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MUC LUC
Bai bao khoa hoc
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St dung nong d¢ Chlorophyll-a va nhiét do bé mat bién tir anh
vé tinh dé danh gia phan bo CO: trong nwdc ¢ bién Viét Nam
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Tom tat: Phat thai khi nha kinh vao khi quyén, dic biét 1a CO,, d gop phan gia ting nhiét
d6 khi quyén chiing ta trén toan cau. Khu vyc ving blen nudc ta cing duge Xem nhu mot
bé chira CO2 gbp phan giai phong CO2 vao khi quyen Do gi6i han v€ nghién ciru do dac
khao sat COz trén bién ciing nhu CO; trong khi quyén tai gan bé mit bién, nghién ctru d str
dung dit liéu nong do chl-a va SST cua anh vé tinh Aqua/MODIS (nim 2021) dé udc tinh
pCO, bé mit bién ciing nhu luong khi phat thai/hp thu & Bién Dong pCO:z tinh toan trung
binh va thong luong CO; trung binh lan lugt 12 425,9 (patm) va 38, 4 (moI/mz/yr) Két qua
nghién ctru cho thay cac ving bién nude ta thai khi CO2 vao khi quyén, qua do thay vai trd
dai duong qua qua trinh trao d6i bién—khi.

Tir khéa: Phan bd CO; trong nuéc; Trao d6i COz; Nong do chl—a; Nhiét do bé mat bién.

1. Mé dau

CO:2 la khi nha kinh c6 anh hudng rd rét dén nhiét do cua Trai Pat, néu khong c6 su hién
dién cua khi nha kinh, nhiét d6 bé mat Trai Dat trung binh s€ lanh hon hién tai khoang 33°C
(59°F). CO:2 khong chi hién dién trong bau khi quyén ctia Trai dt ma con co trong cac dai
duong, bién, song, hd, nuwdc ngdm va song bang. Vao nim 2021, theo Co quan quan 1y Khi
quyén va Pai dwong Qudc gia cia My (NOAA, National Oceanic and Atmospheric
Administration) véi dir liéu dugc do tai Pai quan sat Mauna Loa tai Hawaii cho biét nong do
CO> hién nay trong khi quyén ¢ mirc trung binh 1a 418 ppmv [1]. Diéu nay phan 1én 1a do
phat thai tir viéc con nguoi st dung nhién li¢u héa thach véi khi dbt 1a nguén chinh, CO

ciing c6 thé dugc phat thai tir cac tic dong truc tiép. Trong khi do, dai duong co vai tro hap
thu khoang 30% COz tu phat thai [2]. Dai duong c6 vai tro kép vira 1a bé cung cap CO2 cho
khi quyén vira 1a bé tiéu thy CO; tir khi quyén.

Duya trén cac mo hinh nghién ciru trude ddy, nong do CO; trong khi quyén c6 thé ting
gép d6i vao nhitng nam 2030-2050 so v6i nhiing nam 1700 1a 275 ppm [3]. Dén nam 2015,
noéng do CO2 trong khi quyen da vuot qua 400 ppmv lan dau tién sau 800 000 nam. Nong do
CO trong khi quyén vao cudi thé ky 21 va dau thé ky 22 ¢6 thé dat dén mirc 16n hon hai lan
gia tri ndm 1700 [3]. Pic biét, trong khoang thoi gian 2020 khi tinh hinh dich bénh dién bién
phirc tap, nhidu noi trén thé gi6i phai tam ngung hoat dong cong nghiép, néng nghiép, nén
khi d6 luong phat thai cac khi giam dang ké. Theo théng ké thi nam 2020 trong bdi canh gidn
céch xa hoi, thi lugng khi CO; thai ra da giam ky luc 1,9 ti tin, tirc giam 5,4% so véi nam
truée d6. Nhung ddu hidu dang mirng d6 chua kéo dai thi vao nim 2021, khi Thé gi6i tro lai
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hoat dong va v6i tinh than khoi phuc lai nén kinh t€ thi v6i dy bdo rang lwong khi CO2 thai
ra s€ tang 4,9% [4]. Su gia tang COz trong khi quyen la nguyén nhan gay ra khoang 2/3 tong
su mat can bang ning lwong khién nhiét d¢ Trai dat tang 1én. [5-6] da dva trén dir liéu téng
hop hang nam thu duoc tir Blen Déng da dua 1ap ludn rang cac them luc dia ¢ vi d9 trung
binh va vi d cao & Bic ban cu l1a mot bé chira CO2 trong khi quyén. [7] wdc tinh rang Bién
boéng chira xap xi 0,43 GtC CO2 do con ngudi gy ra v4i do sdu xam nhap gan 500 m dua
trén cac phép do hé thong cacbonat nudc bién & Pong Bic bién Pong. [7] ude tinh thong
lwong CO2 tir bién di vao khi quyén trung binh trén toan bd bién Pong 1a +0,33 mol CO, m™
2/yr tir ndm 1990-2004.

Nhu d3 dé cap, hién dd c6 nhiéu chuyén khao sat nghién ctru vé thong lugng CO2 va bién
dong ciia CO2 voi cac nhan t6 anh hudng trén toan thé gigi. Noi bat nhat 1a ban d6 phan bd
thong lugng trao d6i CO, bién—khi quyén cua [9]. Két qua ctia nghién ctru nay duge md hinh
hoa dya trén s6 liéu thuc do trén cac dai dwong 16n tir truée nhitng nam 1970 cho dén 2006
va dua ra birc tranh chung vé trao d6i CO2 trén toan cau theo quy mé khi hau. Pai duong hap
thu 1,5-2,0 PgC/yr, tuong tng voi 25% lugng phat thai cong nghiép (7 PgC/lyr). Piém nbi
bat chinh ctia nghién ctru ctia [9] 1a cho ra birc tranh chung cho trao d6i CO2 toan cau & cac
dai duwong; nhuoc diém 1a cac bién va ving ven bo va ving vi do cao & ting khu vuc khong
duge xét dén. [10] wdc tinh tong lvu lwong cacbon ven bién duoc ude tinh 1a 0,8-1,33 PgC
yr! va c6 khoang 22-38% lugng cachon hap thu trén dat lién (2,9 + 0,8 PgC yrY). Tai cac
vung thém luc dia, viéc hép thu CO, dugc tinh 1én téi 1 PgC yr thodc 50% luong CO2 hép
thu cua dai duong [11].

Céc thém lyc dia nam tir 0-30° 12 ngudn phat thai CO2 vao khi quyén. [10] da dé cap dén
cac yéu to nhu nhiét d6, d6 man déu c6 anh hudng dén pCO2 trong bién. Ngoai anh hudng
chinh la nhiét d9, pCOz trong nudc cua chiu anh huong thay d6i mua. Bén canh do, [1313]
khi khi CO: trong khi quyén tdng lén s& anh huéng dén qua trinh trao doi giira khi CO2 hap
thy vao dai duwong chuyén sang vat chét hiru co ciing nhu qua trinh lang dong vat chét khac
trong dai duong 13] [13] d3 str dung mé hinh toan va dua ra két luan: dai duong dang hap
thy lugng CO2 gip d6i so véi giai doan & thé ky 19 nho vao su hién dién cua thyc vat phu du
t6n tai trong nudc bién [13]. Qua trinh san xuit cacbon hitu co trong bién dan dén giam pCO2
va tang oxy hoa tan va ngugc lai. Sy twong quan gitta pCO2 va oxy hoa tan trong bé mat dai
duong co lién quan dén tinh trang trao doi chat [14].

Dua vao s6 liéu (Bang 1) thong lugng CO2 ¢ giao dién blen—khl quyén cho thiy bién
Dong vua la ngudn cung cip COz va 1a tiéu thy CO2 tai mot s6 khu vuc ¢ Bién Pong. Hau
hét cac dir liéu trén khu vuc Bién bong c6 duge tir mo hinh hodc tir viéc phan tich anh vién
tham. Mot vai chuyén khao sat cho két qua thyc do nhung ndm & Bién Bic Trung Qubc va
gan khu vyc dao Hai Nam (Bién béng). Do thiéu dir kién phan b pCO2 ¢ gitra va phia Nam
Bién Pong nén nghién clru nay cung cap cai buc tranh tong quat phan bd pCO2 trén toan khu
vuc. [15] da dé ‘nghi vé viée sir dung vé tinh ‘Umg dung trong nghién ctru phat thai khi nha
kinh. Cac chuyén do dac khao sat trén bién tén nhleu kinh phi ma hién tai viéc s dung dir
liéu vé tinh thuan lgi hon méc du c6 thé co sai sd. [16] dé nghi ding phuong phap vién tham
dé tinh toan va phan tich phan bé CO; trén toan ving. Trong cac phwong phap nghién ctiu
cong bd trudc day thi phuong phap mé hinh toan va vién tham dung dir liéu vé tinh 1a co
nhiéu thuan loi nhat hd tro cho nghién ctru. Nhin chung, viéc str dung dir liéu v¢ tinh co tinh
thuan loi trong viéc danh gia bién dong CO; trong nudc ddi véi pham vi quy mo 1on. Vi vay,
nghién ctru nay nham muc dich st dung dit liéu SST va chl-a ctia anh Aqua/MODIS, dé giam
st bién dong CO; trong nam 2021.

Bang 1. Théng ké thong luong trao déi CO; & Bién Dong va ving bién 1an can.

Nghién ctru ciia nhom tac gia Vung Théong lugng

Tsunogai et al. (1999) [5] Bic Bién Pong -2,9molm2yr!
Wang et al. (2000) [6]
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Nghién ctru ctia nhém tac gia Ving Thong lwgng
Chen and Huang (1995) [7] Bién Dong ~0,43 Gt Clyr
Chai et al. (2009) [7] Bién Dong 0,33 mol CO; m2.yr 2,
Rehder and Suess (2001) [17] Luu vuc Bién Dong 0-1,9mmol m2d!
Ven bo phia Nam Bién Dong 0,3-5,5 mmol m2d!
Zhu et al. (2009) [18] DPong Bic Bién Pong 7 -9 mmol CO, m2.d*
Bién Dong 3,5 mmol CO, m2d+!

2. Khu vue va phwong phap nghién ctru

2.1. Khu vuc nghién ciru

Khu vuc Bién Pong 1a tén goi riéng cua Viét Nam st dung, la mot phan dai duong cua
tdy bac Thai Binh Duong, giap véi luc dia Pong Nam A. Bién Pong 1a mot ving bién kin
dugc bao boc xung quanh boi dao Pai Loan, quan dao Philippines & phia dong; cac dao
Ind6néxia, Borneo, Sumatra va ban dao Malaysia & dong nam va phia nam. Dién tich Bién
Dbong khoang 3.400.000 km?, @6 sau trung binh khoang 1140 m va chd sau nhat khoang 5016
m [19] (Hinh 1). Khi hau Blen bong c6 nhimg biéu hién thudc khi hau bién: Mua hé mat hon
va mua dong 4m hon so véi trong dat lién [19].

PHUC KIEN

Dailoan

Vigét Nam

Campuchia Philippines

SON b T LY
100°F 110°E 120°E 108

Kinh do (°E)
Hinh 1. Ban db khu vuc Bién Dong (Ngudn: Google Earth).

2.2. Phuwong phap nghién ciru

Trong nghién ctru nay, sir dung dir li¢u vé tinh ctia SST va chl-a 4p dung vao cong thirc
thuc nghiém da co6 dé tinh pCO; trong nudc & bé mat bién.

2.2.1. Dit liéu

Dir liéu nong d6 Chl-a trung binh cac thang (nim 2021) trén bé mit bién duoc tai tai
trang web v¢é tinh NEO (Nasa Earth Observation) cuia NASA (Link:
https://neo.gsfc.nasa.gov/). Dit liéu anh Aqua/MODIS tirng thang c6 dd phéan giai 1a 0,25° x
0,25°.

Dit liéu nhiét do bé mat bién (SST) trung binh cac thang (nim 2021) ciing thudc
Aqua/MODIS c¢6 @6 phan giai la 0,25° x 0,25° (Link: https://neo.gsfc.nasa.gov/).


https://neo.gsfc.nasa.gov/
https://neo.gsfc.nasa.gov/
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Ca hai dir liéu Chl—a va SST ctua NASA cung cép tir nim 2002 cho dén nay, dinh dang
dir liéu tai vé dang excel. O ddy, dit liéu ndm 2021 dwoc chon dé tinh toan nham thiy duoc
gia tri CO2 hién tai va bién dong CO, trong mot nam. Céc hinh anh két qua duoc v& bang
phan mém ODV (Ocean Data View).

2.2.2. Cong thuc tinh
[18] da thyc hién khao sat pCO2 va cac nhan t6 1y héa ¢ ving bién nudc ta va dua ra

cong thire thue nghiém méi lién hé gitra pCO2 v61 SST va chl-a:
- pCO2 theo nhiét @o bé mat bién

pCO, = 6.34T% — 366.65T + 5678.53 (1)
- pCOz2 theo nhiét do bé mat bien va SST
pCO, = 6.31T2 + 61.9chla? — 365.85T — 94.41chla 4+ 5715.94 2)

Trong d6 pCO; 14 4p sut riéng ctiia CO; trong nuc pién (Hatm), T: nhiét do bé mét,biér,l
(°C); chla (mg/m?®). Véi 2 cong thire tinh khac nhau, nham so sanh anh huéng cta 2 yéu t6
doi voi pCO2 trong nudce.

Cac cong trinh nghién ctru trude dy cling da tim dugce cong thire thue nghiém gitra pCO2
va SST, chang han nhu [7], [14] nhung & khu vire bén ngoai eo bién Dai Loan. Tac gia chon
cong thure thuc nghiém cua [18] vi ndm trong khu vuc Bién Dong nudc ta.

3. Két qua va thao luin
3.1. pCO: trong nuroc tinh toén tur SST

Phan bb SST tir thang 1/2021 dén thang 12/2021 dao dong tir 15,3-35°C, trong d6 nhiét
d6 cuc tiéu xuat hién ¢ thang 1 (15.3°C) (Hinh 2), gia tri cuc dai xuat hién vao thang 6 (35°C).
Ap dung cong thic (1), pCO tinh toan nhé nhét cé gié tri 377.58 (uatm) va cuc dai 12 612.28
(Matm) trong ndm. pCO; trong nudc cao & ving gan bd khu vuc phia Bic thudc Vinh Bic Bo
1a chu yéu, sau d6 pCO; cao dan dén khu vuc ving bién Nam Trung Bo vao thoi diém thang
1,2, 3 va 1. Trong khi d06, cac thang con lai (thang 4, 5, 6, 7, 8, 9, 10 va 12) c6 gia tri pCO>
thap trén toan khu vuc nghién ciu.
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Hinh 2. Phan b nhiét d6 bé mat bién & Bién Dong nam 2021.
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Hinh 3. Phan b6 pCO; bé mit bién & Bién Dong tinh theo CT1.

Theo thng ké trung binh cac thang, SST trung binh thap nhét vao thang 1 va cao nhat
vao thang 6 (Bang 2). Nguoc lai, gia tri pCO; trung binh thang 1an lugt dat cuc dai va cuc
tiéu 14 535,1 (Matm) vao thang 1 va 390 (patm) vao thang 6. Piéu nay cho thiy, c6 mbi lién
hé nguoc giita SST va pCOy, ¢ thé dugc giai thich 12 do nudc lanh hoa tan duge nhiéu CO;
vao nudc hon so véi nudc am.

3.2. pCO:z trong nuwoc tinh toén ter SST va chl-a

Dbi voi ap dung cong thirc (2) pCO2 tinh todn nhé nhét 1a 380,09 (patm) va 16n nhét 1a
1547 (patm) trong nam. Tuong tu, ap dung cong thire (1), gia tri pCO: trong nugc cao tap
trung ¢ khu vuc gan bd: Vinh Bic B ¢ phia Bic. Con ¢ phia Nam tip trung chi yéu gan cira
séng MeKong vao khoang cac thang 11, 12, 1, 2. Déi véi cac thang con lai, pCO2 khdng co
su bién dong ndi bat.

Theo théng ké, ndng d6 chl-a trung binh cac thang trong nim thip nhit vao thang 3 va
cao nhat vao thang 1 (Bang 2). Gid tri trung binh thang ctia pCO2 lan luot dat cuc dai va cuc
tiéu 1 611,23 (patm) vao thang 1 va 429,99 (uatm) vao thang 4. Diéu nay cho thiy co6 mdi
lién hé thuan gitra chl-a va pCOz, khi ¢o nhiéu chl-a hon thi ¢6 nhiéu CO> trong nude. Ca
hai két qua tinh ctia pCO2 déu cho gia tri pCO2 16n hon so véi cac cong bd trude day [5, 7].

Dua trén két qua pCO2 tinh toan duoc, nhin chung pCO2[CT2] (cot gach chéo) c4c thang
16n 16n pCO2[CT1] (cot mau trang) (Hinh 6) (Bang 2). P chénh léch pCO2[CT1] va
pCO2[CT2] duoc tinh 1a %pCO2 = (PCO[CT2] — pCO[CT1])/pCO2[CT1]). Tir két qua tinh
toan duoc cho thay, %pCO2 trung binh 1a 12 %, nghia 1a pCO2[CT2] cao hon pCO2[CT1]
khoang 12%, nguyén nhan la do anh huong cua chl-a dén pCO; trong nuédc. Khu vire ¢ chl—
a cao két hop v6i SST 4m thuan loi cho qua trinh hoat dong sinh hoc.
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Hinh 4. Phan b ndng do chl-a bé mit bién cac thang.

3.3. Pdnh gid chung vé trao déi khi & ving bién Viét Nam

Dé udc tinh trao doi khi CO, ¢ bién—khi quyén can co gia tri pCO, ciia khi quyén, ma
[20] d4 c6 khao sat & phia Bic viing bién nudc ta va gi tri 1a 354,8 (uatm), sau d6 co thé xac
dinh ApCO2 (patm) va thong lugng trao doi khi CO,. Két qua tinh toan cac thong sb lién
quan dén CO2 duoc trinh bay trong Bang 2. Nhin chung, ApCOz hau hét déu c6 gia tri duong
(l6n hon 0), nghia 1a gia tri pCO2 trong nudc 16n hon gia tri pCO2 trong khong khi. Vay ving
bién nude ta nha khi CO2 vao khi quyén, twong tir v6i cac nghién ctru khao sat trude day nhu
[7-7, 17-18]. Tuy nhién, gia tri thong lwong CO> la 38.4 (mol/m?/nam), tuong tng véi 1,57
(GtClyr). Gia tri tinh dugc (1,57 GtC/yr) nay 16n hon so véi [7] 1a 0,29 GtC/yr. Danh gia
phat thai khi & nghién ciru nay gidp bd sung ban dd phan b CO; trén toan ving bién nudc
ta va lam day phan khuyét c6 trong ban dd phan bd cua [9], tuy nhién cling con c6 han ché 1a
sir dung dir liéu anh vé tinh nén két qua tinh toan duoc chi cung cap gia tri twong ddi.

Bang 2. Gia tri trung binh ciia ndng d6 chl-a, nhiét d6 bé mat bién (SST), pCO2 va thong luong CO;

tinh toan.
, Chia  ssT  PCOz  PCO2 i, oepco, — Thonmglugng
Thang (mg/m?) (0C) [CT1] [CT2] (atm) (%) FCO:2
(uatm)  (upatm) (mol/m?/yr)
1 0,74 2509 5351 611,23 1803 14,23 89,28
2 0,52 25,51 531,78 536,12 176,98 0,82 88,54
3 0,23 26,88 43562 439,11 80,82 0,80 41,83
4 0,24 28,42 406,44 429,99 51,64 5,79 27,83
5 0,26 29,95 390,27 431,69 35,47 10,61 19,98
6 0,33 30,11 390,89 456,76 36,09 16,85 20,43
7 0,34 29,84 424,98 443,17 70,18 4,28 39,40
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, Chia  ssT PCOz  PCOx (G, oppco, ~ 'homglweng
Thang S e foTd TR o) FCO;
(uatm)  (patm) (mol/m?/yr)
8 038 2997 38841 52371 3361 34,83 18.94
9 036 3002 38854 45587 3374 17,33 19,05
10 0,39 203 38419 45541 2939 18,54 16,24
11 047 2841 39524 46487 4044 17,62 21,79
12 059 2683 43951 45600 8471 3,75 4379
71,11 12,12 38,40

n ) <Firs =t C02_mar th fmj=first 5E
PCO2jan @ Depth mj=fist - ____ pCO2feb@Depthimsist P @Depth fmisist " pC )
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Hinh 6. Biéu d6 so sanh pCO; trong nudce tinh toan theo cong thirc (1), (2).
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4. Két luan

Sau khi 4p dung dr liéu vé tinh caa SST va chl-a, nghién ctu da tinh toan pCO; theo 2 cong
thirc da néu cho ving bién nude ta. pCO2 cao hon khi ¢6 su hién dién cua chl-a so véi chi co SST.
pCO tinh toan trung binh theo 2 cdng thic lan luot 1a 425,9 (patm) va 475,3 (patm). pCO, dudi anh
huong cua chl-a cao hon so vai anh huong cia SST khoang 12%. Thong lugng CO> trung binh 38,4
(mol/m?/yr), nghia la dai dwong nha khi CO..

Tir két qua thu duoc, can ¢ nghién ctu vé dong gop cling nhu vai tro cua dai duong dbi véi khi
nha kinh. Han ché caa cong trinh nghién cau 13 két qua c6 do chinh xac chwa cao, mac du chi mang
tinh twong doi nhung ciing da cho thay ving bién nuéc ta la nguon cung cap CO,. Do do, can c6
nhitng chuyén khao sat dé do dac CO, trén bién va cac nhan to hoa ly lién quan nham gia tang chat
luong va do chinh xéac cho két qua. Két qua nghién ciru cung cap thong tin trao d6i khi nha kinh ciing
nhur vai tro dai dwong trong trao d6i bién—khi.

Dong gop cuia tac gia: Xay dung y tuong nghién ctru: B.T.N.O.; Lua chon phuong phap
nghién ctru: B.T.N.O.; Thu thap dit ligu: B.T.N.O.; Xur Iy va tinh toan: B.T.N.O., TKK.L;;
Viét ban thao bai bdo: B.T.N.O. Chinh stra bai bao: B.T.N.O.

Loi cam on: Nghién ciru dugc tai trg bdi Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM
trong khuon kho Bé tai ma s6 T2021-04.

Loi cam doan: Tac gia cam doan bai bao nay la cdng trinh nghién ctru cua tac gia, chua
dugc cong bd & dau, khong sao chép tir cac nghién ciru trude day; khong c6 su tranh chap loi
ich trong nhom téc gia.
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Using satellite data of chlorophyll-A and sea surface temperature
to evaluate dissolved CO: distribution in Vietnam
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Abstract: Emissions of greenhouse gases into the atmosphere such as CO», have
contributed to the increasing in the atmospheric temperature. Our coast and sea are also
considered as a CO: reservoir in the world, contributing to the release of CO> into the
atmosphere. Due to the limitation of measurement of CO; at sea surface as well as CO: in
the atmosphere near the sea surface. This study used data of chl-a concentrations and SST
of Aqua/MODIS satellite images (in 2021) to estimate the sea surface pCO2 as well as
emissions/absorption in the East Sea. Averaged calculated pCO, and CO> flux are 425.9
(uatm) and 38.4 (mol/m?/yr), respectively. Results provide information on greenhouse gas
exchange as well as the ocean's role in sea—air exchange.

Keywords: Distribution of CO; in water; CO> exchange; chl-a concentration; Sea surface
temperature.
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Tém tit: Xac dinh ngudn nudc va giai phap cip nudc sinh hoat va nong nghiép cho khu vire
thiéu nude sinh hoat va nong nghiép & viing cao, ving khan hiém nudc, dac biét tinh Son La
1a can thiét, phu hop vé6i cha truong cua Chinh phu theo Quyét dinh s6 264/Qb-TTg ngay
2/3/2015. Nghién ctru st dung t6 hop nhiéu phuong phap bao gom phuong phap tong hop
phan tich thong ké, diéu tra khao sat thyc dia, phuong phap mo hinh toan va phuong phap
chuyén gia dé xac dinh ngudn nude cho cac xi dic biét kho khan trén dia ban tinh Son La, tur
do de Xudt cac mo hinh khai thac, s dung bén viing nguon nudc dua trén bd tiéu chi vé
ngudn nudc, Ve diéu kién khai thac, vé van hoa xa hoi, vé moi truong, vé kinh té, vé k¥ thuat
cong nghé, vé quan 1y va khai thac dam bao ngudn nudc sinh hoat cho sinh hoat va nong
nghiép cho cac khu vuc thiéu nuéc trén dia ban tinh Son La.

T khoa: Nguén nudc; Khu vuc thiéu nudc; Son La.

1. Mé& dau

Viéc nghién ctru xac dinh ngudn nude va cac giai phap cdp nudc cho sinh hoat va néng
nghiép dang duoc quan tam, dac bi¢t tai nhiitng khu vuc khan hiém nudc. Theo nghién ctru
ctia [1] thi dén ndm 2025 trén thé giéi co khoang 40% dan s toan cau sé& b thiéu nudc ding
cho sinh hoat va tréng trot, dic biét & Bac Phi, Nam Phi, Nam A va Trung A. Pén nam 2050,
du bao c6 khoang 1,4 ty nguoi khong du diéu kién tiép can voi nude sach va vé sinh ndng
thon. Nhu cau nudce sir dung cho néng nghiép chiém khoang 70% luong nudc toan cau, chu
yéu 1a dé tudi tiéu — con sb nay s¢ tang 1én ¢ cac vung co ap luc nude cao va mat do dan sO
cao. Nganh cong nghiép chiém 20% téng nhu cau sir dung nude, chi yéu la dung trong nganh
cong nghiép nang lugng va san xuat 10% con lai str dung cho sinh hoat. Nhiimg vung nui cao
khan hiém nuéc thuong co it s6 liéu quan trac thuong gy kho khian cho viéc danh gia trir
lwong, chat lvgng nudc dé phuc vu cip nudc cho sinh hoat va ndng nghiép. Hiép hoi Quéc té
khoa hgc thuy van ban hanh mét sang kién vé dy béo luu lugng cho luu vuc khong cé tram
quan tric (Predictions in Ungauged Basins — PUB) vao nim 2003, v6i muc dich du doan hay
du bao cac phan tng thuy van trén luu vuc khong c6 hodc it tram do va tinh bét dinh cua gia
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tri tinh toan. Nghién ctru [2] da sir dung m6 hinh SWAT danh gia kha nang du toan dong chay
dudi cac diéu kién khi hau khac nhau cho 3 luu vuc co s¢ trong luu vuc song Washita voi
dién tich 610 km? ndm phia Dong Nam Oklahoma, day 1a khu vuc ¢6 diéu kién kho khan vé
nguon nudc. [3] cung sir dung m6 hinh SWAT tinh toan dong chay cho luu vuc nghién ctru
nhé nim & Bac phi, két qua chi ra rang mo hinh nay tinh toan t6t hon v6i diéu kién khi hau
khd. Str dung SWAT nghién ctru hé qua cua hoat dong bao ton thién nhién trong chuong trinh
danh gia hiéu qua bao ton thién nhién USDA [4-5] thuc hién danh gia cho cac khu vuc 16n
nhu luu vue thugng ngudn song Mississsippi va toan bd My [6-7]. O Chau Au, céc nghién
ctru img dung md hinh SWAT trong danh gia du bao dong chay cling dugc nghién ctru dé cap
nhiéu [8-11]. [12] d4 diéu tra, khao sat thuc dia danh gia tinh hinh st dung ngu6n nu6c mat
cho sinh hoat tai tinh Ninh Binh, xac dinh nguon nudc st dung chinh cho sinh hoat, mtc d
dam bao cho sinh hoat vé mit sb luong va chét luong, cac tac dong chinh dan t6i hién trang
trén, vi tri nguon nuéc mat con han ché vé trir lugng hay 6 nhiém. Str dung phuong phap
thong ké dé phan tich tinh hinh nuéc mat va st dung nude cho sinh hoat, dua ra dugc két qua
tong quan vé van dé nghién ctru. Phuong phép hé thong tin dia ly (GIS) duoc ap dung dé
nghién ctru vé su phan hoa tiém nang nudc mait theo luu vuc song va sy phan hoa ve ty 1€
ngudi dan duge sir dung nudc dam bao vé sinh giita cdc don vi hanh chinh, cac két qua
nghién ctru dugc thé hién bang cac ban dd trén phdn mém Maplnfor. [13] da nghién ctu Xay
dung khung mo hinh tich hop danh gia tai nguyén nudc mat dua trén phuong phap tiép can
mdi lién két nudc—ning luong—lwong thuc. Myc tiéu ctia nghién ciru 1a xay dung khung mé
hinh tich hop danh gi4 tai nguyén nudc dua trén méi lién két nuéc—ning luong—luwong thuc
(WEF) va ap dung thir nghiém cho ving ha luu song Sai Gon—Ddong Nai. Phuong phap mo
hinh héa 1a phuong phap chinh dugc thuc hién trong nghién ctru nay, b6 mé hinh tich hop
duoc st dung dé nghién ctru danh gia tai nguyén nudc trong mdi lién két 'WEF bao g6m mo
hinh thity vain SWAT, mé hinh can bang nuéc WEAP, va mé hinh kinh té thay vin GAMS.

Tir thé ky 13, cac thanh phd & Chau Au da co hé thong cap nudéc sinh hoat. Khi d6 trén
thé gidi chwa co cac loai hoa chat phuc vu cho viéc keo tu xir Iy nuge mit, ngudi dan da xay
dung cac bé lang co kich thudc rat lon (gan nhu 1ang tinh) méi lang duoc cac hat can nho be,
cong trinh xur Iy cdng kenh tén nhleu tién va sirc luc cho viéc xay dung, chiém nhiéu dién
tich dat. Ngay nay, vdi tdc do phat trién khoa hoc cong nghé, ki thuat cap nuc ngay cang dat
t6i trinh d9 cao va con tiép tuc phat trién. Thiét bi dung nuéc trong nha ludn dugc cai tién dé
phu hop va thuan tién cho nguoi s dung. Ngay nay, ky thuat dién tir va tu dong hoa ciing
dugc sir dung rong rai trong cap nuéc va xir Iy nudc. Co thé néi ki thuat Cap nudce da dat dén
trinh d6 rat cao vé cong nghé xir Iy [14]. Cac nuéc My, Nhat Ban, Han Qudc va mét sé nudce
phat trién di c6 nhitng nghién ctru cong nghé xtr Iy nudc mit, nude mua dé phuc vu cho sinh
hoat tir nhitng nam 2003, nhu cong nghé loc str dung cac loai vat lidu loc tién tién.

Déi v6i nhitng ving khan hiém nuéc thudc cac ving nui cao thudng cé it s lidu quan
trac. Viéc tinh toan dong chay v61 do tin c@y trong cac luu vye khong c6 hoac it s lidu dong
chay la mot bai toan nhiéu thach thire. Cac nha thuy van dang khong nging nd luc dé phat
trlen cac phuong phap/ chién lugc (strategies) tinh toan dong chay cho cac luu vuc khong co
sO lidu tir nhimg nam 1970s, dic bi€t sau khi Hi¢p hoi Qudc té khoa hoc thuy vin (IAHS,
2003) ban hanh mét sang kién vé du béo luu lugng cho luu vuc khong ¢ tram quan tric
(Predictions in Ungauged Basins — PUB) vao nam 2003, v4i muc dich dy doan hay dy bao
cac phan tng thuy van trén luu vuc khong c6 hodc it tram do va tinh bét dinh cua gia tri tinh
toan. Tlr sau d6, c6 nhiéu cach tiép can da duogc phét trién dé tinh todn dong chay mit cho luu
vuc khong c6 tram quan trac. Nham b khuyét cho cac tai liéu quan tric KTTV trén mat dat o
nhitng luu vic kho khan (mién nui, ving sau vung xa, dia hinh chia cat,...) mot s ngudn sb
liéu mai, phuong phap mdi da duoc sur dung nham nang cao két qua tinh toan ciia mo hinh
thuy van ¢ nhimg luu vue thiéu tram quan trac nhu mo hinh SWAT. Pay 1a hudng tiép cin co
thé ap dung tinh toan cho ving dia ban tinh Son La. Viéc danh gia xac dinh trr lugng nudc,
chat luong nudce cho mot ving, mot luu vue da duge nghién ctru tai mot sd nude trén thé gisi,
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tuy nhién viéc phan tich danh gia vé dic diém dia hinh, dia mao va ciu trac dia chét, kién tao
trong viéc hinh thanh trit lwvong nudc mat nudce duoi dét, dic biét cac tinh mién nai Tay Bic
chwra nhiéu, trong d6 ¢6 tinh Son La.

Son La 1a mot tinh mién nui phia Tay Béc Viét Nam, c6 dién tich tu nhién 14174 km?
(Nién giam thdng ké 2021), ¢6 toa d6 dia Iy: 20°39°—22°02’ vi d Bic, 103°11°~105°02° kinh
d6 Pong chiém 4,27% tong dién tich Viét Nam. Son La ¢6 35 sudi 16n; 2 séng 16n 1a song Da
dai 280km v&1i 32 phuy luu va song Ma dai 90km v6i 17 phu luu. Mat @6 song sudi 1,8 km/km?
phan b khong déu, song sudi c6 d6 doc 16n, nhiéu thac ghénh. Mua lii tir thang VI dén thang
X, cac nhanh thuong luu thudng tir thang 5 di c6 xudt hién 1d som va cac nhanh ha luu xuat
hién i mudn vao thang XI, tong lvong dong chay mua 1 chiém 65-80% dong chay nam. Tai
nguyén nudc mit cua toan tinh Son La hang nam vao khoang 19 ty m® tap trung vao hé thong
song chinh 13 song Da va song Mi. Tong luong dong chay trong 5 thang mua i chiém
khoang 80% tong luong dong chay nam, dong chay 16n nhat thuong tép chung vao thang 8
hang ndm, cac thang kiét nhit thuong xay ra vao thang III [15]. Ngudn nudc dudi dt trén dia
ban tinh Son La ton tai dudi 2 dang chu yeu 13 tang chira nugc khe nit — khe nut Karst phan
bb trén dién tich khoang 140.000 km? (chiém 99,88%) va ting chira nudc 16 hong phan b
trén dién tich khoang 172 km? (chiém 0,12%). Toan tinh Son La c6 tong trir luong dong tu
nhién ciia cac tang chira nude (3.980.445 m3/ngay) [15].

