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Tom tat: Nghién ctru xu thé bién dong luu lugng va muc nudc
dugc thuc hién nham 1am ré dac diém thay d6i cda dong
chady theo thai gian va xac dinh cdc nguyén nhan chi phéi.
Nghién ctu st dung chui s6 liéu 21 nam (2004 <+ 2024) va
ap dung phuong phap phi tham s6 Mann-Kendall két hgp
VGi uGc lugng do déc Sen's slope dé phan tich xu thé va téc
dé bién d6i ctia luu lugng va muc nudc trén séng Hong doan
qua Ha Noi tai cac tram thay van Son Tay va Ha Noi. Cac
dac trung trung binh ndm, 16n nhat nam, nho nhéat nam va
cung ddc trung trung binh thang dugc xem xét trong qua
trinh phan tich. K&t qua cho thay cac dac trung luu lugng va
muc nudc tai Son Tay va Ha Noi ¢6 thé cd cac xu thé tang
hodc gidam hodc khéng rd rang nhung xét vé muc nudc thi
hau hét cac dac trung déu cé xu thé giam kha rd rét. Su suy
giam nay khong bat nguén tir sy bién dong ctia luu lugng
ma phan anh tac déng cda viéc ha thap long dan do nhiéu
nguyén nhan khac nhau, trong d6 c6 nguyén nhan khai thac
tai nguyén trén luu vuc. Cac két qua nghién cliu cung cap co
s& khoa hoc quan trong cho cdng tac quan ly, khai thac hgp
ly tai nguyén nudc, dong thoi goi y cac gidi phap nham bao
dam an toan hé sinh thai va cac cdng trinh giao thong, thay
lgi trén khu vuc.

Tir khoa: Luu vuc song Hong, Chi s6 Mann - Kendall, D6 déc
Sen's slope, Ha thap muc nuéc.

1.GIOI THIEV

Luu vuc song Hong - Thai Binh (Hinh 1) ¢6
mang luéi song ngoi day ddc, dong vai tro quan
trong trong viéc cung cap nudc, phu sa va dich vu
sinh thai cho Péng bang Bac B¢ [1][11]. Dién tich
luu vic khodng 169.000km?, trong dé c¢6 48% thudc
lanh thé Trung Qudc, 0,9% thudc Lao va khoang
hon 51% thudc lanh thd Viét Nam [1][12].

Luu vyc trai dai tir 20°00" = 25°30" vi dd Bac
va 100°00" + 107°10" kinh d6 Dong, tiép gidp voi
luu vuc song Truong Giang va Chau Giang (Trung
Qudc) & phia Bac, song Mé Kong & phia Tay, song
Ma & phia Nam va Vinh Bac Bo ¢ phia Dong [1].

Luu vuc song Hong trén dia phin Viét Nam
c6 ba nhanh chinh gom cac séng Pa, L6 va Thao.
Song Pa la nhanh 16n nhat, c6 tiém ning thuy dién
doi dao [4]. Song Lo c6 chiéu dai 464km (275km

Abstract: The present study was conducted to ascertain the
characteristics of flow changes over time and to identify the
dominant causes. To this end, a study of discharge and water
level fluctuation trends was conducted. The study employed
a 21-year data series (2004-2024) and utilized the non-
parametric Mann-Kendall method, in conjunction with Sen's
slope estimation, to analyze the trends and change rates of
discharge and water level at Son Tay and Ha Noi hydrological
stations on the Red River in the Hanoi area. The analysis
process entailed a thorough examination of the annual
average, annual maximum, annual minimum, and monthly
average characteristics. The results definitively show that
the discharge and water level at Son Tay and Ha Noi are
either increasing or decreasing, or not trending. However,
the majority of results clearly indicate a downward trend in
water levels. This decline does not originate from discharge
variations. It clearly shows the impact of riverbed change due
to many different causes, including resource exploitation
in the basin. This article definitively lays out the scientific
foundation for managing and using water resources wisely. It
also offers clear solutions to safeguard the ecosystem, traffic,
and irrigation systems in the area.
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Hinh 1. Luu vuic song Hong - Thai Binh [1]

trong lanh thé Viét Nam), cling cdc nhanh 16n nhu
song Gam va song Chay [4]. Séng Thao bat ngudn
tt tinh Van Nam (Trung Qudc), chay vao bién gigi
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nudc ta thudc dia phén tai tinh Lao Cai [12].

Hé¢ thong song Thai Binh nam hoan toan trén
lanh thé nudc ta, hinh thanh tit ba nhanh séng 16n
gom cac song Cau, Thuong va Luc Nam, hoi tu tai
Pha Lai [1]. Song Hong va Thai Binh ndi thong véi
nhau qua song Pudng va song Ludc, hinh thanh
mang song phtic tap. Pong bing song Hong - Thai
Binh ¢6 dia hinh th&p va phang, nhiéu khu vuc thip
hon 3m so v6i muc nude bién, do d6 chju anh hudng
manh mé ctia thay triéu va xam nhap mdn [4].

