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LOI CAM DOAN

T6i xin cam doan ludn an: " Nghién ctru dién bién va phin ving nhidm min tinh
Bén Tre bang cong nghé vién tham da tang, da d6 phéan giai, da thoi gia." 1a cong trinh
nghién ctru ctia chinh minh dudi sy huéng dan khoa hoc cua tap thé huéng dan. Luin
an str dung thong tin trich dn tir nhiéu ngudn tham khao khic nhau va cac thong tin
trich dan duoc ghi 13 ngudn goc. Cac két qua nghién ciru cua t6i duoc cong bd chung
v6i cac tac gia khac da duoc su nhét tri cua dong tac gia khi dwa vao ludn 4n. Céc sb
lidu, két qua dugc trinh bay trong luin 4n 13 hoan toan trung thuc va chua timg duoc
cong bé trong bat ky mot cong trinh nao khac ngoai cac cong trinh cong bd cia tac gia.
Luan an dugc hoan thanh trong thoi gian t61 lam nghién ctru sinh tai Hoc vién Khoa hoc
va Cong ngh¢, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Ha Néi, ngay thang  nam 2026
Tac gid luan an

Lé Vil Hong Hai
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LOI CAM ON

Luan an dugc hoan thanh tai Khoa Pia 1y - Hoc vién Khoa hoc va Cong ngh¢ -
Vién Han 1am Khoa hoc va Cong nghé Viét Nam dudi sy hudng dan khoa hoc cua
PGS.TS Pham Viét Hoa va TS. HO Pinh Duén (Vién Khoa hoc su séng - Vién Han lam
Khoa hoc va Cong nghé Vi¢t Nam).

Trong qua trinh thyc hién luan an tai Khoa Dia ly, NCS luon dugc sy dong vién
va hudng dan tan tinh cua cac thﬁy, c6 giao trong Khoa Dia ly- Hoc vién Khoa hoc va
Cong ngh¢, Vién Khoa hoc su séng.

Nghién ciru sinh bay to long biét on chan thanh dén Khoa Dia Iy (Hoc vién Khoa
hoc va Cong nghé), Ban chi nhiém Dé taii KHCN cap nha nude, ma s6 VT-UD.03/16-
20.

Nghién ciru sinh bay té 10ng biét on chan thanh sy huéng din tan tinh ciia PGS.TS
Pham Viét Hoa va TS H6 Pinh Duan di tao diéu kién gitp d& nghién ciru sinh trong
sudt qua trinh hoan thanh luan an. Xin chan thanh cam on dén cac déng nghiép da giup
dd nghién ctru sinh trong qua trinh lam luan an: TS. Tran Thi Van, PGS.TS. Trinh Lé
Hung, TS. Nguyén Nhu Hung va nnk.
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MO DAU
1. Tinh cép thiét ciia luin 4n

Viét Nam 14 nude chiu anh hudng nang né nhét cua bién doi khi hau trong s cac
nuée dang phat trién. Theo nghién ctru ciia Ngan hang Thé gidi nam 2007 Viét Nam 1a
nuéc chiu ri ro do nuéc bién dang dting hang thir hai trén thé gidi, hé qua tit yéu 1a su
gia ting vé cudng do xAm nhap min trén dién rong ¢ ddng bang song Ciru Long[1]. Xu
huéng nay gay anh hudng tiéu cuc dén sinh ké cta hang triéu ngudi dan dang séng phu
thudc vao nong nghiép va nudi trong thuy san. Nam ¢ phia Pong cia PBSCL, tiép giap
v6i bién, Bén Tre chiu anh hudng nhiéu cia BPKH. V§i duong bo bién dai trén 65km,
dia hinh twong ddi thip va bang phang, lai nim giita cic cira song 16n, Bén Tre thuong
xuyén chiu tac dong manh ctia hi¢n twgng xam nhap man Dién tich dat nuoi trff)ng thuy
san dd mo rong dang ké vé phia siu vao trong dét lién cong v6i van dé suy thoai rimg
phong ho ven bién khién nudc mian c¢6 thé xAm nhap vao sau trong ndi dong, 1am min
hoa dat, thiéu nudc sinh hoat va suy giam nghiém trong dién tich dat trong la, anh

huong dén sinh ké va an ninh luong thuc.

Nghién ctru hién trang, dién bién va phan ving nhiém man 1a mot phuwong phéap
hi€u qua gitp cac nha quan ly theo doi, danh gid dugc murc 46 anh hudng cua tinh trang
xam nhap min, dong thoi dé xuat duoc nhitg bién phap pht hop ngin ngira va chong
chiu v6i bién ddi khi hau dang dién ra ngay cang phuc tap va kho dy doan & DPBSCL.
C6 nhiéu cach xac dinh vung d4t nhiém man, nhu quan tric ngoai thuc dia bﬁng thiét bi
do, dung 16 khoan, phan tich tinh dan dién trén anh radar, hoic giai doan chi thi sinh thai

qua anh vién thim MODIS, LANDSAT, Sentinel, VNREDSat-1.

Do phai lugng hoa su xdm nhap man dua vao s lidu tir nhiéu diém do phan bd
ro1 rac trén mot vung dién tich rong 16n voi nhiéu loai hinh str dung dit khac nhau nén
cac phuong phap giam sat man hoa truyén théng cho thay c6 nhitng nhuge diém nhat
dinh. Sy phat trién cta cong nghé vién tham di cung cdp nhiéu loai dit liéu khac nhau
nhu phé phan xa mat dat, anh may bay, anh v¢ tinh da phé, si€éu phé va radar. Vién tham
tré thanh mot phuong phép tiép cin hd tro nghién ctru, danh gia dién bién va phan ving

nhiém min trén dién rong. Viéc tich hop cac chi s6 tir tur liéu vién tham véi s lidu mit



dat giup céc nha quan 1y xac dinh pham vi, mirc d§ anh hudng ctia nhiém man, tir do

xdy dung cac giai phap phi hop véi diéu kién timg dia phuong.

