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TOM TAT

Khu viec nghién czzu thuge tinh Ninh Binh, dady la viing karst nhiét déi am dién hinh Péng Nam
A, ¢ giai doan trudng thanh dén gia, phat trién manh trén nén da véi cé tuéi tir Devon dén Permi.
Pdc diém thiy van la luu viee séng twong doi nhd, chii yéu thuge hé thong séng Py va séng Hodang
Long, cac sdng ngan va chay theo hirong Tay Bac — Dong Nam. Tai ddy cé hai mia: mia mua va
mila it mwea. Mia roi xuong tham qua cac khe nut karst, 1am giam dong chay mdt, hinh thanh dong
ngam, lam ché dé thiy van trong khu vuc khong on dinh, méi quan hé giita muwa va dong chday mat
rat phurc tap. Sir dung phwong phdp phan tich twong quan véi hé sé tiwong quan Pearson, nguon dir
liu quan trdc khi twong thiy van tir nam 2000-2024, cho thdy heong mua va mue nuéc sdng tai khu
vuec nghién cizu c6 mai quan hé tuyén tinh dwong trong cd miia mira va mua it mua. Mia it mwea, hé
s6 twong quan bién doi tir 0,039-0,30, thé hién mai quan hé tuyén tinh gita muea va nwéc mat nhung
rat yéu. Mia mua, hé 6 twong quan bién doi tir 0,39-0,70, thé hién mai quan hé tuyén tinh gisza mura
va nurdc mat rd rét. Trong mila mira, moi twong quan gitka muwa va miec nuedc chat ché hon trong mia
it mua.

Tir khoa: karst; Ninh Binh; quan h¢ mua — myc nudc; theo mua; dia hinh chuyén tiép

1.  Giéi thi¢u

Trén thé gidi va tai Viét Nam, da c6 nhiéu nghién ciru trong linh vyc thity van sir dung
cac phuong phap théng ké va mé hinh toan hoc dé phan tich mdi quan hé giita lugng mua
va muc nudc song hodc mua va dong chay (Hasson, 2017; Phan & Vu, 2016; Tran et al.,
2012). Cac phuong phap phd bién bao gdm phan tich twong quan (Sahat et al., 2020), hdi
quy tuyén tinh, phan tich xu thé Mann—Kendall (Akwei et al., 2013), va cdc mo hinh thay
van nhu SWAT, HEC-HMS hoac MIKE NAM (Hasson et al., 2017; Nhu et al., 2023). Két
Qué clia cac nghién ctru cho thay luong mua c6 mdi quan hé ti 1& thuan voi dong chay va
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rainfall and water level in some river basins in Ninh Binh. Ho Chi Minh City University of Education Journal
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muc nudc song, tuy nhién mic do anh huong con phu thudc vao dac diém luu vuc va hé
théng cong trinh diéu tiét dong chay.

Tai khu vuc nghién ctru, da c6 nghién ctru vé anh huong cua bién d6i khi hau dén han
han (Phan & Vu, 2016) hay nghién ctru vé phan ving tinh toan cin bang tai nguyén nudc
trén cac luu vuc song (Tong et al., 2023). Tuy nhién van con thiéu ving cac nghién ctru vé
mbi trong quan gitra lwong mwa va myuc nude hay dong chay theo mua trén cac luu virc song
cua Ninh Binh.