Khi hau chung cta luu vic mang dac trung
nhiét d6i gié mua, véi mua mua tii thang V + X
chiém 80 + 85% tong lugng mua ndm va mua kho
kéo tii thang XI + IV nam sau. Lugng mua trung
binh dat khodng 1.600mm/nim [1][4]. Toéng dong
chady ndm trung binh khoang 136km’, trong d6
song Hong chiém 93% va song Thai Binh chiém 7%
[4]. La trén luu vuc c6 bién do 16n, véi khoang 3 +
5 trdn/ndm, thoi gian 1t 1én 3 + 5 ngay va 1 xuong
5 =+ 7 ngay, gay ap luc rat 16n cho hé thong dé dai
hon 5.000km phia ha du [4].

Cac cong trinh thuy dién 16n, dac biét 1a ho Hoa
Binh (hoan thanh nam 1988), da 1am giam dang ké
lugng phu sa va thay d6i ché do dong chay. Theo
thong ké, lugng bun cat tai Son Tay da giam t6i
61% sau khi ho Hoa Binh di vao hoat dong [4]. Bén
canh d6, qua trinh d6 thi hda, khai thac nudc ngdm
va khai thac cat long song ciing dang gép phan gia

o) |

).
ZCau Trung;t

b) Cdc cau hién cé va di kién

Hinh 2. Song Hong doan qua Ha Noi

tang sut lan, x6i 16 va suy giam chat lugng moi
trudng nudc trong khu vic dong bang [5].

Song Hong doan qua Ha Noi tinh tii cdu Trung
Ha dén cau Thanh Tri ¢6 2 tram thiy van cép 1 la
Son Tay va Ha Noi. Hién trén dong chinh c6 9 cau
theo thu ty ti thugng luu vé ha luu gobm Trung
Ha, Van Lang, Vinh Thinh, Thiang Long, Nhat Tan,
Long Bién, Chuong Duong, Vinh Tuy va Thanh
Tri. Céac cau dang va du kién xay dung gom Van
Phuc, Hong Ha (trén dudng vanh dai 4), Thugng
Caét (trén dudng vanh dai 3.5), Tt Lién (nam gitia
cdu Nhat Tan va Long Bién), Trdn Hung Pao (ndm
gitta Chuong Duong va Vinh Tuy), Ngoc Hoi va Mé
S& (trén duong vanh dai 4) (Hinh 2).

Nhiing nam gan day, van dé ha thip muc nudc
trén cac song ddc biét dugc quan tam. Viéc xay dung
cac ho chiia 16n trén dong chinh ctia cac con s6ng
16n trén thé gigi (nhu Mississippi, Nile, Duong Tt)
trong thé ky XX da mang lai nhiéu lgi ich (cap nudc,
giam 1, phat dién) nhung cling gay ra tac dong tiéu
cuc, dac biét la gidm lugng buin cit 6 ha du, dan dén
x6i mon lan truyén sau dap [2][10].

Dai v6i dong chay trén song Hong, theo Quang
va cs. [5], mac du luu lugng dong chay mua kiét tai
Son Téy ting (nhd diéu tiét ho chia, tit 1.200m’/s
1én 1.800m?*/s, nhung muc nudc lai lién tuc gidm.
Muc nudc binh quan thang II tai Son Tay gidm tu
5.5m (nam 2000) xuéng con khoang 3.17m (nam
2017). Muc nudc tai Son Tay da giam dén mtc
nghiém trong, lam cho nhiéu coéng trinh thay lgi
trén cac song khu vuc thugng luu tram Ha Noi
khong thé hoat dong, ké ca trong trudng hgp cac hd
chtia thugng nguoén da xa nudc hét cong sudt. Hau
hét cac cong trinh 1dy nuéc (cong, tram bom) viing
dong bang sdong Hong dugc thiét ké véi muc nude
tai Son Tay la 5.5m va Ha Noi 1a 2.5m. Véi muc
nudc ha thap nhu hién nay, nhiéu cong trinh chinh
¢ thugng luu tram Ha Noi (Bach Hac, Dai Dinh,
Phu Sa, Cdm Dinh, Lién Mac, Thanh Diém, Ap
Bic) khong thé ldy dugc nudc, anh hudng nghiém
trong dén san xuat nong nghiép va moi truong.

Nham 1am r6 hon vé xu thé bién dong ctia luu
lugng va muc nudc trén song Hong doan qua Ha
Noi, nghién ctiu thuc hién phan tich cac ddc trung
luu lugng va muc nudc trung binh ngay ctia 21 nam
(2004 - 2024) tai tram thtly van Son Tay va Ha Noi
bang phuong phap phi tham s6 Mann-Kendall [3]
[6] két hgp véi ubc lugng do doc Sen’s slope [8] dé
phén tich xu thé va téc do bién déi.

2. PHUONG PHAP NGHIEN CUU

Phén tich xu thé ctia cac chudi s6 liéu khi tugng
thlty van cd y nghia quan trong trong boi canh bién
d6i khi hau va hoat dong khai thac con ngudi tac
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dong dén dong chay. Viéc xac dinh xu thé bién déi
khong chi gitp hiéu r6 hon vé ddc diém thuy vin
khu vuc nghién ctiu ma con ho trg quy hoach, quan
ly va khai thac tai nguyén nudc bén viing.