Lu4n 4n “ Nghién ctru dién bién va phan ving nhiém min tinh Bén Tre bang cong
nghé vién tham da ting, da do phan giai, da thoi gian” d3 xac lp dugc co sé khoa hoc
nghién ctru dién bién va phan ving nhiém min theo hudng tiép can vién tham da tang,
da d6 phan giai, da thoi gian két hop véi sb lidu thuc dia. Két qua thir nghiém, phan tich,
danh gia cia ludn an chimng minh tinh hiéu qua cua cong nghé trong viéc xac dinh co
ché, dién bién va phan cap cac vung anh hudng xam nhap man & khu vuc nghién ciru
bang cong nghé vién tham da dé xut. Vi vay ludn an “ Nghién ctu dién bién va phan
ving nhiém min tinh Bén Tre bang cong nghé vién tham da tang, da do phan giai, da

thoi gian” c6 tinh cap thiét, tinh thoi sy, c6 ¥ nghia khoa hoc va thuc tién.
2. Muc tiéu va ngi dung nghién ctru

2.1. Muc tiéu nghién ciru

X4c 1ap co so khoa hoc va phuong phap luan ung dung cong nghé vién tham da
tang, da 6 phan giai, da thoi gian nham nang cao hiéu quéa nghién ctru dién bién va
phan ving xdm nhap man ndi chung va cho khu vuc ven bién tinh Bén Tre néi riéng.

2.2. Ngi dung nghién ciru

Luan 4n “ Nghién ctru dién bién va phan ving anh huéng nhiém man tinh Bén
Tre bﬁng cong nghé vién tham da tﬁng, da d6 phan giai, da thoi gian™ cu thé 1a dat san
xudt bi anh huong bdi man trén co s& khai thac cong nghé, dit licu vién tham da téng,
da d6 phan giai, da thoi gian. Sir dung dir liéu vién tham da pho, da thoi gian két hop
v6i s6 lidu thuc dia cho phép ta theo ddi duoc xu thé bién dong 16p phu, theo ddi nang
suét cay tré)ng, xac dinh cac khu vuc c6 phan bd cay chiu man, chiu lg. Su xuét hién ctia
cac loai cay tréng hay tham thyc vat khac nhau cling ¢6 nhitng phan xa riéng, dac thu
trén anh vé tinh va cac chi s tinh toan duoc tir anh. T do, tinh toan duge nhirng anh
chi s gian tiép, giup khoanh ving anh huéng va danh gia duoc dién thé ctia hién tuong
xam nhap man hay sy man hoa ctia dét trén dia ban nghién cuu.

Nghién ctru sur dung nhiéu loai tu liéu vién tham khéac nhau, véi cach thic tiép
can theo hudng thuc nghiém hudng d6i twong (bottom up). Dya trén nhitng nghién ciru

téng quan va phuong phap kha thi trong xac dinh dét, nuéc nhiém min tir tu lidu vién



tham, cac diém khao sat, do dac va sb liéu thuc dia, bay chup c6 y nghia quan trong
trong viéc xéac dinh céc tap dit liéu mau, anh may bay, thu vién phé phan xa tham chiéu,

st dung két hop anh vé tinh & cac do phan giai khac nhau.

bé thuc hién muc ti€éu nghién ciru NCS lga chon céc ndi dung sau

+ Xac 1ap co sé khoa hoc, mé hinh nghién ctru xdm nhap min bang céng nghé vién
tham da tang, da do phan giai, da thoi gian.

+ Panh gia dién thé va phan ving anh hudng xdm nhap min bang cong nghé vién
tham da tang, da do phan giai, da thoi gian.

+ Thu nghiém dénh gid va phan vung xdm nhdp man trén co s¢ rng dung cong

nghé vién tham da ting, da do phan giai, da thoi gian khu vuc tinh Bén Tre.

Céch thurc tiép can van dé sir dung cong nghé vién tham da tang, da do phén giai,
da thoi gian két hop duoc vu diém cua mdi loai tu liéu vién tham nham 1am rd ban chat
ctia d6i twong xuat hién trén anh thong qua cac dic trung phan xa phd duoc chuan hoa,
dong bo O tit ca cac cap, lam tién dé cho viéc khai thac tng dung dit liéu vién tham
trong nghién ctru danh gia xdm nhdp man dugc chinh xéc, hi¢u qua.

3. Pdi twong va pham vi nghién ciru
3.1. Poi twong nghién ctru:

- Nghién ctru hi¢n tugng xam nhdp man

- Nghién ciru cac loai dir lidu thu thap bang cong nghé vién tham da tang, da do
phén giai, da thoi gian

- Nghién ctru két hop dir lidu vién tham da tang, da d6 phan giai, da thoi gian
trong giam sat dién bién va phan ving xdm nhap min
3.2. Pham vi nghién ctru:

o Pham vi khong gian: Bén Tre nam tir 9048' dén 10020' Bic, 106048' dén
105057 Dong, dang ré quat v6i nhidu kénh rach. Phia Béc giap Tién Giang (ranh
gidi: song Tién), phia TAy va Nam giap Vinh Long, Tra Vinh (ranh gii: song
C6 Chién), phia Dong giap Bién Dong (bd bién 65 km). 4 song 16n (Tién Giang,
Ba Lai, Him Ludng, C6 Chién). [2]



- Pham vi khoa hoc: Trong pham vi cua luan an, nhitng van dé sau duoc giéi han nghién
ctru, bao gom:

+ Nghién ctru cac loai tu liéu vién tham sir dung nghién ctru xAm nhap man

+ Dién bién xam nhap man, cac s6 liéu quan trac thu thap duoc tir 1998 cho dén
2022 tai cac tram quan tric trén cac song thudc tinh Bén Tre.

+ Panh gia va du tinh tdc dong cia xdm nhdp man trén co s& st dung kich ban
bién d6i khi hau va nudc bién dang nam 2020 cho Viét Nam do B Nong nghiép va Moi
trudng coéng b.