Khu vuc nghién ctru 1a tinh Ninh Binh trude 1/7/2025, nay 1a khu vuc phia Tay va phia
Nam ctia tinh Ninh Binh (dwgc néu trong Hinh 1). Khu vuc nghién ctru ¢6 dic diém luu vuc
song twong dbi nho, chu yéu thudc hé théng song Day va song Hoang Long, cic song ngin
va chay theo huéng Tay Bic — Pong Nam ra bién. Dia hinh cta tinh kha da dang, gdbm ving
nui da voi, ving dong bang va vung ven bién, trong d6 dia hinh c6 xu huéng thap dan tir Tay
Bic xubéng Pong Nam. Khu vyce nai da voi c6 do ddc 10n, con ving dong bang va ven bién
tuong d6i bang phing va thip. Day 1a ving karst nhiét doi 4m dién hinh Pong Nam A, & giai
doan truong thanh dén gia, phat trién manh trén nén da voi co tudi tir Devon dén Permi, phd
bién nhét 1a dang karst thap voi cac khdi nai da voi doc lap, suon dbc ding, xen k¢ la cac
thung liing triing thip. Tham phu thuc vat ciia Ninh Binh kha phong pht, gdm rimg tu nhién,
rimg trong va cdy ndng nghiép. Pic biét 13 tham thyc vat tu nhién tai Vuon qudc gia Cuc
Phuong, noi c6 hé sinh thai da dang véi nhiéu loai dong thuc vat quy hiém. Ngoai ra, viing
ven bién con cé cac loai cdy ngdp min va coi.
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Hinh 1. Bdn do hanh chinh khu vuc nghién cizu
2. Doi twong va phwong phap nghién ciru
2.1. Dirliéu nwéc mwa, nwéc mat
- Dit liéu cac yéu t6 khi hau dugc ké thira tir nguon Dai Khi tugng Thity van Ninh Binh
(Ninh Binh Province Hydro-Meteorological Station, n.d.);
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- Dit liéu tinh toan gom lwong mwa ngdy va thang, muc nude séng ngay va thang tai tinh
Ninh Binh giai doan 2000-2024 cua céac diém quan tric: Bén Dé, Gian Khau, Hung Thi, Nhu
Tan va Ninh Binh tir S¢ tai nguyén va Moi truong tinh Ninh Binh.

Tai day con cac tram quan trac khac, nhung dé dong bo dit liéu tinh toan quan hé giira
mua va nudc mat, nén trong khuén khd bai bao, chi chon mét sd diém quan trac khi tuong
thuy van trén khu vuc nghién ctru (dugc néu trong Bang 1).

- Nién giam Théng ké tinh Ninh Binh 2024.

Bing 1. Mot s6 diém quan trdc khi twong thity van khu viee nghién cieu

T Tram < Toa dg v Vi tri
1 Bénbé 20°21'19”  105°48'03" X3 Gia Hung, Ninh Binh
2 Gian Khau 20°19'33"  105°55'58" X& Gia Tran, Ninh Binh

. on 1 1A oq1mnn  X& An Binh, Pht Tho (gidp vai Ninh
3 Hung Thi 20°31°00 105%41700 Binh, thuong ngudn séng Hoang Long)
4 Nhu Tén 20°01'58"  106°06'46" Xa binh Hda, Ninh Binh
5 Ninh Binh 20°15'62"  105°58'49" Phuong Hoa Lu, Ninh Binh

Nguon: https://kttv.ninhbinh.gov.vn/, https://vi.climate-data.org/chau-a/viet-nam/ninh-binh-province-825/

Li do lua chon cac tram Bén Dé, Gian Khau, Hung Thi, Nhu Tan va Ninh Binh do céac
tram nay dai dién cho sy phan hdéa khong gian cia toan luu vuce song Hoang Long, song Dy,
tir thuong luu (Nhu Tan), dén trung luu (Gian Khau) va ha luu (Hung Thi, Ninh Binh, Bén
Dé). Céc tram niy phéan bd trén nhiing dang dia hinh khac nhau, phan anh 1 dic diém chuyén
tiép ctia khu vuc nghién ctru, tir d6i nai thap, ban son dia (Nhu Tén), dia hinh chuyén tiép tir
ban son dia sang dong bang (Gian Khau), dong bang (Bén Dé), ving triing thip (Hung Thi,
Ninh Binh). Chinh diéu d6 dam bao tinh lién tuc va hop li ciia chudi quan tric dé phén tich
chinh xac mdi quan hé gitta mua va dong mit trén toan luu vuec.
2.2. Phwong phdp nghién ciru
2.2.1. Phirong phdp thong ké

Phuong phép nay sir dung cac céng cu va ky thuat toan hoc dé xtr I, phan tich va dién
giai dit liéu, nham rat ra két luan hoic hd tro ra quyét dinh.