Daéi véi chudi s6 liéu thity vén, cac phuong phap
thong ké phi tham s6 dugc coi la phtt hgp trong viéc
danh gia chudi s6 liéu do quy luat phan bé thuong
khong tuan theo phan phoéi chuin, dong thai ciing
thudng xudt hién nhiéu gia tri dic biét ndm ngoai
quy luat chung. Mot chi tiéu phd bién ap dung
dé phat hién xu thé cta chudi thdi gian 1a chi s6
Mann-Kendall (MK test) do Mann [6] dé xuit nam
1945 va Kendall [3] phat trién nam 1975. Phuong
phép nay dugc ting dung nhiéu bdi tinh don gian,
c6 kha ning ap dung cho dit liéu khong c6 phan
phdi chuén.

Bén canh viéc x4dc dinh sy ton tai cia xu thé,
nhiéu nghién ctiu khuyén nghi st dung két hgp véi
udc lugng do doc Sen (Sen’s slope [8]) nham dinh
lugng t6c do thay d6i trung binh ctia chudi di liéu
[71[9].

Mann-Kendall hoat dong dua trén viéc so sanh
tat ca cac cdp gia tri trong mot chudi thoi gian. Doi
v6i moi cdp (x, xj) V6i i < j, néu X, > X, la mot cap
tang, néu X <X, la mot cap giam va khi X =X, la mot
cap khong thay déi.

V6i S 1a tong s6 cap dii liéu tang tru di tong s6
cap dii liéu giam, xét trén tat ca cac cdp dii liéu néu
trén, néu S > 0 thi chudi c6 xu thé ting, néu S < 0
thi chudi c6 xu thé gidm va néu S xp xi 0 thi chudi
khoéng c6 xu thé r6 rét. Cong thiic tinh S dugc biéu
dién nhu sau:

Sznz_i zﬂ: sgn(xj—xi) (1)

i=] j=i+l

1 khixj—xi >0

Trong dé:sgn x; —x; ) =1 0 khix;—x; =0
-1 khixj—xi <0

Gid tri tuyét ddi cta |S| cang 16n thi xu thé bién
dong cang manh.

Dbékiém dinh y nghia thong ké, sti dung phuong
sai Var(S) dé chuén hoa S thanh gid tri Z (chudn hoa
sang phan phoi chuén). Gia tri Z dugc tinh dya trén
gia dinh rang khi n dt 16n (n > 10) thi gid tri S sé
tuén theo phan phoi chuén.

Truong hgp chudi khong ¢ cic gia tri gidng
nhau thi Var(S) xac dinh theo cong thtc:

n(n-1)(2n+5)

Var(S) = T

()

Truong hop chudi c6 cac nhom gia tri giong
nhau thi Var(S) xac dinh theo cong thtc:

3 n(n—])(2n+5)
Var(S) = T
g
26(t5=1)(2t5 =) 3)
P=

18

Trong do: n1a d¢ dai chudi di liéu; gla s6 nhom
c6 gid trj giéng nhau; t 1a do dai chudi dii liéu trong
nhom thu p giong nhau.

Sau khi xdc dinh dugc Var(S) thi Z duogc xac
dinh nhu sau:

S-1
JVar(s)

Z= 0

S+1

« Var(S)

Miic y nghia thong ké P-value la xac sudt dé
quan sat dugc xu thé bién dong nao d6 cta chudi
thong ké hodc thdm chi con cyc doan hon trong
truong hop gia thi€t chudi khong cé xu thé. Dé két
luan xu thé c6 y nghia thong ké, P-value dugc so
sanh v6i mot ngudng y nghia (a) cho trudc, thuong
14 0.05 (tuong ting v6i do tin cay 95%). Néu P-value
< a dong nghia véi viéc bac bo gia thuyét khong co
xu thé, nghia la chudi c¢6 xu thé (tang hodc giam)
va c6 y nghia thong ké. Ngugc lai, P-value > a thi
khong dt co sd bac bo gia thuyét trén, dong nghia
xu thé quan sat dugc khong c6 y nghia thong ké.

P-value dugc xac dinh ti gia tri chuén hoa Z. Vi
chi s6 Mann-Kendall xac dinh ca xu thé ting hodc
giam nén P-value dugc xdc dinh theo cong thiic
kiém dinh 2 phia:

P-value =2 1—®(|Z|) (5)

Trong d6, ®(Z) la ham phan phéi lay tich chuén.

Nhu véy, xu thé bién ddi ctia chudi dugc két
luan theo tiéu chi sau:

- Néu Z > 0 va P-value < a thi chubi ¢ y nghia
thong ké va c6 xu thé ting.

- Néu Z < 0 va P-value < a thi chubi c6 y nghia
thong ké va xu thé giam.

- Néu P-value > a (v6i moi gia tri Z mang
"duong" hodc "am") thi déu khong c6 y nghia thong
ké (xu thé c6 thé la ngau nhién).