+ Mot sb cong cu tri tu¢ nhan tao va cac cong cu hé théng thong tin dia ly su

dung phan ving nhiém min cho cac khu vuc rong 1on.
4. Y nghia khoa hoc va thuec tién
4.1. Y nghia khoa hoc
Két qua nghién ctru ciia luan 4n da bo sung cac luan ching khoa hoc va phuong
phap luan vé tmg dung tu liéu vién tham trong nghién ctru xAm nhap man trong bdi
canh bién d6i khi hau va nudc bién dang.
4.2. Y nghia thue tién
Két qua nghién ctru tng dung dé danh gia sy bién dong qua trinh xAm nhap min
theo khong gian va thoi gian va phan ving nhim min cua cac tinh ven bién dong bang
song Ciru Long ndi chung va tinh Bén Tre noi riéng.
5. Cac luan diém bao vé
Luan diém 1 : Két hop dit lidu vién tham da tang, da do phan gidi, da thoi gian
tang tinh hiéu qua va do chinh xac trong nghién ciru dién bién xdm nhap man va phan

vung xam nhdp man

Luén diém 2 : Cong cu tri tu€ nhan tao va cac cong cu phan tich GIS 1a m6 hinh

t6i uu gitp thanh 13p ban d6 nhiém min trén mot khu vuc rong.
6. Diém méi ciia luan an
Két qua nghién ctru da xac dinh dugc hai diém maoi:

1. Pa xéac 1ap duoc co so khoa hoc va phuong phap luan két hop dit liéu vién

tham da ting, da d phan giai, da thoi gian 1a giai phap méi cho phép két hop



dugc tinh wu viét caa nhidu ngudn, nhiéu loai dit nhdm bd sung nhitng khiém
khuyét va tang tinh hiéu qua, chinh x4c trong nghién ctru dién bién xam nhap
man va phan ving xam nhap man.

2. Di sir dung thuat toan hoc may va hoi quy da bién véi tu liéu vién tham cho

d6 chinh x4c tot trong phan ving nhiém min.
7. Co s6 tai liéu, so liéu nghién ciru ciia Luin an
7.1. Tai liéu tham khdo, cdp nhdt co ndi dung lién quan dén ludgn dn

- Cé4c bao cdo tinh hinh XNM tinh Bén Tre tir nam 2005 dén nam 2022

- Kich ban BPKH va NBD do Bo Nong nghiép va Moéi trudng cong bd nim
2020.

- Chuoi s0 liéu khi twrong, so li¢u thuy van, s li€u hai van, tai liéu do do man

tai khu vuc Bén Tre tir nim 2004 t6i 2022.
- Nién giam thong ké tinh Bén Tre tir ndm 2017-2021.
- Bdo c4o xay dung ban d6 tho nhudng tinh Bén Tre ti 1& 1: 50000 nim 2005

- Kich ban BPKH va NBD do S¢ Tai nguyén va Méi Truong Bén Tre cong bd
nam 2021.
7.2. Cdc dé tai nghién ciru, cong trinh khoa hoc NCS tham gia thuwe hién cé
lién quan dén lugn dn
- NCS 1a thanh vién chinh va tham gia thyc hién cac ndi dung chinh trong dé
tai: “Nghién ctru, danh gid va phan viing xAm nhap min trén co s& cong nghé vién
tham da tang, da d6 phan giai, da thoi gian — Ung dung thi diém tai tinh Bén Tre”. Dé
tai KHCN cép qubc gia ma s6 VT-UD.03/16-20 do PGS. TS Pham Viét Hoa lam cha
nhiém dé tai.
7.3. Tai ligu, sé liéu do ludn dn bé sung, tinh todn truc tiép
Luan an tién hanh truc tiép cac cong viéc thu thap anh vé tinh, thi nghiém hién
truong, quan trac, phan tich, danh gia, dé c6 duoc cac két qua tin cay st dung cho viéc
danh gia xdm nhap man va bién dong sur dung d4t tai tinh Bén Tre. Tir d6 dua ra duoc
cac khuyén nghi cho cic co quan c6 tham quyén dé giam thiéu tac hai ciia XNM.

Béng s0 li¢u



TT Cac n6i dung thyuc hién Pon vi tinh Khéi lwong
1 | Piéu tra, khao sat bo sung km? 150

2 | Xur 1y anh vé tinh Anh 200

3 | Do d¢ dan dién trén thuc dia Diém 1659

8. Cau tric luan an

Luan an duogc trinh bay trong .... Ngoai phén mé dau, két luan, kién nghi, tai

li¢u tham khao va phu luc, luan an gém 3 chuong:

Chuong 1. Téng quan vé cic cong trinh nghién ctru cong nghé vién tham da

tang, da d6 phan giai, da thoi gian trong nghién ctru dién bién va phan ving nhiém

man

Chuong 2. Co sé khoa hoc va phuong phap luan két hop tu liéu vién tham da

tang, da d6 phan giai, da thoi gian trong nghién ctru dién bién va phan ving nhiém

man

Chuong 3. Ung dung vién tham trong nghién ctru dién bién va phan ving anh

huong nhiém min ¢ Bén Tre




CHUONG 1. TONG QUAN VE CONG NGHE VIEN THAM PA TANG,
PA PQ PHAN GIAI PA THOI GIAN TRONG NGHIEN CUU, PANH
GIA VA PHAN VUNG NHIEM MAN

1.1. Céc nghién ciru tng dung vién tham da ting, da do phén giai, da thoi gian

trong nghién ctru nhiém man trén the gioi

Vién tham da ching minh dugc nhidu diém manh trong viéc cung cap thong tin
cho cac nghién ciru vé dat, nhu tiét kiém thoi gian thu thap, do phi rong va cho phép
thu thap dit liéu cua ca chudi thoi gian. Pong thoi, dir liéu anh vién tham voi 6 phan
giai khong gian tir thap dén cao c6 thé dap ung duoc nhiéu muc dich khac nhau. Trén
thé gidi, cac loai tur liéu vién tham duoc st dung trong nghién ctru vé dt nhiém min rat

da dang.
1.1.1. Phé mat dit

O tang mat dat, may do pho cam tay nhu GER3700 va ASD cho phép do phan xa
phé ciia dat trén cac dai song lién tuc tir 400 — 2500nm véi dd phan giai phd cao. Dix
lidu tir cac thiét bi nay duoc dua vao thu vién phd, lam cin cit dé phan loai anh vé tinh
va anh hang khéng[3]. P4 c6 nhiu nghién ctru str dung thiét bj do phd cam tay dé danh
gia d6 phan xa ctia bé mit bi nhim min va cac khoang chat co trong dat trong phong
thi nghiém ciing nhu ngoai thuc dia [4]. Thong tin thu dugc tir may do pho thuong dugc
st dung dé thiét 1ap mdi quan hé giita phan xa pho cua dat bi nhiém min véi ham luong
cac khoang chét c6 trong dat [5]. Nghién ctru cia Weindorf , ciia Swanhart déu sir dung
may do phé) cAm tay dé tinh 6 nhiém man va do chua cua dat, két qua cua 2 nghién ctu
nay da chimg minh mdi twong quan cao giita cac gia tri ph6 do dugc véi cac gia tri phan
tich dat trong phong thi nghiém [6].
1.1.2. Vién tham da phé

Trong sb cac loai tu liéu vién tham da phd phan giai thap thi anh vé tinh MODIS
cho thay c6 nhiéu wu diém ndi trdi vé sé lwong kénh phd, d6 che phu, tinh on dinh vé
chu ky va tinh tirc thoi vé dit liéu. R4t nhiéu anh chi sd bao gém ca chi sb dd man va cac
chi sb trang thai sinh truong thuc vat co thé wde tinh tir cac kénh anh vé tinh MODIS

[7].