Céc cong thirc toan hoc duoc st dung:

- Luwong mua nim trung binh nhiéu nim dugc tinh theo cong thirc 1:

Ro = 2RI (1)

n
trong do:
Ro: Luong mua ndm trung binh nhiéu nim (mm)
Ri: Lugng mua nam thir i (mm)
n: S6 ndm quan tric
- Muyc nudc song trung binh nhidu nim dugc tinh theo cong thirc 2:
Yo = 2X )

Trong do:
Yo: myc nude song trung binh nhiéu nim (m)
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Yi: myc nudc song nam thur i (m)
n: S6 ndm quan tric
2.2.2. Phuwong phap phan tich twong quan
- MGdi twong quan giira lugng mua va muc nudce séng duoc tinh theo cong thirc 3:
;o S -D-T) @)
JE =R, - P

trong do:

Xi: lwong mua tai thoi diém i (mm)

Yi: muc nuéc song tai thoi diém i (m)

X, Y: lugng mua trung binh va muc nuéc trung binh

r: hé sd twong quan Pearson, gia trj tir -1 dén 1 (cang gan 1 gia tri twong quan duong
cang manh)

2.2.3. Phirong phdp ban do va GIS (Geographic Information Systems)

Str dung hé thdng cong cu tap hop cac quy trinh trén may tinh véi phan mém ArcGIS
phién ban 10.8.2 thyc hién lap ban do.
3.  Kétquavathao luan
3.1. Muwa

Khi hau caa khu vuc nghién ciru chia ra lam 2 mua chinh: mua mua va mua it mua.

Muia mua gdm cac thang mua lién tiép c6 luong mura thang vurot ton that do bée hoi (thuong
lay 100 mm/thang) véi tan sut vugt 50%: P{Xsng > 100mm} > 50%, muia it nura 1a cac thang
con lai. Muia mura tir thang 5 — 10, muia it mua tir thang 11 dén thang 4 nam sau. Luong mua nim
trung binh nhiéu nam trong khoang 1640-1860 mm (duoc néu trong Bang 2). Luong mua ting
dan tir ddng bang 1én mién ndi va phan bd khéng déu theo céc thang trong nam.

Trong mua mua, thang c6 lugng mua 16n nhit déi voi cac khu vuc thip (d6ng bang,
ven song) thuong xuat hién vao thang 8 (chiém 18% tong lwong mua nam), dbi véi ving cao
hon xuét hién vao thang 9, chiém t6i 20% luong mua nam.

Muia it mua, lugng mua thang nho nhit vao thang 2, ¢6 nam dudi 25 mm (dwoc néu
trong Bang 2).

Bdng 2. Luong mua trung binh thang va nam thoi ki 2000-2024

Pon vi: mm
Tram 1 2 3 4 5 6 7 8 9 10 11 12 Nim
BénPé 323 227 461 745 2239 1842 3058 2959 3361 1815 540 197 17768
%i: 295 223 455 643 1990 1756 2850 2956 3345 1784 581 172 17049

H.Il.rlf'lig 31,7 246 417 752 2303 2203 3368 3525 3413 1868 392 189 18995

NhwTan 246 203 383 654 1572 1194 2440 2980 3772 2170 625 180 16420

Ninh

Binh 36,6 262 483 69,7 1836 1522 2800 3090 3516 1988 611 210 17382

Nguon: https://kttv.ninhbinh.gov.vn/
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Luong mua nim trung binh nhiéu nam phan bd khong déu theo khdng gian va thoi
gian. Luong mua ting dan tir d6ng bang 1&n mién ndi (tai tram Nhu Tan 13 1642,0 mm, tai
tram Ninh Binh la 1738,2 mm ).

Luong mua bién dong nhe qua cac ndm, ndm mua nhiéu nhat gp ndm mua it nhat khoang
2 1an, hé s6 bién dbi Cv dao dong trong khoang 0,16-0,23 (dwoc néu trong Bang 3).