Sen's slope la m¢t phuong phap phi tham s6 dé
udGc tinh t6c do bién ddi ctia chudi thoi gian. Uu
diém ctia phuong phap nay 1a it bi anh hudng bai
cac gia tri cuc tri so v6i phuong phap hoi quy tuyén
tinh. D¢ doc Sen dugc tinh cho tat ca cac cap gia tri
di liéu (x, Xj) Vi j > i:

khiS>0
khiS=0 (4)

khiS<0

X=X
Sen. = e (6)
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Gid tri Sen's slope 1 s6 gitia (trung vi - ME) ctia
tat ca cac gia tri Sen, dugc sap xép theo thi ty ting
dan hodc giam déan:

Sen's slope = ME(Sen , Sen,, ..., Sen, ) (7)

- Néu Sen's slope > 0, xu huéng la tang.

- Néu Sen's slope < 0, xu hudng la giam.

- Néu Sen's slope =~ 0, khong c6 xu huéng.

3. KET QUA VA THAO LUAN

3.1. Dit liéu nghién cttu

Chubi s6 liéu thu thép la chudi gia tri theo ngay
ctia yéu t6 muc nudc (H-cm) va luu lugng (Q-m?/s)
thuc do tai tram thuy vin Son Tay va Ha Noi. Vi
tri cac tram thé hién trén Hinh 2a. Cac dic trung
thong ké ctia bo 6 liéu 21 ndm (2004 + 2024) dugc
thé hién trén Bang 1, v6i N 1a d¢ dai chudi, TB la gia
tri, Max la gia tri 16n nhét, Min la gia tri nhé nhat,
o la phuong sai, Cv la hé s6 bién d6i, Cs la hé s6 bat
doi xting.
Bang 1. Gac ddc trung thong ké clia chudi s6 liéu nghién ciu

Yeuto  Q H Q H

N 7671 7671 7671 7671
T8 3091.87 478.02 1999.36 323.92
Max 23100 1364 13700 3370
Min 493 33 189 33

o 21773 2364 1480.80 27495
(v 0.70 0.49 0.74 0.85
G 1.94 0.64 2.09 292

Tt chudi s6 liéu thu thap, cac dac trung dugc
phén tich xu thé gobm H, Q trung binh, 16n nhit,
nho nhat ndm va cac thang I dén XII.

3.2. Xu thé dac trung nam

Luu lugng trung binh 21 nim (2004 + 2024)
tai tram Son Tay, Ha No¢i va Thugng Cat l1an lugt la
3092m?/s, 1999m°/s va 3090m*/s. Tong luu lugng
trung binh 21 ndm gan day cta tram Ha N¢i va
Thuong Cat 1a 3090m’/s, xap xi luu lugng tai Son
Tay. Dong chay trén song Hong tii Son Tay vé Ha Noi
dugc phan luu mét phan qua séng Puodng véi ty 1¢
khoang 35% va chdy qua tram Ha N6i khoang 65%.

Phén tich xu thé bién dong luu lugng trung binh
ndm tram Son Tay va Ha Noi v6i do tin cay 95%
(mtc y nghia a = 0.05) cho thdy chudi théng ké
tai tram Son Tay va Ha Noi déu khong c6 y nghia
thong ké va xu thé khong ro rét theo chi tiéu Mann-
Kendall. Béi véi yéu t6 muc nudc trung binh nam,
tai Son Tay cho thdy chuoi c6 y nghia thong ké va cé
xu huéng giam r6 rét theo chi tiéu Mann-Kendall,
muc do giam theo do doc Sen 1a 22,7cm/nam xap xi
muc do giam theo hé s6 géc ctia phuong trinh hoi

quy tuyén tinh (k.. = 22,6cm/ndm). Tuy nhién
d6i véi tram Ha Noi thi chudi duge xdc dinh 1a
khong c6 y nghia thong ké va xu thé khong ro rét.
Két qua phén tich xu thé cta cc dac trung nay tai
tram Son Tay va Ha Noi dugc thé hién trén Bang 2
va Hinh 3 = Hinh 6.

Bang 2. Cac thdng s6 phan tich xu thé dac trung luu lugng va muc
nudc trung binh nam tai Son Tay va Ha Néi

Yéuto Q H Q H

Var(S) 1096.67  1096.67  1096.67  1096.67

Vi -0.030 -4.982 -1.117 -1419

P-value 0.976 0.000 0.264 0.156

Y nghiaTK Khéng (@] Khéng Khong

Xuthé Khéng Gidm Khéng Khéng

Sen's slope -1.71 -22.70 -17.4 -439
Kiqur 548 -22.63 9.22 -2.54

Qnam tram Son Tay
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Hinh 3. Xu thé luu lugng trung binh ndm tram Son Tay
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Hinh 4. Xu thé muc nudc trung binh ndm tram Son Tay
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Hinh 5. Xu thé luu lugng trung binh nam tram Ha Noi
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Hnam tram Ha N§i
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Hinh 6. Xu thé muc nudc trung binh ndm tram Ha Noi