Trong dé tai “Regional-Scale Assessment of Soil Salinity in the Red River Valley
Using Multi-Year MODIS EVI and NDVI”, D.B Lobell va cac dong nghiép di sir dung
dir liéu anh vé tinh trong khoang thoi gian 6 nam (2000-2006) dé thiét 1ap mdi quan hé
gifta ning suit nong nghiép va dé nhiém min cua dét, dé tai sir dung hai gia tri phd bién
vé thyc vat 1a chi sd NDVI va EVI tinh tir anh MODIS dé nghién ctru. D¢ tai tién hanh
14y mAu tai 3 diém & quén Kittson, Red River Valley ctia Bic Dakota va Minnesota, 1a
khu vuc can danh gid d6 man dé bao ton tai nguyén thién nhién va cho thiy mdi twong
quan cta 3 diém miu nay. Anh da thoi gian MODIS duoc sir dung dé giam thiéu nhiing
anh huong cta cac yéu t6 vé thoi tiét, sau bénh, dich bénh, ... Két qua 1a thiy duogc tinh
trang tham thuc vat vio mua hé & Red River Valley va chi ra rang sir dung anh da thoi
gian dé nghién ctru dem lai d chinh xac cao hon st dung anh cua mdt thoi diém. Dé tai
cho réng chi s6 NDVI va EVI 14 hai chi sb dang tin cay dé x4c dinh tinh trang tham thyuc
vét va do man trong khu vuc nay. Cudi cing dua ra két luan su syt giam vé nang suat

do mot s6 nguyén nhan chinh gy ra, trong d6 c¢6 xam nhap man[8].

Nam 2000, Abbas, A. va S. Khan ciling da s dung anh vién tham da thoi gian
(1992-1995) IRS-1B LISS-II c6 do phan giai 1a 36.25m két hop véi dir liéu thuc dia dé
nghién ctru d6 man cua d4t tai Pakistan. Khu vuc nghién ctru 1a huyén Faisalabad, gém
hai phan -I va S-II, nim & phia Ty Nam cta Rechna Doab (khu vuc ndm giita hai con
song - Ravi va The Chenab). Phuong phap duoc thyc hién 1a dung anh vién tham dé
phan tich thanh phan chinh (PCA) va tinh chi sé d6 man (SI). Trong sau chi s6 d6 min,
tac gia cho rang chi s6 d6 min dugc tinh bang cong thirc Salinity Index = (B2 x B3)/Bi
(trong d6 B, B2, Bs 1a cac kénh cta anh v¢ tinh IRS-1B LISS-II, trong gid1 han quang
phd Bj (0.45- 0.52 mm), B, (0.52-0.59 mm) va B; (0.62- 0.68 mm)) 1a thich hop dé so
sanh v&i gia tri thyc dia. Tac gia da tim ra méi twong quan chit ché giira dit liéu xam
nhap min khao sat dugc v6i timg pixel trén anh bang phuong phap hdi quy. Két qua
phan loai anh c6 giam sat Maximum likelihood thanh 3 16p: mén it, man vira va rat man
v&i d6 chinh x4c toan cuc trén 90%. Dién tich ¢t man & vung nghién clru qua cdc nam
co sy thay ddi khong theo mdt xu hudng nhét dinh, cu thé theo két qua phan loai, do
man bao phu 8,7% di¢n tich khu vuc nghién ctru vao nam 1991, vao ndm 1994 va 1997
tuong Gng 1a 14.2% va 6.6%. Dua vao mdi quan hé giira dat bi nhiém man, dat ngap

nudc va chat lugng nude ngam céc tac gia chi ra rang 60-70% cac loai dat man hinh



thanh trong ving nudc nong trong vong 200 cm tir mat dat, nudc ngam trong khu vuc
nudc mudi cling co tinh doc hai, gy han ché tang trudng cua thuc vat, trir cac loai cay
trong c6 kha nang chiu man cao. Nghién clru nay cling cho thay tiém nang cua vi¢c st

dung anh v¢ tinh dé giam sat cac vung dét bi suy thoai v61 d méan ctia dét[9].

Trong nghién ctru vé xAm nhdp min cua tic gia A. Azabdaftari a va F. Sunarb tai
Cukurova- Tho Nhi Ky, dé tai sir dung anh Landsat v6i d6 phan giai 30 m trong 2 ndm
2009 va 2010 dé tinh cac chi s vé thyc vat chi s6 do man, do dan di¢n EC dugc tinh &
niam 2009 va 2010 duogc st dung nhu dit liéu thuc dia dé phan tich méi twong quan giira
gia trj cac anh ban dau va gid tri cac anh chi s6 khac nhau. Bay chi s6 lién quan dén 46
min va phat hién mudi (NDSIL, Si, Sz, S3, S4, Ss, S¢) déu dugc kiém tra véi tat ca cac anh
st dung trong nghién ctru. Chi sé thuc vt ciing duoc stir dung trong phan tich d6 min
ctia d4t bén canh cac chi s6 do man tir thuc vat cdy ua man phat trién tu nhién trong dat
man va c¢6 thé duoc thich nghi vé1 d§ mén cua dét cao. Vi vay, tham thyuc vat da duogc
st dung nhu moét chi s6 gian tiép dé du doan va ban db dat bi nhiém man. Bbn chi sb
thue vat khic nhau da duoc ap dung va trong s6 d6 hai chi sb thuc vat phd bién nhat
(NDVI va SAVI) cho thdy mdi twong quan t6t hon di duoc dua vao xem xét trong dé
tai. Sau khi phan tich hdi quy don bién va da bién, theo twong quan cao nhat thu duoc
v6i gid tri twong quan 13 78,40%, dit liéu ngay 21 thang 3 nim 2010 duoc chon dé thanh
lap cac ban dd dat bi nhiém man trong khu vuc. D6 man trong khu vuc duoc chia thanh
5 cap: khong min (0-2 ECe, dS/m), min thip (2-4 ECe, dS/m), min trung binh (4-8
ECe, dS/m), min cao (8-16 ECe, dS/m) va man rat cao (> 16 ECe, dS/m). Dé tai da

khang dinh hiéu qua ctia cong nghé vién tham trong thanh 1ap ban d6 xAm nhap man.