Bdng 3. Pac trung lwong mwa mua va nam giai dogn 2000-2024

Luon Mua mwa Mua it mwa
m;rag Thoi gian Thoi gian
TT  Tram 3 CV  Pum xuit hign xuit hign (tir
nim % L Pxno(mm) ,
(mm) (tw thang — thang -
(mm) . :
thang) thang)
1 Bén Bé 1776,8 0,17 15275 86 5-10 249,4 11-4
2 Gian Khau 17049 0,21 1468,1 86 5-10 236,9 11-4
3 Hung Thi 18995 0,16 1668,1 88 5-10 231,4 114
4 Nhu Tan 1642,0 0,20 14129 86 5-10 229,1 11-4
5 Ninh Binh 1738,2 0,18 14752 85 5-10 263,0 11-4

Nguon: (Nguyen et al., 2025)

Tuy luong mua nam trung binh nhiéu nam cta khu vuc nghién ciu khéng 16n, nhung
lai c6 sy phan héa manh mé& theo mua. Muia mwa chiém 85 - 88% téng lrong mua nam. Mua
it mwa chiém 12-15% t6ng luong mua nim.
3.2. Nwérc song
3.2.1. Pdc diém mang hedi thiy vén

Khu vuc nghién ctru ¢ mang ludi sdng ngodi day dic vai tong chiéu dai 12 811,2 km, phan
bé twong dbi déu, véi mat do sdng sudi khoang 0,6-0,9 km/km? (Department of Natural
Resources and Environment of Ninh Binh Province, 2021). Céac song l6n va vira nhu: song Day,
sdng Hoang Long, séng Bdi va mét s6 sdng nho khac nhu: séng Lang, song Vac, sdng An. Téng
luu lwong dong chay trén cac mat song, sudi 1a 185,22 m3/s. Muc nudc trung binh nidm tai cac
tram quan tric bién ddi tir 0,26-7,49 m (thé hién trong Bang 4). Ngoai hé théng song, sudi, khu
vuc nghién ciiu con ¢6 cac hd nhu: Thuodng Xung, Yén Quang, Pong Chuong, D4 Lai, Dap
Trod, Yén Pong, Yén Thing. Tong thé tich cac hd chira nude trong khu vuc nghién ciu khoang
30 triéu m® nuéc (Ninh Binh Provincial Statistics Office, 2025).

Bdng 4. Myc nuoc trung binh nam thoi ki 2000-2024 tai cac tram (m)

Nhw Tan Ninh

Nim Bén bé Gian Khéu Hung Thi Binh
2000 1,24 0,85 7,37 0,35 0,78
2001 1,10 1,06 7,44 0,41 0,92
2002 0,95 0,86 7,23 0,37 0,81
2003 0,91 0,84 7,19 0,37 0,78
2004 0,77 0,71 7,14 0,29 0,66
2005 0,88 0,78 7,30 0,30 0,71
2006 0,77 0,67 7,16 0,30 0,62
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2007 0,78 0,67 7,17 0,29 0,62
2008 0,98 0,86 7,41 0,39 0,79
2009 0,75 0,63 7,49 0,38 0,58
2010 0,62 0,52 7,35 0,36 0,47
2011 0,68 0,54 7,37 0,36 0,48
2012 0,76 0,64 7,34 0,39 0,58
2013 0,75 0,64 7,32 0,35 0,57
2014 0,66 0,54 7,36 0,34 0,49
2015 0,55 0,47 7,16 0,29 0,43
2016 0,63 0,57 7,17 0,32 0,52
2017 0,83 0,79 7,26 0,42 0,72
2018 0,81 0,75 7,34 0,38 0,68
2019 0,60 0,58 7,20 0,35 0,52
2020 0,65 0,62 7,23 0,38 0,56
2021 0,63 0,65 7,27 0,36 0,56
2022 0,83 0,83 7,28 0,35 0,73
2023 0,60 0,58 7,16 0,36 0,53
2024 0,76 0,69 7,35 0,36 0,63