Do diéu kién dia hinh nti cao, d6 dc 16n, chia cit manh nén c6 nhimg ving dic biét kho
khan vé ngudn nudc, gay kho khin cho san xudt va sinh hoat ctia nhan déan trong ving, dic
biét trong bdi canh bién doi khi hau, gia ting cac hinh thé thoi tiét cuc doan, gay 1d, ngap lut,
han hén, thiéu nudc. Trong nhimg ndm qua Chuong trinh nu6e sach nong thon da hd trg
ngudi dan lay nude tir cac con sudi cao qua hé thong nudc ty chay nhung chi qua mét tran
mua 1t 1a cac cong trinh bi vui lap, hu hong, khong c6 kinh phi dé stra chira. Tinh trang thiéu
nude sinh hoat, san xuat anh huong doi séng cua nguoi dan, dac biét nhitng vung khan hiém
nude, doi hoi phai nghién ciru tim kiém nguon nudc mat, nude dudi dat dé cung cip nudc
sinh hoat & cac ving nui cao, ving khan hiém nuéc 1a nhiém vu can thuc hién mot cach bai
ban, co tinh cip bach va lau dai. Pac biét theo Quyét dinh s6 900/QD-TTg cua Thii tuéng
chinh phu ngay 20/6/2017 vé viée phé duy¢t danh sach xa dac biét kho khan, xa bién gioi, xa
an toan khu vao dién dau tu cua chuong trinh 135 giai doan 20172020 thi trén dia ban tinh
Son La c6 118 xa dic biét khé khan thudc dién dau tw, gdm 7 xa huyén Yén Chau, 15 xa
huyén Phu Yén, 7 xa huyén Sép Cop, 10 xa huyén Van H), 14 x4 huyén Bic Yén, 13 xi
huyén Muong La, 22 xa huyén Thuan Chau, 8 xa huyén Mai Son, 5 xa huyén M¢c Chau, 15
x@ huyén song M4, 2 xa huyén Quynh Nhai. Trong cac xa ddc biét kho khan néu trén thi c6 20
xa dic biét thiéu nude sinh hoat thudc cac huyén Bic Yén (Hong Ngai, Chim Van, Hua Nhan,
Lang Chéu), Muong La (Chiéng Muén, Chiéng Lao, Hua Trai, Nam Gion, Pi Toong, Ta Bu),
Phu Yén (Huy Tan), Quynh Nhai (Muong Sai), song Ma (btra Mon, Nam Ty), Sbp Cop (Sam
Kha), Thuén Chau (B6 Mudi, Co Tong) va Yén Chau (Chiéng Pong, Chiéng Tuong), Van
H6 (Long Ludng).

Hién nay, nhiéu mo hinh khai thac st dung ngudn nude da va dang duge ap dung trén cac
ving nai karst nhu cac giéng dao, giéng khoan, mach 16, hd treo...Mic du cac md hinh khai
thac ngudn nudc da mang lai nhitng hiéu qua nhét dinh tuy nhién nhidu mé hinh do khong
duoc nghién ctru, tinh toan chi tiét dic biét vé ngubn nudc nén hi¢u qua cong trinh chua cao,
chua phat huy hét hiéu qua st dung. Do d6 dé thyc hién duoc giai phap khai thac, s dung
ngudn nude bén viing can phai co nhitng nghién ctru sdu hon vé nguén nudc. Cac két qua
hién méi chi tap trung vao diéu tra tai nguyén nudc vung khan hiém nudc, nhiéu s6 lidu diéu
tra co ban chua néu ra duge cic ngudn hinh thanh trit lugng nude dudi dat, quy luat phan bd
va van dong cia nude ngam khu vire phan bd karst, kha nang tang trir lwong khai thac va khai
thac bén virg ngudn nude nhu thé nao. CAc nghién ciru cling chua c6 nghién ctru dénh gia
téng hop tai nguyén nudc mit, nudc dudi dat, xac dinh trit luong c6 thé khai thac, dién bién
muc nudc theo thdi gian, phan ving kha ning khai thac ngudn nuéce phuc vu cho cap nudc
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sinh hoat va san Xuét nong nghiép, dac biét trén dia ban tinh Son La. Chua c6 nhiéu nghién
ctru p dung cac céng cu méi, md hinh méi, cong nghé hién dai dé danh gia du bao dong chay
dén bang mé hinh mua dong chay co xem Xxeét dén anh hudng cua bién dbi khi héu, dac biét
trén dia ban tinh Son La. Do nudc ngam dugc hinh thanh, phan bd va van dong rat phirc tap
do d6 viéc ap dung cac phuong phap khai thac, sir dung can c6 giai phap cu thé, khoa hoc dé
dam bao tinh bén virng. Tuy tung vung, diéu kién cu thé co thé 4 ap dung cac phuong phap khai
thac st dung nhu giéng dao, giéng khoan... Tuy nhién cho dén nay van chua c6 mot cong
trinh nao nghién ctru, danh gia tinh bén vitng trong viéc khai thac, str dung ngudn nudc tai
ving ndi Tay Bic bang cac md hinh khai thac giéng dao, giéng khoan, mach 16... Cac giai
phap ky thuat quan 1y va khai thac dam bao ngudn nudc sinh hoat cho sinh hoat va néng
nghiép cho cac khu vyc thiéu nude khu vye Tay Bic noi chung va trén dia ban tinh Son La
chua cu thé, mang tinh bén ving, co hi¢u qua.

Chinh vi vay, viéc dé xuat co s khoa hoc x4c dinh ngudn nudc va giai phap cap nudc
sinh hoat va néng nghi€p cho khu vuc thleu nudc trén dia ban tinh Son La 14 can thiét va cap
bach, gop phan phat trién bén viing kinh té x4 hoi trén dia ban tinh Son La. Muyc tiéu nghién
ctru nham xac dinh dugc trir lugng ngudn nude cho khu vuce thiéu nuoc trén dia ban tinh Son
La tir d6 Dé xuat duogc giai phap ky thuét quan 1y va khai thac ngudn nudce cho sinh hoat va
néng nghiép cho khu vyc thiéu nudc trén dia ban tinh Son La lam co s¢ khoa hoc trién khai
cac du an dau tu dé dat duoc chi tidu cap nudce theo Nghi quyét s6 15/NQ/DH.

2. Phuong phap nghién ciru

2.1. Khu vuc nghién ciru

Nghién ctru dugce thuc hién tai 20 xa ddc biét kho khan thudc céc huyén Bic Yén (Héng
Ngai, Chim Van, Hua Nhan, Lang Chéu), Mudng La (Chiéng Muén, Chiéng Lao, Hua Trai,
Ném Gién, Pi Toong, Ta Ba), Phu Yén (Huy Tén), Quynh Nhai (Muong Sai), song Ma (Dura
Mon, Nam Ty), Sop Cop (Sam Kha), Thuan Chéau (B6 Muoi, Co Tong) va Yén Chéau (Chiéng
Pong, Chiéng Tuong), Van H) (Long Ludng) (Hinh 1).
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Hinh 1. Ban dd dia hinh tinh Son La va cac tram KTTV thudc khu vue nghién ctru.

Tuy nhién, theo quan diém tiép cap tong hop vé quan 1y ngudn nude nén nghién ciru ndy
tap trung danh gid ngudn nudce trén dia ban tinh Son La, tir d6 tap trung phan tich k¥ nguon
nuoc tai 20 xa dac biét khé khan néu trén. Son La 1a mdt tinh mién nai phia Tay Bac Viét
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Nam, c6 dién tich ty nhién 14174 km? (Nién giam théng ké 2021). Son La c6 do cao trung
binh 600-700 m so v6i muc nudc bién, ¢6 dic diém dia hinh rat phirc tap, bi chia cit manh
tao thanh 3 ving sinh thai: Ving truc qudc 16 6, ving hd song Da va viing cao bién gidi, c6 do
déc 16n véi 97% dién tich ty nhién thudc luu vuc song Pa, song Ma, xen k€ gitra nhimng day
nui la nhimg thung ling long chao voi dat dai thuan loi cho phat trién nong nghiép, dién hinh
1a nhitng canh dong lua nudc 16n, vira va nhé c¢6 quy mé tir 300-1000 ha do phu sa cac con
sudi bdi dédp tao thanh. Mua tap trung vao cac thang 7 va 8 (khong c6 bio), thinh thoang co
gidng va mua d4, lugng mua trung binh hang nam 1a 1.276 mm. Téng lugng mua trong nim
trong toan tinh bién ddi tir 1200-2800 mm, thang c6 lwong mwa nhé nhat thudng tap trung
vao thang 12 va thang 1. Tong luong nudc mua trén toan tinh 1a 19,78 ty m® mdi nam [15].

2.2. Phuong phap nghién ciru

Phuong phap ké thira, thu thap tai liéu, xur ly thong ké cac s6 liéu diéu tra, diéu tra thyc té
dugc ap dung vao ndi dung 1: Thu thép, tong hop tai lidu; so liéu diéu tra, tham do danh gia,
tim kiém, phat hién cac khu vuc co trién vong cung cap ngudn nudc mit, nude dudi dat phuc
vu cho sinh hoat va néng nghiép tai cac khu vuc thiéu nudc trén dia ban tinh Son La. Noi
dung nay tap trung vao 20 xi thiéu nudc (Quyet dinh 40/Qb-UBND ngay 01/9/2020 cta
UBND tinh Son La), tir 46 dé c6 kién nghi, khuyén nghi va giai phap tham do, khai thac hop
ly, bén viing cho cac ddi tugng nay.

Phuong phap mé hinh toan: Nghién ctru sir dung mé hinh SWAT dé tinh toan danh gia
dong chay mat va dong chay ngam cho cac tiéu luu vuc trén dia ban tinh Son La. Cong cu
danh gia dat va nudc (Soil and Water Assessment Tool-SWAT) 14 mé hinh thity vin ban phan
bd duoc phat trién dé du bao tac dong cuia su thay ddi s dung dat dén nudce, x6i mon, van
chuyén bun cat, va lugng hoa chat sinh ra tir hoat dong néng nghiép trén nhiing luu vuc [16-
17]. M6 hinh SWAT duoc xay dung dua trén ban chat vat Iy cua hién tugng ty nhién va sir
dung cac phuong trinh twong quan, hdi quy dé mo ta mdi quan hé giita théng sd dau vao
(dat/tham thyc vat, dat, dia hinh va khi hau) va bién sé dau ra (luu luong dong chay (dong
chay mat, dong chay ngam), x6i mon, van chuyén bun cat, chat luong nudc...). Qué trinh md
phong tai mot luu vye chia thanh hai pha chinh [18]: (1) Pha dat ctia chu trinh thuy van: kiém
soat lwong nude, bun cat, dinh dudng va thude trir siu duoc dua tir trong mdi tiéu luu vuc ra
song chinh; (2) Pha nudc cia chu trinh thay van: kiém soat qua trinh di chuyén cia dong
nudc, qué trinh boi lang, chét dinh dudng, thude bao vé thuc vat dién ra thong qua hé thong
song ngdi cta luu vue dén ctra ra luu vuec.

M6 hinh SWAT duoc sir dung dé mé phong luu luong dong chay mat va dong chay
ngam cho cac tiéu luu vyc trén dia ban tinh Son La. Trong m6 hinh SWAT, téc gia da dung
hai phuong phap duong cong thim SCS [19] va phuong trinh tham [5] dé xac dinh luong
mua hi¢u qua. Phuong trinh dong chay SCS 1a phuong trinh thuc nghiém, n6 dugc xay dung
tir nhitng ndm 1950, dung dé xac dinh luong dong chay mit dudi diéu kién khac nhau vé st
dung dét va loai dat. Phuong trinh duong cong SCS dugc viét nhu sau:

G

qurf - (R _ Ia +S) (1)

day

Trong d6 Qsurf 12 luong dong chay mat hay lugng mua hi¢u qua (mm); Raay 12 lwong mua
ngay (mm); lala ton that thim ban dau (mm); S 14 lwong thim cho phép t6i da co thé tri trong
dat (mm).

Trong mo6 hinh SWAT chia dong chay ngam thanh hai thanh phan: nudc ngdm ting nong
hay con goi 1a dong chay sat mat va nu6e ngam tang sdu hay con goi 1a dong chay ngam.
Nudc ngam 1a nude chira trong tang bdo hoa dudi bé miat dat. Nude vao ting bdo hoa chu yéu
do tham. Phuong trinh can bang nudc cho ting sat mat nhu sau:
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aqsh,j = aqsh,j—l + Wrchrg - ng - Wrevap - Wdeep - Wpump,sh (2)

Trong do aqsh, 1a lugng nude trit trong tang sat mat trong ngay thir i (mm); qsh;j- -1 1a lugng
nude trit trong tang sat mit trong ngdy thir i-1 (mm); Wrehrg la lugng nude di vao tang nudc
sat mdt ngay thur i (mm); Qqw la dong chay ngam di vao kénh chinh cua ngay tht i (mm);
Wrevap 12 lugng nude di chuyen vao trong dat (lwong nuGe thleu hut) cua ngay thir i (mm);
Woeeep la lugng nuéde thim tir tang ngam nudc sat mat xuong tang ngam nudc ngam cuia ngay
thir i (mm); Wpump,sh 12 lugng nuéc di chuyén khoi ting nude sat mat do bom trong ngay thir
i (mm).

Phuong trinh can bang nuéc cho ting ngam 1a:

aqdp,i = aqdp,i—l + Wdeep _Wpump,dp (3)

Trong d6 agdp.i 1a lwong nude trik vao tang ngam ngay thi i (mm); agdp,i-1 a lwong nude
trit vao tang ngam ngay thr i—1 (Mm); Waeep 12 luong nude ngam tur tang sat mit vao tang
ngam trong ngay thir i(mm); wWpump.dp 12 lrong nuéc bom ra khoi tang ngam vao ngay thir i
(mm).

2.3. Dir liéu sur dung trong nghién curu

Céc loai dit liéu ddu vao va ngudn thu thap dir liéu dugc thé hién tai Bang 1. Cac ban do
sir dung dit ndm 2014 va nam 2019, ban dd thd nhudng, ban dd6 DEM kich thudc 6 ludi
30x30m duoc st dung dé tinh toan. Thoi gian dé hiéu chinh mé hinh chon nim 2014 12 nam
g v&i trang thai rimg nam 2014 va kiém dinh mé hinh chon nam 2019 14 nim tng véi trang
thai rimg nam 2019.

Bang 1. Cac loai dir liéu can thiét dé chay md hinh SWAT.

TT Loai dir liéu Nguon dir liéu
A Dir liéu khong gian (dudi dang ban do s0) )
1 Ban d6 s6 hda do cao DEM tinh Son La Dir liéu mo6 hinh d¢ cao so (Digital Elevation

model-DEM) vé6i do phan giai 30m x 30m.
(https://earthexplorer.usgs.gov/)
2 Ban d hién trang st dung dit nam 2014 va 2019  S& Tai nguyén va Méi trudng tinh Son La
trén tinh Son La, ty 1€ 1:100.000
Bén d6 th nhudng tinh Son La ty 1& 1:100.000 S& Tai nguyén va Moi truong tinh Son La
Ban d6 thé hién mang ludi song sudi, tram do khi Cuc do dac ban dd
tuong thiy van, hd chia trén luu vuc ty 18
1:100.000
B Dt liéu thudc tinh (dudi dang database):
1 Mua, nhiét d6 cua cac tram: Moc Chau, Son La, Dai khi tugng thiy van khu vuc Tay Bic
Séng Ma, Co Noi, Yén Chau, Phu Yén, Bic Yén,
Thac Moc, Ta Khoa, Ta B, Van Yén, Sudi Tan,
Km46, chudi s liéu tir 1970-2021
2 Luong bdc thoat hoi nude tiém ning thang ETo, Dai khi tuong thuy vin khu vue Tay Béc
dugc tinh toan tir cac yéu t khi tuong (Nhiét do, do
4m, sb gid ning, téc do gi6) theo Penmam —
Monteith, sau d6 chuyén ddi thanh gi tri ngay theo
phan phdi ctia bdc hoi Piche
3 Chudi s6 lidu lwu lugng ngay tai cac tram thily van  Dai khi tugng thiy van khu vuce Tay Bac
Xa La, Ta Bu, Ban Cudn dé mé phong va kiém dinh
md hinh.

~ w

_ Sudung ban dd s6 d6 cao (Dem), mang ludi tram thuy van dé chia thanh cac tiéu lru vye
bang cac cong cu cuaArcgis. Cac loai ban do st dung trong mé hinh SWAT duogc the hién
trong cac hinh 2-3.
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Hinh 3. (a) Phan c4p loai hinh sir dung dit tinh Son La cho mé hinh SWAT; (b) Phén cép loai dat tinh
Son La cho m6 hinh SWAT.

2.4. Cdc tiéu chi xdac dinh khu viee khan hiém nwée, khé khéin vé nguon mwde va phan ving
kha nang khai thac.

2.4.1. Theo tiéu chi vé ngudn nudc

al. Panh gia mirc d¢ kho khan vé ngudn nudc

Theo béo cao Hoi dong qubc gia vé tai nguyén nudc, theo tiéu chuan qudc té, tuy theo
mirc nude binh quan dau nguoi c6 thé danh gia & cac mirc: Mirc ¢6 du nudce dung; Mirc thiéu
nuodc xay ra khong thuong xuyén hodc chi 1a cuc bd; Muc khan hiém nuéc, han ché d6i véi
viéc phat trién kinh té, stc khoe con nguoi va phuc loi xa hdi; va mtc de doa cudc séng.

Bang 2. Mtc danh gia tai nguyén nudc mit theo binh quan dau ngudi.

TT Mikc binh quain diu nguoi Mirc danh gia
1 < 500 m¥nguoi/nim Ngudng de doa cudc sdng
2 Tir 500-1000 m3/ngudi/nam Khan hiém nuéc
3 Tir 1000-1700 m¥/ngudi/nam Thiéu nuée
4 Tir 1700-4000 m¥/ngudi/nam Thiéu nude cuc bo
5 > 4000 m*/nguoi/nam bu nudc dung
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Ngoai ra, theo hoi nghi Vacsava vé nude nim 1963, dé danh gia mirc d6 thiéu nude c6
thé st dung hé s6 C biéu thi mirc d6 thiéu nude nhu sau: Hé s6 C 1a ty I¢ gitra téng lugng dong
chay trong nam cua khu vuc trén téng lugng nudc ti€u thu cud khu vuc do, tinh theo tiéu
chuén 250 m® mot dau nguoi.

C=—. —>_ (4)
250 sO nguoi
Trong d6 W 1a téng lugng nudc trong khu vye tinh toan.

Bing 3. Danh gia tai nguyén nudc mit theo hé sé C.

TT H¢ s6 C Mikc danh gia
1 <5 Thiéu nude nghiém trong, can co bién phéap khan truong cung cap
thém
5+10 Ngudn nudc rat han ché, can phai din tir ngudn khac
10+ 20 Béo d¢am ngudn nudc nhung phai phan phéi hop 1y
>20 Khu vye dam bao cip nude cao

a2. Panh gia theo gia tri modul dong chay

Dong chay nam trung binh nhiéu ndm san sinh trén lanh thé nudc ta c6 modul dong chay
bién d6i tir 10+80 1/s-km?, trung binh toan qudc 1a 30 1/s-km?. Theo bang phéan cp danh gia
tai nguyén nudc mat dua vao modul dong chay nhu sau:

Bang 4. Mtc danh gia tai nguyén nudc mit theo modul dong chay MO [6].

TT Pham vi ctia Mo Mibc danh gia

1 <10 l/s—km? Hiém nudc

2 T 10 I/s—=km?dén <201/s—km?  Thiéu nuéc

3 T 20 /s—=km?dén <401/s—km?  Pu nudc

4 Tur401/s—km?dén < 601/s-km?  Tuong ddi gidu nudc
5 T 60 I/s—km?2dén 80 I/s—km? Giau nudc

b) Theo tiéu chi ving dong bao dan toc thiéu sb, diéu kién kinh té kho khin

Céc x4 viing cao 1a cac tinh mién nui ¢6 nhiéu dong bao dan tdc thiéu sb sinh sdng hién
nay luén 1a nhiing ving dic biét kho khin vé nude sach va vé sinh méi truong nong thon.
Viéc tim kiém ngudn nude sach va giai phap cdp nude nham thuc diy phat trién kinh té—xa
hoi ¢ nhidu dia phuong gép phan xoéa doi, giam ngheéo cho ngudi dan.

¢) Tiéu chi phu hop tap tuc khai thac nudc mua, nudc mét cua nguoi dan

Luong mua phan bd trén dia ban tinh Son La thudc loai trung binh ~nhung khong dong
déu theo khong gian, bién dbi tir 1.100 mm dén 1.700 mm theo céc tiéu ving quy hoach.
Toan tinh c6 lugng mua trung binh nhleu nam (Xo) vao khoang 1.400 mm/nam va tong luong
nude mua trén toan tinh 1a 19,78 ty m® mdi nam. V&i téng lwong nude mua trén thi binh quan
1a 1,4 triéu m3/km?.nam. Lugng nudc mua dén luu vuc bién ddi rat manh theo khong gian,
lwong mua 16n nhat tap trung tai khu vue tim mwa Tam Puong va Sin Ho (khu vyec tiép giap
v6i tinh Lai Chau thudc cac huyén Quynh Nhai, Mudng La, Bic Yén) do anh huong cia dia
hinh.

3. Két qua va thio luin

3.1. Thiét lgp mé hinh SWAT cho cdc luu viee séng tinh Son La

- V6ibo sé liéu s dung cho mo hinh SWAT duoc thépg ké trong bang 1, sau khi nhap vao
80 liéu ban d6 do cao so hoa DEM, DEM duoc sur dung dé phac hoa qéc dac diém dia hinh cua
luu vuc va xéac dinh céc thong so thuy van cua luu vue nhu 1a: d¢ doc luu vye, tich lily dong
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chay, huéng dong chay, mang ludi song... Sau khi tinh toan cac tham sé ciia luu vuc con,
tién hanh chong ghép ban d6 str dung dét, ban d6 thd nhudng dé tinh toan phan tram ting dién
tich sir dung dat va phan trim ting loai dét trén cac luu vuc con d6. Dic tinh thd nhudng bao
gbm thanh phan, d6 day mdi 16p, 46 dan thAm thiy luc duoc nhan dién & cic mau duoc tap
hop & cac 16p khac nhau. Tiép theo, nhap cac sb liéu vé khi twgng, thity vin, cai dit khoang
thoi gian tinh toan (thoi gian bt dau va két thic), lva chon phwong phap tinh bdc hoi, phuong
phap dién toan, budc thdi gian tinh toan.... sau do tién hanh chay chuong trinh. Néu két qua
giita tinh toan va thuc do chua phu hop, tién hanh hiéu chinh, kiém dinh mé hinh. Két qua
phan chia tiéu luu vic dé tinh toan 1a 215 tiéu luu vue, trong d6 tiéu luu vuc ¢6 dién tich nho
nht 1a 2,97 km?, tiéu luu vuc ¢6 dién tich 16n nhat 1a 193,57 km?, dién tich cac tiéu luu vuc
trung binh 1a 70 km?. Két qua phén chia cac tiéu luu vuc dé tinh toan dugc thé hién trén hinh
4,
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Hinh 4. Phan chia céc tiéu luu vuc trén dia ban tinh Son La.

3.2. Ddanh gid két qua mé hinh SWAT cho cdc luu viee séng tinh Son La

Hiéu chinh mé hinh nham x4c dinh cac thong s6 ctia mé hinh dé cho dudng qua trinh tinh
toan phu hop nhét voi dudng qua trinh thye do. Viéc hiéu chinh md hinh co6 thé dugc tién
hanh bang hai phuong phap: Phuong phap thir sai hoac phuong phap t61 wu. Phuong phép thir
sai dung dé do tim bo thong s cho luu vuce can tinh toan. Dé danh gia sy phu hop gitra duong
qué trinh thyc do va duong qua trinh tinh toan, st dung chi tiéu NASH, PBIAS, va h¢ so R.
Céc thong sd duge chia 1am cic nhom thong sb sau:

+ Thong s6 tinh qua trinh hinh thanh dong chay mit bao gdm: tinh lwong mua hiéu qua,
tinh Iuu luwong dinh 4, tinh hé s tré dong chay madt;

+ Thong sé tinh toan dong chay mat;

+ Thong s6 dién toan trong kénh. Céc thong sé dong chay ngam trong mé hinh SWAT
bao gobm: GWQMN: agshthr g la ngudng sinh dong chdy ngam (mm) (trong file *.gw)
ALPHA BF: agw la hé sb trlet giam dong chay ngam (trong file *.gw); REVAPMN: agsthr.nvp
la ngudng sinh dong thim xudng tAng ngdm nudc sau (mm) (trong file *.gw).
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Bang 5. BO thong s6 mo phong mo hinh SWAT.

19

Nhom théng sé (img véi trang thai rirng 2014)

Théng sb

Qua trinh hinh thanh

dong chiy mit

Dong chay ngim

Dién toan trong kénh

CN2: Chi s6 CN g v&i didu kién 4m II
SOL_AWC: Kha nang trit nudc cua dat
SOL_K: Ksat @6 dan thuy luc & truong
hop bao hoa
OV _N: Hé s6 nham Manning cho dong
chdy mat
CH_K(1): Hé s6 dan thuy lyuc ciia kénh
dan
CH_N(1): Hé s6 nham kénh dan (mm/h)
SURLAG: Hé s6 tré dong chay mat
ESCO: Hé s6 bdc hoi cua dét
GWQMN: Ngudng sinh dong chay
ngém
ALPHA_BF: H¢ s6 triét giam dong
chay ngim
GW _DELAY: Thoi gian trit nuéc ting
ngém (ngay)
CH N(2): Hé s nham cta kénh chinh
CH_K(2): Hé s6 dan thuy lyuc ciia kénh
chinh (mm/h)

CN2 =65
SOL_AWC = 0,10
SOL_K1=0,01
SOL_K2 =200
OV_N=20
CH_K(1) = 0,01
CH_N(1)=07
SURLAG = 0,5
ESCO=0,5

GWQMN =5

ALPHA_BF = 0,022

GW_DELAY=10

CH_N(2) = 0,05
CH_K(2) = 0,02

Két qua danh gia hiéu qua mé phong luu luong dong chdy tai cac tram thiy vin duoc thé

hién trong bang 6.
Bang 6. Két qua hiéu chinh va kiém dinh mé hinh.
Hi¢u chinh Kiém dinh
3 A A A K Hé Sé
Tram Thuy o Hé sb HEso  ppyas o Heso ong  PBIAS
vian Thaoi gian 2 tuong Thaoi gian Nash
Nash R (%) 2 guan (%)
quan (R) R R)

XaLa 2014 0,89 0,94 9,3 2019 0,86 0,93 9,2
TaBu 2014 0,86 0,93 9,2 2019 0,83 0,91 9,0
Ban Cudn 1967 0,85 0,92 91 1973 0,84 0,92 8,9

Thang
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DUGNG QUA TRINH L0 TINH TOAN VA THUC D0 TRAM XA LA UNG VOI TRANG THAIRUNG NAM 2014

BUGNG QUA TRINH LU TiNH TOAN VA THUC BO TRAM XA LA UNG VOI TRANG THAI RUNG NAM 2018
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Hinh 5. (a) Qua4 trinh Iuu luwgng tinh toan—thyc do tai tram Xa La g vdi hién trang rirng nam 2014
(hiéu chinh mé hinh); (b) Qua trinh luu luong tinh todn—thyc do tai tram Xa La tng véi hién trang
rimg nam 2019 (kiém dinh mé hinh).
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Phan tram triét giam dong chay ngam tram Xa La (ng véi trang thai ritng nam 2019
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Hinh 6. Triét giam dong chay ngam tram X La nam 2019.

3.3. Bdnh gid két qua phdn viing tai nguyén nwde mdt

Duya vao két qua tinh toan mé dun dong chay, cac luu vuc song trén dia ban tinh Son La
c6 ngudn tai nguyén nudce nhu trén hinh 7.

BAN DO TONG LUQNG DONG CHAY NAM CUA CAC TIEU LUU VU'C TINH SON LA (GIAI DOAN HIEN TRANG)

s ‘ .‘ »\' y ;\;
s e Shinss,

=+ : + &

Hinh 7. Ban d tong luong dong chay tai cac tiéu luu vuc giai doan hién trang.

Két qua tinh toan m6 duyn dong chay ndm vung nghién ctru nhu trén cho thay trong ving
c6 su phan b6 dong chay theo khong gian va thoi gian rd rét. Cac xa dac biét kho khan vé
ngudn nudc... md duyn dong chdy nam chi khoang 10+15 1/s/km?. Két qua thé hién trong
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bang 7. Két qua phan tich tai x3 Chiéng Lao nhu sau: X Chiéng Lao thudc huyén Mudng La,
tinh Son La nam & d cao 200-1900 m. Luu lugng dong chay mit trén dia ban xa 16n nhét 1a
0,31 m%/s va nho nhét 13 0,09 m%/s, tiém nang khai thic nudc mat 1a rat thap. D6i v6i dong
chay ngdm, mirc d6 chira nude cia tang dia chét 1a nghéo va khong chira nuée, tiém ning
khai thac ngudn nudc dudi dat cia xi 1a thip. Xa Chiéng Dong thudc huyén Phu Yén, tinh
Son La ndm ¢ do cao 400—1800m. Luu lwong dong chay mat trén dia ban x4 10n nhét 13 2,82
m?%/s va nho nhit 1a 3,84 m%s. Béi voi dong chay ngdm, muic do chira nude cua ting dia chit
1a giau, trung binh (Hinh 8). Tiém ning khai thac nudc ngam & khu vuc nay 1a 1on.

Bang 7. Luu luong dong chay tai cac xa dac biét kho khan trén dia ban tinh Son La.

Luulwgng  Moduyn dong Q tidm niing

Huyén XA Dién tich d(‘)}lg chay chay n{zflt dong ngim
(km?) mit trung trung binh 303
binh (m¥s) (I/s.km?) (m*/ngay)

Héng Ngai 56,75 2,134 37,599 12,2588

PR Chim van 72,35 2,720 37,599 15,6286

Bic Yen Hua Nhan 61,46 1,303 21,205 18,3540

Lang Chéu 55,5 2,087 37,599 11,9888

Chiéng Muobn 81,77 2,671 32,670 18,4324

Chiéng Lao 128,79 4,208 32,670 29,0316

. Hua Trai 98,68 3,224 32,670 22,2443

Muong La Nam Gién 120,55 5,395 44,754 54,4287

Pi Toong 50,06 1,635 32,670 11,2844

Ta Bua 67,38 1,567 23,260 5,9684

Phu Yén Huy Tan 21,15 0,719 33,993 9,3958

Quynh Nhai Muong Sai 60,45 1,654 27,357 21,0227

A~ ~ Pira Mon 136 2,398 17,634 30,2307
song Ma R

Nam Ty 128,38 2,019 15,724 32,6356

Sép Cop Sam Kha 134,03 2,364 17,634 29,7928

Thuan Chau Bo6 Muoi 62,21 1,702 27,357 21,6348

; Co Tong 29,87 0,470 15,724 7,5933

Veén Chau Ch.i‘ﬂéng Dong 71,73 1,668 23,260 6,3538

Chiéng Tuong 68,75 1,458 21,205 20,5310

Van Hb Léng Lubng 63,28 1,342 21,205 18,8975

BAN DO DONG CHAY NAM, DONG CHAY NGAM XA CHIENG LAO, MUONG LA
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Hinh 8. Ban d6 dong chay mit, dong chay ngam xa Chiéng Lao, Muong La.
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3.4. Bé xuat gidi phdp ky thudt quan 1y, khai thiac dam bdo nguon nuée cdp cho sinh hoat,
nong nghiép cac khu viec thieu nwoc trén dia ban tinh Son La

Trén co sé két qua danh gia ngudén nudc bang mé hinh SWAT, két hop véi diéu tra thuc
dia, cac giai phap dé xuit dé quan 1y, khai thac dam bao ngudn nudc cap cho sinh hoat, néng
nghiép cac khu vire thiéu nudc trén dia ban tinh Son La nhu sau: Déi v6i nhitng noi khong co
ngudn mach ngdm va khong duoc cip nudc tu chay thi ap dung giai phap cong trinh thu tri
nude mua quy mé tép trung. Béi voi khu vuc ¢6 ngudn nude mit tir cac hang dong, khe sudi
thi tuy vao chénh léch muc nudce trong hang va dia hinh bé mat ma sir dung bom hit hodc
bom day hoidc c6 thé xay dap chin dong hang dong. Giai phap thuong dung la xay tuong bé
tong cat su vao vach da va xay tuong bang khoan phut vira bé tong. Déi véi vung ¢o nguon
nude mua 16n, nhung d6 dbc cao co thé xdy dyng cong trinh trit nudc bang hd chira. Mot s6
dang hd chtra nhu hd treo duoc dau tu xdy dung kha phd bién ¢ cac ving khan hiém hodc kho
khan khi khai thic ngudn nudc. C6 ba hinh thirc ho treo chii yéu phéan theo vat liéu xay dung
1a hod xay bang da hodc gach dong bang bot da, hd bang bé tong va hd 16t vai dia ky thuat
(HDPE) chong tham, trong d6 cac cong trinh xay dung gan day hoic s& dugc dau tu xay dung
chil yéu thudc 2 loai bé tong hoic 16t vai HDPE. Céc ho treo loai nay thuong duoc xdy dung
& trén cao dé thu gom nudc mua trén sudn nii, nude tir cac khe, sau d6 cap nude tu chay hoic
dan xung quanh c6 thé dén sir dung truc tiép tai ho. Uu diém ctia loai ho nay 1a gi4 thanh ré
hon so v6i cac loai ho khac. Tuy nhién viée xtr Iy tham, ddc biét 1a tham tir day ho 1a rat kho
khan, cac hd thuong bi that thoat mot luong nude rat 16n. Nudc tir bé/ ho treo duogc cip cho
dan theo dang tu chay (v6i vung dudi thap) hodc dong luc (v6i ving trén cao). Poi voi khu
vire ¢6 nguon nude mach 16 dang tu chay sir dung cong nghé thu gom, khai thac nguon nudc
tur chay tir cac mach 16. C6 mot s cong nghé thu gom nhu Cong nghé thu gom nuéc bang tim
chin PVC, Cong nghé thu gom nuéc bang hao thu, Cong nghé thu gom bang bang thu nudc
dang tham loc, Cong nghé thu gom ngudén nudc mach 16 dang tudng chin, M6 hinh cong
nghé thu gom nudc mach 16 béng dap tran, M6 hinh cong nghé thu gom nudc mach 16 dang
bé thu... C6 thé 4p dung riéng 1¢ timg cong nghé hodc két hop ap dung mot sé cong nghé cho
tung vi tri.