baéi véi déc trung luu lugng va muc nude trung
binh ngay 16n nhat ndm, tai tram Son Tay, theo chi
tiéu Mann-Kendall xu thé bién dong ctia dic trung
luu lugng 1a khong r6 rét nhung xu thé myc nudec
lai giam vé6i muc do 29cm/ndm theo tiéu chi Sen's
slope. Tai tram Ha Noi, chudi ddc trung luu lugng
khong c6 y nghia thong ké va xu thé khong r6 rét
nhung muc nudc lai c¢6 xu thé ting véi muic gia ting
Sen's slope = 61,5cm/nam. Két qua chi tiét thé hién
trong Bang 3 va Hinh 7 =+ Hinh 10.
Bang 3. Cac thdng s6 phan tich xu thé dac trung luu lugng va muic
nudc ngay I6n nhat nam tai Son Tay va Ha Noi

Yéuto Q H Q H
Var(5) 1095.67 1096.67 1095.67 1096.67
L -0.846 -2.989 -1.631 2144
P-value 0.398 0.003 0.103 0.032
Y nghia TK Khdng ) Khong @
Xuthé Khdng Giam Khéng Tang
Sen's slope -117.5 -29.00 -196.25 61.51
Mﬂ -23.36 -25.1 -106.92 70.56

Qngay I&n nhét tram Son Tay
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Hinh 7. Xu thé luu lugng trung binh ngay Ién nhat nam tram Son Tay

Dboi v6i ddc trung trung binh ngay nho nhat
nam, theo chi tiéu Mann-Kendall, luu lugng tai
tram Son Tay va Ha N¢i déu khong c6 y nghia
thong ké va xu thé khong 16 rét (Bang 4, Hinh 11,
Hinh 12). V&€ muc nudc, xu thé chung ghi nhan
dugc & ca 2 tram la giam véi muc do khac nhau

Hngay I6n nhat tram Son Tay
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Hinh 8. Xu thé muc nudc trung binh ngay I6n nhéat nam tram Son Tay

Qngay I&n nhat tram Ha Noi
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Hinh 9. Xu thé luu lugng trung binh ngay I6n nhat ndm tram Ha Noi
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Hinh 10. Xu thé muc nudc trung binh ngay I6n nhat ndm tram Ha Noi

(Hinh 13, Hinh 14). Theo tiéu chi Sen's slope, muc
nudc tai Son Tay giam khodng 18,1cm/nam, tai Ha
Noi gidm khodng 4,2cm/nam (Bang 4).

Bang 4. Cac thdng s6 phan tich xu thé dac trung luu lugng va muic
nudc ngay nhé nhat nam tai Son Tay va Ha Noi

Yéu t6 Q H Q H
Var(S) 1095.67 1096.67  1096.67 1095.67
z 1.148 -5.707 0.030 -3.686
P-value 0.251 0.000 0.976 0.000
Y nghia TK Khdng «) Khong 0]
Xuthé Khdng Gidm Khong Gidm
Sen's slope 10.22 -18.11 0.09 -4.16
k;usmujn 9.04 -1791 1.07 -5.02
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Hinh 11. Xu thé luu lugng trung binh ngay I6n nhat nam tram Son Tay
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Hinh 12. Xu thé muc nudc trung binh ngay I6n nhat ndm tram Son Tay

Nhin chung, két qua phan tich cac dic trung dong
chdy ndm cho thdy Iuu lugng tai Son Tay va Ha Noi
déu c6 xu thé khong r6 rang theo tiéu chi Mann-
Kendall, trong khi muc nudc tai cac tram hau hét c6
xu thé giam, véi muic d¢ giam theo Sen's slope tai tram
Son Tay dao dong khoang 18,0 + 29,0cm/nam va tai
Ha Noi giam khoang 4,16 + 4,39cm/nam. Riéng déc
trung muc nuéc trung binh ngay 16n nhat ndm tram
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Hinh 13. Xu thé luu lugng trung binh ngay I6n nhat nam tram Ha Noi
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Hinh 14. Xu thé luu muc nuc binh ngay 16n nhat nam tram Ha Noi

Ha Noi c6 xu thé tang khoang 61,5cm/nam.

3.3. Xu thé dac trung thang

bai voi dac trung dong chay thang tai tram thay
van Son Tay va Ha Noi, gia tri luu lugng, muc nuéc
trung binh va l6n nhat, nho nhat ctia 12 thang dugc
phan tich xu thé trén co s& di liéu dong chay trung
binh ngay ctia 21 ndm (2004 =+ 2024). Két qua phan
tich thé hién trong cac Bang 5 + Bang 16.
Bang 5. Cac thdng s6 phan tich xu thé luu lugng trung binh théng tai Son Tay

