
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ABSTRACT

Application of Mann - Kendall nonparametric testing method and Sen trend
to assess Mekong delta saltwater intrusion fluctuations

The salinity evolution in the Mekong Delta is quite complicated, the highest salinity in
the monitoring period hardly occurs at the same time of year, and there are fluctuations
between monitoring stations in the estuary areas, inland areas, and main tributaries. The
study uses data series of a number of main monitoring stations in the period 2000 - 2022
to assess the trend of increasing/decreasing salinity levels in river systems and canal
systems. Mann - Kendall non - parametric testing methods and Sen trend estimation are
also applied. The results are evaluated based on statistical analysis at the significance
level a < 0.1 (probability of making type I error is 10%), ensuring the exclusion of
extremely unstable values to the trend, then selecting the station that is qualified to
calculate the Sen trend estimate. That Sen trend will represent a typical feature of the
regional saline intrusion regime.

Keywords: Saline intrusion; Mekong Delta; 2000 - 2022; Mann - Kendall; Sen.
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