4. Két luin

Két qua nghién ctru cho thay véi cach tiép can sir dung mo hinh SWAT két hop véi diéu
tra thuc dia, dong gop y kién cua cac chuyén gia d3 mo6 phong dugc lugng dong chay mit va
dong chay ngam cho cac tiéu luu vuc trén dia ban tinh Son La. M6 hinh SWAT duogc xay
dung cho 12 luu vuc song sudi va cho 215 tiéu luu vuc. Céc chi s NSE, RSR va PBIAS cho
thdy mo hinh SWAT c6 do tin cdy tot trong mo phong luu lugng dong chay. Ban d6 phan
vung ngudn nudc chi tiét dén cip xa duoc xay dung dua trén cac két qua mo phong. Céac giai
phép dua ra co tinh thyc tién va kha thi cao dua trén nhiing két qua nghién ciru m6 phong cua
m6 hinh. Tuy nhién, do han ché vé mit s6 liéu dé hiéu chinh, kiém dinh mo hinh nén c6 thé
tao nén su bat dinh cao va d¢ chinh xdc trong wdc lugng, phén vung dong chay, dac biét d6i
voi dong chay ngam. Véi phuong phap m6 hinh két hgp voi s6 liéu diéu tra khao sat thuc dia
thi két qué cling cho d9 tin cdy nhat dinh, nhung vé&i diéu kién nang cao do chinh xéc khi thuc
hién cac giai phap cu thé cho cac ving thiéu nudc cin bd sung quan tric lwgng mua, dong
chay, ngu6én nudc manh 19, dé tir do tinh toan thiét ké cac giai phap cong trinh mgt cach chinh
xéc, dé dam bao giai phap dé xuat 1 phu hop, hiéu qua, tranh ldng phi ngudn luc dau tu.

Pong gop caa tac gia: Xay dung y tudng nghién ctru: N.D.L., L.T.T.H., CV.T., Q.T.D,,
N.Q.T.; Lua chon phwong phap nghién ctru: P.T.H.L.; Xir Iy s6 liéu: N.Q.T., Q.T.D.; L.T.T.,
Xac dinh tiéu chi: N.D.L., LT.T.H., C.V.T., P.T.H.L.; Viét ban thao bai bao: N.D.L.,
L.T.T.H.,, P.T.H.L.; L.T.T.; Chinh sua bai bdo: N.D.L., L.T.T.H., P.T.H.L., N.Q.T.
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Loi cam on: Nghién ctru ndy dugc thyc hién dudi sy tai trg cta dé tai nghién ctru khoa hoc
cap tinh theo quyét dinh s6 1948/QD-UBND ngay 14 thang 8 nim 2021. Bén canh do, tap thé
tac gia tran trong cam on sy giup d& cua cac xa dac biét kho khan trong qua trinh khao sat va
thuc hién nghién clru nay.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap loi ich trong nhom tac gia.
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Research on scientific basis to identify water sources and
solutions for domestic and agricultural water supply for water
shortage areas in Son La province
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Thuy?!, Quang Thi Duyen®, Pham Thi Huong Lan*
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% People’s Committee of Muong Trai Commune; gthiduyen.nnml@gmail.com
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Abstract: Identifying water sources and domestic and agricultural water supply solutions
for area facing shortage of domestic and agricultural water in highlands and areas facing
water scarcity, especially in Son La province, is necessary and aligned with the
Government's policy according to Decision No. 264/QD-TTg dated 2/3/2015. The study
uses a combination of methods including statistical analysis and synthesis, field survey,
mathematical modeling and expert methods to identify water sources for extremely difficult
communes in Son La province, thereby proposing models of sustainable exploitation and
usage of water sources based on a set of criteria on water sources, exploitation conditions,
socio—cultural, environmental, economic, technical and technological, management and
exploitation to ensure domestic and agricultural water sources for areas facing water
scarcity in Son La province.

Keywords: Water source; Areas facing water scarcity; Son La.
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Bai bdo khoa hoc
Nghién ctru sy bién doi cwong do xoay thuan nhi€t dd¢i hoat dong
trén Bién Dong trong cac giai doan phat trién

Chu Thi Thu Huwong'", Thao Thi Dg¢*

! Trudng Pai hoc Tai nguyén va Moi truong Ha Noi; ctthuong@hunre.edu.vn;
dohunre.160300@gmail.com

*Téac gia lién hé: ctthuong@hunre.edu.vn; Tel.: +84-981244579
Ban Bién tap nhan bai: 5/5/2022; Ngay phan bién xong: 1/7/2022; Ngay dang bai: 25/7/2022

Tom tit: Su bién ddi cuong do xody thuan nhiét d6i (XTND) hoat dong trén khu vuc bién
déng (BP) dugc phan tich trong thoi ky 1991-2020. Két qua cho thiy rang, XTND hinh
thanh trén khu vuc TBTBD thudng ton tai 1au hon, c6 cudng d6 manh va bién ddi nhiéu
hon d6i v&i nhitg XTND hinh thanh trén khu vue BD. Cac XTND hinh thanh va phit trién
trén hai viing bién nay déu trai qua 4 giai doan: Hinh thanh, phat trién, chin mudi va tan ra.
Giai doan hinh thanh thudng kéo dai khoang 30 dén 36 gid, bat du tir khi XTND hinh thanh
|a mot nhidu dong dén ATND véi cudng do tang dan. Cudng do cua ching ting nhanh (Vimax
16n hon 20 m/s) trong giai doan phat trién (khoang 36 dén 54 gid). Trong giai doan chin
mudi (kéo dai khoang 48 dén 72 gio), cudng do XTND bién doi khong nhiéu song thuong
manh hon (Vmax thudng 16n hon 40 m/s) giai doan phat trién. Giai doan tan rd thudng kéo
dai tir 1,5 dén 2 ngay (XTND hoat dong tir 3 dén 9 ngay) va tir khoang 3 dén 4 ngay (XTND
hoat dong tir 9 ngay tré 1én). Trong giai doan ndy, cuong d6 cua ching giam dan va tré
thanh ATND, tham chi 1a ving ap thap.

Tir khéa: Cudng d6 XTND; Bon giai doan phat trién; BD; Bién TBTBD.

1. Mé diu

C6 thé néi, trén thé gidi va ¢ Viét Nam da c6 khong it cac nghién ciru vé su bién doi tan
s6 bao trén dai duong va dd bo vao dt lién cac vung. Bén canh d6, mot s6 nghién ctru con
giai thich co ché hinh thanh cung nhu cac nhan t6 tac dong dén hoat dong cta nd. That vy,
SST ¢6 anh huong khong nho dén cuong do bio [1-4]. Theo Zhan va cs (2011), ENSO va di
thuong nhiét d6 mat bién (SSTA) ¢ phia Bong An B Duong ¢6 vai trd quan trong dén su
phat sinh XTND trén Tay Bac Thai Binh Dwong. Khu vyc hinh thanh XTND ¢6 xu thé dich
hon sang phia dong, XTND c6 cuong do manh cling thuong xdy ra trong nhitng nam El Nino
[5]. XTND sé& giam (ting) twong ung v6i do dut gio tai doi luu han manh (yéu) [6]. Wang
Lei va cs (2016) thi cho rang, ¢6 khoang 70,5% s6 con bao hinh thanh trén ranh gié mua va
doi gi6 dong trén khu vuc BD [7].

O Viét Nam, c6 rat nhiéu Nha khoa hoc da quan tim dén s6 lugng XTND hoat dong trén
cac khu vyc bién tay bic Thai Binh Duong (TBTBD), Bién Dong (BP) hay d6 b vao ving
ven bién va lanh tho Viét Nam. Cac tac gia cho rang, mua bio trén khu vic TBTBD thuong
bét dau tir thang 4 dén thang 1 nam sau [8] v&i trung binh 29 con bio va 6 ATND [8], 25 dén
26 XTND [9].... Nhitng ndm gin ddy, mua bdo hoat dong trén BP thudng bat dau sém hon
va két thiic mudn hon [10]. Mua bio thuong dich dan tir Bic dén Nam va bit dau tir thang 5
dén thang 12 [11] hay tir thang 6 dén thang 11 [9, 12] v6i tAn sudt 16n hon trong cac thang 8,
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9 [8-9] va ca thang 10 [11]. Trong mua bdo, trung binh mdi thang c6 khoang 0,5 con XTND
d6 bd vao Viét Nam. S6 XTND 16n nhit xay ra trong thang 9 (khoang 1,6 con) [13]. Riéng
trong thang 5 va thang 12, clr 2 ndm c6 mét con bao, ATND hoat dong [12]. Béo thuong hoat
dong nhiéu nhét trén ving bién tir Quang Ninh d&én Ha Tinh (khoang 3-5 con/ndm) va giam
dan & cac ving bién phia Nam (chi khoang 0 t&i 3 con bdo/nim trén ving bién Quang Binh
dén Binh Thuén) [9]. Nhin chung, XTND hoat dong trén bién BD va TBTBD déu ting 1én
trong nhitng ndm La Nina va giam di trong nhitng ndm El Nino [11, 14-16]. Hon nira, trong
thoi ky El Nino/La Nina, XTND thuong di chuyén vé phia Dong/T4y va vi tri hinh thanh cta
n6 c6 xu huéng dich 1én phia Bic (vé phia vi tuyén 20°N va gan hon vé phia kinh tuyén
130°E) hay xuéng phia Nam (10-15°N va dich xa hon vé phia kinh d6 150°E) twong tng
[15]. Mat khac, XTND thuong tap trung vao cac thang 7, 8, 9 (trong nhitng nam El Nino), va
vao cac thang 9, 10, 11 (trong cac ndm La Nina) [ [16].

Vé cuong d6 XTND, céc tac gia cho rang, bio va bio manh chiém khoang 35%, con béo
rat manh 1én toi 48% [8] hay 55% [9]. Trén BD, mua bio thuong bt dau mudn va két thuc
hon trén bién TBTBD khoang 1 thang [8-9, 14] va chi c6 khoang 34-35% s6 con bao rat
manh [8-9]. XTND hinh thanh trén BD thuong c6 cudong d6 khong manh, duong di kha phire
tap va toc do di chuyén khong on dinh [14]. Trong thoi ky 19602008, XTND hoat dong trén
BD c¢6 xu thé ting khoang 0,4 con/thap ky. Xu thé ting xay ra chu yéu trén cic ving bién
phia Nam, song lai giam trén ving bién Bic B9 va Bac Trung Bo [10].

Nhu vay, co6 thé théy, nhitng déc diém phan bd ctia XTND hoat dong trén khu vuc BD
dd dugc nhiéu Nha khoa hoc quan tim nghién ctru, song su bién d6i vé cudng do trong céac
giai doan phat trién cia XTND lai hau nhu chua dugc dé cap dén. Trong khi do, didu nay lai
c6 y nghia khong nho trong cong tac du bao bao. Boi thé, su bién d6i vé cuong do XTND
hoat dong trén Bién BD trong cac giai doan phat trién s& duoc dé cap téi trong nghién ctru
nay. Trong do, nhitng dédc diém vé tan s, cuong do, thoi gian kéo dai ciing nhu sy bién doi
vé cudng d6 ciia XTND hinh thanh trén BD va Bién TBTBD tir khi hinh thanh dén khi tan
1 s& duoc phén tich. Thoi gian hoat dong ctia cac XTND hinh thanh trén timg ving Bién
ciing nhu dién bién cudng 46 XTND trong timg giai doan phat trién s& gdp phan danh gia
anh hudng cta cac XTND khi chung hoat dong trén BD va anh hudng dén Viét Nam.

2. Phuwong phap nghién ciru
2.1. 56 liéu

S6 luong va danh sach cac XTND trong thoi ky 1991-2020 dugce thu thap tai Vién Tin
hoc Qudc Gia cta Nhat Ban, duoc tai ve tu trang web: http://agora.ex.nii.ac.jp/digital—-
typhoon/. S liéu chi tiét vé cudong d6 (Pmin, Vimax) 6 gid/1 1an, thoi gian t6n tai, noi hinh thanh
va tan i cta cac XTND trong thoi ky 1991-2020 dugc cung cdp boi Trung tim bio Qudc
gia va Trung tdm bdo Thai Binh Duong thudc Co quan Quan 1y Khi quyén va Pai duong
qudc gia My (NOAA) bao gom: Tén cua XTND. B s liéu nay duogc tai vé tir trang web:
https://coast.noaa.gov/hurricanes/#map=4/32/-80.

Bén canh d6, s6 liéu vé dién bién ciing nhu anh hudng cia cac con bio do bd vao BP va
anh huong dén Viét Nam ciing dugc tong hop tir Dac diém Khi twong Thity van trong cac
nam tir 1993-2020 ciia Trung tdm Dy bao khi twong thiy vin qudc gia. Vi thong tin (vi tri
hinh thanh, két thuc, dién bién cudng d6) cua cac ATND trong mét s6 nim khong day di nén
nghién nay chi thong ké va phan tich dbi voi cac XTND c6 cudng do dat tir cap bio trd 1én.
Céac b sb liéu nay dugc su dung dé phan tich dac diém phan bd cling nhu nhitng bién ddi vé
cuong do cua XTND hoat dong & TBTBD va BD trong thoi ky 1991-2020.

2.2. Phuong phap nghién ciru
2.2.1. Xac dinh phan bé caa xoay thuan nhiét dsi

~ Dic diém phéan b6 cua XTND trong thoi ky 1991-2020 duge xac dinh dya trén cac ngudn
so liéu thu thap duogc. Tur vi tri hinh thanh, cuong d6 cling nhu quy dao cia XTND, nghién
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Clru da thong ké tong sé XTND hinh thanh va hoat dong trén khu vuc BD ciing nhu nhitng
XTND hinh thanh trén bi€n TBTBD roi d6 bo vao BD trong tung thang, nam dé thay dugc
nhitng dac diém co ban cua XTND hinh thanh va phét trién trén tung khu vuc.

2.2.2. Xéc dinh sy bién ddi cuong d6 cia XTND trong cic giai doan phat trién

Trong nghién ctru ndy, ciing nhu nhiéu nghién ctru trude do, khu vue BD duoc xac dinh
trong ving (3-26°N; 100—120°E), phia dong kinh tuyén 120°E duoc xem la khu vuc bién
TBTBD. Tur s6 liéu bio trén khu vuc TBTBD va BD, nghién ctru xac dinh céc con bao hoat
dong trén khu vye. Su bién dbi cuong dg cua ting XTND dugc phan tich trong toan bd thoi
gian hoat dong cta chiing dwa trén téc d6 gié6 manh nhit (Vmax) va khi 4p nho nhit (Pmin)
ving gan tAm bio.

Trong nghién ctru ndy, hoat dong cua cac XTND s& duoc phan tich va tong hop theo
timg thoi gian khac nhau. Trong thoi ky 1991-2020, cac con bdo hoat dong trén BD va bién
TBTBD thudng c6 thoi gian hoat dong tir 3 dén 12 ngay. Riéng cac XTND hinh thanh trén
bién TBTBD, thoi gian hoat dong cua ching co thé 1én toi 18 ngay. Do d6, nghién ciru nay
s& phén tich bién d6i ctia Vmax va Pmin viing gan tam di v6i nhom cac XTND c6 thoi gian
hoat dong nhu nhau. Cu thé, cudng d6 cta cac XTND hoat dong trong lan luot tir 3 dén 12
ngay (trén tung vung Blen) va trén 12 ngay (XTND hinh thanh trén bién TBTBD) da dugc
phan tich chi tiét dé thay rd hon sy bién d6i vé cuong do trong cac giai doan phat trién ctia
bdo. Cu thé nhu sau: (1) Giai doan hinh thanh: Tir mot nhidu dong nhiét doi trén bién, khi ap
giam dan dén khoang 1000mb, va gi6 manh dan 1én; (2) Giai doan phat trién: Giai doan nay
dugc xac dinh ké tir khi ATND manh Ién thanh bdo (Vmax ving gan tam bao tiép tuc ting
nhanh hon cho dén khi né gan nhu khong thay doi, Pmin giam xudng dudi 1000mb); (3) Giai
doan chin mbi Giai doan nay bat dau khi sy phat trién cta bao da hoan tat, Pmin ciing nhu
Vmax vung gan tam bio blen d6i khong nhiéu; (4) Giai doan suy yeu va tan ra: khi bao khong
phat trién nita ma suy yeu trg thanh mot ATND trude khi di chuyén vao dat lién va tan ri.
Khi d6, Vimax s& giam dan, con Pmin & ting dan.

3. Két qua va thao ludn
3.1. Su bién doi vé ciia XTND hoat déng trén BD

3.3.1. S6 lugng XTND

Ciing nhu cac nghién ctru trude do, sb lugng XTND hoat dong trén BD sé& bao gom ca
nhitng XTND hinh thanh trén BD va nhitng XTND hinh thanh trén bién TBTBD sau d6 d6
bd vao BP. Trong thdi ky 1991-2020, c6 tong s6 265 XTND anh hudng truc tiép dén BD,
trung binh mdi nam xuat hién 8,8 XTND (dao dong tir khoang 5 dén 17 con/nam), trong d6
c¢6 khoang 2,7 XTND hinh thanh trén BD va 5,9 XTND hinh thanh trén bién TBTBD. Trong
cac nam El Nino, s6 XTND xuit hién it hon trung binh nhidu nam (TBNN), con trong cac
nam La Nina thi ngugc lai. Cy thé, S6 XTND 1én dén trén 12 con trong cac nim 1993, 1995,
2013, 2017, 2020, tham chi, ndm 2017 con c6 téi 17 XTND, song lai chi c6 5 con xdy ra
trong cac ndm 1997, 2002, 2004, 2005, 2014, 2015. Hon nira, s0 lugng XTND ¢6 xu thé ting
khoang 0,5 con/thép ky, twong tu v6i nghién ctru Nguyen Vin Thang va cs (2009). Mua bio
xuét hién tir thang 6 dén thang 11, tap trung chu y€u vao thang 7, 8, 9, trong d6 thang 9 la
thang c6 nhidu bio nhit véi 50 con. Tir thang 1 dén thang 5 ¢ tan sd bdo nho, tham chi,
trong thang 2 khong c6 con bio ndo. XTND hinh thanh trén BD ciing xuat hién nhié¢u hon
trong cac thang mua bio, dic biét tip trung vao thoi gian tir thang 7 dén thang 9 (dao dong
tir 14 dén 21 con). Cac XTND trén bién TBTBD hinh thanh chu yéu trong thoi gian tir thang
6 dén thang 12, tap trung nhiéu hon tir thang 7 dén thang 11 v6i khoang 15 dén 30 con (Hinh
3).
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Hinh 1. Phan b6 theo thoi gian cia XTND hoat dong trén BD trong thoi ky 1991-2020.

3.1.2. Cuong do cua XTND

Cuong d6 cac XTND hinh thanh trén BD va bién TBTBD duoc chi ra trong hinh 2. Co
thé thay, cuong d6 XTND hinh thanh trén BD thuong yéu hon so véi XTND hinh thanh trén
bién TBTBD. That vy, c6 khoang 51% (45/88 con) cac XTND hinh thanh trén B ¢6 cudng
d6 dat cap bao, con 34% (30/88 con) XTND dat cudng d6 bio rat manh. Song cac XTND c¢6
cuong d6 b&o manh dugc hinh thanh trén bién TBTBD lai chiém t6i 67% (119/177 con), cao
hon gan 2 1an so véi XTND hinh thanh trén BD, con XTND dat cip béo chi chiém 27 (47/177
con). S6 XTND dat cép bdo manh & ca hai khu vuc it hon so véi bao va bio rat manh. Co thé
thdy, cac XTND anh hudng truc tiép trén BD chi yéu dat cudng do cap bdo va bio rat manh.
Céc XTND hinh thanh tir bién TBTBD thudng phat trién thanh bdo rat manh. Trong téng s6
265 XTND hoat dong trén BD c6 t6i 149 (chiém 56,2%) con bio rat manh, 92 (chiém 34,7%)
con bdo va chi ¢6 24 (chiém 9,1%) con bdo manh.

Bién Dong Bién TBTBD

6%
-

Béo Béo
Bao manh Bao manh
Bio rat manh Béo rat manh

Hinh 2. Cudng d6 XTND hinh thanh trén BD (trai) va bién TBTBD (phai).

3.1.3. Thoi gian hoat dong cia XTND

Thong thuong, mdi XTND hinh thanh tir mot nhidu dong trén ving bién nhiét déi phat
trién thanh mot vung ATND. Khi gdp diéu kién thuan lgi, ATND nay phat trién thanh bo.
Céc XTND hinh thanh trén bién TBTBD thudng c6 thoi gian hoat dong lau hon. Chlng
thuong ton tai tir 5 dén 12 ngay (146 con chiém khoang 82%), trung binh mdi con béo ton
tai khoang 8 ngay. Song ciing c6 nhimg XTND ton tai trén 15 ngay nhu con NAT 1991,
ABGELA 1995 NARI 2001, PARMA 2009 va USAGI 2018, tham chi con ABGELA 1995
va PARMA 2009 con t6n tai 1én dén 18 ngay (Hinh 3).

Céc XTND hinh thanh trén BD thuong ton tai khoang 3 dén 9 ngay (79 con chiém
khoang 93%), trung binh 5,5 ngay, song con ANGELA 1992 va MATMO 2019 cting hoat
dong dén 13 ngay (Hinh 3). Nguoc lai, c6 nhirng XTND chi ton tai 1 dén 2 ngay nhu Bio s6
3 nam 2005 chi ton tai tir ngay 11 dén 12/8; Con bio so 6 nam 2006 cling hinh thanh va tan
rd tir ngay 12/9 dén ngay 13/9. Tham chi, con bio s6 5 chi hinh thanh va tan rd ngay trong
ngay 30/8/2005.



Tap chi Khi tiwong Thaty van 2022, 739, 25-33; doi:10.36335/VNJHM.2022(739).25-33 29

XTND thoi ki 1991-2020
TBTBD BD Téng s6

S6 lugng (con)
= N w S () D
o o o o o o

o

3456 7 8 9 10111213 14 15 16 17 18
Ngay

Hinh 3. S6 luong va thoi gian hoat dong cua XTND hoat dong trén BD.

3.2. Su bién doi cuong do XTND trong cdc giai doan phét trién

Nhu ta da biét, XTND hoat dong trén BD dugc hinh thanh trén ca 2 ving bién: BD va
bién TBTBD. Do mdi vung bién ¢6 nhiing diéu kién nhiét, dong luc khac nhau nén thoi gian
hoat dong cling nhu cuong do cia cac XTND ciing khac nhau. Trong nghién ctru ndy, Pmin
V& Vimax tai bé mit viing gan tdm bio cta nhom cac XTND co cung thoi gian hoat dong trén
timg ving Bién s& dugc phan tich dé thiy rd nhirng bién d6i vé cudng do qua cac giai doan
phat trién ctia chiing.

M3di con bdo déu hinh thanh va phat trién sau d6 suy yéu va tan ra khi diéu kién moi
truong khong thudn loi. Thong thuong, nhimg con bao hoat dong it ngay thuong khong phat
trlen manh. That vay, nhimg XTND chi hoat dong trong 3 ngay, cu0’ng d6 ctia no chi phat
trién dat dén cip bao. Pmin trong cac giai doan hinh thanh, chin mudi va tan rd cia XTND
hinh thanh trén bién TBTBD thuong cao hon trén BP, nhung trong giai doan phat trién thi
nguoc lai. Két qua nay ciing phu hop véi nhitng bién d6i cia Vmax. Trong giai doan hinh
thanh (khoang 18 gi6) va tan rad (khoang 12 gi¢), cuong d6 cua XTND hinh thanh trén hai
vung bién gan nhu nhau va chi dat dudi 13 n/s. XTND hinh thanh trén bién TBTBD ¢
cudng do ting nhanh hon trong giai doan phat trién nhung lai it bién d6i trong giai doan chin
mudi. Mic du, cudng d6 bao trén BD manh hon trén bién TBTBD trong giai doan chin mudi
song Vmax Va Pmin trong ung cling chi dat 20,4 m/s va 994mb.

Tuong ty d6i voi nhitng XTND ton tai 4 ngay, cac XTND hinh thanh trén bién TBRTBD
thudng c6 cuong do yéu hon (Pmin trong tt ca cac giai doan déu cao hon, con Vmax thi nho
hon hodc bang) XTND hinh thanh trén BD. Giai doan hinh thanh kéo dai khoang 30 gid dau
v6i Vimax ting dan tir 10 d&én 15 m/s, Pmin ciing giam déan tir 1004,5mb (BP) va 1007,5mb
(bién TBTBD) dén xap xi 1000mb. Sang giai doan phat trién (kéo dai khoang 30 gio sau),
Vmax tang, Pmin giam nhanh hon (BD) nhung khong bién doi nhleu (bién TBTBD). Nhin
chung, XTND manh nhat trong giai doan phat trién va chin mu01 song Vmax 16n nhat ciing
chi dat 20,4 m/s (BP) va 17,9 m/s (bién TBTBD). XTND suy yéu va tan ra trong khoang 24
dén 30 gid va toc do gio cling gam déan tir khoang 15 m/s (Hinh 4).

C6 thé thiy, trong giai doan hinh thanh va tan rd, XTND hinh thanh trén bién TBTBD
thudng c6 Pmin cao hon XTND hinh thanh trén B, nhung Vmax thi khong bién d6i nhiéu. Ddi
v6i cac XTND hoat dong 5 ngay, giai doan hinh thanh cting kéo dai khoang 30 gio v6i Pmin
VA Vmax bién d6i chua nhiéu. Giai doan phat trién dwogc thé hién rd hon d6i v6i cac XTND
hinh thanh trén bién TBTBD. Vmax ting tir 14,3 m/s dén 27,1 m/s, khi 4p giam xudng dén
993,5mb (72 gid). Sau d6, cudng d6 bao giam dan cho dén khi tan rd. Tuy nhién, cuong do
ctia XTND hinh thanh trén BD trong giai doan phat trién va chin mudi lai khong bién d6i
nhiéu (chi dao dong tir khoang 17 dén 20 m/s). Giai doan tan ri ciing kéo dai khoang 30 gio
v6é1 Vmax va Pmin gidm nhanh (Hinh 4).
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Hinh 4. Sy bién d6i cuong do trung binh cta cac XTND hoat dong trong thoi gian tir 4 dén 9 ngay.

Cuong do ciia cac XTND hoat dong trong 6 ngay trén c hai ving bién kha twong dong
nhau. Giai doan hinh thanh cling kéo dai khoang 30 gi¢ vé1i Pmin gidm cham tir khi hinh
thanh dén khoang 1000mb, Vmax thi bién doi tir khoang 10 dén 15 m/s. Giai doan phat trién
xay ra tir sau 30 gio dén 84 gior vdi toc dd gio ting dén 27,1 m/s (bién TBTBD) va 28,1 m/s
(BD), khi ap cling giam xuong dudi 985mb. Giai doan chin mudi cung dién ra trong khoang
30 gio khi cuong do béo it bién doi. Sau d6, Vmax giam nhanh tir cdp bdo manh xudng chi
con xap xi 10 m/s (Hinh 4).

Dbi véi cac XTND hoat dong trong thoi gian 7 va 9 ngay trén ca hai ving Bién, cuong
d6 cta chung déu bién d6i tuong tu nhu ddi véi cac XTND co thoi gian ton tai 5 ngay. Giai
doan hinh thanh va tan ra kéo dai khoang 30-36 gio, cuong d0 XTND trén cac giai doan nay
c¢6 xu hudng ting hodc giam dan song khong bién d6i nhiu. Vmax thudng nhé hon 15 m/s,
Pmin thudong 16n hon hodc x4p xi bang 1000mb. Tuy nhién, trong giai doan phat trién va chin
mudi, cuong 46 XTND trén bién TBTBD ting nhanh (Vmax c¢6 thé dat toi trén 40 m/s, Pmin
giam xudng xap xi 995mb). Trong khi d6, XTND hinh thénh trén BD, sau giai doan hinh
thanh, cuong d tang nhanh dén khoang 78 gio (XTND ton tai 9 ngay) hoac 90 gio (XTND
t6n tai 7 ngdy), roi lai bién doi khong nhiéu trong giai doan chin muoi. Poi voi cac XTND
hinh thanh trén BD, giai doan nay c6 thé kéo dai dén khoang 150 gid' (XTND ton tai 7 ngay)
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va 168 gio (XTND ton tai 9 ngay). Tham chi, cac XTND ton tai 9 ngay con ¢ cuong do ting
1én trong khoang 18 dén 24 gio trude khi suy yéu thanh ATND (Hinh 4).

Bio hoat dong trong 8 ngay bét dau hinh thanh khi khi ap trung binh ¢ ca hai khu vuc
dat 1006mb, van toc gio bfmg 9,7 m/s. Khi ap trén bién TBTBD giam nhanh hon, giai doan
tir khi con 1a nhidu dong dén khi khi ap giam con 1000mb chi kéo dai 30 gio, toc do gio ting
1én dén 15m/s. Bio tiép tuc giai doan phat trién tron 54 gid tiép, trong gia doan nay khi ap
giam nhanh tr 1000mh xudng 973mb, vén tdc gi6 ting nhanh dén 34,1 m/s. Trong 54 gid
tiép theo cuong do bao khong thay ddi nhiéu, khi 4p khong giam thém, van tdc gié duy tri &
33,4 m/s d&n 35 m/s. Sau khoang thoi gian hoat dong do khong dugc cip thém ning lugng
nén bio suy yéu trong 48 gid, giai doan nay dién ra nhanh hon so vé6i giai doan phat trién.
Céc con bao trén BD hinh thanh trong khoang 36 gio, giai doan nay cuong do twong duong
v6i giai doan hinh thanh cua cac con bio trén bién TBTBD. Giai doan phat trién trén BD
hoat dong trong 72 gid, khi &p giam cham dén 985mb, van tdc gio ting dén 25 m/s. Bao duy
tri giai doan chin moéi trong 30 gio, sau do suy yéu va tan ra trong 60 gid cudi (Hinh 4).

Nhin chung, XTND trén 2 ving Bién déu hinh thanh trong khoang 2 ngay (tur 30-36
gi0). Trong khoang 3 ngay sau (54 dén 72 gio) XTND phat trlen nhanh va dat cuong d¢ bao
manh dén rat manh trong khoang 2 ngay. Sau do, chung suy yéu va tan ra trong khoang 2 dén
3 ngay cudi. Cac XTND c6 thoi gian ton tai tir 10 ngay trd 1én chi yéu xay ra trén bién
TBTBD. Béi voi cac XTND hoat dong trén b1en TBTBD trong 10 ngay hinh thanh trong
khoang 1,5 ngay, tiép tuc manh 1én va phat trlen thanh trong hai ngay tiép theo. Vi ving
bién rong va day du cac diéu kién dé phat trién, bao co thé tlep tuc manh 1én va duy tri &
cuong do bao rat manh khoang 3 ngay, bao s& tiép tuc suy yéu va tan ra trong 3 ngay sau.
Dbi voi cac XTND hoat dong tir 11 dén 12 ngay, cuong do cua chiing thuong dat cap bao rat
manh. Ching cting hinh thanh trong khoang 36 gio, phat trién trong khoang 4 den 5 ngay tiép
theo. Giai doan chin mudi kéo dai khoang 2 dén 4 ngay, XTND duy tri cap bdo rat manh, sau
d6 suy yéu trong 2 ngay cudi.

Nhitng con bdo hoat dong trong khoang thoi gian tir 13 dén 18 ngay, cudng do bio
thuong bién ddi lién tuc theo thoi gian, cac giai doan hoat dong cta con bao khong rd rét.
Tuy nhién cic con bio niay déu phat trién thanh bao rat manh trong khoang tir 60 dén 72 gio.
Van toc cac con bio déu dat tir 50 m/s d&én 70 m/s, khi ap giam dén 950mb, trung binh nhiing
con bdo hoat dong trong 14 ngay khi 4p giam dén 916mb. Bio duy tri cip bdo rat manh
khoang 4 dén 8 ngay. Dic biét, bdo NARI nim 2001 hoat dong véi cudong do rat manh lién
tuc trong 9 ngay. Tuy nhién, khong phai con bao manh nao cling hoat dong va du nang luong
dé duy tri cuong d6 nay mot cach lién tuc. C6 thé thay, bdo hoat dong nhiéu ngay thudng
phat trién va dat cuong do bao rat manh trong khoang 3 den 4 ngay dau. Chung thuong co
cuong do bién doi lién tuc va tan ra trong khoang 2 ngay cudi thoi ky. Tuy vy, mot sd con
béo c6 thoi gian hoat dong trén 13 ngay, sau nhiéu ngay hoat dong trén khu vuc bién TBTBD,
d6 bo vao BD, suy yéu rdi lai ting cuong ngay trén BD.

4. Két luan

Dua trén s6 liéu vé vi tri hinh thanh, quy dao ciing nhu su bién di cudong do cia cac XTND
trong thoi gian hoat dong cua ching, nghién ciru di xac dinh duoc cac giai doan phét trién cua ching.
Két qua cho thay, trong thoi ky 1991-2020, c6 265 con bio hoat dong trén BD (177 con hinh thanh
trén biéen TBTBD va 88 con hinh thanh trén BD). Chlng c6 xu thé ting khoang 0,5 con/thap ky.
XTND thuong xuat hién nhiéu hon tir thang 6 dén thang 9 (hinh thanh trén BD) va tir thang 6 dén
thang 12 (hinh thanh trén bién TBTBD). Trong hau hét cac nam El Nino, XTND xuét hién it hon
TBNN va nguoc lai trong cic nim La Nina. XTND hinh thanh trén khu vuc TBTBD thudng ton tai
lau hon (khoang 5 dén 11 ngay, trung binh khoang 8 ngay) va c6 cuong d6 manh hon di véi nhiing
con bio hinh thanh trén khu vic BP (khoang 3 dén 8, trung binh khoang 5,5 ngay).