Var(S) 1096.67 1096.67 1096.67 1095.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67
z 347 3.3 251 1095.67  1.00 0.15 -1.36 069 021 -0 0.75 130
P-value 0.00 0.00 0.01 1095.67 032 0.88 0.17 049 0.83 0.83 045 0.19
Y nghia TK @ @ O] @ Khong  Khong  Khong  Khong  Khong  Khong  Khong  Khong
Xuthé Tang Tang Tang Tang Khong  Khdng  Khong ~ Khong  Khong  Khong  Khong  Khong
Sen's slope 5246 3841 2377 3898 2814 638 -12633 5436 9.6  -823 1064 1080
Mﬂ 44.40 3436 22.61 4535 27.80 3159 -104.92 4747 17.25 147 -17.24 - 10.58
Bang 6. Cac thdng s6 phan tich xu thé luu lugng trung binh thang tai Ha Noi
Var(S) 1096.67 109667 1096.67 1095.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67
A 3.05 257 112 1095.67  0.03 094 226 166 039 021 0.57 1.48
P-value 0.00 0.01 0.26 1095.67  0.98 035 0.02 0.10 0.69 0.83 0.57 0.14
YnghiaTK @ (@) Khong  Khdng  Khong  Khdng (6 Khong  Khong  Khdng  Khdong  Khdng
Xuthé Tang Tang Khong  Khong ~ Khong ~ Khong  Gidm Khong  Khong  Khong  Khdong  Khdng
Sen's slope 2542 17.54 799 17.66 145 -3342 13078 -7744 979 -7140 7.19 10.93
K 2178 1576 8.69 1876 -040  -422  -11061 -59.89 5.0 -1.63 -1293 9.03
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Bang 7. Cac thdng s6 phan tich xu thé muc nudc trung binh thang tai Son Tay

Var(S) 1096.67 109667 1096.67 109567 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67
VA -4.56 -5.22 -5.28 1095.67 -4.08 -4.50 -3.77 -4.08 -3.05 -3.59 -4.56 -5.04
P-value 0.00 0.00 0.00 1095.67  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
YnghiaTK @ @ ] ] @ @ @ @ @ @ @ ]
Xuthé Gidm  Gidm Gdm  Gdm  Gidm  Gidm  Gdm  Gdm  Gdm  Gidm  Gidm  Gidm
Sen's slope -1681  -1829  -1934  -1688 -2196  -2077  -3429  -2888  -2525 -2366 -2147  -2062
L -17.79 1836 -1900  -1737 2115 2328 -3269  -2889 2413 2409 2409  -2077
Bang 8. Cac thdng s phan tich xu thé muc nudc trung binh thang tai Ha Noi
Var(5) 1096.67 1096.67 1096.67 1095.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67
A 275 287 251 109567 -148  -057  -1.12 0.00 0.88 -148 172 359
P-value 0.01 0.00 0.01 1095.67 0.14 0.57 0.26 1.00 038 0.14 0.09 0.00
Y nghia TK () () (@) () Khong  Khong  Khong  Khong  Khong  Khdng  Khong (6
Xuthé Gidm Gidm  Gidm  Gidm Khong  Khong  Khong ~ Khong  Khong  Khéng  Khong  Gidm
Sen's slope -5.29 -5.49 -4.22 -4.65 -5.89 -2.47 -1047  -0.04 693 -6.58 -4.09 -5.25
K -4.31 441 423 448 276 107 -8.91 3.69 8.50 392 59 A7
Bang 9. Cac thdng sd phan tich xu thé luu lugng ngay ldn nhét théng tai Son Tay
Var(S) 1096.67 1095.67 1096.67 1095.67 1095.67 1096.67 109567 1096.67 1096.67 1096.67 1096.67 1095.67
z 468 344 172 109567 042  -033  -260 075  -063 015 027 0.79
P-value 0.00 0.00 0.09 1095.67  0.67 0.74 0.01 0.45 053 0.88 0.79 043
Ynghia TK O] @ Khong (6 Khong  Khong (6 Khong  Khong  Khong ~ Khong  Khong
Xuthé Tang Tang Khdng  Tang Khéng  Khong  Gidm Khong  Khong  Khong  Khong  Khong
Sen's slope 1216 9162 27.56 51.63 -2268  -3556  -28731  -10533 6163 -3283  9.00 12.25
L 11129 8143 2447 4248 1701 10132 -288.14 -80.17 10239 4275  -6543 547
Bang 10. Cac thdng sd phan tich xu thé luu lugng ngay I6n nhat thang tai Ha Noi
Var(S) 109467 1096.67 1093.67 109567 1095.67 1096.67 1096.67 1096.67 1095.67 1096.67 1093.67 1091.00
z 348 269 091 109567 085 082  -287  -160 079 015 024 139
P-value 0.00 0.01 0.36 1095.67 040 0.41 0.00 0.1 043 0.88 0.81 0.16
Y nghiaTK (O] (@] Khong  Khong  Khong  Khong (6 Khong ~ Khong  Khong  Khong  Khong
Xuthé Tang Tang Khong  Khong ~ Khong  Khong  Gidm Khong  Khong  Khong  Khong  Khong
Sen's slope 5348 4834 863 2000  -2875 5706  -32077 -119.78 -47.09  -2571 764 12.05
L 4700 3755 646 1277 2943 2969 25990 -11244 1673 -5095 5136 10.29
Bang 11. Cac thdng sd phan tich xu thé muc nuéc ngay I6n nhat thang tai Son Tay
Var(S) 1093.00 1096.67 1096.67 109567 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67 1096.67
A 230 -281 516 109567 -341  -305 408 341 257 341 371 -4.26
P-value 0.02 0.00 0.00 1095.67 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Y nghiaTK @ @ @ @ @ ] @ (@) ] ] (@) @
Xuthé Gdm  Gidm  Gidm  Gdm  Gidm  Gidm  Gidm  Gdm  Gidm Gidm Gidm  Gidm
Sen's slope -1238  -1430 -2072 1888  -2735  -2550  -4250  -2810  -2600 -2869 < -2270  -21.29
-1380  -1606  -2064 1930 -2431  -1957  -4004 -2840 -2055 -2680 -2661 -22.20