Nguon: https://kttv.ninhbinh.gov.vn/
a. Song Pay
Séng Pay c6 chiéu dai dong chinh 240 km, tong chiéu dai séng chay qua khu vuc
nghién ctru 1a 76 km. Séng Pay c6 cac phy luu cdp 1: séng Hoang Long, song Van, séng
Vac; ¢6 cac phu luu cip 2: s6ng Chanh, sdng Sao Khé, séng Boi, sdng Hé Dudng, sdng Bén
Pang, song Ngo Bong, séng Mai, séng BUt, séng An Giang.
b. Séng Hoang Long
Séng Hoang Long nhan nudc cua cac chi luu nhu: song Boi, song Lang, séng Ria,
chay qua phia Tay Bic ving rdi d6 vao séng Day tai ngd ba Gian Khau. Chiéu dai séng chay
qua khu vyc nghién ctru 1a 27 km. Séng ¢6 luu lwong dong chay 16n nhat vao thang 9 va
thang 10 hang nam véi khoang 405 m®%s, nho nhat vao thang 3 va thang 4 vao khoang 50-60
m3/s; luvu lugng trung binh vao khoang 150 m¥/s.
c. Song Vac
S6ng Vac la séng nam trung tdm caa khu vyc nghién ciru chay theo huéng Dong Pong
Nam rdi d6 vao séng Pay. Song chiu anh hudng caa thuy tridu tir cira bién vao sdng. Song
Vac gdm c6 cac nhanh song con db vao nhu: séng Van, song Ludn va sdng Chanh, sdng Hg,
Cau Mo, song Con, séng Dén V6i, song Bén Pang.
d. Séng Can
S6ng c6 chidu dai khoang 60 km, trong d6 c6 25 km chay qua dia phan cac x4 Chit Binh,
Kim Son, Quang Thién, Phat Diém. Song Can ciing la ranh gigi tinh cho ca hai tinh Thanh Hoa
va Ninh Binh. Luu vyc sdng cha yéu nam trong dia phan tinh Thanh Héa, chi ¢c6 mét phan tai
Ninh Binh gdm x3 Kim Son, xd Yén M6 va thanh phé Tam Diép. Mua it mua, song nhan duoc
nudc ngam trong cac tang chira nudce Karst rat pho bién tai day cung cap.
3.2.2. Ché do thuy van
Dong chay nam khong bién d6i nhiéu 1dm, nim nhiéu nude nhit so voi nam it nude
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nhét khoang 1,6-2,0 1an. Hé sb bién doi Cv cua dong chay nam tang khi dién tich luu vuc
giam va khi lugng nude trung binh nim trén luu vyuc giam, vi vy déi véi song Pay, hé sd
Cv dat 0,23, dbi véi song Hoang Long dat khoang 0,29.

Hang nam trén cac song xuét hién mua 1ii (tir thang 6-10) va mua kiét (11 dén thang 5
nam sau). Do muc dg tap trung mua lon, nén dong chay 1 & khu vuc nay kha 16n. Nudc
phan bd giira cac thang rat khong dong déu. Hién nay trén cac nhanh sudi di c6 nhiéu hd
chtra nho va cac tuyén dé ngan 1 gop phan 1am diéu hoa dong chay.

a) Dong chay mua li

Trén s6ng 16n, mua i kéo dai tir thang 6-10 nhung c6 dong chay chiém khoang 88%
luong dong chay nam, riéng thang 9 chiém trén 20%.

Nhiing ndm xuét hién cac tran li 16n nhu thang 9/2000, thang 10/2007, thang 10/2017
va thang 9/2024, myc nudc cao nhét trong cac tran lii 16n dugc ghi nhan tai cac tram vung
nghién ctru (dugc néu trong Bang 5).

L i 16n nhét trén séng Boi — Hoang Long do duoc tai tram Bén Dé 1a vao thang 10/2017.
Nam 2024, 1 16n ¢ song Day, nhiéu tram nhu Ninh Binh, Nhu T4n, muc nuée vuot dinh 1
nam 2017.