Giai doan hinh thanh thuong kéo dai khoang 30 dén 36 gio, bat dau tir khi XTND hinh thanh tir
mot nhidu dong dén ATND. Trong giai doan niy, cuong do XTND ting dan (khi 4p ving gan tam
bao giam dan dén khoang 1000mb, téc do gi6 ting dan). Cudng d6 XTND hinh thanh trén BD thuong
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taing chim hon XTND hinh thanh trén bién TBTBD khoang 6 dén 12 gid. XTND hinh thanh trén
TBD thudng c6 khi 4p I6n hon (khoang 1010mb) trén BB (khoang 1004mb), nhung toc do gié khong
khéc nhau nhiéu (khoang 10-12 m/s). Giai doan phét trién thuong xay ra trong khoang tir 36 dén 54
gio sau giai doan hinh thanh. Trong giai doan nay, cuong do XTND tang nhanh (khi ap giam tu
khoang 1000 dén 970 mb, toc do gi6 I6n hon 20 m/s). Trong giai doan chin mudi kéo dai khoang 48
dén 72 gio, cuong d6 béo khong bién doi nhiéu nhung manh hon so vai giai doan phat trién. Toc do
gi6 trong bdo c6 thé 1én dén trén 40m/s, khi ap thudng nho hon khoang 990mb. Giai doan tan ra
thuong kéo dai tir 1,5 dén 2 ngay (d6i véi cac XTND c6 thoi gian hoat dong dudi 9 ngay) va tir khoang
3 dén 4 ngay (ddi véi cac XTND c6 thoi gian hoat dong tir 9 ngay tro 1én). Trong giai doan nay,
cuong do bdo giam dan va tro thanh mot ATND, thém chi la viung ap thap (khi ap tang 16n hon
1000mb, téc do gid giam tur Cap bdo xudng dudi 10 m/s). Trong cic giai doan phat trién, cuong do
XTND hinh thanh trén BD bién d6i it hon XTND hinh thanh trén bién TBTBD.

C6 thé noi, sy bién d6i cuong d6 XTND hoat dong trén khu vuc BD ¢6 vai tro quan trong trong
viéc du bao anh hudng ciia XTND dén céc khu vyc. Song nhitng bién dbi nay moi chi dugc phan tich
dua trén cuong do ving gan tam XTND ma chwa xem xét dén ban kinh cia ving gié manh do ciing
nhu pham vi anh huong cua cac XTND. Hon nita, cac két qua phan tich trong nghién ciru ndy chi dya
trén cac con bao hoat dong trén khu vire BD ma chua xem xét dén dién bién cua cac ATND. Boi vay,
trong tuong lai, can ¢6 nhitng nghién cixu chi tiét hon vé cau triic truong chuyén dong, truong mura,..
trong XTND dé thay rd hon nhiing tic dong cua ching.

Dong gop cua tac gia: Xay dung y tudng va lya chon phuong phap nghién ctru: C.T.T.H.;
Phan tich va vu 1y so0 li¢u: T.T.D.; Viét ban thao bai bao va chinh stra bai bao: C.T.T.H.

Loi cam on: Nghién ctru nay dugc thuc hién dudi sy tai tro cua dé tai nghién ctru khoa hoc
cap Bo, ma s6 TNMT.2021.562.04.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bo ¢ dau, khong duoc sao chép tur nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Research the variation in intensity of tropical cyclones operating
in the East Sea during development stages

Chu Thi Thu Huong'*, Thao Thi Do!
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Abstract: The variation in intensity of tropical cyclones operating in the East Sea area is
analyzed in the period 1991-2020. The results show that, tropical cyclones formed in the
Pacific Northwest Sea usually have a longer duration, stronger intensity and more variability
than those forming in the East Sea area. The formation and development of tropical cyclones
on these two seas go through 4 stages: Forming, growing, maturity and disintegration stage.
The forming stage usually lasts about 30 to 36 hours, starting from when the tropical cyclone
forms as a disturbance to the tropical depression with increasing intensity. Their intensity
increases rapidly (Vmax is usually greater than 20m/s) during the growing stage (about 36 to
54 hours). During the maturity stage (lasting about 48 to 72 hours), the intensity of tropical
cyclones is little changed but they are usually stronger (Vmax is usually greater than 40 m/s)
in the growing stage. The disintegration phase usually lasts from 1.5 to 2 days (the tropical
cyclones operate from 3 to 9 days) and from about 3 to 4 days (the tropical cyclones operate
for more than 9 days). During this stage, their intensity gradually decreases and becomes a
tropical depression, even a low pressure area.

Keywords: Tropical cyclone intensity; Four stages of development; East Sea; Pacific
Ocean.
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Tém tat: Nhu cau dung nudc ngay cang ting, ngudn nudc ngay cang can kiét va 6 nhiém,
cong nghé khai thac nude thim tir séng véi cac wu diém ndi troi: i) Thu duoc luu lugng
nuée tuong dbi 16n nhy dong tham truc tiép tir séng vao giéng; ii) C6 kha ning xir 1y nude
song nho tang loc thém soéng. Tac gia da thuc hién nghién ctru tai khu vuc x4 Tan Truong,
bén bd song Cam Giang, Hai Dwong. Thuc hién nghién ctru thi nghiém hién trudong va mo
phong dong chay ngam cho thay co thé khai thac nudc tham 6n dinh t61 1330 m®/ng.dém
cho mot giéng don. Bai giéng 5 giéng voi khoang cach giira cac gleng 80 m cho luu lugng
khai thac dat gan 4500 m®ng.dém. Két qua nghién ctru cho thay cong ngh¢ RBF c6 kha
nang khai thac dugc luu lugng nude tham tuong ddi 16n, cd chat luong nude tot, bén ving,
¢6 thé ap dung trong cap nudc phuc vu sinh hoat va san xuét.

Tir khoa: Nudce thdm tir song; Luu luong nude thim; Chat luong nude tham.

1. Pt van dé

Hién nay nhiéu ngudén nudc mit dang bi 6 nhiém nghiém trong vé vi sinh va chét hitu co
[1], doi hoi phai c6 cac bién phap xur Iy phu hop dam bao chat luong nudc dat tiéu chuan
trude khi cap cho ngudi sir dung. Nudc mit thuong c6 chét lwong va trir luong khong 6 6n dinh
va thay d6i theo mua, khé khan trong khai thac va xir Iy nudc. Nude ngdm thudng c6 ham
luong cén nhd, it vi khuén vi tring va c6 chat lwong twong dbi 6n dinh. Tuy nhién, hau hét
nuéc dudi dat co chira sit, nhiéu ngudn nudc dudi dat c6 ham luong mangan va asen cao.
Céc nghién ctru cho thay, chi tinh riéng ving Dong bang song Hong ¢6 dén 7 triéu dan c6
thé sir dung nudc bi nhiém asen, trén toan quéc 1a 11 triéu dan [2]. Khoang 44% sb giéng
chira ham lugng mangan vuot qua tiéu chuan cho phép, va gan 5 triéu nguoi co nguy co sir
dung nudc nhiém cac chat hoa hoc ¢ hai cho strc khoe [3]. Nhiéu ngudn nude ngam khu vuc
Dong béng song Héng nhiém ammoni (NH4*") véi ndng do cao, trong d6 ving bi c6 nong do
ammoni cao, 1én dén 16 den 25 mg-N/L, nhu vung phia Nam Ha Noi [4].

Theo két qua quan tric tai nguyén nude dudi dat caa Trung tam Quan trac va dy bao tai
nguyén nudce (B Tai nguyén va Moi truong) da cong b cho thiy: ¢ khu vuc Pdng bang Bic
B0, Nam B¢ va Tay Nguyén, muc nudc ngam dang giam manh, chat lugng nude ciing cd xu
hudng ngay kém. Nhiéu ving c¢6 hién tuong sut lun, do anh hudng cia viéc khai thac nudc
qua mirc, nhu & TP Ho Chi Minh, Pong bang song Ctru Long, Ha Noi, v.v... Giai phap khai
thac nude tham tir song (Riverbank Filtration — RBF) da dwoc ap dung & Chau Au tir hon
100 nam, nhu ¢ Thuy S§ — 80% nudc udng dugc 14y tir cac giéng RBF, 50% & Phap, 48% ¢
Ha Lan, 40 % ¢ Hungary, 16% ¢ Duc, va 7% ¢ Ha Lan [5-6]. Tai My, gidi phap RBF da
dugc ap dung gan 50 nam [7]. Cac qudc gia khac nhu An Do [8], Trung Québc va Han Quéc
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[9] g4n day di bt dau khai thac RBF dé cung cp nude udng. O nudc ta, cling c6 nhidu giéng
khai thac nude ngam xay dung ¢ gan soéng cho luu lwong lon, nhu ¢ Phu Tho, thanh phd
Tuyén Quang, Quang Ngai, Quy Nhon... Cac bai giéng khai thic nude dudi dat duoc lya
chon xdy dung ¢ gan song khu vuc Ha N01 nhu Bic Thing Long, Gia Lam, C4o Pinh, Yén
Phu, Pdn Thuy, Luong Yén, Nam Du... [10]. Trén pham vi ca nudc, nude tham tur song chua
duoc dau tu nghién ctru tmg dung va chua duoc xem 1a mot giai phap khai thac ngudn nudec.

Trong pham vi bai bao nay, tac giad tp trung nghién ctru kha nang ing dung giai phap
RBF phuc vu cip nudc. Dia diém nghién ciru tai xd Tn Truong, huyén Cam Giang, tinh Hai
Duong, bén bo song Cam Giang. Cac nghién ctru ban dau cho thiy, khu vuce Cam Giang ¢6
tang thAm ven song, myc nudc song thuong 16n hon so voi muc nude ngam, c6 thé khai thac
t6t duoc nudce thim truc tiép tir song.

2. Phwong phap nghién ciru va sé liéu
2.1. Gioi thiéu khu viec nghién curu

Dénh gia diéu kién dia tang, kha ning thim ven séng ¢ khu vuec Cam Giang, Hai Duong

Nghién ctru dir liéu dia chat thay van khu viee Cam Giang, gdm: Ban d6 dia chat thuy
van khu vyc d6 thi Hai Duong trong d6 bao gom khu vye Cam Giang (Hinh 1); So d6 khoi
cau trac dia chat thiy van khu vuc d6 thi Hai duong (Hinh 2); So d6 khdi cac ting chtra nudc
16 héng gh, qp khu vuc Cam Giang (Hinh 3), cho thdy: Cac tang chita nudc gh tai khu vuc
ven song Cam Giang, bao gém céc tram tich song hé tang Thai Binh (aQ23tb) va trAm tich
s6ng-bién—dam léy hé tﬁng Hai Hung (ambQ21-2 hhl), phan bd rong khap trén khu vuc
nghién ctru. Chiéu day tang chira nudc 10n nhét gip tai LK Ford (30 m), LKTD30 (> 17 m);
nho nhat tai LK 58-14 (0,5m); LK CHD4-A gap mai tang chira nu6e gh & do sau 2,9 m, bé
day 10,6 m cit tryc t1ep vao song Cam Giang. Chleu day trung binh toan vung 1a 8,75 m. Ciu
trac dia tang chu yéu 1a cat cac loai, cat pha, cat mau xam, xam den ciu tao mém bo.
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Hinh 1. Ban d6 dia chat thiy van d6 thi Hai Duong.
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Hinh Error! No text of specified style in document.. So d6 khéi cac 16p dia ting gh va qp ciia huyén Cam

Giang.

Soéng Cam Giang ndi séng Thai Binh v6i song Bac Hung Hai. Do anh hudng boi nudc
thai sinh hoat va san xuat khong duoc xir 1y triét dé trudc khi xa ra song, cac thong sd chat
luong nuéc sdong Cam Giang nhu NH4*, NO2~, COD vuot nhiéu 1an quy chuan chat luong
ngudn nudc cap cho sinh hoat. Tram cip nudc Ghé khai thac nudc song Cam Giang da phai
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dimg hoat dong. Nudc cung cip cho déan cu va cong nghi€p trong khu vyc hién dang dugc
chuyén tr thanh pho Hai Duong ve.

MAT CATDIA CHAT THUY VAN VUONG GOC SONG CAM GIANG
Ty 1& dimg 1/200 ; Ty 1& ngang 1/500 CHUGIAT
LCN L&p cdch nuéde

MUCNTC 086 KT01 _

gy 11
H=491m [

qh

Tang chita nuée gh

Song Cam Giang

AANEY -

Ranh gidi ting chita nudc

=491m  Chiéu day I6p nudce song

raz  KTOM 56 higu 16 khoan
LCN

L
!
& &
Ij:|

& Cao do diy 16p

Hinh 4. Mt cat dia chat thity van ngang song Cam Giang.

2.2. Co 56 Iy thuyét va thue tién

Nude tham tur song (RBF) la cong ngh¢ khai thac nude sir dung cac giéng khai thac nude
thim tir ngudn nudc mit nhu song ho. Giéng co ong loc thu nudce duge dat trong tang chira
nu6e. Nude tham loc co thé dugc khai thac trong tang nong 1a ting khong ap. Nudc tham
duoc bd cap truc tiép tir song vao tang chira nude. Nguyén ly b cap nude thim loc tir séng
dugc thé hién trén (Hinh 5). Nudc thim loc cling c6 thé khai thac trong ting chira nudc co
ap & nhitng noi sdng cit truc tiép vao tang chira nudce c6 ap, hodc & nhitng ving ven song,
nude song bd cap vao tang chira nude khong ap, sau d6 vao tang chira nude ¢ ap théng qua
cac ctra s dia chat thuy van.

\Giéng thu
nudc tham

Tang cach nuéc

Hinh 5. Nguyén 1y b cap Nudc tham loc tir song.

Tai cac giéng tham, khi bom nudc tur giéng, nude mit duoc bd cap vao tﬁng chira nudc,
chay vé giéng Tram tich day song, 16p dat da thérn song dong vai tro 1a bd loc tu nhién loai
b6 nhiéu chat 6 nhlem cho chat luong nudc thd tot hon [11 13]. Qua trinh khai thac nudce
thdm, nude vao gleng s& bao gdbm nudc mit va nude ngam ty nhién sin c0 trong tang chira
nudc. Nude ngdm tu nhién khai thac tir hé thong RBF c¢6 chat luong tot hon so v&i nudc
ngém tu nhién khai thac thong thuong, do da c6 hién tugng pha tron nudc mat va nude ngﬁm,
x4y ra cac qué trinh phan @mg lam suy giam cac chit 6 nhiém nhu cac qua trinh oxy hoa khir,
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vi dy thong qua qua trinh suy giam [14] va thay ddi cac didu kién oxy hoa khir [15-16] (Hinh
6).

Gléng khoan (PW)

r
b )

3
+ + £ ¢
Suc khi do dao dong
mat nwéc = =
Long sdng

/ (Lop trAm tich)

| Sy ldng dong clia hat |

Séng

—\
™
_

Syloc

Loc nwéec qua bd séng W phan f]l’ly.?inh“_ hec
Hap thy va giai hap

\ Két tia va tan ra

Phan &ng oxy héa khir

Thiéu oxy

GW
- | | <«—]Pha tron| Thiéu oxy GW

Lé&p gidi han

Hinh 6. Tong hop cac quy trinh loai bo cac chéat 6 nhiém trong qua trinh RBF.

2.3. Co so xac dinh luu lwong khai thdac nuoc tham

Co sé xéac dinh luu luong khai thac nuéce tham duoc thé hién trén (Hinh 7).

Chénh muc nwdc o N
song va nudc dudi Hinh thai séng Chiéu rong, chiéu
dat sau clia song
Céc yéu to vé ]
A oq 5 5 B Chiéu day, thanh
Xac dinh sng Thanh phan tram UL
ey |U’(I)’ng tich long séng phdn, hé sb tham
nwée tham
tlr séng
T Thanh phan thach
((;]?:é?éct ?'I_l?]m hoc, Chiéu day TCN
o y Murc 6 chira
nuéc cla TCN ——
Hé s6 tham, dan

nudc, nha nudc va
mytc nudce

Khoang cach LK
den sdng

Hinh 7. Co sé xéac dinh Iuu lwong khai thac nudc tham.

Co s cua phuong phap xac dinh luu luong nude tham tir séng 14 dya trén xac dinh moéi
quan h¢ thuy lyc gitra nude song va NDD hodc sirc can thAm & d6i ven long, do 1ong song
cat khong hoan toan vao 16p chira nudc, do ling dong phu sa trén day song va cac 16p thim
nude yéu dudi long song.

2.4. Cac bai toan nghién cuu

Nham danh gia xac dinh vi tri giéng va luu luong khai thac cho 1 giéng, s lugng giéng
va khoang cach giira cac giéng trong bai giéng, tac gia nghién ctru cac bai toan sau:

Bai toan 1: Xac dinh Iuu lugng t01 da co thé khai thac cua mot giéng

Bai toan 2: Xac dinh luu lwong téi da ciia mdi giéng véi khoang cach tir giéng t6i song
khac nhau.
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Bai toan 3: Xac dinh luu luong ti da ciia bii giéng v6i khoang cach giira cac giéng khac
nhau.

2.5. Thuyét minh mé hinh

Gi61 han pham vi mo hinh

Mo hinh mé phéng pham vi 1700 m x 1500 m xung quanh khu vyuc xay dung tuyén mat
cit thi diém tai Xa Tan Trudng, huyén Cam Giang, Hai Duong. M6 hinh duoc chia thanh
17000 6 ludi gobm 170 cot (dx = 10 m), va 100 hang (dy = 10 m) (Hinh 8). Dua theo tai liéu
dia chit thuy vin tong quat cua Hai Duong va s liéu khoan khao sat dia chit thiy van tai
khu vuc thi diém, m6 hinh duoc chia thanh 4 16p, nhu thé hién trén (Hinh 9).

b Lop 2: Tang chira
nuéc gh

= Lop 3: Lop sét

‘\ Lép 4: Tang chiva
nuéc gh

Hinh 9. Cac 16p cua m6 hinh mo phdng theo tai liéu khoan khao sat tai Tan Truong.

Hinh 10. M6t s6 hinh anh khoan 1dy mau va thi cong giéng tai vi tri thi diém Tan Truong.

Véi cdu triic dia ting tai vi tri nghién cru Tan Trudng, tang chira nuéc 16 héng gh duge
ngan cach vdi tang qp2 bang 16p sét, nude dugce tham tryc ti€p tir song Cam Giang trong tang
gh, nghién ctru tham loc qua bo song tai Tan Truong, mo hinh chi mé phong qua trinh tham
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truc tiép tir nude song dén tang chira nude gh. Khoan 1y mau duoc thuc hién ngay 7/5/2020.
Cac mau tang chtra nude duogc ldy theo do sau nhu (Bang 1). Céc thi nghiém xac dinh phan
bd hat ctia cac 16p dia téng tai dja diém nghién ctru da duoc thuc hién. Hinh 13 thé hién phan
bo hat tai 16p cat min & d6 sau 12-12,5 m. Két qua tinh toan cho théy hé s6 tham tai vung
nghién ctru Tan Trudng, Cam Giang thay dbi tir 0,43-17 m/ngdy, d6 rong dao dong tir 0,26—
0,44 (Bang 1). Vi 16p cach nude yéu (sét, bot sét) nam trén bé mat, hé sb tham 1a 0,04 m/
ngdy. Cac dit liéu nay duoc nhap vao mé hinh dé mé phong qué trinh tham.

Bang 1. Két qua khoan khao sat dia tang (Lo Khoan Trung Tam TT).

Két qua tinh hé s6

Pia ting Do sau (m) M0 ta hat thAm (K) tir thi Ket qua tinh toan dg

nghiém sang (m/s) rong
1 Sét
4.24E-07 0,26
2 Sét
3 Cat hat min 4.49E-05 0,45
4 Cat hat min
3.94E-4 0,44
5 Cat hat min
6 Cat hat min
1.67E-4 0,43
7 Cat hat min
8 Cat nho
9 Cat nho 2.6E-4 0,43
10 Cat nho
11 Cat nho
12 Cat nho 1.95e-4 0,44
13 Cat nho
13,5 Sét
14 Cat cd trung 1.81E4 0,44
15 Cat co trl}ng: lan
vun vo soO
16 Sét

16,2 Sét
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Hinh 11. Phan b hat tai 16p 12-12,5 m.

Piéu kién bién ciia mé hinh

Céc bién ty nhién trong pham vi 1ap mo hinh dugc md phong bang cac loai diéu kién
bién. Trong m6 hinh nay sir dung hai loai diéu kién bién sau:

Bién tong hop (General Head)

Bién tong hop, cu thé bién song (RIV package — MODFLOW) dugc gan cho song Cam
Giang. S6 liéu nhap vao cho loai bién nay bao gom cao do6 tuyét ddi ctia myc nudc song, va
hé sb sirc can long song (0,05 m?/d).

Bién muc nude xac dinh (Constant Head Boundary)

Bién muc nudc xac dinh dugce nhdp vao mo hinh tai ranh giéi phia BDong ciia mo hinh,
tai m 1700. S6 liéu cao do tuyét d6i muc nudc dudi dat ciia mod hinh duge ndi suy tir gradient
dong chay do tai muc nudc séng va 16 khoan quan tric trong pham vi khéo sat. Trung binh
gradient dong chay tai khu vuc nghién ctru 1a 0,01 m/m.

Hiéu chinh moé hinh

M5 hinh dugc hiéu chinh bang phuong phap thi dan dé giam su khac biét giita cao do
tuyét d6i muc nudc duoi dat quan tric va cao do tuyét d01 muyc nuéc do mo hinh tinh toan
tai 4 160 khoan quan tric. Trong qua trinh hi€u chinh, hé s6 thim trung binh, hé s6 strc can
10ng song, hé s6 nha nude dan hdi duoc hiéu chinh.

3. Két qua va thao luin

3.1. Két qua mé hinh

Bai toan 1: Xac dinh luu luong tdi da tai giéng khai thac

Bai todn nay duoc mo phong véi giéng don doc lap, khoang cach tir giéng tdi song 1a 50
m. Bai toan dugc mé phong vaéi 2 truong hop.

Truong hop 1: Bai toan gia dinh, giéng dugc bom véi do ha thap muc nudc t6i da la 11
m, cach day cua tang chira nuge 2 m. Két qua md phong (mo6 hinh da hiéu chinh) cho thay
luu luong khai thac toi da tir ting chira nude gh c6 thé dat duoc 13 Qmax = 2013 (m¥/ngay),
nhu dugc thé hién trén (Hinh 12).



Tap chi Khi tiwong Thaty van 2022, 739, 34-45; doi:10.36335/VNJHM.2022(739).34-45 42

11 l I : i

Hinh 12. D6 ha thap téi da 11 m.

Truong hop 2: D6 ha thip an toan trong thiét ké giéng 1/3 chiéu day ting chtra nudc,
hodc t6i da 5 m tir mai tang chira nudc. Do mo hinh Téan Trudng c¢b 16p cach nudc day 2 m
trén bé mat. Nén do ha thap toi da 1a 7 m tir mat dt, luu lugng khai thac dat duoc 12 Qmax =
1330 (m*/ngay) (Hinh 13).

65 15 L B-5F

o 15 1 05

ﬁ::::::ﬁ::::::ﬁ:: =3 | = ::::E::m :: :: ﬁ::::::ﬂ m:#::m ﬂ m ﬂ

Hinh 13. D6 ha thap trong thiét ké giéng va dit may bom 7 m.

Bai toan 2: Xac dinh luu luong t6i da cta giéng khai thac voi khoang cach tir song khac
nhau

Luu lugng khai thac ti da cua giéng voi khoang cach to1 song khac nhau dugc tinh toan
cho két qua thé hién ¢ (Bang 2 va Hinh 14). Két qua cho thay, vdi khoang cach tir giéng toi
song giam tir 200 t6i 25 m, luu lugng khai thac thu duge ting tir 1139 1én 1568 m®ng.dém
(Hinh 15).

Bang 2. Khoang cach tir giéng téi song va luu lugng khai thac tbi da.

Khoang cach tir giéng téi song (m) Téng luu lwgng (m/s) Luru lwong mdi giéng (m3/d)
25 1.82E-02 1568
50 1.64E-02 1421
75 1.539E-02 1330
100 1.48E-02 1275

200 1.32E-02 1139
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Hinh 14. So 46 md phong giéng v6i khoang cach tir giéng dén song khac nhau.

Khoang cach giita cac giéng vdi song

,_\

N

<)

S)

/

@
/

’

Luu luong ti da ciia mot giéng
Qmax (mé/ngay)

0 25 50 75 100 125 150 175 200 225
Khoang cach tir giéng dén song

Hinh 15. Luu lugng khai thac t6i da cua giéng véi khoang cach téi song khac nhau.

Bai toan 3: Xac dinh luu lugng t6i da cia bai giéng khai thac véi khoang cach gitra cac
giéng khac nhau

Luu lugng t6i da tai bai giéng v6i khoang cach gilra cac giéng khac nhau dugc tinh toan

cho két qua thé hién trén (Bang 3 va Hinh 16, 17). Két qua cho thiy, v6i bai gleng t6i 5 giéng,

khoang cach gitra cac giéng 1a 80, luu lugng khai thac téng cong cla béi giéng dat 4485

m?®/ng.dém, v&i khoang cach giita cac giéng 1a 50, luu lugng khai thac téng cong giam, dat
3997 m3/ng.dem.

Bang 3. Két qua tinh toan Iuu luong t6i da cho ca bai giéng.

Khoing cich giira cic giéng: 80m Khoing cich giira cic giéng: 50m
Bai giéng Téng luu luwgng Luu lwgng méi Téng luu luwgng Luu lwgng moi
(m3/d) giéng (m3d) (m¥/d) giéng (m3/d)
1 giéng 1330 1330 1330 1330
2 giéng 2219 1110 2218 1109
3 giéng 2911 970 2886 962
4 giéng 3772 943 3310 828

5 giéng 4485 897 3997 799
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4. Két ludn

Két qua md phong dong chay ngam xac dinh luu lwrong khai thac tai dia diém nghién ctu
dién hinh ap dung cong nghé RBF tai Tan Truong, bén bo song Cam Giang (séng dao Bic
Hung Hai), Hai Duong, cho thay c6 thé khai thac nudc thim 6n dinh Ién t6i 1330 m®/ng.dém
cho 1 giéng don, bai giéng 5 giéng voi khoang cach gitra cac giéng 80 m cho luu lugng khai
thac dat gan 4500 m®/ng.dém.

Ap dung cong nghé RBF, khai thac nuéc sbng qua téng thdm loc thém song thu duoc
nuée voi luu luong dang ké va cé chét luong t6t hon nho tang loc ven séng. Cong ngh¢ RBF
déc biét co y nghia ¢ cac khu vue han ché khai thac nudc dudi dit va c6 ngudn nudc mit co
chat luong kém, yéu cau xt 1y phirc tap, nhu ¢ khu vuc Cam Giang Hai Duong. Két qua
nghién ctru gop phan chimg minh cong nghé RBF ¢6 the duogc 4p dung nhu mot gidi phéap
ngudn nudc méi phuc vu cip nudce sinh hoat va san xut. _

Két qua nghién ctru con han ché, chua bom thu véi cac dai luu lugng khac nhau dé co
thém dir 1iéu hiéu chinh m6 hinh, chua tién hanh ldy mau phan tich ddng vi dé xac dinh dugc
ty 1& nwdc mit nudc ngam trong nudce tham khai thac tir giéng thi nghiém. Can thiét tiép tuc
nghién ctru gop phan hoan thién cong nghé

bong gop cho nghién ciru: Xy dung y twong nghién ctru: B.T.H.; Lua chon phuong phap
nghién ctru: B.T.H., H.T.N.A_; Thu thép, phan tich, xtr 1y s6 li¢u: H.T.N.A., N.T.H.; Viét ban
thao bai bao: N.T.H., B.T.H., H.T.N.A.; Chinh stra bai bao: B.T.H.

Loi cam on: Bai bao nay duoc hoan thanh trong khuén khé thuc hién Dé tai nghién ctru theo
Nghi dinh thu gitra B Khoa hoc Cong ngh¢ Viét Nam va B Nghién ctru va gido duc Cong
hoa lién bang Dirc, ma s dé tai 60.GER—19: “Nghién ctru img dung va phat trién cong nghé
khai thac nudc tham tir song & Viét Nam phuc vu sinh hoat va san xuat”.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Evaluation of the effectiveness of improving water quality by
appying riverbank filtration technology

Nguyen Trung Hieu?, Doan Thu Ha'", Hoang Thi Ngoc Anh?

1 Thuy loi University; trunghieu.ma@hotmail.com; thuha_ctn@tlu.edu.vn;
2 University of Applied Sciences Dresden, Germany; thingocanh.hoang@htw—dresden.de

Abstract: The demand for water is increasing and the water source is increasingly depleted
and polluted. Riverbank filtration (RBF) technology with outstanding advantages: i) A
relatively large volume of water could be obtained by direct infiltration from the river into
the well; ii) Capable of treating river water by the riverbed filter layers. The author
conducted the research in Tan Truong commune, on Cam Giang riverbank. Conducting field
experiments and simulating underground flow shows that stable seepage water up to 1330
m?3/day can be extracted for a single well. The 5-well well yard with the distance between
the wells is 80 m for the exploitation flow of nearly 4500 m®/day. Research results show
that RBF technology can exploit relatively large infiltration water volume, good water
quality and sustainability, and can be applied in water supply for domestic and industrial
uses.

Keywords: Riverbank filtration; Seepage water flow; Filtration water quality.
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Tém tit: Trong bai bao nay nhom tac gia du bao quy dao bdo Molave nam 2020 bang hé
thong du bao t6 hop duoc tao ra tir mod hinh WRF. Sau d6 két qua dyu bao quy dao dugc tinh
bang phuong phap trung binh c6 trong s6 clia cac thanh phan t6 hop tbi vu (thanh phan co
sai s0 quy dao han ngan nho hon sai s6 quy dao trung binh t6 hop). Két qua thtr nghiém cho
thy, vé hudng di chuyén, & nhitng han du bao dai hon 2 ngay khi d6 tan t6 hop ciia dy bao
t6 hop 16n thi TBTS (trung binh c6 trong s ctia cac thanh phéan t6 hop tdi wu) mod phong
hudng con bio hiéu qua hon so véi TBTH (trung binh t6 hop). Vé sai s6 du béo quy dao
TBTS cai thién dang ké so véi sai s6 du bao quy ddo cia TBTH & mot s6 han du béo. Cu thé,
sai s6 quy dao bao cua TBTS cai thién tir 2% dén 15% & céac han du béo trudce 2 ngay, con &
han du béo sau 2 ngay chi cai thién duogc 1% dén 6% so v6i phuong phap trung binh t6 hop
thong thuong. Két qua nay budc dau cho thay uu diém cta phuong phép trung binh c6 trong
s6 cta cac thanh phan to hop tdi vu.

Twr khoa: Trung binh trong s6; Du béo to hop; Du bao co6 lua chon; Béo.

1. Mé dau

Nuéc ta c6 duong bd bién dai 3260 km giap bién Dong nén 1a diéu kién thuan lgi cho
viéc phat trién kinh té théng qua cac nganh dich vu du lich, nganh nudi thity hai san va danh
bat. Tuy nhién, vi tri nay ciing chinh 14 noi chiu anh hudng nhiéu ctia cac con bio hinh thanh
va di chuyén vao bién Pong nén Viét Nam chiu anh hudng kha 16n tir cac con bdo. Nhimg
con bio hinh thanh trén bién Péng sau d6 di chuyén dén gan bo hodc do bo vao dat lién de
doa dén tai san va tinh mang cua con nguoi. Pac biét nudc dang do bao co thé cao dén hang
chuc mét gy ngép lut cho cic tinh ven bién va gi6 giat, mwa 16n c6 thé pha huy cac cong
trinh x4y dung, rudng vuon tham chi 1a gay chét nguoi [1- 2].