Narmada K va cong su ciing sir dung vién thdm da thoi gian (1997, 2000 va 2009)
dé tinh cac chi s6 vé thuc vat (NDVI, SAVI) va d6 man (SI, NDSI) tir anh Landsat TM
va ETM+. Khu vyc nghién ctru nam & vung vanh dai ven bién thudc Cuddalore, Tamil
Nadu, An Do. Chi s6 NDVI duge tinh dé phan bi¢t khu vuc c6 tham thuc vat giau hay
nghéeo, tham thyc vat ngheo sé€ phan anh dugc chét luong d4t lam anh huong dén su sinh
truong cua thuc vat, SAVI ciling dugc tinh toan dé biét dugec mirc d6 khée manh cua
tham thuc vat. Ngoai ra, dé ting cudng sy khac biét cuia ving min, nhom tac gia da tinh
thém chi s6 6 man SI va chi s6 chénh 1éch d6 min NDSI. Cac phan xa quang phd cua

d4t man va cac loai dat khéac trong khu vuc nghién ctru da thu dugc tir bang hinh anh



10

Landsat. C6 thé suy ra ring phan xa phd ting khi lwong mudi trén bé mit dia hinh ting.
C6 sy twong phan phan tng phd giita cic kénh nhin thdy va hong ngoai, hdng ngoai va
hdng ngoai giira trong dat hién c6 mudi. Chi sé NDVI qua cac nim cho thiy sy suy giam
cua tham thyc vat trong khu vuc nghién ctru, nam 1997 d6 che phu dat 85%, nam 2000
gr:in 40% tham thuc vat bi mét va dén nim 2009, chi con cac manh vun cia tham thuc
vat. Cac anh gia tri NDSI va SI cho thiy c6 sy gia ting d6 min trong khu vyuc nghién
ctru. Két qua nghién ctru cho thay c6 sy suy giam rd rét vé tham thuc vat, ting sy tich
tu d0 man va giam dién tich dat am tai khu vuc nghién ctru, d0 man da tang 1én trong

khu vire nghién ctru, ting voi toc d6 manh mé trong 30 nam qua[10].

Nim 2014, Weicheng Wu va cong su ciing st dung chudi dit liéu vién tham da
thot gian dé loai b6 sai sb do cac yéu t6 nhu su chuyén d6i muc dich st dung dat, vi du
tir dat trong sang dat canh tac, hodc cic yéu to khac nhu phan bén, dich bénh trong 3
giai doan (1988-1993), (1998-2002), (2009-2012) & mién Trung Iraq. Bo dir liéu da
thoi gian chil yéu bao gom anh vé tinh Landsat TM (Thematic Mapper) va ETM+
(Enhanced Thematic Mapper Plus) va mgt canh anh SPOT. Thyc hién tinh todn cac chi
sb thuc vat (VIs) hiru ich cho viéc danh giad xdm nhap man nhu NDVI (Normalized
Difference Vegetation Index), SAVI (Soil Adjusted Vegetation Index), EVI (Enhanced
Vegetation Index), ARVI (Atmospherically Resistant Vegetation Index), SARVI (Soil-
Adjustedand Atmospherically Resistant Vegetation Index) va mot chi s6 thuc vt méi
dé phén tich d6 man d6 1a Generalized Difference Vegetation Index (GDVI) GDVI =
(SR™- 1)/ (SR" + 1) = (P"xir — P"R)/ (P"nir + P™R), trong d6 SR 1a chi sb ti 1& don gian,
P™\ir va PPk twong tng 13 phan xa cua tia hdng ngoai gan (NIR) va dai mau d6 (R), n 1a
sO dién mang gia tri tir 1dén n, khi n=1 thi GDVI = NDVI. Sau d6, st dung gia tri 16n
nhét cta cac chi sb thuc vat, chi s xam nhdp man va cac chi s6 khac tinh tir anh vién

tham dé thiét 1ap mdi quan hé véi gia tri EC do ngoai thue dia[11].

Vi cac loai tu 1i€u c6 do phan giai trung binh, thi dir li¢u anh LANDSAT, SPOT,
LISS duoc sir dung kha pho bién trong nghién ctru xAm nhap man. Anh da pho cho
phép phan biét dugc dat nhiém man va dat khong bi nhiém man [12] va nhan dién duoc
d4t nhiém man & muc do nang tdt [13, 14]. Dit liéu vién tham da phé thuong duoc dung
két hop véi cac 16p chuyén dé khac nhu dia hinh, dia chat, thiy vin, thd nhudng, chat

lwong nude, ban d6 st dung dat dé nang cao d6 chinh xac. Dit 1iéu anh da phd thuong
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bao gdm ca dai séng hdng ngoai nhiét (chang han nhu LANDSAT), day 1a dai séng ma
sur hép thy, phan xa ctua dét chiu anh hudong manh cua cac thanh phén hoéa hoc nhu sun
phat, phdt phat, clorit [15]. Thong tin tir cac kénh nhiét ¢ thé duoc st dung dé tach cac
loai dit twong tw nhau vé phd phan xa trén dai song nhin thiy. Ngoai ra, mot sb nghién
ctru da cho thdy d6 dan dién cta dat nhiém min c6 twong quan rat tot v6i phan xa phd
trén cac kénh cin hdng ngoai, hdng ngoai trung va hong ngoai nhiét. Cac kénh nhiét
dugc sit dung nghién ctru vé XAm nhap man ¢ khu vuc dat tréng hodc cay bui. Weicheng
Wu va déng nghi¢p da két luan rﬁng 6 thé coi nhiét do bé mat dat 1a chi thi cho qua
trinh nhiém man tai cac khu vuc dat tréng vi dd din nhiét cua dat co lién quan dén do
dan dién [11]. Tac gia Abu-Hamdeh va Reeder da tinh toan mdi twong quan giita d6 dan
nhiét va d6 nhiém min, déng thoi phat hién ra réng & mot d6 am nhat dinh, d6 dan nhiét
giam khi ham luong mudi trong dét ting [16]. Jingwei Wu da chimg minh dugc kénh
nhiét cia LANDSAT c6 thé phan biét dugc dat nhidm min & muc d6 nhe voi cac con

cat, day 1a diéu ma cac anh vé tinh da phd khac khong 1am duoc [17].