I(Hﬁi quyTT




Bang 12. Cac thdng s phan tich xu thé muc nuéc ngay lén nhat thang tai Ha Noi

Var(S) 1094.67 1095.67 1095.67 1095.67 1096.67 1095.67 1096.67 109.67 109467 1096.67 1096.67 1095.67
z -0.57 -1.63 -0.60 1095.67  0.63 21 0.15 178 227 0.09 0.21 -157
P-value 0.57 0.10 0.55 1095.67  0.53 0.03 0.88 0.07 0.02 093 083 0.12

YnghiaTK Khdng  Khong  Khong ~ Khong  Khéng (6 Khong  Khéng (6 Khong  Khong  Khdng

Xuthé Khong  Khong ~ Khong ~ Khong  Khdng  Tang Khong  Khdng  Tang Khong ~ Khong  Khong

Sen'sslope -2.19 -4.30 -1.89 -2.25 8.87 2817 230 4859 4805 143 1.86 -3.27

-0.87 -2.27 -0.79 0.64 28.29 3720 1211 4586 4898 781 -132 -3.04

kHﬁi quyTT

Bang 13. Cac thdng s6 phan tich xu thé luu lugng ngay nhd nhat théng tai Son Tay

Var(S) 109467 1096.67 1096.67 109567 1096.67 1096.67 109567 1096.67 1096.67 1096.67 1096.67 1096.67
A 051 130 1.48 1095.67 2.9 033 -0.60 039 -0.21 015 033 1.18
P-value 0.61 0.19 0.14 1095.67  0.00 0.74 0.55 0.69 0.83 0.88 0.74 0.24

Y nghia TK Khong  Khdng  Khong (6 () Khong  Khong ~ Khong ~ Khong  Khong  Khong  Khong
Xuthé Khong  Khong  Khong  Tang Tang Khong  Khong ~ Khong ~ Khong  Khong  Khong  Khong

Sen'sslope 459 1257 1119 3428 5000 1192 -2867  -2661  -9.79 507 480 11.49

6.69 10.41 1008 3718 4065  6.98 -4.10 3136 -1552 452 1.68 8.94

kH6i quyTT

Bang 14. Cac thdng s6 phan tich xu thé luu lugng ngay nhd nhat théng tai Ha Noi

Var(S) 1096.67 1096.67 1096.67 1095.67 1095.67 1094.67 1096.67 109567 1096.67 1096.67 1096.67 1096.67
A 069 057 -0.51 1095.67 1.63 08  -160 060 -075  -051 039 027
P-value 0.49 0.57 0.61 1095.67 0.10 0.38 0.11 0.55 045 0.61 0.69 0.79
YnghiaTK Khong ~ Khong  Khong  Khong  Khong  Khong  Khdng  Khdng  Khong  Khdng  Khong  Khong
Xuthé Khong ~ Khong  Khong ~ Khong  Khong  Khong  Khong  Khdng  Khong  Khong  Khong  Khong
Sen's slope 613 558 345 1030 1762 -2199 4730 -1050 -2045 -5.88 28 -84
K 48 273 -1.97 1544 1417 2013 -3226  -2857 1058 3.3 378 067

Bang 15. Cac thdng sd phan tich xu thé muc nuéc ngay nhé nhat thang tai Son Tay

Var(S) 1096.67 1095.67 1096.67 109567 1096.67 1096.67 1096.67 1096.67 1095.67 1096.67 109567 1096.67
Z 534 55 559 109567 -438  -438 426 456 393 438 -AT1 -5.53
P-value 0.00 0.00 0.00 1095.67  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Y nghia TK ( ( €] @ ( 0] ( ( €] €] ( (
Xuthé Gidm  Gidm Gdm  Gidm  Giam Gdm  Giam  Giam Gidm Gidm Gidm Gidm
Sen's slope 1979 -1885  -1872  -1638  -1637  -2287 2752 2569 2471 -2363  -2097  -19.72

-1958  -1868  -1858  -1574 1721  -2326  -2684  -2844  -2631 -2282 -2173  -19.87

Hoi quy TT

Bang 16. Cac thdng sd phan tich xu thé muc nudc ngay nhé nhat thang tai Ha Noi

Var(S) 1096.67 1095.67 1096.67 1095.67 1095.67 1096.67 1096.67 109567 109467 1096.67 1095.67 1096.67
z 329 -254 347 109567 381 -281 220 260  -184 317 338 371
P-value 0.00 0.01 0.00 1095.67  0.00 0.00 0.03 0.01 0.07 0.00 0.00 0.00