Vi vy, viéc du bao chinh xac quy dao dong vai tro rat 16n trong viéc canh bao, phong
tranh va tir do giam thiéu nhirng thiét hai do bio giy ra. Trong cac nghién ciru gan day trén
thé gi6i chu yéu di theo cac hudng: 1) Tép trung hiéu chinh cac qua trinh vat ly trong mo
hinh. Tuy nhién qua trinh ndy dudng nhu tiém can dén mot ngudng nhét dinh nén 20 nim gan
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day hau nhu khéng cai thién duoc nhiéu két qua ctia mé hinh; 2) bai toan ban du hoa xoay va
dong hoéa s6 liéu. Mot s6 két qua da chung minh duoc hiéu qua; 3) huong giai quyet lién quan
dén héu mo hinh, trong d6 phai ké dén phuong phap trung binh c6 trong s cua cac thanh
phan t6 hop t01 uu [3 4]. Mot s0 nghién ctru trude déy da chung minh dugc hiéu qua cua viée
loai bo cac t6 hop xau trudc khi tién hanh lay trung binh t6 hop thi sai s6 du bao quy dao giam
di rat 16m [3, 5]. Cu thé 1a trung tAm canh bao bio cta hai quan Hoa Ky (JTWC) da 4ap dung
mot hé théng duoc thiét ké nham loai b sai sb du bao quy dao bao thoi han 72 gid tir cac
thanh phan t6 hop thong qua viéc nhin dang céc sai s6 hé théng trong moé hinh NWP [6-7].
Tuy nhién k¥ thuat nay c6 nhugc diém van phu thude vao kha nang nhan dang sai sb ctia cac
dur bao vién, va khong thé tao ra mot t6 hop tdi uu 6n dinh so voi phuong phap t6 hop khong
c6 lya chon. Vi vay ddi v&i bai toan nghiép vu, mot s6 tac gia da thyc hién phuong phap trung
binh ¢6 trong s6 cua cac td hop tdi wu dé cai thién két qua du bao quy dao bao & thoi han 96,
108, 120 gid trén khu vyc Tay Bac Thai Binh Duong, két qua du bao dugc cai thién tir 5%
dén 10% [8]. Va & Viét Nam [10] da gi6i thiéu phuong phap trung binh t6 hop c6 lua chon
cho du bao quy dao béao dua trén sai sO cua cac thanh phan hé thong du bao to hop tai cac thoi
han du bao ngan (6-12 gid) duoc dé xuét boi [1 1] va thir nghiém tinh toan thuc té dbi voi du
béo con bdo Damrey nam 2017 tir cac san pham t6 hop gom 51 thanh phan du bao cua
ECMWE. Két qua cho thay kha niang hiéu chinh rd rét ctia phuong phap Iya chon cac thanh
phan t6 hop véi sai s trong ngudng xem xét & cac han dy bao ngan han. Két qua cho thay &
han du bao 24-48 gi¢ va khi truong hop cac con bao c6 cuong do manh va quy dao 6n dinh,
phuong phép trung binh trong s s& giam thiéu dugc sai s6 du bao qui dao trung binh t6 hop.
Ngoai ra md hinh WRF [a md hinh hién dai nhit hién nay va dugc cong dong thé gidi
tham gia cai tién va phat trién. Va hién tai mo hinh c6 dén 11 lya chon mé hinh vat 1y va c6
thé tao ra 21 thanh phén t6 hop da vat Iy. Mdi thanh phén t6 hop nay déu c6 thé 1a thanh phan
t6 hop tdi uu trong dy béo quy dao bio (c6 sai s6 quy dao thap hon sai s6 quy dao trung binh
t6 hop). Va c6 nhidu nghién ctru str dung mo hinh WRF dé du bao bio trén Bién Dong anh
huong dén Viét Nam [11-15] dem lai két qua kha quan. Tuy nhién, vé du bao quy dao van
con ton tai cac sai s6 16n. Do d6, trong nhién ciru nay nhém téc gia thuc hién “du bao quy dao
con bio Molave 2020 bang phuong phép trung binh c6 trong sd ctia cac thanh phan t6 hop toi

2

uu”.
2. Phuwong phap nghién ciru

2.1. Co so dir liéu

Ngudn sb liéu sir dung trong nghién ctru 1a s6 liéu GFS cuia trung tim dy bao moi truong
qudc gia Hoa Ky va trung tam nghién ctru khi quyén qudc gia Hoa Ky véi d6 phan giai ngang
1a 1a 0.5%0.5 d6 kinh vi va dinh dang grib2 [16].

S liéu quan tric dugc trinh bay trong bang 1 theo kinh—vi ¢6 ngudn tir Cong thong tin
dir liéu hai duong thuoc Hai Quan My (Navy Oceanography Portal).

Bang 1. S6 liéu quan tric kinh vi d6 ciia con bao Molave [19].

Thoi gian Kinh dé (°E) Vi do (°N)
00z 25/10/2020 126.4 13.4
06z 25/10/2020 124.7 13.4
127 25/10/2020 123.1 13.4
18z 25/10/2020 121.9 13.1
00z 26/10/2020 120.4 13.1
06z 26/10/2020 118.9 13.4

12z 26/10/2020 117.7 13.2
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Thoi gian Kinh d¢ (°E) Vido (°N)
18z 26/10/2020 115.8 13.3
00z 27/10/2020 114.5 135
06z 27/10/2020 1133 135
12z 27/10/2020 111.9 13.9
18z 27/10/2020 111.3 14.2
00z 28/10/2020 109.8 14.7
06z 28/10/2020 108.4 15.2
12z 28/10/2020 107.3 15.4
18z 28/10/2020 106.3 15.5
00z 29/10/2020 105.4 15.5

2.2. Phuong phap nghién ciru

2.2.1. Hé théng duy béo t6 hop tao ra tir md hinh WRF

Du bdo t6 hop da vat 1y duoc trién khai trong phién ban V4.0 cia mé6 hinh WRF-ARW
ap dung phuong phép trung binh c¢6 trong s cua cac t6 hop t6i wu dé tim ra quy dao béo tot
nhat. M6 hinh WRF dugc lira chon két hop véi mot ludi 16ng gdm hai mién tinh st dung phép
chiéu Mercator 6 d6 phén giai ngang 36 km va 12 km tuong tng (mlen luei 1 gom 151x151
diém ludi va mién ludi 2 gom 151x151 diém ludi voi tim mién tinh ¢d dinh 11,2°N —
112,3°E) duoc khoi tao véi s6 liéu tir hé thong NCEP/GFS. Mién khong gian ctia mé hinh c6
31 muc theo phu:ong thang du’ng (o) véi myc ap sudt cao nhat (bién trén ciia m6 hinh) co6 gia
tri 1a 10 hPa, va mién khong gian niy nam & gan trung tdm ciia bién Pong, vé phia Pong cia
Viét Nam (Hinh 1). Giai doan thr nghiém dy bao véi cac phién du bao 12UTC ngay
25/10/2020, 00UTC ngay 26/10/2020.

T6 hop da vat Iy trong mo hinh WRF gdm nhiéu so d6 tham s6 mo ta cac qua trinh vat ly
xay ra trong khi quyén nhung theo nhirng nghién cru trude déy [15] da sir dung cac so dod
dugc liét ké trong bang 2 dé tao ra du béo t6 hop da vat Iy trong m6 hinh WRF va c6 ket qua
thu duoc tot. Do d6 trong nghién ctru nay ciing st dung cac so d6 trén dé tao ra du bao to hop
da vatly.

Bang 2. So dd tham sb héa trong mé hinh WRF &ng véi cac lra chon cu thé [20].

So d6 Ky hiéu Lua chon
. RRTM scheme
. Dudhia scheme

Buc xa song dai ra_lw_physics
Buc xa song ngan ra_sw_physics  Goddard shortwave
. Kessler scheme

. Lin et al. scheme

. WSM 3-class simple ice scheme
. WSM 5-class scheme

. Ferrier (new Eta) microphysics

Vi vt ly mp_physics

. WSM 6-class graupel scheme

Tham s6 hoa déi . Kain—Fritsh scheme

cu_physics

N P OO O h WO N P N P -

luu . Betts—Miller—Janjic scheme




Tap chi Khi twong Thity van 2022, 739, 46-58; doi:10.36335/VNIJHM.2022(739).46-58 49

Nhu véy, tong cong ¢ 21 két hop khac nhau cua cac so dd vat li duoc trong cac thanh
phan té hop khac nhau trong mo6 hinh WRF theo mot chudi cac hoan vi cia cac so d6 vat 1i do,
khi sb luong cuia cac thanh phan to hop 16n hon 5O lugng cua cac két hop, viéc gan s¢ dugce
1ap lai. Theo d6, 21 bo mod hinh vat Iy gdm cac so do sau: (1) so d6 vi vat i gdm so dd cua
Kessler, so do cua Lin [18], vi vét li Ferrier va cac so d6 WSM3, WSM5, WSM6; (2) so dd
birc xa song ngan gom so d6 cuia Dudhia va Goddard; (3) so d6 btc xa song dai cia RRTM va
(4) hai so dd tham sé héa ddi lwu cua Kain—Fritsch va Betts—Miller-Janjic (BMJ) (Bang 3),
va cac to hop két hop duoc dwa ra trong Bang 3.

35N

30N

25N

20N

e Hoang S

10N w:

- Fruong Sa

SN

EQ

58

105

95€  100E 105E 11DE  115E 130E 125E 130E 1356  140E

Hinh 1. Ban d6 khu vyc nghién ctru.

Bang 3. Thanh phan t6 hop tuong tmg véi cac so dd vat 1y khac nhau [16].

Thanh phin t6 hop  Ra_Iw_ physics Ra_sw_ physics mp_ physics cu_physics
001 1 2 1 1
002 1 1 1
003 1 2 1 2
004 1 1 2 1
005 1 2 2 1
006 1 1 2 2
007 1 2 2 2
008 1 1 3 1
009 1 2 3 1
010 1 1 3 2
011 1 2 3 2
012 1 1 4 1
013 1 2 4 1
014 1 1 4 2
015 1 2 4 2
016 1 1 5 1
017 1 2 5 1
018 1 1 5 2
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Thanh phin td hop  Ra Iw_ physics Ra_sw_ physics mp_ physics cu_physics
019 1 2 5 2
020 1 1 6 1
021 1 2 6 1

2.2.2. Phuong phap trung binh c6 trong s6

Ky thuét trung binh to 'hop c6 lua chon trong nghién ctru sir dung thong tin vé sai s6 vi tri
thoi han du bao ngén tir mdi thanh phan t& hop dé tao ra mot gia tri trung binh dé du bao quy
dao thoi han dai hon. Do d6 t6 hop duoc hiéu 1a mot phwong phap tong hop dua trén sai sé du
bao han ngan (Short Lead Time-SLT) véi 1y thuyét 1a cac thanh phan c6 sai s6 thap & SLT s&
c6 sai s& du bao han dai (Long Lead Time-LLT) nhé hon. Trong nghiép vu, cac sin phém to
hop thuong dén duogc voi cac du bao vién véi do tre thot gian nhit dinh, diéu nay xuit phat tur
cac nguyén nhan nhu néng lyc tinh toan va truyen tai s liéu. Dbi v6i cac hé thong t6 hop,
thoi gian tré thuong 1a hon 6 giod. Vi dy, san pham du bao ctia phién dy bao theo gio quoc té
00UTC sé& dén duoc voi du bao vién lic 06UTC hodc tham chi mudn hon. Do tré nay cho
phép cac du bao vién c6 thé danh gia ky nang du bao trong SLT, tir d6 ude lugng do tin cdy
trong du bao LLT cua cc thanh phan t6 hop nay. Trong nghién ctru thoi han du bao ngan
dugc xac dinh 1a 12 gi¢ boi cac ly do: 1) cac hé théng to hop sir dung déu chay tai 02 phién
00UTC va 12UTC va cac san pham t6 hop nghiép vu ludn c6 do tré hon 6 gio va ii) cac san
pham tir hé thong t6 hop chi duoc cung cép trong khoang thoi gian 12 gio. Trung binh t6 hop
cudi cung dugc xac dinh boi cac budce sau:

- Sai s6 vi tri SLT tai 12 gi0 dugc tinh todn cho cac du bao quy dao tur tat ca cac thanh
phan t6 hop lién quan dén quan tric;

- Sai sb vi tri SLT trung binh cua tat ca thanh phﬁn td hop duoc tinh toan;

- Cac thanh phan c6 sai s6 nho hon sai s6 SLT trung binh s& dugc lya chon;

- Hai gia tri trung binh t& hop s& duoc tinh toan don gian bang cach 14y trung binh cong
cac thanh phﬁn dugc lya chon va tinh trong sb cac thanh phén duoc lua chon véi hé sd ti 16
nghich véi cac thanh phan tuong tmg;

- Sai s6 trung binh va trong s6 dé tinh toan quy dao trung binh t6 hop s& dugc diéu chinh
dé khop véi vi tri SLT vai cac sb lidu quan tric moi nhit. Quy dao duoc diéu chinh cudi cing
ky hiéu 1a trung binh cta cac thanh phan t6 hop c6 lya chon (SEAV), trung binh ¢6 trong sb
clia cac thanh phan t6 hop co lya chon (SEWE).

Hinh 2 minh hoa trudng hop ton tai 3 thanh phan t6 hop (ki hi€u twong Gmg la m1, m2,
m3) duoc lya chon dé xac dinh du bao t6 hop trong s6 cudi cung do dap mg chi tiéu sai sd vi
tri SLT nho hon so v&i sai s6 SLT trung binh ctia tit ca thanh phan. Trong trudng hop nay, dy
bao LLT cua 3 thanh phén nay s€ duogc sur dung dé xac dinh du bdo SEAV hoidc du bao
SEWE cudi cung.

So do trong sb6 duoc thiét ké dé xac dinh trong s6 du bao quy dao LLT boi hé s6 ti 18
nghich voi cac sai s6 SLT tuong ung, dugc dat tén 1a ey, ez, 3. Khi do, cac trong sb duoc tinh
toan theo phuong trinh (1-3).

lel;sz—;Wsz_ 1)
€1 €2 €3

x=(W{+w,+ws) (2

leg;wzz%;wsz% @)

V&i Wi, Wa, W3 13 cac hé s trong b cua cac thanh phén téi wu. Tuy nhién, mdt b thanh
phan dugc chon lai khong c6 du bao LLT, ddc biét la khi xody thuén nhiét doi budc vao giai
doan suy yéu. Trong truong hop nay, quy trinh tinh trong s6 van dugc ap dung cho cac thanh
phan con lai va van tuan theo phuong trinh tir (1-3). Trong phuong phap trung binh trong sd
nay, can c6 it nhat 2 thanh phan t6 hop cho tat ca cac thoi han dy béo.
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Dy béo SLT
Dy béo LLT

Quan tridc mé&i nhat

800

Trung binh t& hg'p da hiéu chinh

Céc thanh phin t hep (M,~m,,)

ms, — QuUY da0 quan trac
»
\\ ‘ . —ep Qufdao trung binh SEM sau khi chuyén
p) dél ciip nhit trong sé

) Therl diém bt du

Céc thanh phin
t8 hop duoe lva
chon

Sai 88 trung binh SLT cla tit
¢ cdc thinh phiin 8 hep

Hinh 2. So dd minh hoa k¥ thuat trung binh t6 hop c¢6 lwa chon [9].

Nhu vay, cong thire tinh trong s6 ctia phwong phap nay duge mo rong cho N thanh phan
to hop, thanh phan thir i ¢6 sai s6 khoang cach DPE (ki hi¢u 1a ej) 6 han SLT, s€ c6 dang:
1

Wi=o 4)
X=X\ w; 5)
W= (6)

X

Sau khi tinh toan xong cac hé s6 trong sd, gia tri trung binh c6 trong sé SEWE ciia to hop
t6i rru s& dugc tinh theo cong thire:
SEWE = XiL;(Wie;) (7
Céc sai s6 dap ung o han dy bao SLT lién quan dén chinh mau théng ké cua timg hé
thdng dy béao t6 hop. Vi du nhu sai s6 quy dao d6i v6i trung binh t6 hop cia ECMWF roi vao
khoang 4060 km d6i v6i han dy béo 6-12 gid va khoang 60—100 km dbi véi han 12-24 gio
[11].

2.2.3. Phuong phap danh gia

Sai s6 quy dao tinh theo cong thirc (8):
PE = R, * arccos [sin(a,) * sin(a;) + cos(a,) * cos (a;) * cos (B —B2)] (8)
Trong do Re 1a ban kinh tréi dat (6378,16 km); a1, a2 1a vi @0 cua tam bao thuc té va tam
bao do md hinh dy bao (dv radian); B1, B2 1a kinh d6 cua tdm bao thuc té va tdm bao du bao
(dv radian). Sai s6 trung binh khoang cach dwgc tinh nhu sau:

n
i=1 PEj;

Trong d6 TE la sai s6 khoang cach cua timg truong hop du bao; n 1a sé truong hop thir
nghiém; j la han du bao.
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3. Két qua va thio luin

3.1. Moi lién hé giita sai so dy bdao han ngan va trong so cua cac thanh phan to hop toi wu

Sai s6 du bao quy dao han 12 gid tai cac phién du bao 00 gio UTC ngay 25/10/2020, 12
gio UTC ngay 25/10/2020, 00 gio UTC ngay 26/10/2020 cua ting thanh phan t6 hop so véi
cac vi tri tdm béo quan trac dugc thé hién trong bang 4. Cac gia tri sai s6 nay dugc 4p dung
trong viéc tim sb cac thanh phan sai sb tdi vu theo cac han ngin 6 gio va 12 gio (ki hiéu
DPEO6 gio va DPE12 gio). Ki hiéu thanh phan (TP) thir 0 1a mem00. Tuy vao sai sO cua ting
thanh phan ma cac thir tu (TT) sai sé di duoc xdp xép lai tir nhé dén 16n. Tiép theo nghién
ctru tim cac thanh phan t6 hop t6i vu 1 cac thanh phan c6 sai s6 du bao 12 gid nhé hon sai sd
TBTH (Bang 5).

Bang 4. Sai s6 khoang cach quy dao tai tirng phién du bao (don vi km).

Phién du bao 00z 25-10-2020 Phién duw bao 12z 25-10-2020 Phién du bao 00z 26-10-2020
DPEO6 TT  DPE12 TT DPEO6 TT  DPE12 TT DPEO6 TT  DPE12
memO08 36,3 mem04 51,4 memO1 11,9 mem08 31,9 meml2 38,8 mem04 23,5
mem09 36,3 mem09 51,4 mem02 11,9 mem09 31,9 memQ9 41,8 memll 23,5
mem12 36,3 mem20 51,4 mem03 11,9 mem20 31,9 mem02 47,9 mem07 23,5
mem13 36,3 mem05 51,6 memO8 11,9 mem21 31,9 mem05 47,9 meml4 23,5
mem16 36,3 mem1l2 51,6 mem09 11,9 memO1 36,3 memO06 47,9 meml5 23,5
memO05 48,3 meml13 51,6 memO4 23,2 mem06 36,3 mem07 47,9 memO05 35,3
mem217 48,3 meml5 51,6 memO05 23,2 mem07 36,3 mem08 47,9 memO08 35,3
mem21 48,3 meml7 51,6 memO06 23,2 mem10 36,3 meml0 47,9 mem09 35,3
mem03 48,6 mem21 51,6 memO7 23,2 memill 36,3 memll 47,9 mem06 35,3
memO04 48,6 memO08 63,5 mem1l0 23,2 mem1l2 41,3 meml3 47,9 meml2 35,3
memO06 48,6 meml4 63,5 memll 23,2 mem13 41,3 meml4 47,9 meml3 35,3
mem07 48,6 meml8 63,5 mem1l2 23,2 mem16 41,3 meml5 47,9 meml6 35,3
mem10 48,6 meml9 63,5 mem13 23,2 mem17 41,3 meml6 47,9 meml7 35,3
mem11 48,6 meml6 63,8 meml4 23,2 mem02 41,4 meml7 47,9 meml9 35,3
mem14 48,6 memO1 65,6 meml5 23,2 mem03 41,4 mem20 47,9 mem20 35,3
mem15 48,6 meml0 65,6 meml6 23,2 mem04 41,4 mem?21 47,9 mem21 35,3
mem18 48,6 memll 65,6 meml17 23,2 mem05 41,4 meml8 48,4 meml0 39,3
mem19 48,6 mem03 75,6 meml8 23,2 meml4 41,4 mem19 48,4 mem01 47 4
mem20 48,6 memO06 75,6 meml9 23,2 meml5 41,4 mem01 53,2 mem18 47 4
mem01 51,1 memO7 75,6 mem20 23,2 mem18 41,4 memO04 55,9 mem03 59,5
mem02 51,8 mem02 77,4 mem2l 23,2 mem19 41,4 mem03 58,1 mem02 61,9
TB 459 TB 61,1 TB 205 TB 38,3 TB 483 TB 36,3

Bang 5. Sb cac thanh phan té hop téi uu dwoc lya chon.

Phién du bao S6 thanh phin < TB dat nguéng han 6h  Sé thanh phin < TB dat nguéng 12h
00UTC 25-10-2020 5 9
12UTC 25-10-2020 5 9
00UTC 26-10-2020 16 16
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Hinh 3. Biéu db chi sb cac trong s cua ting thanh phan té hop tng véi phién du bao 00UTC ngay
25/10/2020.

Tir dit liéu bang 4, tién hanh 14y s liéu cac mem ngay 25/10/2020 lic 00 UTC tai han dy
bao 12 gid so sdnh vai gid tri trung binh to hop 21 mem tai han do6 dé lya chon ra duoc 9 thanh
phan t6i uvu dé dy doan cho phién duy béo tiép theo 12 UTC ngay 25/10/2020. Céc thanh phan
duogc thay vao cac cong thirc (4), (6) dé ra duoc céc gia tri chi s6 dudi wi, tuong tu 1a chi sb
dudi Wi da thé hién trén hinh 3. Biéu d6 da chi ra rang Wi va DPE12h ¢ ti 1¢ nghich véi
nhau, biéu dién bing hai duong cam va xam, gia tri Wi c6 xu huéng giam khong déu, giam
kha manh tai cdic mem 8, mem 3. Tuong tng 13 gia tri DPE12h c6 sai s6 tang khong déu, c6
cac sai sb tang kha manh tai mem 8 tir 51,6 1én 63,5 km, mem 3 tir 65,6 1€n 75,6 km. Gié tri wi
c¢6 xu hudng giam tuong tu véi gia tri Wi va co ti 18 nghich véi DPE12h, khi sai s cang 16n
thi gia tri wi ¢6 gia tri cang nho hon (Hinh 3).

Trong han du b4o 12h cua phién du bao 12 UTC ngay 25/10/2020 khi so sanh v&i gia tri
trung binh to hop 21 mem tai han dy b4o da chon ra dugc 9 thanh phﬁn ti wu dé du bao cho
phién dy bao tiép theo 00 UTC ngay 26/10/2020. Biéu d6 hinh 4 da chi ra rang Wi va
DPE12h co ti 1€ nghich v6i nhau, biéu dién bang hai dudong cam va xam, c6 ti 1¢ nghich voi
nhau, gia tri Wi giam déu, giam kha manh tai mem 1, mem 12. Tuong tng 1a gia tri DPE12h
¢ sai s6 ting déu, ting kha manh tai mem 1 tir 31,9 len 36,3 km, mem 12 tir 36,3 1én 41,3 km.
Gia tri wi c6 xu huéng giam nhu Wi nhung c6 mirc d6 giam thap hon va ti 1& nghich véi
DPE12h, khi sai s6 cang 16n thi gia tri wi c6 gid tri cang nho hon.
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Hinh 4. Biéu d0 chi s cac trong s6 cua timg thanh phén t6 hgp ing véi phién du bao 12UTC ngay
25/10/2020.
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3.2. Hiéu chinh quy dao du bao

Tir cac gié tri wi, Wi dugc tinh tir phan (3.1) nhém nghién ctru thuc hién thay vao cong
thirc (7), tinh ra dugc qui dao theo phuong phap trung binh c6 trong s6 ciia cic thanh phan tdi
wu va thé hién qua hinh anh quy dao hiéu chinh hinh 5. Dé danh gia dugc kha nang dy bao,
nhom nghién ciru tinh toan cac sai sb cua cic phuong phap theo cong thuc (8), két qua thu
duoc trinh bay trong hinh 6.
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Hinh 5. Quy dao du béo cua cac thanh phan du béo (a), (¢) va quy dao dy bao cta cac phuong phap
du bao khéc (b), (d).

Hinh 5a, 5¢ biéu dién quy dao thuc bang dudng mau cam cing véi quy dao ctia 21 mem
bang cac dudng dut doan. Hinh 5b, 5d biéu dién quy dao thuc bang dudng mau den va dudng
mau xanh 14 biéu dién GFS, mau xanh duong biéu dién trung binh ¢6 trong 6, mau dé biéu
dién cho trung binh to ‘hop. Nhin chung trong cac phién du bao d6 phan tan quy dao du bao
nho trong 24, 48 gio dau, d6 phéan tan tuong dbi 16n trong du bao 72 gio. Sai s0 quy dao gilra
cac phuong phap dy bao cting 6 do sai s6 nho trong du bao 24, 48 gio va sai sO twong ddi 16n
trong du bao 72 gio. S6 1iéu vé TBTH va TBTS bj thiéu dit liéu han 00, 66, 72 do sau khi chay
mo hinh dir li€éu dugc dua ra tir 21 thanh phén khong c6 gia tri tai han 00, 66, 72 gio.
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Hinh 6. Sai s6 quy dao trung binh t6 hgp (TBTH), trung binh trong s6 (TBTS) va GFS & phién du
bao 12z ngay 25/10/2020.
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Quy dao dugc tinh biang phuong phap TBTS tai phién du bao 12 UTC ngay 25/10/2020
tir cac thanh phan ti wu dugc lua chon ra tir dy bao tai phién 00 UTC trude di du bao twong
dbi chinh xac hudéng di chuyén cta bdo c6 hudng Tay trong 36 gio dau giéng v6i hai phuong
phap TBTH va GFS (5b). Tir han du bao 42 dén 54 gid ca ba phwong phap déu du doan bio s&
d6i hudng di chuyén theo huéng Tay—Tay Béc tuy nhién hudng di chuyén cia bio van la
huong Tay (Hinh 5b). Han 60 gio, da c6 su khac biét ciia ba phuong phap, trong d6 GFS du
béo bio tiép tuc di chuyén huéng Tay—Tay Béc d6 bo vao tinh Quang Nam, con hai phuong
phap TBTS, TBTH du bao bio s& tir hudng Tay—Tay Béc do6i sang hudng Tay dd bo vao tinh
Binh Pinh (hinh 5b). Sai s6 quy dao ctia phuwong phap TBTS so v6i phuong phap TBTH va
GFS tai han du bdo 06, 12 gid ¢o sai s6 16n hon khoang tur 0,3—12,8 km, tuy nhién tir han du
b&o 18-60 phuong phap TBTS c6 gia tri nho hon so voi TBTH, GFS tir 2,0-39,6 km (Hinh
6). Nhung tai han du bao 4248 sai s ciia TBTS lai 16n hon GFES tir 18,5-26,4 km (Hinh 6).
Diéu nay phu hop vdi nhitng nhan dinh ciia Tran Quang Ning rang “d cac thoi han ngin 24—
48 gid va khi trudng hop cac con bo co cuong do manh va quy dao on dinh, phuong phap
trung binh trong s6 sé giam thiéu duoc sai s6 du bao quy dao trung binh t6 hop” [10]. Nhin
chung phuong phap TBTS da cai thién duoc kha nang du bao quy dao vdi khoang 53,8%
tong cac han du bao c6 sai s6 nho hon so voi TBTH.
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Hinh 7. Sai s6 quy dao trung binh t6 hop (TBTH), trung binh trong s (TBTS) va GFS & phién du
bao 00z ngay 26/10/2020.

Quy dao du béo tai phién dy bao 00 UTC ngay 26/10, trong 30 gio du, ca ba phuong
phap déu du bao bio di chuyén theo hudng Tay kha chinh x4c so v6i quy dao thuc. Tai han 36
gio, bdo d6i hudng tir Tay sang Tay—T4y Bic, hai phuwong phap TBTS va TBTH du bao bio
di chuyén theo hudng Tay, d6 bo vao khu vue tinh Quang Ngai-Binh Dinh (hinh 5d). Phuong
phap GFS du bao bao di chuyén theo huéng Tay va d6i hudng thanh Tay—Tay Bic tai han 48,
d6 bo vao khu vuc Quang Ngii-Binh Dinh (Hinh 5d). Sai sé quy dao ctia phuong phap TBTS
chua t6i vu hon so véi phuwong phap TBTH va GFS vi ¢6 sai s6 nhd hon chiém ti 16 nho trong
cac han du béo, chi co sai s6 nho hon khoang 0,4-5,5 km tai han 6, 12, 18 so véi TBTH va c6
sai s6 nho hon khoang 4,1-30,1 km tai han 18, 42, 48 so v&i GFS (Hinh 7). Cac han du bao
con lai sai s6 cia TBTS 16n hon tir 1,1-13,8 km so véi TBTH va 0,2-53,7 km so v&i GFS
(Hinh 7). Du phuong phap TBTS da cdi thién dugc quy dao tai phién du béo trudce tuy nhién

tai phién du bao nay lai cho thdy rang phuong phap TBTS cai thién duge kha nang dy bdo voi
26,9% tong cac han du bao co sai s6 nho hon so voi TBTH. Trudng hop niy tuy két qua
khong kha quan nhung phu hop véi nhan dinh cia [21-22] 1a phuong phap TBTS cai thién
hon so véi phuong phap TBTH trong han du bao ngén 6h va chua cai thién ¢ han 48 gid trd
1én.
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Hinh 8. Sai s quy dao trung binh t6 hgp (TBTH), trung binh trong s6 (TBTS) va GFS ciia 2 phién du
bao.

Ttr hinh 8, khi so sanh sai s6 ctia TBTS va TBTH trung binh trong 2 phién cho thiy sai sd
quy dao cta phuong phap TBTS nhé hon so voi1 TBTH tir 0,5-11,3 km tai han 12 dén 60 gio
va 16n hon 0,5 km tai han 6 gid. So v&i phuong phap TBTS va GFS ¢6 sai s6 quy dao nho hon
tur 5,8-10,1 km tai han 18,36,42 va 16n hon tir 1,3—12,5 km tai cac han con lai. Nhin chung
trong ca 2 phién dy bao, phuong phap TBTS da cai thi¢n dugc kha nang du bao quy dao bao
S0 v6i hai phuong phap TBTH va GFS.

4. Két luin

Muc tiéu img dung va thir nghiém phwong phap trung binh cé trong sb cua cac thanh
phan t6 hop t6i wu dé dy bao quy dao bdo Molave 2020. Nghién ciru da gi6i thiéu duoc
phuong phap trung binh c6 trong s6 cua cac thanh phan to hop tdi wu va ap dung thir nghiém
v6i hé théng du bao to hop duoc tao ra tir md hinh WRF d6i véi con bdo Molave tai 2 phién
du bao: 12z ngay 25/10/2020, 00z ngay 26/10/2020. Két qua nghién ciru di cho thiy trong
cac han du bao ngin, phuong phap TBTS du béo quy dao bio cai thién hon so véi TBTH khi
c6 sai s6 nho hon tir 2,0-39,6 km tai han du bao 18-60 h trong phién 12z ngay 25/10 va sai )
nho hon 0,4-5,5 km tai han du bao 6, 12, 18 h ctia phién 00z ngay 26/10. Khi so sénh trung
binh trong 2 phién, TBTS nho hon TBTH tir 0,5-11,3 km tai han 12-60 h.

Ngoai ra, trong phién du bao 12z ngay 25/10/2020, phuwong phap TBTS chiém 53, 9%
tong cac han dy bao c6 sai s6 nho hon so véi TBTH. Trong phién tiép theo ti 1¢ giam xudng
chi con 26,9 %. Tuy nhién trung binh trong ca 2 phién du béo ti 1¢ sai s6 nho hon cia TBTS
so v6i TBTH chiém 52,2%.

Céc trudng hop thir nghiém trong nghién ctru chi ap dung cho mét con bio nén chi co két
luan cho mgt truong hop cu thé. Can duoc thir nghiém nhiéu con bio trong nhiéu phién hon
dé dua ra dugc nhan dinh tong quan vé kha ning tmg dung phuong phap trung binh c6 trong
s0 ciia cac thanh phan to hop t6i wu trong cong tac du bao quy dao bdo anh hudng dén Viét
Nam.

Dong gop cua tac gia: Xay dung y tuong nghién ctru: P.T.M.; Lua chon phuong phap
nghién ctru P.T.M., P.X.D., N.-T.H., P.K.T.; Xtr Iy s6 liéu: P.T.M., PX.D,N.T.H.,, TT.H.T,,
P.K.T.; Phan tich két qua: P.T.M., N.T.H., T.T.H.T., P.K.T.; Viét ban théo bai bao: P.T.M.,
P.X.D.; Chinh stra bai b4o: P.T.M., P.X.D.
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Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap loi ich trong nhom tac gia.
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Forecasting the track Molave storm in 2020 by of the weighted
average method of the optimal ensemble members
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Abstract: In this paper, the authors forecast the track of Molave storm in 2020 using the
ensemble prediction system created from the WRF model. Then the track prediction results
are calculated by the weighted average method of the optimal ensemble members (the
members with short—term track error are smaller than the ensemble average track error).
Experimental results show that, in the direction of movement, at forecast periods longer
than 2 days when the ensemble dispersion of the forecast tracks is large, the TBTS
(weighted average of the optimal ensemble members) forecasted more effective than TBTH
(ensemble mean). In terms of forecasting error, TBTS’s track error is significantly
improved compared to that of TBTH in some forecasting terms. Specifically, the storm
track error of TBTS improved from 2% to 15% in the forecast period 2 days, and in the
forecast term after 2 days, it only improved 1% to 6% compared to the ensemble average
method. This result initially shows the advantage of the weighted average method of the
optimal ensemble members.

Keywords: Weighted average; Ensemble forecasting; Selective forecasting; Storm.
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Tém tit: Nghién ctu chuyén dich kién tao mang 1a mot nhiém vu da va dang dugc tién
hanh thudng xuyén va lién tuc tai Viét Nam. Két qua ctia nghién ctru chuyén dich kién tao
mang goép phan danh gia murc do tai bién dia chat cling nhu gop phan véan hanh cac cong
trinh trén khu vuc mot cach an toan. Tai Viét Nam, tir nam 2016 dén cudi nam 2019, mang
lu6i VNGEONET bao gdm 65 tram CORS duoc xay dung, phan bd trén toan lanh thd Viét
Nam phuc vu cho nhiéu muc dich, trong d6 c6 muc dich nghién ctru chuyén dich kién tao
mang. Dya trén dir liéu do GNSS tir nam 2019 dén nam 2022, di xac dinh chuyen dich cho
17 dlem trén lanh tho Viét Nam. Két qua tinh toan trong nghién ctru nay cho thiy su tuong
dong vé do 16n ciing nhu hudng chuyén dich khi so sanh véi cac két qua da cong b trudce
d6, tuy nhién do chinh xac dugc nang 1én. Véi chudi dit liéu do dai s& gop phan nang cao do
chinh xé4c xac dinh chuyén dich 1én 30%. Bén canh d6, su khac biét vé tbc dd chuyén dich
1én t6i x4p xi 1 cm giita cac diém la diéu can chii ¥ khi tién hanh hién dai héa hé quy chiéu
trac dia tai Viét Nam.

Tur khéa: Gamit/Globk; CORS; Chuyén dich kién tao mang; X ly s6 liéu GNSS; Dinh vi
tuyét doi chinh xac.