Bing 5. Mirc nuéce cao nhdt trong cdc trdn li 1om tai cdc tram (m)
TT Tram do Théang 9/2000 Théang 10/2007 Thang 10/2017  Thang 9/2024

1 Hung Thi 17,52 18,49 16,15 14,5
2 Bénbé 4,73 5,17 5,53 4,93
3 Gian Khau 4,10 4,90 45 4,53
4 Ninh Binh 3,60 4,10 3,94 4,21
5 Nhu Tan 3,82 4,35 3,63 3,7
Nguon: https://kttv.ninhbinh.gov.vn/
b) Dong chay mua kiét

Khu vuc phia Ty va Tay Bac khu vuc nghién ctru 1a khu vuce nai dé voi, kha ning trix
nude rat 1on trong mua lii. Viée danh gia dong chay kiét trong ving c6 nhiéu hang dong nhu
viing nay 1a rat kho khan. S liéu phan tich mot sd tram quan tric vao nhirg nim han kiét
nhu ndm 2005, 2007, 2010 va 2015, cho thdy binh quan thang kiét khoang 4-51/s.km?, & noi
¢6 nhiéu hang dong dong chay kiét cao hon.

Sb liéu thong ké cho thiy mua kiét ndm 2015 trong ving 1 ndm c6 muc nude ha xudng
thap nhat tai tram Bén Dé, Gian Khau trong giai doan 2000-2024 (dugc néu trong Bang 6).

Bing 6. Pdc trung muc nuede thap nhdt nam tai cdc tram (m)

TT Tram do 2005 2007 2010 2015
1  Hung Thi 6,80 6,77 7,10 6,97
2 Bénbé 0,18 0,23 0,17 0,26
3 Gian Khau 0,21 0,21 0,17 0,24
4 Ninh Binh 0,18 0,18 0,15 0,22
5  Nhu Tan 0,05 0,08 0,17 0,14

Nguon: https://kttv.ninhbinh.gov.vn/
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3.3. Phan tich méi quan hé giita mwa va muwe nwéc séng

Do day 1a khu vuc karst dién hinh, nudc mua roi xudng thim qua khe nirt d4 voi, 1am
giam dong chay mit va hinh thanh cac hé théng dong ngam. Chinh diéu nay 1am ché do thuy
van trong khu vuc khdng 6n dinh, mdi quan hé gitra mua va dong chay mat phuc tap.

Lugng mua khu vuc nghién ctru c6 xu hudng chung tang trong ca hai mua, mua mua
tang nhiéu hon mua it mua, nhung bién d6i rit phuc tap, gia tri p-value cua chudi quan tric
lwong mua thang, nam tai cc tram tir 0,28-0,66 (> 0,05). Lugng mua ting nhiéu giam it xen
k& nhau trong ca hai mua. Pay chinh 1 ddu hiéu cho thiy sy bién d6i khi hau tac dong rét ro
rét dén diéu kién khi hau caa ving nghién cau (Nguyen et al., 2025).

Muc nude trén séng ciing thay doi theo luong mua va theo mua. Ha luu song Hoang
Long c6 cac cong trinh diéu tiét dong chay nhu: tran Lac Khodi, cong Mai Phuong — Dich
Long, dé song Hoang Long, Au Chanh, phan trung luu séng Day c6 Au Kim Pai va hé théng
dé song Pay diéu tiét dong chay, nén gia tri quan tric muc nudc tai tram Bén Bé, Gian Khau
va Ninh Binh c6 tinh thdng k&, gia tri p-value tir 0,0005-0,015 (<0,05). Con muc nudc quan
trac tai tram Hung Thi va Nhu Tan bién d6i vo cing phuc tap (p-value tir 0,49-0,51), cho
thiy c6 su anh huong rd rét cua bién d6i khi hau dén ché do thuy van cua khu vuc
nghién ctu.

Tuong quan gitra lwgng mua va muce nudc song tai cac tram trong vung nghién cau co
mdi quan hé tuyén tinh dwong trong c4 mia mwa va mua it mua. Mua it mua, hé sé twong
quan bién ddi tir 0,039-0,30, tuy la gié tri dwong nhung rat nho, didu nay thé hién tuong quan
gitta mua va nudc mit ¢d quan hé tuyén tinh nhung rat yéu. Mua mua, hé sé trong quan
bién dbi tir 0,39-0,70, thé hién mdi twong quan gitta mwa va nudc mit ¢ quan hé tuyén tinh
manh. Riéng tai tram Nhu Téan, hé sb tuong quan gitta mua va myc nudc trong mua it mua
c6 gié tri - 0,006, cho thiy muc nudc tai tram khong phu thudc truc tiép vao lugng mua tai
khu virc, ma chiu anh huang manh cua cac yéu té khac nhu thuy triéu, dong chay thuong
luu séng Pay va sy diéu tiét cua hé thdng cdng trinh thiy loi va tiéu Gng day dic & ha luu
song Pay: hé thdng song tiéu (sdng Hoang Long, Vac), hé thng dé song Pay — Hoang Long
Va CAC tram bom tiéu Gng nhu Yén Thang, Khanh Trung.