Y nghiaTK (6 ( €] ( ( () ( ( Khong (o @ (
Xuthé Gdm  Gidm  Gidm  Gidm  Gidm  Gidm  Gidm  Gidm Khong  Gidm  Gidm  Gidm
Sen's slope -5.57 -4.13 -493 553 -6.51 -1043  -1009  -7.58 578 -147 -5.69 -6.27

532 359 525 549 650 949  -1068  -7.99 458 684 606 597

Hoi quy TT
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Daéi véi dic trung dong chay trung binh thang,
két qua phan tich xu thé bién dong luu lugng tai
tram Son Tay cho théy cac thang mua la (V + X) va
2 thang dau mua kiét (XI + XII) khong c6 xu thé 1o
rang, trong khi 4 thang cu6i mua kiét (I+1IV) lai co
xu thé tang véi mic do tang 16n nhat trong thang
I khodng 52,5m*/s/ndm (Sen's slope) (Bang 5). Tai
tram Ha Noi, ddc trung nay vé co ban ciing khong
c6 xu thé ro rang, ngoai trti 2 thang dau nam cé xu
thé tang, riéng thang VII lai c6 xu thé giam (Bang
6). Tuy nhién, muc nudc tai Son Tay ctia ca 12 thang
déu cing c6 xu thé giam (Bang 7), v6i mtic do giam
trung binh khoang 22cm/nidm, nhé nhat dién ra
vao thang I va 16n nhat vao thang VII. Tai Ha Noi,
xu thé bién dong muc nudc khong ro rét trong mua
li. Cac thang muia kiét c6 xu thé giam (Bang 8) véi
muc giam nhé nhat 1a 4,22cm/nam vao thang I1I va
16n nhat 1a 5,49cm/ndm vao thang II.

béi véi dac trung dong chay trung binh ngay
16n nhét thang, xu thé bién dong luu lugng cac
thang mua li tai Son Tay dugc ghi nhéan la khong
10 rét, ngoai trii thang VII c6 xu thé giam, cac thang
mua kiét vé co ban c6 xu thé tang (Bang 9) tuong tu
ddc trung trung binh thang. Tai Ha Noi, xu thé cac
thang kha tuong dong véi tram Son Tay (Bang 10).
Vé ddc trung muc nudc, tai Son Ty, xu thé bién
dong ctia 12 thang déu giam. Mtc d¢ giam trung
binh dugc ghi nhan la 22cm/nam, thang c6 mtic do
giam nho nhét la thang I (12,4cm/nam) va 16n nhat
la thang VII (42,5cm/ndm) (Bang 11). Tai tram Ha
Noi, xu thé bién dong muc nudc cac thang vé co
ban la khong r6 rét (Bang 12).

Déi véi dac trung dong chay trung binh ngay
nho nhét thang, luu lugng tai Son Tay va Ha Noi
déu khong ghi nhén xu thé, ngoai tru thang IV va
V tai Son Tay c6 xu thé tang (Bang 13, Bang 14).
Ngugc lai, ddc trung muc nudc tai ca 2 tram déu
dugc ghi nhan c¢6 xu thé giam (Bang 15, Bang 16)
v6i muc do gidm trung binh theo Sen's slope tai Son
Tayla 21,3cm/ndm va tai Ha N6i la 6,7cm/nam.

Nhu véy, két qua phéan tich xu thé bién dong
dong chay trén song Hong doan qua Ha Noi cho
thay kha r6 vé sy suy giam muc nudc, ddc biét la
thoi ky mua kiét. Su bién dong cta luu lugng la
khong 16 rét nhung muc nudc lai suy giam cho thay
long dan lién tuc bién dong va ha thép.

4. KET LUAN

Chi s6 Mann-Kendall va uéc lugng Sen’s slope
la cong cu dang tin ciy trong viéc phan tich xu thé
chudi thoi gian c6 dic diém ngau nhién nhu chudi
khi tugng - thtty van. Tuy nhién, thach thic ddtrala
can xti ly t6t cac ddc trung ctia chudi 6 liéu dé€ dam
bao két qua phan tich c6 y nghia thong ké va c6 gia

tri thuc tién trong cong tac quan ly tai nguyén nudc
va ting pho véi bién d6i khi hau.

Duéi tac dong ctia viéc khai thac tai nguyén,
long dan trén song Hong doan qua Ha No¢i bi ha
thap lién tuc qua cac ndm, cé nguy co gy mat an
toan cho cac cong trinh trén song, gy tram trong
thém van dé xéi cuc bo tai cdc mé, tru cau hién céd
trén vung nghién ciu.d

LOT CAM ON:

Nghién ciru nay dugc tai trg bdi Truong Dai hoc
Giao thong van tai trong dé tai ma s6 T2025-
(1-027.
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