1. Mé dau

L&p vo Trai dat dugc tao thanh tir cac mang kién tao, cac mang nay lién tuc dich chuyén
theo cac hudng khac nhau va 1a nguyén nhin gy nén cac tai bién dia chat ciing nhu anh
huong dén sy dong nhat toa do cua cac diém trong cung hé quy chiéu. Do d6, quan tric
chuyen dich vo trai dat 1a nhiém vu duoc thue hién thuong xuyén va lién tuc. Trudc day, cac
diém quan tric hoat dong dich chuyén kién tao bang phuong phap do dac tric dia duoc bd tri
don gian va khong can nhiéu diém khi dut giy khong bi phan doan va c6 biéu hién hoat dong
d6ng nhét trong sudt chidu dai ctia no. Trong trudng hop nguoc lai, timg phan doan dut giy
can thiét phai c6 diém quan tric. C6 nhu vay, s liéu do bang phuong phép do dac tric dia
méi co thé cho phép xac dinh dugec md hinh bién dang phan anh chinh xac va chi tiét hoat
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dong cua dut gay [1]. Khi hé thong GNSS bt déu dugc dua vao sir dung trong quan trac
chuyén dich kién tao mang, phuong phap quan trac bang cong ngh¢ GNSS nay chu yéu dugc
thyuc hién theo phuong phap do twong d6i tinh truyén thong. Theo d6, lwa chon vi tri xdy dung
cac moc quan tric va dén thoi diém (theo chu ky xac dinh trude) s& dem may dén lap dé do.
Tu khi, hé thong mang ludi cac tram thu tin hiéu GNSS lién tuc (CORS) dugc trién khai da
cho phép xac dinh chuyén dich véi dit 1iéu dai hon, chinh xac hon ctng nhu cho phép thyc
hién nhiéu muc dich hon so v&i phuong phap do dac tric dia truyén thong. Hé thng GNSS
—~CORS di duoc xay dung phd bién trén thé gidi, dua trén dit liéu thu duoc tir cic mang ludi
nay nhiéu két qua xac dinh chuyén dich da duoc cong bd. [2] da sir dung phuong phap PPP dé
xac dinh toa d6 cua 14 tram CORS trudce va sau tran dong dat tai Tho Nhi Ky nam 2011.

Nhu di trinh bay ¢ phia trén, cac phin mém Bernese, Gamit/Globk 14 cdc phan mém
dugc str dung mot cach rong rii trong nghién ciru chuyén dich kién tao mang. [3] trén co so
stt dung pham mém Gamit/Globk ciia cic tram CORS vdi thoi gian do 7 nam dé phat hién
chuyén dong kién tao dai han & cac tinh Pohang va Gyeongju tir d6 cling suy ra dugc cac
thong s chuyén dong cua 16p vo lién quan dén 1y thuyét dan hoi. [4] da str dung phan mém
FEM dé phan tich két qua chuyén dich bang cach sir dung phan mém Gamit/Globk dé phan
tich chuyén dich cta cac tram CORS tai Tho Nhi Ky trong giai doan 2008—2014. Ciing tai
Tho Nhi Ky, [5] d phan tich dir liéu cta 11 tram CORS trong thoi gian thang 1 nam 2020 str
dung phan mém Gamit/Globk dé phat hién dugc lugng chuyén dich 20 + 60 mm tai cac diém
gan tim chin. Lugng chuyén dich vé d6 cao khong duoc xem xét trong nghién ctru nay. [6]
phan tich dit liéu chuyén dich tai trén co s& d6 thiét 1ap mat quy chiéu chuyén dich cho phan
dat lién ciia Trung Qudc.

Str dung md dun FODITS trong bd phin mém Bernese, [7] da phén tich lugng chuyén
dich tuyén tinh va phi tuyén tinh tai Cyprus véi dit liéu thu thap trong giai doan 2011-2017
trong khung tham chiéu IGb08. Luong chuyén dich ctia Cyprus duoc cac tac gia tham chiéu
dén 4 mang lién ké cua khu vyc thuc nghiém. Ciing trén co so st dung phén mém Bernese,
[8] da phan tich chudi dir lidu trong khoang thoi gian 2007-2014 dé thiét lap lai mat quy
chiéu trac dia cuc bo sau tran dong dat & Tohoku ndm 2011.

Mang lu6i tram CORS cua Ai Cap thiét 1ap vao ndm 2011 duogc xéac dinh toa do trong
ITRF2008, [9] d4 str dung két hop ca phan mém TBC (Trimble Business Center), Bernese,
Gamit/Globk dé cap nhat toa do cho cac diém trong ITRF 2014. Két qua cap nhat cho thay,
trong giai doan 2011-2019, chénh 1éch toa d dat 0,237 m va 0,253 m tuong Gng véi thanh
phan toa do 2D va 3D. Van toc thay doi toa d6 1an lugt 12 29,7 va 31,7 mm/ndm tuong Gmg
v6i thanh phan 2D va 3D.

Tai Viét Nam, dé c6 nhiéu nghién ctru dich chuyén kién tao tai nhiéu khu vuc khéac nhau,
st dung phuong phap do twong dbi ciia cong nghé GNSS. Vi dir lidu do GNSS tai 4 thoi
diém tir nam 2002 dén nam 2004, tic gia Duong Chi Cong (2006) di sir dung phan mém
Gamit/Globk va xac dinh duoc lugng chuyén dich ciia dut gy Lai Chau—Dién Bién 1a
khoang 36 mm (theo huéng Déng) va -9 mm (theo huong Bic). Cac két qua néu trén hoan
toan phu hgp véi chuyen dich cua khu vuc Déng Duong [10]. Clng voi phuong phap tiép can
nhu trén, Vy Quoc Hai da xac dinh dugc chuyen dich tuyét d6i khu vue Tam Dao—Ba Vi bang
cach str dung phan mém Bernese 4.2 dé xir 1y s6 liéu do trong nam 1996 va 2006. Cac két qua
tinh toan ciia tac gia phil hop véi két qua tinh toan ciia dé an GEODYSSEA [11], [12] trén co
so xu ly dir li€u thu thap duogc tai 27 tram do ¢ mién Bic Viét Nam trong giai doan
1994-2007 d3 xac dinh duoc toc do chuyén dich vé phia Bong cia tat ca cac tram 1a 34,5+1
mm/nim va vé huéng Bic dao dong tir -13+1 mm dén -12+1 mm/nam.

[13] trén co so Gmg dung 7 diém do twong d6i tinh GNSS dé xac dinh chuyén dich tan
kién tao bién Pong thoi ky 2007-2008 bang phan mém Bernese 5.0. Trén co so st dung dit
lidu do GNSS lién tuc tir 2006 dén 2010 véi giai phap xt Iy sb liéu sir dung phin mém
Gamit/Globk, [14] da xac dinh dich chuyén twong ddi giita 3 diém do GNSS tai Viét Nam va
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4 diém khac trong khu vuc Bong Nam A trong Khung quy chiéu ITRF2005 véi sai s6 xac
dinh cac thanh phan chuyén dich 16n nhét 1 1,7 mm/nim.

Pic diém chung cua cdac nghién ctru trén do la: (1) s dung s6 liéu do twong d6i tinh theo
phuong phap do tmyen théng; (2) st dung phan mém xir ly theo phuong an xur 1y luoi khong
ché; va (3) chua ban dén viéc su dung cdc md hinh toan dé phan tich dir li¢u quan trac theo
chudi thoi gian.

Trong thoi gian gan day, khi hé thong dinh vi vé tinh qudc gia Viét Nam (VNGEONET)
st dung cong nghé GNSS—CORS duoc hoan thién, phuong phap dinh vi tuyét ddi chinh xac
(PPP) voi thoi gian do tir 1 gio tré 1én cho d§ chinh xac ¢ mirc cm va dugc ap dung trong
nghién clru chuyén dich kién tao ¢ Viét Nam. [15] da su dung phwong phap nay dé xac dinh
chuyen dich cho mét s tram CORS trén 1anh thd Viét Nam véi dit liéu do trong giai doan
2016-2018. Bo chinh xac xac dinh cac thanh phén toa d 16n nhét 1a 4 mm (theo hudng Béc),
4 mm (theo huéng Pong) va 8 mm (vé do cao). Két qua xac dinh chuyén dich nay ciing dugc
so sanh véi két qua x4c dinh str dung phén mém Gamit/Globk va Bernese voi do 1éch ¢ muc
mm [15].

2. Dir liéu va phuwong phap nghién ciru

Hé thong tram dinh vi vé tinh quéc gia Viét Nam (VNGEONET) bao gém 65 tram
GNSS—-CORS bao gom: 24 tram Geodetic v&i khoang cach trung binh gitta cic tram
150+200 km va 41 tram NRTK dugc bd tri tai 3 khu vuc d6 1a: Pong bang Bac Bo va khu vuc
Thanh Hoa; khu vuc mién Trung va Tay nguyén; khu vuc Nam bg voi khoang cach trung
binh 50+80 km. So d6 phan b cac tram CORS dugc cho trong Hinh 1. Ket cau cac mdc cua
tat ca 65 tram CORS thuéc VNGEONET déu 1a loai mbc chon sau t6i tang da goc, dam bao
du diéu kién cung cap dit liéu cho cac nghién ctru chuyén dich kién tao, ciing nhu cac yéu cau
khac trong cac nghién ciru khoa hoc vé trai dat (Hinh 2). Trong nghién ctru nay, dit lidu cua
17 tram CORS thu¢c mang luéi VNGEONET thu duoc trong giai doan 2019-2022 da dugc
sir dung. Thong tin chi tiét vé dir lidu duoc trinh bay trong Bang 1. Trong Bang 1, cac diém co
chi s6 (1) 1a cac tram Geodetic CORS. Nhu di trinh bay ¢ phia trén, dé xu 1y s liéu GNSS
trong nghién ciru chuyén dich kién tao, co thé sir dung phuong phap dinh vi tuyét d6i chinh
xéac hodc xtr 1y dir liéu ludi quan tric GNSS bang mot phan mém cé do chinh xac cao nhu:
Bernese, Gamit/Blobk. Vi dit li€u trong thoi gian dai thu dugce bdi cac tram CORS, xac dinh
duoc luong chuyén dich theo timg ngay trong chudi dit liéu.

Bang 1. Thong tin vé dir lidu sir dung trong nghién ciru.

Loai may Dang dir Tan sudt Thoi gian c6 di

Tén céc tram, tinh Loai ang ten o oA
thu liéu (s) liéu
ANHO(1) (Binh Dinh) LEIAR25.R4 LEICA RINEX; 30 26/08/2019 —
QNAM(1) (Quang Nam) LEIT GR50 phién ban 18/03/2022
MCAI(1) (Quang Ninh) 211
SDON (Bic Giang)

HCMV (TP H) Chi Minh)
BTRI (Bén Tre)
KANH(1) (Ha Tinh)
CLON (Tra Vinh)

HYEN (Hung Yén)
THOA(1) (Thanh Hoa)
CTHO (Can Tho)

CPHU (Ninh Binh)
VINV(1) (Nghé¢ An)
TQUA(1) (Tuyén Quang)
TDOU(1) (Nghé An)
HTIE(1) (Kién Giang)
MGTE (Lai Chau)
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QB. Hoang Sa
(Viét Nam)

Bién Déng

QD). Tesime, Sa
(Vadt Nam)

Hinh 1. So d6 phan b6 tram CORS tai Viét Nam. Hinh 2. Mot tram CORS thudc mang luéi VNGEONET.

Tuy nhién, gia tri chuyén dich cua cic ngdy co sai s6 16n do anh hudng cta nhiéu yéu to
khach quan s& khong phan anh hét quy luat chuyén dich cua doi dut giy, mang kién tao theo
thoi gian. Pé ¢ thé phan tich va tim ra quy luat chuyén dich cua cac cua déi dut gdy, mang
kién tao dua vao chudi thoi gian, st dung cdc mo6 hinh toén hoc dé xac dinh duogc quy luat
chuyén dich theo mua, xu hudng chuyén dich theo nam ... [16].

Trong nghién ciru nay, nhém nghién ctru da sir dung phan mém Gamit/Blobk dé xtr 1y dir
lidu cac dit liéu cta 17 diém thudc hé théng VNGEONET tir ngay 26 thang 08 nim 2019 dén
ngdy 18 thang 03 nam 2022. Phan mém Gamit/Globk dugc phat trién boi Vién Cong nghé
Massachusett (MIT), Vién Hai duong hoc Scipps va Pai hoc Harvard; chuyén dung dé phan
tich s6 liéu GNSS phuc vu chu yéu cho cac myc dich vé nghién ctru bién dang va chuyén dich
v6 Trai dat, nghién ctru khi quyén ciing nhu tinh toan quy dao. Trong d6, modul Gamit (viét
tat cia GNSS at MIT) 1a mot bd chuong trinh xur 1y cac dit liéu pha dé dua ra cac tinh toan vi
tri khong gian 3 chiéu cua céc tram thu trén mat dat va quy dao vé tinh, do tré khi quyén cling
nhu cic tham s dinh hudng Trai dat. Modul GLOBK (Global Kalman filter) 1a mot b loc
Kalman véi muyc dich chinh 1a két hop nhiéu 16i giai tric dia khac nhau nhu GPS, VLB,
SLR. Pay la phan mém dugc thiét ké dé c6 thé chay trén bat ky hé diéu hanh UNIX ndo, bao
gém LINUX va MacOS.

3. Két qua va thio luin

Két qua xac dinh chuyén dich tir phan mém Gamit/Globk cua 17 diém trong thoi gian 2
ndm 7 thang, dugc xac dinh voi phuong phap tinh toan nhu trén va duoc trinh bay trong Bang
2.

Bang 2. Két qua x4c dinh chuyén dich cua 10 tram CORS — VNGEONET.

TT  Téndiém Vidp Kinh 9 VE/sai 50 VN/sai 50 VP
i i (mm/nim) (mm/nam) (mm/nam)
1 ANHO 13.90600 109.10474 28,80/1,31 -11,10/1,30 30,87
2 BTRI 10.04683 106.59719 28,56/1,33 -9,41/1,31 30,07
3 CLON 9.99284 106.20316 34,48/1,33 -8,40/1,31 35,49
4 CPHU 20.24641 105.71999 31,80/1,31 -8,76/1,30 32,98
5 CTHO 10.02682 105.76838 26,00/1,32 —7,90/1,31 27,17
6 HCMV 10.79511 106.73414 27,64/1,31 -9,72/1,30 29,30
7 HTIE 10.36954 104.45289 25,56/1,34 -10,09/1,32 27,48
8 HYEN 20.66645 106.05089 32,42/1,31 -5,43/1,30 32,87
9 KANH 18.08687 106.28541 31,26/1,31 -8,35/1,30 32,36
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TT  Tén diém Vi dp Kinh d¢ VE/ sai 5o VIN/sai s0 VP
: : (mm/niam) (mm/niam) (mm/nim)
10 MCAI 21.51838 107.98163 33,02/1,31 -9,70/1,31 34,42
11 MGTE 10.36954 104.45289 33,60/1,32 -7,65/1,31 34,46
12 QNAM 15.79284 108.41420 30,28/1,31 -10,24/1,30 31,96
13 SDON 21.33510 106.84935 33,91/1,31 -12,36/1,31 36,09
14 TDUO 19.26309 104.47053 32,07/1,32 -8,33/1,31 33,13
15 THOA 19.76207 105.77806 30,71/1,31 -9,22/1,30 32,06
16 TQUA 21.82360 105.21007 32,83/1,31 -8,63/1,30 33,95
17 VINH 18.67552 105.69104 31,02/1,31 -9,16/1,30 32,34
Trong Bang 2:

v, = [V + Vi (1)

Ttr s6 liéu & Bang 2 ¢6 mot s6 nhan xét nhu sau:

- Chuyén dich trén toan bo phﬁn d4t lién cua Viét Nam co xu hudng chuyén dich theo
huéng Dong Nam voi gia tri chuyén dich theo cac hudng khac nhau. Luong chuyén dich nho
nhat, 16n nhat vé huéng Dong trong mot nam tuwong ng 14 25,56 mm va 34,48 mm. Dbi véi
chuyén dich theo hudng Bic, cac gia trj 1an luot 13 5,43 mm va 12,36 mm vé gia tri tuyét di.

- Sai s6 xac dinh chuyén dich theo hudng Bic va huéng Dong clia tat ca cac diém déu
xap xi nhu nhau va dat gia tri +1,3 mm.

Dua trén cac két qua xac dinh chuyén dich dugc cong bd ciia mot sd nghién ctru gan day
[11,17], cho thdy su khac biét vé luong chuyen dich theo hudéng Dong nho nhat 13 -0,02 mm
(diém MGTE) va 16n nhat 1a 1,21 mm (dlem SDON); gia tri tuong tng vé& huéng Bic lan luot
1a -1,49 mm (diém THOA) va 0,79 mm (diém TQUA). Chudi dit liéu dugc sir dung dé tinh
toan trong [17] 12 1 ndm 1 thang, d6 chinh xac xac dinh cc thanh phan chuyén dich (theo
huéng Pong va hudng Bic) xap xi £2 mm. Dt liéu dung dé tinh trong nghién ctru nay dai 2
nam 7 thang cho d9 chinh xac xac dinh cac thanh phan chuyén dich t6t hon véi gi tri xap xi
+1,3 mm (tuong ung xap xi 30%).

Cung st dung phan mém Gamit/Globk, [17] dé xac dinh chuyen dich cho 4 diém trén
lanh tho Viét Nam véi chudi thoi gian do tai mdi diém kéo dai tir 6 dén 11 nim vai két qua
xac dinh cac thanh phén chuyén dich tai cac diém nhé hon £1 mm.

Trén co sd so sanh van tdc chuyén dich cia diém HYEN véi két qua da duoc cong bd
trong tai liéu [11] co thé thiy van toc chuyén dich vé co ban 1a trong dong véi nhau.

4. Két luan

Qua két qua nghién ctru va tinh todn thuc nghi€ém, nhom nghién ctru rit ra mot s6 nhan
x€t nhu sau:

- Két qua xac dinh chuyén dich cua bé mat Trai dat trén 1anh thd Viét Nam dya vao dix
liéu do ctia 17 tram CORS thudc mang ludi VNGEONET cho két qua twong dong véi cac két
qua xac dinh chuyén dich dugc cong bd trude d6. Theo do, xu hudng chuyén dich chung trén
toan bd phan dat lién 14 theo hudng Dong Nam.

- Sy khac biét vé lugng chuyén dich nho nhat-16n nhét theo huéng Pong, huéng Bic lan
luot 14 9 mm va 7 mm, day la dai lugng sai 1éch dich chuyén giita cac diém tuong ddi 16n va
can phai dic biét quan tdm khi tién hanh nang cip, hién dai hoa hé quy chiéu ¢ nudc ta.

- Két qua xac dinh chuyén dich véi thoi gian do dai hon (2 nam 9 thang) cho phép xéac
dinh chénh 1éch 1én t&i mire xap xi 1 mm/ ndm so véi két qua xac dinh chuyén dich cua diém
twong tmg véi thoi gian do ngan hon trude day (1 nim 1 thang). Bén canh do, véi viée st
dung chudi thoi gian do dai hon c6 thé nang cao do chinh xac xac dinh cac thanh phan chuyén
dich str dung phan mém Gamit/Globk.

- Trong thoi gian tdi, can tién hanh nghién ctru dé dua thém cac mé hinh toan hoc dé
phan tich dit liéu chuyén dich theo chudi thoi gian nham tim ra cac quy luat chuyén dich ciing
nhu loai trir mot s& ngudn sai sé ngau nhién néu co.
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Loi cam on: Tap the tac gia xin chan thanh cam on Cuc Do dac, Ban d6 va Thong tin dia ly
Viét Nam, dé tai cAp BO Tai nguyén va Moi trudng ma s6 TNMT.2022.04.09 da cung cip sd
liéu, tai liéu dé c6 thé hoan thanh noi dung cta bai béo nay.

Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhirng nghién ctru trude day; khong céd
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Determination of tectonic velocities in Vietnam territory based
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Abstract: Research on tectonic velocities (or plate tectonic) is a task that has been carried
out regularly and continuously in Vietnam. The results of the study of tectonic velocities
contribute to the possibility and extent of geological hazards as well as to the safe operation
of works. GNSS-CORS technology is one of the technologies used in plate tectonic
research. Built in 2016 and completed by the end of 2019, the VNGEONET network
includes 65 stations distributed throughout Vietnam, serving many applications including
plate tectonic shift. Based on measured data from August 2019 to March 2022, the authors
determined displacement for 17 points in the territory of Vietnam. The experimental results
show the similarity in magnitude and direction of displacement when compared with
previously published results. Also, from the results of displacement determination, the use
of long data series will contribute to improving the accuracy of displacement determination.
Besides, the difference in the amount of displacement up to approximately 1 cm between
points is something to pay attention to when modernizing the geodetic reference system in
Vietnam.

Keywords: Gamit/Globk; CORS; Plate tectonic; GNSS data processing; PPP.
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Tom tat: Luu vuc song Nhué — song Day duoc biét dén nhu mot diém néng vé chat luong
nude, gay anh hudng 16n dén stc khoé nguoi dan ciing nhu canh quan, méi trudng luu vuc
song trong nhitng nam gan day. Nghién ciru xay dyng mo hinh tri tué nhan tao (AI) mo
phong chat luong nudc séong Nhué—Day dua trén két qua mo phong thuy dong luc va chat
luong nude cua mo hinh thuy lyc MIKE 11. Dir ligu dau vao bao gém: dia hinh, sd liéu thay
van, dir liéu ngudn thai tai cac vi tri quan tric dé mo phong chat lugng nudc trong mé hinh
MIKE 11. M6 hinh Al st dung thudt toan MLP — ANN x4y dung quan hé hdi qui gitra luu
lugng nude song va ndng do cac ngudn thai véi cac chi sd chat luong nudc dé du bao chat
lwong nudc tai cac vi tri kiém soat theo cac kich ban klem soat va quan ly ngudn thai khac
nhau mot cach nhanh chéng. Két qua tir mo hinh Al gan sat véi két qua tir mo hinh MIKE
11 véi chi s6 R? dat tir 0,98 trd 1én v6i thoi gian mé phong nhanh hon hang nghin 1an so voi
mo hinh thuy lwe, 1a mét cong cu hiru hiéu, cho phép dua ra dy bao chat lugng nude nhanh.
Nghién ctru cung cép cong cu quan 1y cho cac nha quan 1y trong danh gia nhanh tac dong
clia cac giai phap qui hoach, quan 1y va kiém soat 6 nhiém ngudn nudc trén luu vuc song
Nhu¢ — bay.

Tir khéa: Chat lugng nudc; Luu vuc séng Nhué-Pay; M6 hinh MIKE 11; Mé hinh tri tué
nhan tao AI;, MLP-ANN.

1. Pit van dé

Chat lwong nudc ludn 14 van dé cip thiét dugce quan tim hon ca do tac dong ciia né dén
strc khoé ctia ngudi dan ciing nhu dén moi truong va he sinh thai. Luu vye song Nhu¢-—Day
co vai tro quan trong khong chi trong phat trién kinh té ciia cac tinh thanh pho ven sOng ma
con ca trong su phat trién ciia ving dong bang séng Hong [1]. Tuy nhién, ngudn nudc séng
dang bi 6 nhiém nghiém trong va 1a mot trong nhing diém nong vé 6 nhlem moi trudng nude.
Theo Tong cuc Mbi truong — Bo Tai nguyén va Moi truong, trong tong sé 15/185 diém quan
trac bi 6 nhiém ning nhét trén 5 lwu vuc sdng khu vuc phia Bic vao nim 2020 thi c6 dén 13
diém thudc luu vuc sdng Nhué—Day va co toi 62% sé diém quan tric cho két qua caa chi s6
chat lwong nuéc WQI < 50 & muc xau dén rat xau. Chat luong nudc kém da anh huong rat
I6n téi cudce song, kinh té, méi truong va xa hoi. Do d6 viée kiém soat 6 nhiém trén luu vuc
song Nhué-Day thudc dia ban thanh phd Ha Noi dong vai tro quan trong khong chi vi Ha
Noi ma con d6i véi toan luu vuc.

Viéc tinh todan md phong bién ddi theo khong gian va thoi gian cua cac chat 6 nhiém
dong vai tro quan trong trong cong tac danh gia va kiém soat chat luong nudc. Vi su phat
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trién cua cong nghé thong tin ciing nhu mo hinh héa chét lugng nudc, ngiy cang nhidu cac
mo hinh mé phong chit lwong nudc ra doi va phat trién. Mot sé mé hinh toan thong dung da
dugc phat trién bao gdbm QUAL, WASP, QUASAR, MIKE Ecolab, cic mé hinh nay thudc
nhém md hinh sé tri, 14 mé hinh héa qua trinh lan truyén nudc trén hé théng séng, kénh
muong. Uu diém ctia nhém md hinh nay 1a ¢ thé cung cap thong tin danh gia chit luong
nuoc theo khong gian va thoi gian. Tuy nhién, viée thlet 1ap m6 hinh twong ddi phire tap va
mat nhiéu thoi gian, yéu cau ngudi str dung mé hinh can c6 kién thirc chuyén mén hiéu chinh,
kiém dinh va danh gia két qua mé hinh. Pic biét, trong diéu kién ¢ cac nudc dang phat trién
nhu Viét Nam, do tinh phic tap trong viéc thiét 1ap mo hinh, s& rat kho khan trong viéc
chuyén giao mé hinh cho cac co quan quan ly dia phuong sir dung. Do do vi€c phat trién cac
mo hinh don gian d& tiép can, dé st dung 1a mot yéu cau cap bach.

Thoi gian gan day, cac mo hinh tri tu¢ nhan tao phuc vu moé phdng du bao chét luong
nudc da va dang duoc ung dung rong rai do kha nang tinh toan nhanh véi do tin cay va hiéu
qué cao. Bén canh do, cac qué trinh thity van nhin chung 14 cac qua trinh phi tuyén tinh trong
tu nhién, thay doi theo khong gian va thoi gian nhu dong chay, chat luong nude [2]. Do do,
viéc mo ta cac qua trinh va yéu tb trén can dugc phan tich phi tuyén tinh. Khi cac dit liéu da
16n, cing v6i thudt todn va hé s cia mo hinh tri tué nhan tao (AI) dugc thiét 1dp mot cach
phu hop, m6 hinh c6 kha nang mé6 phong cac yéu td v6i hiu sudt va do chinh xac cao, co thé
thay thé cho md hinh thuy luc 5O tri.

Thuc té cho thay Al ¢6 vu diém vuot bac va phu hop trong viéc quan ly, danh gia va mé6
phong, du bao chat lugng nude hiéu qua tai mot s6 quoc gia trén thé gioi. Tuy vy, cach tiép
can str dung cong nghé tri tué nhan tao mod phong chat lwong nudc van 1a mot trong nhing
hudng nghién ctru twong d6i méi trén thé gidi hién nay. O Viét Nam, cho dén thoi diém hién
tai van chua c6 nhiéu nghién ctru danh gid mo phong chat lugng nude ing dung mang tri tué
nhan tao. Mot trong nhitng 1y do mo hinh tri tu¢ nhan tao chua dugc str dung rong rai la do
thiéu dir liéu dé huan luyén cadc mo hinh tri tué nhan tao. Méc du s6 liéu quan tric chat luong
nude trén luu vue séong Nhué—Pay ngay cang nhiéu, chudi sb liéu ndy van chua da dé xay
dung mot mo hinh tri tué nhan tao du tin cay. Nam 2006, [3] di xem xét két hop mé hinh tri
tué nhan tao va mo hinh chat luong nudc va dua ra céc li do can tich hop hai loai m6 hinh va
danh gia hiéu qua. Trong dé xuat niy nhém thyc hién s& xay dung cong cu mo phong chat
lugng nude dwa vao cong nghé tri tu¢ nhan tao. Theo do, nghién ctru s€ s dung cong nghe
nay xdy dyng quan hé tuong quan gilia dau vao (tai lugng cac nguon xa thai, chi o chat
lugng nudce song thoi dlem hién tai va luu luong nudc song) va dau ra (chi sé chat luong
nude tai mot sd vi tri co sé lidu do trén song Nhué—Day). Quan hé nay sau khi xay dung s&
duogc sir dung dé mo phong chat lugng nuéde song gop phan cho dy bao va phuc vu cong tac
klem soat & nhiém sau ndy. So vo1 cac mo hinh s6 tri, cong ngh¢ tri tu¢ nhan tao khong yéu
cau nguoi str dung can c6 kién thirc chuyén moén sau vi cac cong viéc phan tich, xur 1y s6 liéu
da dugc an phia sau. Do do, cong nghé rat thuan loi trong viéc chuyén giao cho thanh phd
Ha Noi. Cong nghé ciing cho két qua tinh toan mot cach nhanh chong, rat phu hop phuc vu
cong tac md phong, du bao chat luong nudce cling nhu hd tro ra quyét dinh trong viéc kiém
soat 6 nhiém. Vi vy, nghién ctru s& két hop ca mé hinh thuy lyc va mé hinh tr tué nhan tao
nham tang dg tin cdy cho md hinh tri tu¢ nhan tao trong d6 moé hinh thuy lyc dugc sir dung
dé tao 1ap co s dir liéu theo céac kich ban khac nhau cung véi dir liéu do dac co6 san lam dau
vao cho mé hinh tri tué nhan tao. Bai bao nay trinh bay mot s6 két qua dat dugc ctia cach tiép
can moi nay ap dung cho luu vic song Nhug-Day. Két qua nghién ctru trinh bay trong bai
béo c6 thé hd trg cic nha quan ly trong viéc danh gia hién trang va du bao chét lugng nudc,
phuc vu cong tac kiém soat va quan Iy chat luong nudc trén luu vuc song Nhué Day.

2. Phwong phap nghién ctru va tai li€u thu thap

2.1. Gidi thiéu vé khu vuc nghién ciru
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Luu vuc séng Nhué—Day nam & hitu ngan song Hong toa do tir 20° dén 21°20° vi d6 Bic,
va tir 105° dén 105°30” kinh d6 Pong, voi tong dién tich ty nhién 1a 7665 km? [1] (hinh 1).
Séng Pay 1a mot phan luu cta sdng Hong bit ngudn tir hé théng phéan chira 16 Van Coc thude
huyén Phtic Tho chay qua cac tinh Ha N§1, Ha Nam, Ninh Binh, Nam Dinh trudc khi dd ra
bién & cira Pay. Song Nhué ldy nudc tir song Hong qua cong Liém Mac ¢ Tir Liém, Ha Noi
dé cap nude tudi va déng thoi 1am chirc ning tiéu nude cho cac quan/huyén Cau Gidy, Ha
boéng, Tir Liém, Thanh Tri, Hoai Dtrc, Thuong Tin, Thanh Oai, Phii Xuyén cia TP. Ha Noi
roi d6 vao séng Pay & Phu Ly [4].

BAN DO VI TRI SONG NHUE, PAY
Ty 1&: 1:400,000

nh Phie

Ho: Binh
Chua giai:
Song Nhud

Song Day
=
- Buémg giao théng
(] cusn, huyén
[ Jtin

sadooo

Hinh 1. Song Nhué Pay thudc dia ban thanh phé Ha Noi.

Khu vuc ndm trong vung c¢6 khi hau nhi¢t déi am gi6 mua, c6 mot mua dong lanh va
kho; mot mua hé néng 4m va mua nhidu [4]. Mua mua thuong kéo dai 5 thang, tir thang V
dén thang X; ba thang lién tuc c6 lwong mua cao nhat 1a thang VII, VIII va IX [5]. Ché do
thity vin trén luu vuc séng Pay phu thudc vao dong chay cua nude song Hong va cac song
nhanh [5]. Do d6 ma dong chay trén luu vuc song phan bd khong déu theo khong gian va
thot gian. Theo khong gian, dong chay 16n nhat ¢ nai Ba Vi, phan hitu ngan luu vyc ¢6 dong
chay 16n hon phan ta ngan. Sy phan b theo thoi gian theo phan phdi dong chay ndm phu
thudc vao sy phan phéi theo mua. Trén luu vuc s6ng Nhué¢-bay, cac ngudn xa thai chu yéu
tir cac ngudn sinh hoat va do thi, tir cac lang nghé, tiéu thu cong nghiép; bénh vién; mot phan
tir ndng nghiép, thuy san va cac nguon khac do d6 chit lwong nudc dang bi 6 nhiém, nhleu
vi tri cuc b 6 nhidm nghiém trong. Chit lwong nude luu vue song Nhué Pay nhitng nim gan
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day co su 6 nhiém cuc bd theo thoi gian. Vao mua kho, nuédce it, mdt s6 vi tri nudc c6 mau
den, mui hoi, dic biét mot sd vung mat nudc bi thu hep, dong chay thép: doan Phuc La—Déng
Quan, cau Mai Linh. Muia mua luong nudc dugc ting cuong nhiéu hon nhung luu vuc séng
Nhué-Pay luc nay 1a khu vuc xa 1 cho thuong Iuu (Ha N§i) nén ngoai luu luong nude
thuong kém theo rac thai gdy 6 nhiém cho luu vuc song.

2.2. Phwong phap nghién curu

Nghién ctu sir dung két hop cac md hinh thuy lyc va mo hinh tri tu¢ nhan tao trong md
phong tinh toan, mé phong chét lwong nudce luu vuc séng Nhug — bay. Trong do, phuong
phap md hinh toan sir dung mé hinh MIKE HD, AD va Ecolab mét chiéu dé mé phong dién
bién chét luong nudce va tao co s¢ dir ligu dau vao cho mé hinh tri tué nhan tao. Nghién ctru
sit dung mé hinh MIKE mé phong thay luc va chét luong nude luu vue song véi chudi dir
liéu nam trong giai doan 2016 — 2020 budc thdi doan ngay dé hi¢u chinh va kiém dinh mo
hinh, sau d6 két qua moé phong chét luong nude duoc st dung lam dr liéu dau vao cho md
hinh AL M6 hinh Al sir dung thudt toan tri tu¢ nhén tao dé xay dung quan h¢ héi qui gitra
chat luong nudc tai mot s6 vi tri kiém soat va cac bién anh huong dén chét luong tai cac vi
tri kiém soat nay (luu luong nude séng, ndng do cac chat 6 nhiém va luu luong tai cac ngudn
thai). Hinh 2 trinh bay so d6 két néi gitra mo hinh thity Iyc, mé hinh chat luong nudcva méo
hinh tri tué nhan tao sir dung trong nghién ctru ndy. Chi tiét vé hai mé hinh nay dugc trinh
bay dudi day.