Trong nghién ctru nhiém min, cic anh vién tham da phd do phan giai cao nhu
IKONOS, Quickbird va WorldView-2 ciing duoc sir dung nhung khong nhiéu, cha yéu
do gia thanh cao. Elhaddad va Garcia da dung anh IKONOS va dif liéu do pho phan xa
mat dat dé phan biét cac murc o xam nhap man va anh hudng ctia n6 téi nang suét nong
nghiép ¢ luu vuc song Arkansas, Hoa Ky [18]. Trong khi d6, nhom nghién ctru cua
Dwivedi d3 dung dong thoi anh IKONOS va anh da phd LISS-III dé xay dung ban d6
dat nhiém man [13]. Két qua phan loai tir anh IKONOS cao hon dén 10% so véi két qua
tir anh LISS-III. Ngoai ra, Setia di sir dung anh Quickbird dé nghién ctru nhiém min
trong néng nghiép & phia Nam nudc Uc, va dat duge do chinh xac cao [19]. Tuy nhién,
cling can luu y rang dé kiém dinh va danh gia mirc do tin cdy clia phuong phéap nay trén

quy mo vung la ton kém va mat thoi gian.

C6 nhiéu mé hinh da dugc sir dung dé dé xay dung mdi quan hé gitra d6 nhiém
min cta dat véi cac kénh anh hudng téi kha ning phan biét va danh gia nhiém man dc
chinh xac hon nhu Ordinary Least Squares (OLS), spatial autoregressive (SAR), va
spatial lag (SLAG) [20]. M6 hinh SAR st dung gia tri NDVI, kénh hdng ngoai va két
hop gitta kénh hong ngoai/ kénh d6 1a phuong phap cho do chinh xac cao nhat. Ngoai

ra, anh v¢ tinh d0 phan giai cao con thuong dugc su dung két hop véi cac dir li€u vien
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tham da pho phén giai trung binh nhu LANDSAT va phan giai thdp nhu MODIS d tin
dung cac thong tin vé pho, tinh chu ky, lién tuc trong thoi gian dai trong cac nghién ciru
vé dat nhiém min trén co sé phén tach duoc cac dién tich dat nong nghiép, theo dbi tinh
trang sinh truéng va ning suit cdy trong. Trong sb cac loai tu liéu vién tham da phd
phan giai thap thi anh vé tinh MODIS cho thay c6 nhiéu uu diém noi troi vé sd luong
kénh phd, do che phu, tinh 6n dinh vé chu ky va tinh tirc thoi vé dir liéu. R4t nhiéu anh
chi s6 bao g@)m ca chi sb dd man va cac chi sb trang thai sinh trudng thuc vat co thé udc

tinh tir cac kénh anh v¢ tinh MODIS [7].
1.1.3. Vién tham siéu phé

Anh siéu pho cung cap mot lugng 16n cac kénh pho véi do phan giai phd cao cho
phép phan biét cac loai cay chiu man vdi cay khong chiu man, cling nhu cho phép nhéan
dién cac dic tinh ctia dat nhim man chi tiét hon so véi anh da phé [21]. Cac thiét bi do
phd gin trén may bay nhu AVIRIS; DAIS-7915; HYMAP di ting duoc thiét ké nhu 13
nguyén mau ciia cac hé théng thu anh trén vé tinh. Vé co ban, bo cam gan trén may bay
cung cip anh c6 do phan giai khong gian va do phan giai phd cao, cac thiét bi nay thu
thap thong tin trén cac dai song lién tuc (400-2500 nm) véi do phan giai phod khoang 10
nm [22].

i c6 mot sd nghién ciru chimg to kha niang Gng dung cua loai di liéu siéu phd
trong nghién ctru nhiém man. Cac nghién ctru nay déu két luan rang, thanh phan hitu co
cua dat, d6 Am dit va khu vuc dit bi nhiém man c6 thé phan biét duogc néu str dung két
hop dir li¢u tr cac bd cam gén trén may bay vdéi dir li€u thuc dia. Cu thé, nam 1990,
Hick va Russel di sir dung bo cam siéu phd Geoscan gom 24 kénh trong nghién ctru ctia
minh va ching minh duogc rﬁng su phan xa cua thyuc vat trén dai can h6ng ngoai la chi
thi t6t nhét cho anh huong cua qué trinh xdm nhap man [23]. Nam 2000, Dehaan va
Taylor da st dung dir li¢u tir b cam HYMAP, 128 kénh phé trén dai song 450-2500nm,
phan giai 5m két hop vé6i cac phép do ngoai thuc dia dé xay dung ban dd ban do dat
nhiém man véi cac loai va mirc dd nhidm min khac nhau dua vao cac dic tinh cia bé
mat dat nhiém main va cac loai cay chiu man [24]. Farifteh va cong su lai st dung dir
liéu siéu phd HYMAP va phuong phap héi quy PLSR két hop véi mang Neuron nhan
tao ANN cung cac phép do thuc dia va thuc nghiém dé ude tinh ham lugng mudi trong

d4t [25]. Nhom tac gia nay két ludn rang 2 phuong phap PLSR va ANN rét hitu ich trong



13

viéc xay dung ban dd nhiém man. Nam 2010, & Thd Nhi K¥, Satir va cac cong su da st
dung anh siéu phd CHRIS PROBA dé danh gia mutc ¢ nhiém man cta dat két hop véi
s6 liéu phan tich dat va do phd ngoai thuc dia [26]. Két qua cho thdy mdi twong quan
manh mé giira thong tin pho cua dit liéu CHRIS PROBA va d6 phan xa cta ciy bong va
laa my trong viéc nhan dién dat nhim man. Piéu nay chi ra rang, bong va laa my co

thé duoc ap dung nhu dau hiéu gian tiép dé phan biét dit nhiém man.