Quan hé gitra lvong mua va myuc nudc s6ng theo mua tai cac luu vuc séng Hoang
Long va song Day giai doan 2000-2004 dugc néu trong Hinh 2.
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4.  Kétluan

Luong mua mua tai khu vuc nghién ciru tuy c6 xu hudng chung tang trong ca hai mua,
mua mua ting nhiéu hon mua it mua, nhung bién ddi rat phuc tap, gia tri p-value caa chudi
quan tric luong mwa thang, nam tai cac tram tir 0,28-0,66 (>0,05).

Muc nudc s6ng tai mot sé tram chiu anh huong béi cac cong trinh diéu tiét dong chay
trén séng nhu tram Bén Dé, Gian Khau, Ninh Binh, s6 liéu c6 tinh thong ké, gié tri p-value
tir 0,0005-0,015, con tai cac tram con lai bién doi rat phirc tap theo mua.

Luong mua quyét dinh muc nude trén cac luu vuc song khu vuc nghién ciu. Do khu
vuc ¢6 hé thong hang dong karst phat trién manh nén twong quan giita lwong mwa va muyc
nuéc ¢d quan hé tuyén tinh rat phic tap va c6 do tré. Luong mua va muc nudc song tai cac
tram trong viing nghién ctru c6 mdi quan hé tuyén tinh duong trong ca mia mua va mua it
mua. Mua it mua, hé sb tuong quan bién ddi tir 0,039-0,30. Muia mua, hé sb tuong quan bién
dbi tir 0,39-0,70. Trong mua mua, quan hé tuyén tinh gitta lvong mua va myc nudc manh
hon trong mua it mua. Két qua nghién ciru duoc ding 1am co sé cho cac nghién cau tiép
theo vé kha nang thoat 1ii trong muia muwa va sir dung nudc hiéu qua trong mua it mua trén
dia ban nghién ctu.

< Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

< Lo6i cdm on: Bai bdo duoc thuc hién trong khudn khé dé tai cép tinh "Xay dung hé théng quan
trj tai nguyén nuéc trén nén tang cong nghé Internet két ndi van vat (1oT) hé tro chd dong diéu
hoa, can déi nguén nuéc phuc vy phét trién bén viing kinh té — xa héi tinh Ninh Binh".
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ABSTRACT

The study was conducted in Ninh Binh province, a representative humid tropical karst region
in Southeast Asia. The area is characterized by mature to old-growth karst ecosystems developed on
limestone bedrock dating from the Devonian to the Permian periods.The hydrological network is
characterized by a relatively small river basin, primarily associated with the Day and Hoang Long
river systems. The rivers are generally short and flow in a northwest-southeast direction. The region
experiences two distinct seasons: a rainy season and a dry season. Rainfall seeps through karst
fissures, reducing surface runoff, forming underground streams, and destabilizing the hydrological
regime in the area. The relationship between rainfall and surface runoff is very complex. Pearson
correlation analysis of meteorological and hydrological observation data collected between 2000
and 2024 revealed a positive linear relationship between rainfall and river water levels in the study
area during both the rainy and dry seasons. During the dry season, the correlation coefficient ranged
from 0.039 to 0.30, showing a positive but weak relationship between rainfall and surface water. In
contrast, during the rainy season, the correlation coefficient ranged from 0.39 to 0.70, indicating a
moderate to strong positive linear relationship between rainfall and surface water levels. These
results suggest that the relationship between rainfall and water levels is considerably stronger during
the rainy season than during the dry season.

Keywords: karst; Ninh Binh; Rainfall-water level relationship; seasonal; transitional terrain
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