*Mang lwdi song ngoi Dit liéu d4u vao i—’ Tién xt Iy
#Di} liéu mit cit sbng MIKE 11 HD

i 4

*Dit liéu bién: bién thugng lwy, bién gia 0 ¥ : e
nhap bén (0~ 1); b.éfﬁ Iy [H'Vt]g (Mo phong thiiy luc song) . (- 3
«Théng 56 mé hinh: hé 58 nhdm Manning DO, BODS, Lw:hlélt’qngl 'E‘Irim a6 z E
NHA+, NO3- ng?lgnmlhéital zle
sLuru hrgng ngudn thai tai cac vi tri xa thai MIKE 11 AD ES é
+NBng dd cac chdt & nhiém: DO, COD, - s
BOD, Amoni, Nitrate, ... (M6 phéng qua trinh tai o 5
»Théng 58 tai khuyéch tan (AD) khuyéch tan) é Mo hinh Al s
-
z (ANN - MLP) !
"o
F
P MIKE 11 Ecolab z
+B4 théng s6 md hinh sinh thai .
(M6 phong chét lvgng nwérc) Ra quyét dinh

Hinh 2. Phuong phap nghién ctu.

2.2.1. M6 hinh MIKE 11

v" M0 hinh thay déng luc MIKE 11

M6 hinh MIKE 11 la b6 m6 hinh mot chiéu duoc phat trién boi Vién thity luc Pan Mach
(DHI) tir m hinh gdc dau tién ra doi nam 1972 dung dé mé phong thuy luc, chat lwong nudce
va van chuyén nudc trong song [6-9]. M6 hinh giip mo phong dién bién dong chay ciing
nhu myc nude trong hé thdng song. Mo dun thuy dong lyc hoc duoc xdy dung trén co so ly
thuyét ciia hé phuong phuong trinh Saint—Venant, c6 dang:

aQ _
ox bE_q )
a 2
% ( A)+gA golol _

ot ox ox C 2AR )
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Trong d6 Q la luu lugng dong chay, h la myuc nudc; t 1a thoi gian; x la bién khoang céch;
g 1a gia toc trong trudng; A,b 1a dién tich va chiéu rong mat cat uét; g 1a gia toc trong truong;
a 14 hé s hiéu chinh lru tdc; C 13 hé s6 Chezy; R 13 ban kinh thay luc.

v' M6 dun chét lugng nudc

Mo dun truyén tai khuyéch tan AD: qua trinh truyén tai khuyéch tan dugc mo ta bang
phuong trinh [8]:

AD —
ox

6AC+6QC 6( 6C>_ AKC + C
ot | ox ox - 29

©)

Trong d6 C la ndng d6 (Kg/m?); D la hé s6 khuéch tan; q 1a luu luong nhép luu don vi
(m?/s); K 12 hé s6 phan huy sinh hoc, K chi dugc dung khi cac hién tugng hay qua trinh xem
xét ¢6 lién quan dén cac phan g sinh hoa.

Phuong trinh tai khuyéch tan phan anh hai co ché van chuyén: (1) Qué trinh van chuyén
chat do dong chay (advection); (2) Qua trinh khuyéch tan cac chat do dong chay réi (turbulent
diffusion).

MG dun Ecolab: M6 dun sinh thai trong mo hinh MIKE 11 m phong cac qué trinh bién
d6i sinh—hoa cua cac bién chat lugng nuéc trong Template 4 véi cac qué trinh duoc thé hién
trong phuong trinh: trao doi nhiét, bién doi chat hiru co, bién doi nitro, bién d6i photpho va
bién d6i oxy trong séng bang cac phuong trinh:

ar . : o , (4)
P insolation — radiation khi t € [tup s tdown ];
— radiation khit ¢ [tup s tdown ]
dBOD ()
dt = _BODdecay
dNH4_N e (6)
TR N_BODgecqy — Nitrification
dNO3_N P e (7)
3 - Nitrification — Denitrification
doP
e PPdecay — PPformation + OPreleaseFromBOD — OpplantUptake ®)
dpPP : . : :
el PPdecay + PPformation — PPsedimentation + PPresuspension
dDO T 9)
T Reaera + phtsyn - respT — B0Dgecqy — SOD — Nitrification

Trong d6 T: nhiét d6 cua nudc (°C); insolation, radiation: Buc xa mat troi vao va ra
BODuecay: BOD cuia chét hitu co hoa tan (mg/1); Kas 12 tbc do phan hay caa chét hitu co hoa
tan (1/day); DO: ndng do oxy hoa tan (mg/l); NH4 N: Amoni tinh theo Nito; NO3_N: Nitrate
tinh theo Nito, PP: Photpho dang manh; OP: photpho hoa tan.

So dd mang sdng md phong dién bién chat lwong nudc trén hé théng song Nhué — Day
dugc trinh bay ¢ Hinh 3 dudi ddy. Pau vao cho cac mddun thily luc HD, tai khuyéch tin AD
va Ecolab caa m6 hinh s6 tri MIKE 11 bao gé)m: mang ludi song, dir liéu mat cit song, dir
liéu bién, théng s6 hé s6 nham (MIKE 11 HD); luu luong, ndng dd cac chat 6 nhiém va vi tri
ngudn thai, bd thong sb cta cac moédun tai khuéeh tan (MIKE 11 AD) va sinh thai (MIKE 11
Ecolab). Hé théng song bao gém cac song Pay, Nhué, Tich Bui, Hoang Long, Chau Giang
v6i tong chibu dai 1a 434 km va s6 mat cat 1a 179 mat cat (Bang 1). Bién trén ctia mé hinh 1a
luu luong tai cac vi tri Chi Thuy, dap Day, céng Lién Mac, Hung Thi va Chau Giang. Bién
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dudi cua hé théng la muyc nudc tai tram thuy van Ninh Binh. Céc yéu td chat luong nudc
dugc mo phong bao gom BODs, NH4_N, NO3z_N, DO va nhiét do.

San Bip

i Cang Litn
9; Mac
Chi Thay | -
| Y Y
® h J
)
h J
‘ w
a . o =8
v Song Tich Bai v n:lg
=
5
Tg_’ v
ﬂ=ﬂ .
\ Y
Vin Binh ¥ ¥ BDing Quan
Hung Thi Y
Y
Pha I Ha Cong Than
® Nam I ¥ - o
Siéng Chin Glang
Y
v Song Hoang Long o Cin Giin Ch thich:
- Khiu @ Bién trén
B Bién dwndi
¥ Biém nhip luu
[ =  Séng

Ninh Binh

Hinh 3. So d6 thay luc luu vuc song Nhué-Day.

Bang 1. Mang lu6i song, s6 lugng mit cit trén cc song.

STT Tén séng Chiéu dai (m) S6 mit cit 1
1 Séng Pay 168.858 90
2 Song Nhu¢ 73.755 43
3 Séng Tich Bui 101.888 20
4 Song Chau Giang 27.688 11
5 Séng Hoang Long 61.589 15

Nguén: 1Vién Khoa hoc Khi tuong thuy vin va Bién d6i khi hau.

2.2.2. M6 hinh tri tué nhan tao

M0 hinh Al xay dung quan h¢ h01 qui y=f(p,xi) trong d6 Xi 1a bién dy bao (luu luong,
nong do cac chat 6 nhiém tai cac nguodn thai, luu lugng nudc song tai bién trén), y 1a bién phu
thuc (Néng do BODs, DO, Amoniac, Nitrate tai mot s6 diém kiém soat trén song Nhug—
Pay), p 1a tham sb cua phuong trinh hdi qui s& dugc xac dinh trong qué trinh huan luyén
(training) str dung cac thudt toan tri tué nhan tao. Trong nghién ctu ndy, thuat toan mang hoi
quy Multilayer Perceptron (ANN-MLP) da duoc st dung [10]. ANN —MLP la mét thuat toan
hoc may c6 giam sat (Machine Learning) thuoc 16p Mang no-ron nhan tao, la tap hop cua
cac perceptron chia lam nhiéu nhom, méi nhom twong Gmg véi mot layer [10 12]. Céc layer
nay dugc ket ndi hoan toan voi nhau: M&i nut & ting layer déu két ndi véi tit ca cac nit cia
layer Kké tlep. Mbt neuron nhan tao (con duoc goi la percepton) 1a mot ham bién dbi toan hoc
nhan mot hoic nhiéu dau vao da duoc nhan véi cac gia tri goi 1a “weights”, cong cac gia tri
d6 lai vi nhau thanh mot gié tri duy nhat. Sau do gia tri nay duoc dua vao mot ham phi tuyén
(duogc goi 12 activation function) va két qua ctiia ham nay chinh 1a dau ra caa neuron [10-11].
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Input layer Hidden layers Output layer

Hinh 4. Minh hoa mang hdi quy Multilayer Perceptron (ANN-MLP): Input layer (16p dau vao),
Output layer (16p dau ra) va Hidden layers (cac 16p an).

Cac md hinh dugc xay dung tir cac thuat toan tri tué nhan tao boi viéc huan luyén di
liéu. Qua trinh huén luyén dix liéu trong md hinh nham xéac dinh cac tham sé, c6 méi lién hé
chat ché vai s6 liéu dugce dua vao huan luyén. Trong khi d6, qua trinh kiém dinh s& danh gia
mirc d¢ tin cay cua md hinh. Céc thuat toan dugc lya chon trong ting mo hinh twong tng
nham tim ra md hinh phi hop véi nghién ciu. Lua chon phuong phap tdi wu phu hop trong
md hinh véi muc dich tang d6 chinh xéac caa mé hinh. Céc thdng sé trong md hinh s& duoc
xac dinh bang céch tinh ton va thir sai. Higu chinh cac thong sd cua mo hinh déi vai khu
vuc sao cho két qua tinh toan phu hop véi s6 lidu thuc do. St dung hé sb trong quan (Rz) dé
danh gia hiéu qua md hinh tri tué nhan tao so voi két qua tir md hinh MIKE 11. Chi s6 nay
phan anh muic do giai thich cua céc bién doc lap ddi voi bién phu thudc trong md hinh hoi
auy [13]. | | |

S6 liéu mod hinh bao gobm dir liéu huyén luyén va kiém tra, dugc phan chia véi ty 1€ 90%
dit liéu str dung cho huan luyén, 10% dit liéu str dung cho kiém tra.

Trude khi dua vao mo Al dé huan luyén, tap dir liéu s& dugc phan tich thanh phan chinh
PCA dé tim ra dugc cac thanh phan ¢ twong quan t6t véi md hinh. D6i vi mdi thanh phan
chét luong nudc tai moi diém, tim ra dugc mot bo dir liéu huan luyén riéng sau khi da loai
bo cac thong s6 ¢6 tuong quan thép. Viéc loai bd gia tri ngoai lai dugce thuc hién bdi phuogn
phpas Standard Scaler dya trén phuong sai don vi.

Céc tham s duoc hiéu chinh cia mang no—ron hdi quy nhiéu 16p MLP bao gom:
hidden layer sizes (s6 16p an), activation (ham kich hoat), solver (b t6i uwu hoa),
learning_rate (tdc do hoc). Str dung phuwong phap thir sai, nghién ctru da xac dinh dugce cac
tham s6 nay nhu sau: s6 16p 4 an duoc cai dat 1a 100, ham kich hoat 1 ham relu, bo toi uu hoa
la adam, toc d6 hoc 1a constant [12, 14-16].

2.2.3. Xay dung tap dir liéu cho mo hinh tri tu¢ nhan tao tr mé hinh MIKE 11

M6 hinh Al yéu cau mét luong 16n dit liéu dé huan luyén va kiém dinh md hinh trong
khi chudi s6 liéu do dac trén hé théng song Nhué—Day tuong ddi ngan, khong du dé xay dung
mot mo hinh AI du tin ciy. Do d6 nghién citu & str dung mé hinh MIKE 11 & chay mé hinh
véi cac kich ban khac nhau dé tao tap dit liéu cho mé hinh Al. Trong mé hinh Al, cac bién
dau vaobao gom: luu lrgng, BODs, DO, Amoniac, Nitrate tai cong Lién Mac, Ha Pong, Cau
T6, Dong Quan (luu vyc song Nhué) va dép bay, Song Phuong, cau Mai Linh, cau Ba Tha
(luu vue song Pay). Cac bién— mo phong bao gom: ndong d6 BODs, DO, Amoniac, Nitrate tai
cac i tri klem soat Phlc La, cau Chiéc, Pong Quan (luu vuc song Nhug) va cau Mai Linh,
cau Ba Tha, cau Té Tiéu (luu vuc song Dady). Nghién ctru da tao mot chudi céc sb liéu dau
vao cho cac bién mo phongtheo nguyén tic sau:

- Céc tham sé chat luong nuéc BODs, Amoniac, Nitrate dwoc tao ra ngau nhién trong
khoang tir gi4 tri can dudi 1 cac chi tiéu chat lugng cho cot B1 cia QNVN MT-08/2015—
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BTNMT (du tiéu chuan cho muc dich tudi tiéu, thuy loi) va can trén la gia tri gip doi ham
lwong chat 6 nhidm hién tai.

- Tham s DO dao déng ngau nhién trong khoang can trén la gia tri tai cot B1 cia QNVN
MT-08/2015-BTNMT va can duéi 1a ntra gia tri DO tai thoi diém hién tai.

- Nhiét do tai tit ca cac ngudn thai duge duoc tao ngau nhién trong khoang 15-35°C.

- Luu lwong nuée séng, nghién ciu xem xét bién d6i cua luu lwong nudc tai cac bién
dap Day trén song Day va cdng Lién Mac trén sdéng Nhué. Luu lugng dugc tao ngiu nhién
dao dong trong khoang tir 3-7 md/s tai dap bay, trong khi do gia tri nay dao dong trong
khoang tur 5-60 m?/s tai cong Lién Mac. Cac yéu tb chat lugng nudc tai 2 bién nay dugc giir
¢o dinh nhu diéu kién hién trang.

Dé c6 duogc co so dir liéu du 16n, nghién ctru da tao ngau nhién chudi sé liéu gdm 6872
dir liéu (dir liéu thiry van, cac bién chat lwong nudc: nhiét d6, ndng do BODs, Amoniac,
Nitrate , DO) véi budc thoi gian 1a 1 ngay. Ngoai trir cac vi tri diéu chinh nay, cac vi tri khac
khong dugc xem xét trong nghién ciu nay.

3. Két qua nghién ctru

3.1. Két qua md phong chdt leong nweéc bang méd hinh MIKE 11

Theo khong gian: trén song Nhu¢ nude song bi anh huong rat 16n boi nude thai sinh
hoat, cong nghiép, néng nghiép cua thanh ph6 Ha Noi. Vé mua can chat luong nude phu
thudc vao ché do van hanh céng Lién Mac, che d6 x4 nuwéc dap Thanh Liét va ché do lay
nude tudi cua he thong thuy nong. Vé mua 1i, cong Lién Mac thuong dong, nudc song Nhug
chi yéu 1a nue thai tir thanh phd, nude mua, nude tidu nong nghiép, ngudn nudce bi 6 nhiém
nhung dugc bom thoét ra song Pay. Chat lwong nudc song Day thay doi tht thuong va phu
thudc chi yéu vao chét lugng nudce thai tir sinh hoat, cong nghiép, néng nghiép, ling nghé
xudng cac kénh muong, séng ndi dia, sau d6 d6 don vao séng Pay doc theo song.

Véi ngudn s liéu thuc do ndng do cac chat tai cac vi tri doc sdng, viéc hiéu chinh mo
hinh dya trén viéc thay d6i hé sb triét giam cho timg doan séng tng véi mdi vi tri xa thai.
Qua trinh hiéu chinh théng sé md hinh dwa trén su phi hop gitta tinh toan va thuc do tai cac
tram kiém tra, cu thé 1a su ph hop Vé gia tri nong do chat luong nuéc.

Viéc hiéu chinh théng sé md hinh chat lugng nudc Ecolab ciing can duwa trén su tuong
ddng giira s liéu tinh toan va thuc do tai cac vi tri quan trac; vai viéc hiéu chinh md hinh
duogc thuc hién chu yéu thdng qua viéc thay doi cac bién trang thai, hé s khuyéch tan va cac
chi s6 sinh thai Ecolab cua cac chét 6 nhiém.

Tir két qua hiéu chinh mé hinh (Hinh 5) cho két qua mé phong thuc do va tinh toan tai
Dap Phung cho thay ndng do cac chét giira thuc do va tinh toan chénh léch khdng nhiéu.
Nong do Amoni, va BODs sai s6 khong dang ké, nong ¢6 DO va Nitrate md phong cao hon
thuc do véi sai s6 tuong ddi 11-26%. CG thé thay két qua md phong ciia mé hinh chat luong
nudc 1a twong doi phii hop khi tinh toan lan truyén ddi véi DO, BODs, Amonia (NHs*) va
Nitrate (NOs). Nhin chung c6 nong do 3 thong s6 DO, Amoni va BODs so véi quy chuan Ay
déu vuot ngudng quy dinh, chi c6 ndng d6 Nitrate khong vugt nén khong duoc sir dung cho
muc dich cap nudc sinh hoat. V&i muc dich sit dung cho muc dich tuéi tiéu va giao théng
thity duge dap (ng tai mot sé vi tri cho ndng do6 cac chat khac nhau.
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Két qua tinh toan va thwe do ndng d6 DO doc song
Nhué Pay thang 11/2017
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Két qua tinh todn va thue do néng do Amonia doc
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Hinh 5. Néng d6 DO, Amoni, Nitrate, BODs thuc do va tinh toan giai doan hi€u chinh thang 11/2017

tai cac vi tri doc song Nhué Pay.

Két qua tinh toan va thue do nong 4o DO tai cdc vi tri doe song
Nhué Bay thang 9/2019 va 9/2020
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Hinh 6. Néng d6 DO, Amoni, Nitrate, BODs thuc do va tinh toan giai doan kiém dinh thang 09/2019

va thang 09/2020 tai cac vi tri doc song Nhué Day.

Hinh 6 biéu dién két qua mé phong cho thay theo cac vi tri quan trac, gié tri nong do6 DO
séng Nhué Pay déu nam trong giéi han B, QCVN 08:2015/BTNMT [20]. Bién dbi theo
khdng gian cho thay nong do DO tai song Pay t6t hon so v&i sdng Nhué. Xét theo bién doi
theo thoi gian, ndng do DO thang 9/2020 ting cao hon thang 9/2019 nhung van chi nim &
muc Bo, mot s6 Vi tri trén song Pay dat mac A, (Pap Phung) va Bi. Giai doan thang 9/2020,
nong d6 DO sdng Nhué ting cao tai ciu Chiéc (70%), nhitng vj tri khac ting tir 4-56%, déu

nam trong mac Bi.
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Nong d6 amonia tai song P4y phan Ién nam trong mac Bz, nhung tai s6ng Nhué vuot
ngoai muc By rat nhiéu lan tai Phic La—Ha Pong va cau Chiéc. So sanh nong do amonia
trong 2 thoi doan thang 9/2019 va thang 9/2020 trén cac vi tri doc song Nhu¢ Day cho thdy
su chénh Iéch gitra 2 thoi doan cao nhét tai cau Chiéc trén séng Nhué voi mie ting 12,3 mg/l,
sau do 1a cdng Lién Mac, ting 9,1 mg/l. Tuy nhién, xét su sai khac giita tinh todn va thuc té
giira 2 thoi doan cho thdy mé phong chat luong nudc trong thang 9/2020 cho két qua tét voi
sai sd twong ddi giita thuc do va tinh toan cao nhit chi 24% tai Bong Quan, con lai tai c4c vi
tri khac dé cho két qua sai s6 dudi 20%.

Trong thang 9/2020 tai cau Mai Linh, ndng do thai nitrate cao gap 3,3 lan so véi cing
ky ndm trudc, diéu nay cho thay tai day xuit hién luong Xa thai cao danh ké gay 6 nhiém
ngudn nudc nghiém trong. Nguoc lai, tai Dong Quan, ndng do thai nitrate cang ky thang 9
nhung nim 2020 giam di rat nhiéu, dwa chét lugng nudc song dang ttr vugt muc Az vé dudi
muc Al, cho thay da c6 nhitng bién phap can thiép gitp bao vé nguon nudc khu vuc nay.
Panh gi4 sai s6 trong ddi gitra nong d¢ nitrat tinh toan va quan trac nhan thady mé hinh mo
phong cho két qua tuong doi tot. Sai s6 twong ddi giira tinh toan va thyc do ky thang 9/2019
cho sai s6 dudi 20%; trong khi d6 thang 9/2020 cao nhat ciing chi 21%. Véi két qua nay,
nghién ctru da lua chon dugc bo thdng s6 phi hop dé md phong cho cac thoi doan khéc trong
luu vuc song.

Trén céc vi tri sdng Nhug, tai Phic La—Ha Pong va Cau Chiéc, ndng do BODs cao gap
nhiéu 1an hang B2, do vay can c6 cac bién phap cai tao nguén nudc. Tai cau Chiéc, nong do
BODs thoi doan thang 9/2020 giam hon 50% so véi cung ky ndm 2019, cho thay nén co
nhitng co ché han ché ngUOn thai va lam sach ngUOn nu6c song s gidp cho chat luong nudc
song duoc cai thién dang ké. Xét sai s6 twong ddi giita két qua mé phong va thuc do nhan
thiy mé hinh mé phong thoi doan thang 9/2020 (sai s6 twrong dbi (SSTD) max = 28% tai cau
Mai Linh) tot hon thang 9/2019 (SSTD = 22% tai Dong Quan). Tuy nhién két qua md phong
nay twong d6i hop Iy va cé thé sir dung md phong cho céc vj tri trong cac thoi doan khac trén
luu vyc Song Nhué Pay dé danh gia chat luong nudc song, qua dé tim cac giai phap gidp cai
thién ngudn nude séng tét hon.

3.2. Két qua md hinh tri tué nhan tgo Al

Qua trinh huan luyén dugc danh gia bai cac hé sé twong quan R? thé hién mirc d6 tin cay
cua két qua huan luyén tir md hinh Al trong nghién ciru (ANN-MLP). Bén canh d6, mirc d6
tin cay cling duoc danh gia thong qua chi s6 Nash (NSE). M6 hinh mé phong tinh toén tai
cac diém: Phic La, cau Chiéc, Pong Quan (luu vuc sdng Nhué) va cau Mai Linh, cau Ba
Tha, cau Té Tiéu (luu vuc séng Pay). Bang 1, Hinh 7 va 8 trinh bay két qua kiém dinh mo
hinh AI trong ng véi cac tham s6 nay.

Bang 1. Hé sb twong quan R chi s6 NSE so sanh két qua tir mo hinh MIKE 11 va M6 hinh Al

BOD:s DO NH4* NOs
Vi tri
: R? NSE R? NSE R? NSE R? NSE
CAu Mai Linh ~1,00 0,98 0,98 0,98 0,98 0,98 0,98 0,96
CAu Ba Tha 0,99 0,99 0,98 0,98 0,97 0,97 0,98 0,98
CAu Té Tiéu 0,98 0,97 0,99 0,99 0,98 0,99 0,98 0,99
Phic La ~1,00 0,98 0,98 0,98 0,99 0,98 0,98 0,97
Ciu Chiéc ~1,00 0,98 0,99 0,99 0,99 0,96 0,99 0,99
DPdng Quan 0,99 0,99 0,98 0,98 0,98 0,98 0,98 0,98

CauCbng Than 0,99 0,98 0,98 0,99 0,99 0,98 0,98 0,99
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Néu phan bién thién do phan du cang nho, nghia 13 khoang cach tir cac diém quan sat
dén duong wdc lugng hdi quy cang nho thi phan bién thién do hdi quy s& cang cao, khi d6
gia tri R? s& cang cao. Két qua thu duoc tir qué trinh huan luyén & tat ca cac tram dat gia tri
R? tir 0,98 dén ~1 cho thay kha ning du bao cua md hinh Al gan sét véi két qua tir md hinh
MIKE 11. Chi s6 NSE ciing dat két qua tin cay cao lan luot tir 0,96 dén 0,99.
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Hinh 7. Tuong quan giita két qua mé phong tir moé hinh MIKE 11 va Al tai diém Cau Mai Linh—
song Pay: (a) Nong do BODs; (b) Nong do DO; (c) Nong d6 NH4*; (d) Nong do NO3~.

Hinh 7 va Hinh 8 so sanh két qua chit lugng nuéc tir mé hinh MIKE 11 va mé hinh Al
tai hai tram Cau Mai Linh va Cau Cong Than. Két qua cho thay viéc dy bao tir Al gan nhu
tring lap véi két qua tir mé hinh MIKE 11. Trong dé, théng s6 BOD5 ¢ do hdi quy tét nhat,
c6 két qua tot nhat.
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Hinh 8. Twong quan giira két qua mo phong tir mé hinh MIKE 11 va Al tai diém Cau Cong Than —
song Nhué: (a) Nong d6 BODs; (b) Nong do DO; (c) Nong do NH.*; (d) Nong do NOs-.
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Véi két qua duogc cho 1a tin cay, mo hinh Al cho phép du bdo chat lugng nudc mit luu
vuc sdng Nhué—Day thay cho mé hinh MIKE 11 nham thuc hién du bao chit luong nudc mat
cho Iuu vuc sdng cho céc kich ban trong twong lai. Pay la 1a cong cu thuc hién du bao vai
tdc d6 nhanh chéng, thuan lgi cho thanh phd Ha Néi trong viéc quan 1y ciing nhu dua ra cac
chinh sach phu hop.

4. Két luan

Bai bao da thu dugc céc két qua chinh va noi bat nhur sau:

- Su dung phuong phép st dung mo hinh s6 tri MIKE 11 két hop véi md hinh tri tué
nhan tao md phong chat luong nudce song tuong dbi tét.

- Md hinh trf tué nhan tao mang hoi quy Multilayer Perceptron (ANN-MLP) di dugc ing
dung dé md phong ndng d6 BODs, DO, Amoniac, Nitrate trén luu vyc song Nhué—Pay. Két
qua thu duoc tir qua trinh huan luyén ¢ tat ca céc tram dat chi s6 R?tir 0.98 dén ~1 cho thay
kha ning du bao caa md hinh Al gan sét vai két qua tir md hinh MIKE 11. Véi két qua dugc
cho 1a tin cay, mé hinh Al cho phép mé phongchat lugng nude mit luu vie song Nhué—Day
thay cho mé hinh MIKE 11 dong thoi 1a co s¢ dé xay dung mot md hinhdu béo chét luong
nu6dc Mat cho luu vuc séng cho céc kich ban trong tuwong lai. Pay 1a cong cu thuc hién du
bao vai toe do nhanh chéng, thuan loi cho thanh phd Ha Noi trong viéc quan 1y ciing nhu
dua ra cac chinh sach phu hop.

- M6 phong chét luong nude trén luu vue song da danh gia dwoc tinh trang chat luong
nudce nhu sau: chit lugng nudce luu vuc sdng van chua duoc cai thién rd rét, xuat hién tinh
trang gia tang 6 nhidm cuc bd; chat luong nudc song Nhué doan chay qua doan Phic La— Ha
DPoéng dén ha ngudn sdng phan xuyén & mac kém, tai mot s6 thoi diém con xay ra tinh trang
6 nhiém nghiém trong va it chuyén bién giita cac muia trong nam; chat lugng nude séng Day
nhin chung & muc trung binh, 6 nhiém cyc bo tai khu vyc cau Mai Linh. Nuéc song Nhué
chu yeu chi dap tmg dugc cho muc giao thong thuy va cac muyc dich twong duong khac, trén
song Day tai mot s6 Vi tri dugc st dung thém cho muyc dich tudi tiéu. Do do, can co céc giai
phép khic phuc tinh trang & nhidm ngudn nude luu vuc sng.

Ngoai nhitng két qua da dat duoc, do han ché vé thoi gian nén viéc méd phong céc théng
s6 lugng nude khac: Photpho, Coliform, Ecoli, chua dwgc tién hanh dé danh gia tdng quan
hon vé chat lugng nuéce luu vuc song. Pong thoi, nhém tac gia dinh huéng nghién cau dy
bao va kiém soat ngudn 6 nhidm chét lugng nude cho ngudn nude luu vuc sdng Nhué-Pay
noi riéng va hé thong séng ndi chung s& duogc thuc hién trong cac nghién cau tiép theo.

Pong gop cia tac gia: Xay dung y tuong nghién ctru: T.A.P.; Lua chon phuong phap nghién
cou: T.A.P., N.-T.T.; Xt ly s0 liéu: T.A.P., H.T.A., T.T.N.; Viét ban thao bai bao: T.A.P.,
H.T.A., T.T.N.; Chinh sua bai bao: T.A.P., N.-T.T., H.T.A, T.T.N.

L&i cam on: Nghién ciu duoc thyc hién béi sy tai trg cua dé tai nghién ctru khoa hoc thugc
chuong trinh nghién ctru tng dung va phat trién cong ngh¢ cap thanh pho ma sb dé tai 01C-
09/01-2020-3, dé tai nghién cau tng dung va phat trién cong nghé cap Québc gia, ma sb
DTPL.CN.18/21 va dé tai “Panh gia hiém hoa ngap lut d6 thi Ha Noi trong diéu kién khi
hau hién tai va twong lai” duoc tai tro boi VLIR-UOS, mé sé VN2019SIN267A101.

L&i cam doan: Tap thé tAc gia cam doan bai bao nay 1 cong trinh nghién ciru ciia tap thé tac
gia chua duoc cong bd & dau, khéng dugc sao chép tir nhitng nghién ciu trude day; khong
c6 sy tranh chap loi ich trong nhom téc gia.
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Research on combining hydraulic model and artificial
intelligence model to simulate water quality of Nhue — Day river
in Ha Noi City

Hoang Thi An'*, Tran Thuy Nhung?, Nguyen Thanh Thuy?, Tran Anh Phuong?

! Department of Water Resources Engineering and Technology, Water Resources
Institute; anht510@wru.vn; tranthuynhung1990@gmail.com;
phuongtran.monre@gmail.com

2 Thuy Loi University; thanhthuy_rt@tlu.edu.vn

Abstract: The Nhue-Day river basin is well-known by its critical water quality, causing
negative impacts on locals’ health as well as landscape and environmental storage in recent
years. The study develops artificial intelligence (Al) model to simulate the water quality of
Nhue—Day river, based on the results of hydrodynamic simulation and water quality in the
hydraulic model MIKE11. The input data include: topography, hydrological, and discharge
data at monitoring locations to simulate river water quality. The Al model with MLP — ANN
algorithm builds a regression relationship between river water flow and concentration of
discharge sources (predictor variables) with water quality indicators (dependent variable) to
forecast river water quality at control locations under different control and waste
management scenarios quickly. The results from the Al model are close to the results from
the MIKE 11 model with an R? index of 0.98 or higher, with simulation time being
thousands of times faster than hydraulic model, which is an effective tool, allowing to get
water quality forecast quickly. This study provides management tools for managers to
quickly assess the impact of solutions to planning, managing, and controlling water
pollution in the Nhue—Day river basin.

Keywords: Water quality; Nhue—Day river basin; MIKE 11 model; Artificial Intelligence
model; MLP—ANN.
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Tém tat: Sy suy thoai va chuyén doi dat ngap nude di duoc canh bao trong 10 nim qua,
nhung viéc kiém ké va giam sat nhiing thay ddi nay van con gip nhiéu kho khin do thiéu
kha niang tiép can va cong nghé. Do d6, viéc trang bi cho cac nha quan 1y nhimng cong cu dé
phan loai va gidm sat cac h¢ sinh thai dét ngap nudc theo thoi gian thyc 14 didu can thiét.
Muc dich cua nghién ctru nay la phat trién mo hinh hitu ich phan loai 7 loai dat ngap nudc
noi dia tai Vuon qudc gia Ba Bé, tinh Bac Kan cing cac hé sinh thai 1an can dugc phan loai
trong hé thong RAMSAR va MONRE (Ministry of Natural Resources and Environment —
B6 Tai Nguyén va Moi truong). Tir d6, moé hinh ResU-Net (Deep Residual U-Net) sir dung
chtrc nang toi vu hoa Adadelta da dugc sur dung dé phan loai 7 loai dat ngap nudc va 3 loai
hinh h¢ sinh thai lan can & Vuon quoc gia Ba Bé, dua trén anh vé tinh Sentinel-2, véi do
chinh x4c cao hon 85%. Hiéu suat t6t hon cia md hinh nay so véi cac phuong phap
Random forest (RF) va Support Vector Machine (SVM) da dugc chirmg minh. M6 hinh
ResU-Net sau khi toi vu hoa, cling duoc su dung dé lap ban dd céac khu vuc dit ngap nuoc
ndi dia tai vung nui Bic Kan. M6 hinh nay c6 kha nang cap nhat cac kiéu dat ngap nudc
méi tai Viét Nam nham giam sat bién dong dat ngap nude trong thoi gian thuc.

Tir khéa: Dit ngap nudc; RAMSAR; Vuon qubc gia Ba Bé; U-Net; Vién tham.

1. Pit van dé

Hién nay, khoang 70% dan s thé gii dang séng & cac cura song ven bién va xung quanh
cac vung nudce ngot ndi dia [1-2]. HE sinh thai nay cung cap cho nhan loai mét so lugng 16n
cac san pham c6 gia trj hang nam. Tuy nhién cac ving dat ngap nudc dang dan bi suy giam,
thé chd cho cac cong trinh nhan sinh. Tai Viét Nam, cac khu vuc dat ngap nuoc rat da dang,
c6 dién tich khoang 5.810.000 ha, chiém khoang 8% tong dién tich d4t ngap nudc cua chau
A [3]. Hién nay, ciing nhu trén thé gi6i, cac hé sinh thai dit ngap nudc nay tai nude ta dang
ddi mat véi su suy giam ca chét luong 1an dién tich. Mic du su suy giam nay da duoc canh
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bao trong nhleu nidm qua, viéc danh gia, kiém ké va giam sat nhiing thay dbi cac ving dat
ngéap nudce van dang gip nhiéu kho khin do thiéu kha L ndng tlep can va cong nghé [4]. Do do,
can thiét trang bi cho cac nha quan 1y cac cong cu tot hon dé phan loai va giam sat thuong
xuyén hé sinh thai dat ngdp nudc, dic biét tai cac khu vuc Vuon quéc gia va khu bao ton.
Vuon quéc gia (VQG) Ba Bé thudc tinh Bic Kan vdi tong dién tich 7.610 ha, bao gdm khoang
3.226 ha vung 16i. Bac biét, vao nam 2011 vung 15i cta VQG Ba Bé duoc Ban Thu ky Cong udc
RAMSAR c6ng nhan la khu dat ngap nudc thir 1938 ¢6 thm quan trong trén thé gioi. Tuy nhlen
khac véi hau hét cac VQG trén ca nudc, tai vung 161 ciia VQG Ba Bé cac hoat dong kinh té ctia
nguoi dan Van dlen ra. Do vy, viéc gidm sat dt ngap nudce co vai trd quan trong ddi véi sinh ké
va phat trién kinh t& ctia ngudi dan tai ving 16i ciia VQG Ba Bé.