So v6i cac nghién ctru sit dung bd cam siéu phd dit trén may bay, cac nghién ctru
dung anh vé tinh siéu phd trong xdm nhap min con han ché do it c6 kha ning tiép can
dir liéu. Sau hé thdng chyp anh vé tinh siéu phdé Hyperion thu dugc 242 kénh, trai trén
dai séng 400-2500nm, d§ phan gidi khong gian 30m di vao hoat dong, ndm 2006,
Dutkiewicz di st dung dit liéu siéu phdé Hyperion tir vé tinh EO-1 dé thanh 1ap ban d6
dat nhidm man cho ving phia Nam nudc Uc [21]. Ong két luan rang loai cdy chiu man
& day khong c6 tac dung trong viéc phat hién dat nhiém min mirc do nhe va trung binh,
nhung dat nhiém man nang va rat nang thi co thé nhan biét dugc. Nam 2012, nghién ctru
ctia Hamzeh va ddng nghiép tai Iran, d str dung anh Hyperion va cac phuong phap phan
loai khiac nhau nhu Support Vector Machine (SVM), Spectral Angle Mapper (SAM),
Minimum Distance (MD) va Maximum Like-lihood (ML) trén cac t6 hop kénh khéc
nhau dé phan loai khu vuc nghién ctru thanh 3 loai dat: nhiém min & mtc do nhe, trung
binh, va ning [27]. Nhém tac gia két luan rang phuwong phap SVM sir dung trén tat ca

cac kénh phé cho dd chinh xac cao nhét, trén 78%.

1.1.4. Vién tham Radar

Ung dung cua vién tham radar trong linh vuc xdm nhap min cho dén nay con it
so v6i vién tham quang hoc. Nguyén nhan mot phﬁn do su phtc tap cua dir li¢u, mot
phan do kha ning tiép can, thu thap tu liéu vién tham radar con han ché. Nhin chung,
dbi véi linh vuc nay, cac nha nghién ctru cho réng kénh C, P la dac biét 1a kénh L c6 kha
ning nhan dién duoc dat nhiém man [28]. Phuong phép ap dung anh radar thuong dwa
trén co so 1a muc d§ nhay cam cua d4t nhim man véi hﬁng sb dién moi va do sang trén
cac kénh cua anh radar [29]. So véi vién tham da phd, thi vién tham radar thé hién diém
manh trong nghién ctru d4t vai cac didu kién dic biét do khong phu thudc vao cac diéu

kién thoi tiét, khi quyén [30].



14

Trén thé €101, viéc nghién ctru xam nhap man st dung cac tu liéu anh vé tinh
radar c6 thé ké dén nhirng nghién ciru tiéu biéu dudi day:

- Nghién ciru ctia Metternicht va Taylor da sir dung anh radar dé thanh lap ban
dd dat nhiém man, bao gém phan chia cac mtrc do nhiém man dya trén cac dic diém vé
do g6 ghé bé mit va loai thuc vat lién quan dén xam nhap man, sau do st dung nhitng
thong tin nay nhu 16p dit liéu b tro dé ddnh gia mirc d6 xdm nhap man quy mo ving
.Trong khi Metternicht st dung k¥ thuat phan loai m¢ thi Taylor st dung phuong phap
dao nguoc tan xa radar nguoc[24, 31].

- Nghién ctru cta Kaighin A. McColl d3 str dung mdi quan hé gitra nhiét 46 do
sang trén kénh L va mac dd nhiém min cia dat, tinh tir cac thi nghiém, dé nhan dién dat
nhiém min & mic do ning. Tuy nhién, ciing theo tac gia nghién ciru, anh huong cta do
min khong dugc kiém tra mot cach ki ludng. Ngoai ra, cac mé hinh nghién ciru hién tai
moi chi dugce thyc hién trong phong thi nghiém. Viée kiém dinh m6 hinh trén thuc dia
s& gop phan ting cuong do chinh xac ctia mo hinh 1y thuyét [32]

- Trong nghién ctru cua Bell, D., Menges, A. C. and W. V. Z. J (2001)[33]:

Trong nghién ctru ndy sir dung anh xa bang phan cuc may bay dé do d6 man cia
dat 1ap ban do danh gia xAm nhap min. Ba thuat toan hoi dién méi, cac nhidu xa nho,
vat Iy quang hoc, va cac mé hinh Dubois da dugc thuc hién, va két qua cua chung duoc
két hop voi nhau dé 1dy mot ude tinh cai thién vé do 16n phan ao cia hing s6 dién moi
phtc tap cho su phan biét do man cua dat. Mot qua trinh lya chon dir li€u hiéu qua duoc
stt dung dé cho phép ap dung cac mé hinh trong méi truong ty nhién nay. Tham thuc
vat diéu chinh dén sy thay doi nho va cac mé hinh quang hoc vat 1y trude khi két hop
v&1 mé hinh Dubois cai thién d chinh xac phan loai trong cac khu vuc ban tham thuc

vat.

Nghién ciru nay sir dung anh xa bang phan cuc may bay (AirSAR) dé xac dinh
dd min cua dat, 1ap ban do, mot thong s6 sinh hoc quan trong dugc dung dé theo doi,
quan 1y va kiém tra nhitng thay d6i méi truong trong ARR. Radar dugc biét dén 1a nhay
cam véi mot sb thong s6 bé mat ty nhién nhu tham thyuc vat, dd nham bé mat va hr?mg
sb dién moi (e) [14].Bé mat chét dién méi 13 mot hﬁng s6 dién moi phu thudc nhiéu vao
d6 4m cua dat do su khac biét 16n trong h'fmg s6 dién méi gitra dat khé va nudc [15].