Gan day, cac mo6 hinh tri tué¢ nhan tao ngay cang phat trién va co6 chiéu sau, cac mang
nay c6 thé cung cip mot du doan chinh xac hon so véi cac 'phuong phap tinh toan vién tham
trudc day. Phuong phap phan doan ngit nghia hién dang bét dau duogc s dung trong cac mo
hinh hoc may, dac biét la trong viéc tach cac ving phu va dat ngap nudc cho mdi dic diém
16p phu trén anh vién tham thanh mot 10p riéng biét. Mot sé mang sir dung cac phwong phap
phén doan ngir nghia chang han nhu mang no—ron lién két (CNN) ma hoa thong tin ngit nghia
cap cao voi quy trinh tach mau. Tuy nhién, phuong phap nay khong bao toan thong tin khong
gian chi tiét nhat ctia hinh 4nh dau vao. Do d6, mot s6 mo hinh nhur PSPNet, DeepLab v2 va
Deeplab v3 dd dugc tich hop v6i nhidu 16p phirc hop hon dé luu giit thong tin khong gian
trong sudt qua trinh. Pic biét, md hinh mang U-Shape c6 thé khoi phuc thong tin khong gian
ctia dir lidu dau vao sau qua trinh ma hoa va giai ma [16]. Hai giai doan nay duoc két ndi lién
tuc va da chiéu, gitp luu giit thong tin khong gian va thudc tinh dén cting. Pong thoi dé quan
st cac loai dat ngdp nude trong mot khu vuce rdng 16n, cac anh v¢ tinh nhuw MODIS, Landsat
va Sentinel thuong dugc str dung [5-6]. So v6i cac hinh anh vé tinh MODIS va Landsat co
d6 phan giai khong gian kém thi Sentinel v6i kha nang chup anh da pho, co thé thu dugc hinh
anh quang hoc mot cach c6 h¢ théng trén ca khu vuc ndi dia va ven bién & do phan giai khong
gian cao (10 m dén 60 m). Do do, trong nghién ctru nay, cac tac gia dé xuit mo hinh ResU—
Net dé du bao 16p phu dat ngap nudc ndi dia dua trén dir liéu Sentinel da thoi gian tai Vuon
Quoc gia Ba B¢, tinh Bic Kan. Ba cau héi nghién ctru sau lién quan dén phan loai 16p phu
dat ngap nude dya trén hoc siu s& dugc 1am rd trong nghién ctru nay:

« Loi ich ctia viéc tich hop anh hoc sau va anh vién tham da thoi gian dé theo ddi phan
loai dat ngdp nudc noi dia la gi?

« Liéu md hinh hoc mdy sau co thé thay thé cac phuong phap truyén thong trong viéc
phan loai dat ngap nudc ndi dia?

« Cac loai dat ngap nudc ndi dia phan bd nhu thé nao & khu vuc VQG Ba Bé?.

2. Pham vi va phuong phap nghién ctru

2.1. Khu vuc nghién ciru

Khu vye trong tam trong nghién ciru nay la vung dat ngap nude vudon Qudc gia Ba Bé thude
cac xa Nam Mau, Khang Ninh, Cao Thugng, Thuong Giao, Quang Khé, Hoang Tri, Dong Phic
thudc huyén Ba Bé va xi Nam Cuong thude huyén Cho DPdn. Vuon Quéc gia Ba Bé c6 tong dién
tich 44 ha, trong d6 ving 1i chiém khoang 10 ha va ving dém 1a hon 34 ha [7]. Ngay 2 thang 2
nam 2011, Ban Thu ky Cong u6c RAMSAR da cong nhan vung 161 cia VQG Ba Bé 1a khu dat
ngp nudce thir 1938 ¢ tim quan trong trén thé gici [8].

H6 Ba Bé 14 hé sinh thai 16n nhat thuéc VQG Ba Bé dugc hinh thanh cach diy khoang 200
triéu nam vé trudc do mot bién dong dia chét 16n, 1am sut 1an cac day nui d4 vai tao thanh. Hb
dugc nhan nudc tir ba con song Ta Han, Nam Cuong va Chg Leén & phia nam VQG roi tir hd d6
ra s6ng Nang 1a con séng chdy qua phia béc cla VQG. Ba Bé 1a mot khu bao vé doc déo trong
hé thong rung dac dung Viét Nam do 1a noi co nhiéu hé sinh canh nuéc ngot da dang, nhiéu ao
ti1, ving dam 1ay. Cau triic dia chét, dia mao khu vure hét stc da dang voi nhiéu dinh cao, do phan
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cat 16n, thung ling, song subi voi cac suon dbc dimg kéo theo hinh thanh nhiéu hé sinh thai khac
nhau va dong thoi ciing tao thanh phong canh noi day hét sirc ngoan muc. Theo phan loai cta
RAMSAR va B¢ Tai nguyén va Moéi truong [9], VQG Ba Bé ¢6 7 loai hinh dat ngap nudc dugc
thdng ké trong Bang 1.

105350
1

105°3730°E 05°400E 105°4230E 105°450E
1 1 1 1

105°4730E
1

2°30°0'N
1

212790'N
L

250N

2°2290N

200N
1

Trudmg Sa

T
2'300N

2°27'30N

2°250N

CHU GIAI 1

D Pham vi nghién curu
Anh vé tinh Sentinel-2
T6 hop mau tw nhién

Tinh Bic Kan

T
2'2230N

CHU GIAI 2

1. Séng sudi co nuoc
thuwong xuyén

2. Séng sudi cé nwéoc
theo mua

3. H6 tw nhién

4. Vung cay bui chiém wu thé
va ngap nudc theo mua

5. VUung cay gé chiém uu thé
va ngap nudc theo mua

6. DAt canh tac nong nghiép

7. Hé théng ngam cac - x to
va hang,dong néi dia

8. Rirng thura trén nui

9. Rirng gé trén nui

10. Khu dén cw

2| MR Banc4 | £
£ I Green:Band 3 &
B 5 Band2
Hinh 1. Pham vi khu vuc nghién ctru (Anh Sentinel —2).
Bang 1. Phan loai dit ngap nudc VQG Ba Bé dya trén RAMSAR, MONRE.

STT  HST Loai hinh dit ngap nuéc RAMSAR MONRE VQG Ba Bé
1 Song, suoi co6 nude thuong xuyén X X X
2 Séng, sudi c6 nude theo mua X X X
3 HO ty nhién X X X
4 Pit  Vung dit than bun c¢6 rimg, cdy bui hodc khong « «

ngdp  c6 thuc vat che phu
5 nudc  Ving ngdp nudc c6 cdy bui chiém wu thé va ngap X X X
tu nudc theo mua
6 nhién  Ving ngap nude co cay gb chiém wu thé va ngap X X X
nudc theo mua
7 Subi, diém nude nong, nudc khoang X X
8 Heé thdng thuy van ngam karst va hang, dong noi
. X X X
dia
9 Ao, h6, dam nudi tréng thiy sdn nudc man, lg X X
10 Ao, h6, dam nudi tréng thiy san nude ngot X X
11 Pit Dt canh tac nong nghiép X X X
12 ngdp  Ddng coi X X
13 nuéc  Ddng mudi X X
14 nhan Ao, ho chira va xir Iy nudc thai X X
15 sinh  Moong khai thac khoang san X X
16 Hb chtra nude nhan tao X X
17 Song dao, kénh, muong, rach X X
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2.2. Thu thdp dit liéu va mau

2.2.1. Chuén bi dit liéu dau vao

Dé thu thap thong tin vé 16p phi dat & khu viue Vuon Qudc gia Ba Bé, anh Sentinel —2 (hiéu
chinh & murc 2 vé1 d6 phan gidi 10 mét) da dugce chon str dung. Dya vao cac anh vé tinh c6 do
phan giai trung binh, nghién ctru phan biét dugc cic ving dat ngap nude vinh vién va tam thoi.
Déi v6i ving ¢ hé thity van ngam karst va hang dong, nghién ctru bd sung dit liéu dia chit-dia
mao dé xac dinh khu vuc c6 thanh tao karst, ghép voi cac hé sinh thai trén bé mat dé chuén hoa
dix liéu dau ra tir budc giai doan. Céc hinh anh v¢ tinh thu dugc nam 2021 va 2020 duoc st dung
dé x4c minh céc 16p dau vao dé dao tao md hinh ResU—net. Khao sat thuc dia duoc thuc hién
vao thang 11/2021 dé kiém chimg cac loai hinh dit ngép nude da dugc giai doan tai phong. Ngoai
ra, cong trinh nghién ctru sir dung thém 5 hinh anh Sentinel-1 va 2 vao cac nam 2014, 2016,
2017, 2018 d& danh gi4 nhing thay d6i dat ngap nudc trong Vuon Qudc gia Ba Bé sau khi mo
hinh ResU-net dugc hoan thanh. Trén co s& d6, nghién ctru tinh toan chi s6 MNDWI nham danh
gid su bién d6i chét lugng moi truong nudc trén cac hé sinh thai c6 dugc tir hé théng ResU—Net,
ddc biét tai khu vuc hd Ba Bé.

2.2.2. Thiét 1ap ResU-Net dé phan loai dat ngap nudc

ResU—Net 1a mot kién trac tin dung cac mang than kinh con sot lai sau v6i 34 16p [1,10] va
U—Net [11]. Kién trac cia ResU-Net duoc dé xuat thé hién trong Hinh 2. Cic mang ResU—Net
tich hop cac khéi xay dung con lai (Viét tat 1a ResBlock) trong mgt mat ma hoa ctia cic moé hinh
U—Net, trong khi mat giai ma ciia ching van duoc gidi thiéu trong kién trac U-Net cii [12]. Cac
mang Resnet34 da dugc st dung trong phan loai db6i tuong, nhan dang hinh anh va cac tac vu phi
thi giac may tinh. Dya trén nhiing loi thé nay, kién trac ResU-Net dugc chon 1am xuong song
cla mang trong nghién ctru nay.

. OSSR S PR S RIS S R Resblock 1 Resblock 2
9630x128x128x5 {—> Sao0 chép va cit i utput (128x12849) (] '
LA E— ‘ ; :
3 i k: Kich thuéc bé loc i 5 [ Zeropaddng 20 T
Zero Padding 2D ) ! — ﬂﬁd'"&
s | n: S8 lwong bé loc ‘ Conv2D 3x3 ! Comi2D CanvzD
i /'y ' > 7 !
Conv2D 7x7 | | s Kich thwéc buwde nhay | 128x128x16 | [ Batchnormalization_| (" Batch normalization
i i ' : — ¢
| | | 3 —— —
Batch normalization : i T 64x64x32 | T, J (" ZeroPadding 20
» . 1 t Conv2D &
Relu Decoder 4 : : Convzd
' Ly Comv2D |
| ()
Max Pooling 2D : A A
| =) -
Resblock 1 3232664 : 1'
(Stagel) | ; |
k3n64s1 2 x Resblock 2
Decoder
Stage2 Resblock 3 Decoder 3
k3n128s1 3 x Resblock 2 16x16x128 Conv2D i
[ reweas ) | ——i
Resblock 3 | i 2
Stage3 Decoder 2 : B
i ) }
k3n256s1 4 x Resblock 2 8x8x256 ' ! Conv2D i
i : ] :
! - —" T—
Decoderd : i [ BatchNormalization | !
Staged Resblock 3 ecoder | T
| Relu
k3n512s1 2 x Resblock 2 4x4x512 | |
-[ Batch normalization ] -[ Relu ]—

Hinh 2. Céu tric ResU-Net dé dao tao mé hinh phén loai cac loai hé sinh thai dat ngap nudc ndi dia.

Trong qua trinh phat trién ResU-Net, do chinh xéac cta ca dit liéu dao tao va xac nhan da
duoc kiém tra dé tranh hién twong mé hinh qua khit hoic khong khop véi mau dau vao. Mang
ResU—Net t6t nhét s& duoc chon néu kha ning du doan cac loai hinh dt ngap nuéc phu hop véi
cac nhin dugce chi dinh tr dir liéu huin luyén trong dir liéu thé. M6 hinh ResU-Net dugc phat
trién dua trén API python mé hinh Segmentation trong khuon khé Keras, dudi dang API dugc
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thiét ké dé phan doan hinh anh dua trén Tensorflow. Chu ky dao tao ResU-Net dugc gidi han &
200 vong (chu ky), nhung néu hé sé trén tap dir liéu thir nghiém hoi tu, chu ky ¢6 thé b dung lai
néu tit ca cac gia tri chinh x4c khong thay doi sau 20 chu ky.

2.2.3. Phuong phép kiém tra hiéu suit

Chirc nang danh gia muc do mat mat dit liéu trong qua trinh huan luyén dugc tinh toan lién
tuc dé danh gi4 hiéu suat hoat dong cua m6 hinh. Néu nhu mé hinh c6 d6 chinh xac cao nhung
mat di thong tin dir liéu ban du thi m6 hinh d6 ciing khong c6 y nghia [13-14]. Do sb luong
mau cho bay dbi tuong d4t ngap nudc ndi dia khong can bang trong bo dit liéu dau vao, chi s0
danh gid mirc d6 mat mat da duoc chon trong nghién ctru nay la F1 dé danh gia mac do mat
thong tin phan loai da 16p. N6 lam giam sy mét can bang cua cac bd dir li€u dao tao gitra cac dbi
twong, ddc biét khi dién tich dat ngap nudc noi dia chiém phan 16n dir liéu dau vao [14-15].
Ngoai ra, trong nghién ctru ndy, hai gia tri do chinh xac khéc s& duoc tinh toén, bao gdbm tong do
chinh xac ACC va IoU nhu cac cong thirc sau:

2TP

ACC= ——— 1)
2TP+FP+FN

IoU= —0— )
TP+FP+FN

Trong do TP 1a gia tri duong thyc sy, FP la gia tri duong tinh gia va gid tri &m sai FN gitra
du doan va sy that co ban. M6 hinh dugc dao tao c6 gia tri thap nhat trong tat ca cac chirc ning
mét mat s& 1a m hinh tot nhat dé phan loai cac khu vye dat ngap nudc mai.

2.2.4. Phuong phép tbi uru hoa

Cac phuong phap t6i wu hoa dugc st dung rong rai dé xay dung cac mang than kinh dya
trén thuat toan SGD dé giam chtic nang chi phi. Cach tiép can nay dé thay doi trong s6 mo hinh
theo hudng gradient &m cai thién d6 chinh x4c cta cic mang than kinh du diéu kién va giam thiéu
sy mat mat. Cac 15i cta cac md hinh dugc dao tao (hodc chirc ning mat mat) da duoc tinh toan
trong cac chu ky t6i wu héa. Qua cac vong lap tinh toan, dir liéu di chuyen qua cac 1dp cua cac
mo hinh ResU-Net [1, 15]; va cap nhat trong s6 sau mdi vong lp 1a can thlet dé giam gi4 tri mat
mat cho danh gia tiép theo. Ba thuat toan t6i vu hoa da dugc sira d6i tuan tu trong nghién ciru
niy bao gom Adam (U6c tinh khoanh khéc thich img), Adagrad (Thuat toan Gradient thich Gmg),
Adadelta trong qua trinh phat trién ResU—Net. Noi chung, cach tlep can t6i uu hoa céc trong s6
trong mo hinh tao ra do chinh xac cao nhét va gia tri mat mat thap nhét.

Bing 2. Ba thudt toan t&i wu hoa dé dao tao cac thong s6 cta kién triic ResU-Net dé phan loai dat ngap nudc.

Céng Phuong phap .
thire Optimizer Thu3t todn
|
03 Adam 041 =0 ——= m;
v, +€
n
011 =0 ———
04 Adagl’ad t+1 t mgt
E[AO2%],_; + €
05 Adadelta Orp1 =06; —

Trong d6 ©: gia tri tham s & dau; P: 14 ty 16 hoc tap; t 1a budc thoi gian; € =108 g,: la gradient; E[g]:
trung binh dong cua gradient binh phuong; m, v 1a udc tinh cua khoanh khic thir nhat va thir hai; g, hoat
dong toi da.
Trong d6, Adam la thudt toan cho phep tinh tdc d6 hoc thich tmg voi mdi trong s0. Thuat
toan Adagrad thay ddi tiry thudc vao trong so: tbe do hoc thap ddi véi cac trong s6 turong tng vé6i
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cac dic trung phd bién va tée do hoc cao tuong tmg véi cac trong sd dic trung it phd bién hon.
Con véi Adadelta 13 mot bien thé khac cuia Adagrad nham muc dich khac phuc tinh trang giam
toc d hoc cuia Adagrad.

2.2.5. So sinh mo hinh

Trong phan nay, két qua du doan ctia ba mé hinh ResU-Net duoc so sanh véi két qua tir hai
md hinh chudn, bao gdm RF va SVM. Tdng cong c6 9630 diém ngiu nhién da duoc chon ¢ khu
vire trong qué trinh thuce dia 14y mau. Cac loai dat ngép nudc duoc giai thich tir ndm mé hinh va
mit na duoc chi dinh cho 9630 diém nay. Két ‘qua gidi thich tir nam md hinh duoc so sanh voi
thong tin ban dau tir mit na dé klem tra hiéu suat ciia timg mo hinh dugc dao tao. Hai gia tri danh
gia dugc chon 1a d6 chinh xéc tong thé (ACC) va cac gia tri hé s6 kappa. M6 hinh tot nhét s& dat
duoc cac gia tri ACC va kappa cao nhit.

3. Két qua
3.1. Panh gia do chinh xac mé hinh hoc may

D0 chinh xac cua viéc phan loai kiéu hé sinh thai DNN trong VQG Ba Bé dya trén viéc
giai thich nam mé hinh hoc may dugc ddo tao thé hién trong Bang 2. Theo do, hau hét cac
hé sinh thai dat lién déu duge dy doan hiéu qua trong cd ba m6 hinh U-Net. Cac hé théng
thity vin ngam karst va hang, dong ndi dia dugc giai doan c6 phan kém nhat do tinh chat
karst khong duoc thé hién dic trung trén bé mit. Bén canh do, cac h¢ sinh thai bién dong
theo mua vy cting khé duoc phat hién nhu séng sudi theo mua va dat canh tac néng nghiép.
M6 hinh Unet-Adadelta-256-64 phat hién hau hét cac song sudi thuong xuyén va ho tu
nhién. Céc khu vure séng sudi theo mua khong dong nhat bang mo hinh Unet—Adam—256-32
va Unet-Adagrad—256-64, trong khi sy phan b ciia kiéu hé sinh thai nay duong nhu dong
nhat hon trong mé hinh Unet—Adadelta—256—-64. Trong két qua thu dugc tir hai mo hinh diém
chuan, mé hinh RF khong phat hién dugc cac hé sinh thai ngap nude theo mua. Két qua cua
mo hinh RF giai doan t6t cac khu vyce c6 hd tu nhién va song sudi thuong xuyén. Ca hai mo6
hinh diém chuén déu du doan rang rat kho dé tach cac khu vuc con lai. C6 thé thay su khac
biét giita két qua clia tat ca cac mo hinh U-Net va hai m6 hinh diém chuan 1a tuong di 16n.

Bang 3. Xac nhan chéo ctia ba mo hinh U-Net dugc dao tao va hai mé hinh diém chuan dé phéan loai
kiéu hé sinh thai DNN.

Do chinh xdc md hinh
UNet- UNet— UNet-

A

S
: Adam Adagrad Adadelta SVM RF
mau
—256-32 —256-64 —256-64
Kiéu HST dit ngip nuéc
Song, sudi ¢ nude thuong xuyén 997 97,4 97,8 99,4 98,5 97,2
Song, subi co nude theo mia 962 74,8 76,0 79,5 775 26,8
Hb tu nhién 983 85,8 88,3 934 85,4 85,0
Ving ngép nudc ¢6 ciy bui chiém wu thé
R , . 939 80,9 80,4 90,4 76,3 19,2
va ngap nudc theo mua
V‘ A r roA X h”: th,(
g Ngdp MUoc €0 Ay g0 CHUEMULTC 994 97,4 97,2 98,6 978 972
va ngap nudc theo mua
H¢ théng thity van ngdm karst va h
© THONg My van ngam Xafst va hang. — ggp 27,0 30,4 64,9 218 32
dong noi dia
Dit canh tic néng nghiép 992 77,6 85,0 98,7 59,1 48,1
D¢ chinh xac (%)
2 . 73,0 77,0 86,6 66,7 50,2
Tong so 9,630

Kappa Coefficient
0,7 0,8 0,9 0,6 0,5




Tap chi Khi twong Thiy van 2022, 739, 81-91; doi:10.36335/VNJHM.2022(739).81-91 87

So sanh do chinh xé4c gitta ba md hinh U-Net va hai mé hinh diém chuin voi cac du
doan moi dugc trinh bay trong Bang 2. Ca ba md hinh U-Net c6 thé phat hién bén kiéu hé
sinh thai DNN trong VQG gom song sudi co6 nudc theo mua, hd ty nhién, ving ngap nudc
¢ ciy bui va cdy gd ngdp nudc theo mua va dat canh tac néng nghiép. M6 hinh UNet—
Adadelta—256—64 1a mé hinh tot nhat dé phan loai hau hét cac kiéu hé sinh thai nay véi tong
dd chinh xac 1a 86,6 % va chi s6 Kappa 1a 0,9. Hai m6 hinh U-Net khac kha ndng xac dinh
cac khu vuc thay van karst ngdm va hang dong ndi dia v6i d6 chinh xac thap. Trong hai mo
hinh diém chuan, RF chi dat dugc d6 chinh xac 14 50 % voi chi sé Kappa 14 0,5. Mic du
SVM c6 thé giai doan hd va séng sudi tw nhién voi o chinh xac cao hon 80 %, né khong thé
duogc st dung dé giai doan cac hé sinh thai khac. Do d6, c6 thé d& dang khing dinh rang két
qua tir tit ca cac mo hinh U—Net c6 d6 chinh x4c cao hon so v6i két qua tir hai mé hinh truyén
thdng trudc day.

3.2. Phdn bé ving ddt ngdp miede trong VOG Ba Bé

Khu vue VQG Ba Bé ¢6 10 loai hinh 16p phu, trong d6 c¢6 7 loai hinh dat ngép nudc luc
dia dugc thong ké theo danh sach phéan loai cila RAMSAR va MONRE (Hinh 3). Dan cu sinh
séng rai rac doc theo duong quéc 16 va mot sb diém du lich quanh khu vuc HO Ba Bé va
trung tAm cac xa ving dém. Ngoai cac hé sinh thai song sudi va hd tu nhién ngap nude thudng
xuyén trong nam, khu vie VQG c6 nhiéu hé sinh thai DNN ngap nudc theo mua nhur ving
cdy bui, cdy gd va dit canh tac nong nghiép. Ba 16p phu rimg thua va g trén nui tap trung
chu yéu tai khu vuc nidi cao phia dong khu vuc ving dém, xa Quang Khé va Cao Thuong.
Dac biét, khu vuc ving 161 chu yéu duoc hinh thanh bai hé théng da vo1 hé t?mg Mia Lé. Ban
than hd Ba Bé duoc hinh thanh trén mot ving sut, nam gitta ving karst 16n. Tai ddy phat hién
dugc nhidu hang dong l6n nho. HE théng hang dong ki vi da va dang phat trién dudi tac dong
cua qua trinh kién tao bao gom hé thong hang kho, he thong hang nudc va hé thong song
ngam. Do d6, toan bo hé thong 16p ph rimg gd va cay bui c6 nén dia chét karst déu dugc
phan tach thanh loai 16p phii pht hop véi phan loai cia RAMSAR va MONRE 14 “hé thong
ngém cac—to va hang, dong ndi dia”. Mot ) hang dong dugc ké dén nhu dong Puong, dong
Hua Ma, hang Tham Phay va hang Na Phoong.
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Hinh 3. Ban db phan b céc kiéu dit ngap nuéc khu vuc VQG Ba Bé.
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3.3. Bien dong chi so mat nuwoc khu viec nghién cuu trong 7 nam

Két qua tinh toan chi sé mit nudc khu viee VQG Ba Bé cho thiy chi s6 MNDWI
(Modified Normalized Difference Water Index) thép hon tai cac nam anh duoc thu vao mua
kho nhu 2014 va 2019 (Hinh 4a). Mac du vay, do day la khu vuc mién nai d4 véi, luong nudce
mua sau khi dugc dd xuéng nhanh chong bi ti€u thoat theo cac hé théng mach nuége, khién
dién tich nuéc trén bé mat khong nhiéu, chi tap trung chu yéu tai khu vuc hd Ba Bé. Theo
do, bién dong dién tich ho s€ duoc phan tich ¢ myc sau. Cac khu vuc c6 h¢ thdng rimg go
hoidc cdy bui van gitr chi s6 MNDWI thap dudi 0. Trong khi cac khu vye mat nuée co chi so
MNDWI 16n hon 0, riéng cac khu vuc song subi va hd ngip nude thudng xuyén cé chi sd
gan ngudng 1. Riéng khu vuc canh tac nong nghiép c6 phan bién dong nhit do thoi gian canh
tac 1 vu trong nam (Hinh 4b). Toan vung 18i ¢6 448 ha d4t nong nghiép (binh quén 0,73 ha/h
va 0,12 ha/nguoi) chu yéu la canh tac néng nghlep 1 vu, ngoai ra mot vai dién tich dat trong
mau tai cac bii ven song sudi va cira sOng sudi d6 vao ho Hau hét dién tich nay chi canh tac
duogc 1 vy va thudng xuyén bi cat boi 1ap nén ning sudt rat thap.

BAN PO CHi SO MNDWI TRONG 7 NAM TAI VUON QUOC GIA BA BE

1

/ Nam 2017 o

[ Nim2014

KY HIEU
:.‘.‘.‘.‘.E Ranh gidi vung 15
[ ranh gi6i ving dém
- High:1

—low:-1

Hinh 4. Két qua tinh toan chi s6 MNDWI ciia timg hé sinh thai DNN va toan khu vuc VQG Ba Bé
trong 7 ndm.

3.4. Bién dong dién tich hé Ba Bé

Duya trén két qua tinh toan chi s6 MNDWI, nghién ctru tach théng tin mat nude khu vue
quanh ho Ba Bé dé danh gia bién dong ho Ba Bé trong 7 nam (Hinh 5). Theo dé, dién tich
ngép nudc trung binh quanh hd Ba Bé 1a 290 ha/ndm, trong mua kho dat trén 270 ha va trong
mua mua dat gﬁn 320 ha. Trong 7 ndm tinh todn, dir liéu &nh mua khoé dugc tinh vao cac nam
2014, 2016 va 2019 va mia mua duge tinh toan vao cac nam 2018 va 2020. Anh duoc chup
vao cac thang chuyén tiép cua cac nim 2017 va 2021 thuong chi mang lai dién tich & muc
trung binh trong nam. Trong vai nim gan day, xuét hién viéc sir dung chat doc va chat nd dé
danh bit ca trong hd Ba Bé, nhung viéc danh bit ca bang cac phwong thirc hay diét hién da
hau nhu duoc kiém soét. Tuy nhién, tau thuyén du lich di lai trong ho 1a ngudn xa chét thai
ran va cin b xang dau vao hd. Mot van dé moi trudng 16n 13 hién twong boi lang long hd do
viéc canh tac & cac ving ddu ngudn cta ba con song nhanh chinh d6 vao hd. Mic du vay, két
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qua tinh toan mat hd khong thé hién rd rang diéu nay. Dién tich mit nudc c6 xu thé giam nhe
tir nam 2014 dat 274 ha nhung dén ndm 2019 chi dat 270 ha vao mua kho. Ngay ca khi phong
van nguoi dan ban dia va cac nha quan ly khu vire cung cho rang dién tich mit hd c6 sy tac
dong cua qua trinh bdi ling 1ong hd, nhung sy suy giam dién tich mat hd 13 khong dang ké.

Bi€u d0 bién ddng dién tich mat nwéc khu vire ho Ba Bé
3300
Mua mua
3200
3100

3000 L 5 Trung binh

2900

' 2006.17

2800

2697.12
2700 t
Mua kho
2600
Aug-13 Dec-14 May-16 Sep-17 Feb-19 Jun-20 Oct-21 Mar-23

Hinh 5. Bién dong dién tich mat hd khu vic Ba Bé trong 7 nam.

4. Thao luan

So vdi cac hé thdng phan loai dat ngdp nude cia RAMSAR va MONRE [9], nghién ctru
nay tap trung vao 7 loai hinh dat ngdp nudc luc dia. Mdc du cdc mo hinh phan loai dat ngap
nude da duge phat trién trong mot sb nghién ctru va cac phuong phap tach loc 16p phu theo
phuong phap truyén théng da co nhiéu trude day, tuy nhién cac phuong phap nay doi hoi
nhiéu thoi gian, cong sirc, sai s6 16n hon néu thyc hién trong nhiéu thoi dlem thoi gian khac
nhau. Trong khi, md hinh Unet-Adadelta-256-64 lai thé hién wu thé vé do chinh xac, tiét
kiém thoi gian hon rat nhiéu cho cac nha nghién ciru.

Ngoai ra, viéc str dung dir liéu vién tham di duoc tdi vu hoa trong nghién ctru nay. Mo
hinh dugc dao tao st dung hinh anh vé tinh Sentinel-2 chat luong cao (khong c6 may che
pht) duge thu thap hai dén ba 1an mdi nam, c6 thé duoc sir dung hiéu qua dé theo ddi viéc
str dung dat ngdp nudc, 16p phua thuc vat thudng xuyén.

5. Két luan

Nghién ctru ndy da chimg minh loi ich ciia viée két hop dit liéu hoc sau va vién tham dé theo
ddi cac kiéu dat ngap nude trong khu vie VQG Ba Bé. M6 hinh U-Net duoc dao tao da sir dung
dé xac dinh 7 kiéu hé sinh thai DPNN trong khu vuc VQG trong vong 7 nam (2014-2021). Trong
do, 7 loai hinh d4t ngap nudc phi hop v6i hé théng phan loai cia RAMSAR va MONRE. Ngoai
cac hé sinh thai ngdp nudc theo muia, hé thong thity van dong chay karst 13 loai hinh 16p phu dic
bi¢t trong khu vuc da dugc xé4c dinh nho dir li¢u dia chét-dia mao. Tuy nhién, do nudc tai ving
karst co6 kha nang tiéu thoat nudc nhanh, mirc do phut mat nude khu vuc tai mat thoi diém khong
cao. Tap trung chi yéu chi tai khu vuc hd Ba Bé.

Sau 7 ndm, cac hé sinh thai dat ngap nudc khong thay doi nhiéu. Trong thoi gian nay, dién tich
mdt nudc suy giam 16n nhét dugc ghi nhan vao nam 2019 trong khodng 270 ha, v&i d6 chinh xac
87%. Mic du cac théng ké cho thay hién tuong bdi lap 1ong hd dién ra manh, két qua phan tich cho
thay hién tuong nay xuat hién chi yéu do hoat dong nong nghiép ven long ho. Hoat dong nong
nghi€p bi thu hep nhiéu vao nhiing thoi diém nude rat, khién nguoi dan khong thé phat trién sinh
ké nong nghiép tai day. Cac nha quan 1y sir dung dt c6 thé sir dung cac mé hinh tri tué nhan tao
dé theo ddi dong thai cta hé sinh thai dat ngép nudc hodc mat hd mdi mua. Cac nha khoa hoc co
thé dao tao lai mo hinh hoc may dé dang véi cac mau bo sung trong tuong lai va sir dung n6 dé
phén loai cac vung sinh thai dét ngap nudc noi dia khac.
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DPong gop cua tac gia: Xay dung y tuong nghién ciu: D.K.B., P.H.N.; Lya chon phuong
phap nghién cru: B.K.B., N.V.Q., V.T.P.; Xtr Iy s6 liéu: T.T.C.; Phan tich mau: V.T.P.; Lay
mau: N.V.Q.; Viét ban thao bai bao: B.K.B., P.H.N., N.T.V.; Chinh stra bai bao: N.T.V.,
T.N.C.

Loi cam on: Bai béo dugc thyuc hién trong khudn kho dé tai khoa hoc va cong nghé: “Nghién
clru, d€ xuat giai phap duy tri dc tinh sinh thai va cai thién sinh k€ cong dong tai mét s6 khu
Ramsar ¢ Viét Nam”, ma s6 TNMT.2020.562.08 ctia B Tai nguyén va Méi truong.

Loi cam doan: T4p thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cua tap thé
tac gid, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctru trudc day;
khong c6 sy tranh chap 1¢i ich trong nhém tac gia.
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Abstract: The degradation of wetland areas has been reported for the past 10 years, but the
monitoring process of these changes is still a big challenge due to a lack of accessibility and
technology. It is therefore essential to equip managers with tools to classify and monitor
wetland ecosystems in real time. The aim of this study is to develop a useful model to
classify inland wetlands in Ba Be National Park, Bac Kan Provine and surrounding
ecosystems based on the RAMSAR and MONRE classification systems. As a result, ResU—
Net model using Adadelta optimization functions were used to classify seven types of
wetlands and three types of neighboring ecosystems in Ba Be National Park, based on
images obtained from the Sentinel-2 satellite, with more than 85% accuracy. The better
performance of these models compared to Random forest (RF) and Support Vector Machine
(SVM) methods has been demonstrated. The ResU-Net model, after optimization, is also
used to map inland wetland areas in the Bac Kan mountains. This model is capable of
updating new wetland types in Vietnam to monitor real-time wetland changes in the future.

Keywords: Wetland; RAMSAR; Ba Be National Park; U-Net; Remote sensing.
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