Hang s6 dién moi bao gom phan thyc R(e) va phan do. Khi so sanh cac hang s6 di¢n
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moi phtre tap ctia nude tinh khiét v6i nude mudi (nude bién) (49.69 mS/cm) [34], phin
thuc c6 sy khac biét tdi thiéu, nhung phan ao lai ¢6 su khac biét dang ké tai tan s thap
hon 7GHz dugc quan sat [35]. Hon nira Radar cling khong bi anh hudng boi may, kha
ning quét c6 thé dat dugc trong didu kién do 4m cao. Theo nhu nghién ctru cia Taylor,
dd am dét cao 1a thudc tinh duoc yéu cau bién doi trong cac hé‘lng s6 dién méi cia nude
min. Diéu ndy 1am cho viéc st dung SAR (Hé Radar d6 mé tong hop) 1a 1y tudng cho

viéc ap dung xac dinh do man trong dat.

- Trong nghién ctru ctia Spies, 2005 nghién ctru dé 1ap ban d6 va giam sat d6 min
trong nong nghiép duoc thuc hién cho chinh pha Uc. Sir dung anh vé tinh Landsat két
hop véi viéc xtr Iy mat dat. biéu nay da thé hién rét rd viéc st dung vién tham vé tinh

dé x4 dinh hién tuong xam nhap man va theo doi qua thoi gian[36].

Tu li¢u vién tham radar stir dung trong cac nghién ctru vé dat dién hinh 1a vé do
am dat. DBo1 vai viée nghién ctru dat nhiém man, tu li¢u vién tham radar c6 mot s6 han

ché nhu:
(1) song radar chi c¢6 thé xuyén qua dat duoc khoang vai cm;

(2) tuy thudc vao budc séng sir dung ma song radar méi c6 thé ddm xuyén qua

vung tan cay day dac;

(3) trén anh radar dé phat hién dugc dat man thi anh phai duoc chup lic dat am

(vi du nhu sau con mua

(4) tin hiéu song radar thudng bi nhiéu nén doi héi nhiéu thuat toan xir 1y phirc

tap dé giam nhidu va bién dang dia hinh.

- Trong nghién ctru ctia William J. Winson da st dung kénh L/S thu dong
(PALS) dé do d6 min ctia nude bién va do 4m cua dat. Vi nhiét do do sang cta bang L
gan voi sy thay doi ¢ man nho nén can phai xay dung mot hé thong rat nhay va on
dinh. Thiét bi m&i ndy c6 thiét bi do phong xa phan cuc kép, hai cuc va cam bién
Radar Ang ten 12 mot thiét bi hinh nén, dung cu PALS duoc lép dat trén may bay NC
— AR C - 130. Viéc do d6 man duogc thuc hi¢n vao ngay 17 — 19 thang 7 nam 1999,
phia d6ng nam Norfork, VA qua Gulf Stream. Cac phép do chi ra 6 min trong sudt
ba ngay, diéu nay phu hop véi dit liéu d6 min do duoc tir tau Cape Hatteras[37].
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Hé théng PALS c6 thé do luong su thay ddi rat nho vé d6 man. Viéc st dung
song Radar dé do d6 min trong nudc bién di c6 thay rang dit liéu Radar c6 sy thay doi
turong d6i nho vé su bién dang do gid, va hiéu tng bién dang nay da dugc thé hién
trong dit liéu phong xa. Muc dich viéc xay dung cong cu nay dé thuc hién cic phép do
tir xa chinh x4c cho viéc phét trién cac thuat toan dwogc cai tién va phat trién dé do do
am cua dat va d6 man cua dai duong. Cong cu nay cling giup cho viéc do nhiét do do

sang dai duong va phat trién cac mo hinh cho viéc thu h6i1 mudi bién.

- Nghién ctru cua G.I. Metternicht trong viéc st dung SAR JERS trong viéc
thanh 1ap ban dd phan bd dat man cling da chi ra viéc st dung vién tham trong viéc
danh gia, lap ban dd khu vuc xam nhap man dya trén tham thuc vat tai khu vyc do.
Tuy nhién, loai tham thuc vét ndy d& gay ra su nham 1an quang hoc giita cac 16p min
va kiém khi lam viéc véi anh vién thdm quang hoc nhu Lansat TM hay Spot. Theo d6
nghién ctru nay danh gia kha nang cua vién tham Radar dé 1ap ban do cac ving nudc
mubi va kiém. B6 m& duge sir dung dé mo hinh cac 16p thong tin va mot bo cam duoc
thuc hién dé thuc hién phan loai anh v¢ tinh radar JERS — 1. Nghién ctru cho théy phan
loai mo dit liéu SAR cua JERS — 1 cung cip nhiing dit liéu dang tin cay cta cac khu
vuc bi suy thoai boi quy trinh kiém, mudi. Nhitng van dé chinh 13 do tuong tac giita bé
mat dat va su phan xa cua Radar, diéu nay da xac dinh sy phan bd sai 1éch cua cac

vung kiém va muoi kiém xuong cac khu vuc bi anh huong[31].

Sy min héa cua dat 1a mot dang suy thoai moi trudong nghiém trong & cac ving
nong nghiép, noi can c6 thong tin vé mirc d6 nghiém trong clia do man dat dé 1ap ké
hoach tot hon va thuc hién céc bién phap cai tao dét c6 hiéu qua. Vién tham héng
ngoai va vién thim Radar d3 dugc sir dung rong rii trong viéc xac dinh cac khu vuc bi
an huong bai mudi [38]. Tuong tu loi ich cua viée sit dung dai sdng quang phd dé
thanh lap ban d6, quan 1y tai nguyén da dugc tién hanh trong nhiéu nim gan day. Hé
théng Radar khau d¢ tong hop (SAR) 13 mot cam bién hoat dong c6 kha ning truyén
va nhan song Radar phan cyc trén nhiéu dai tin. Nang luong quay tro lai Anten duge
coi 13 thiét bi tily vao: (a) Cac yéu t6 hinh hoc lién quan dén thudc tinh va két cdu cua
bé mit va bat ky 16p phu thue vat ndo, lién quan dén bude song va goc 1éch ciia cam
bién; (b) cac yéu td dién duoc xac dinh boi cac hing s6 dién moi twong d6i cua dat va

thuc vat & mot bude séng nhét dinh . Sau khi dua Radar khau d6 khong gian vao
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nhirng nim 1990 [25] nhiéu nghién ctru da duoc tién hanh dé phat hién va danh gia cac
yéu t6 lién quan dén rimg [26] ving dat ngap nudc ving dat doc va 1ap ban dd do thi.
Tuy nhién, c6 rat it nghién ctru trong viéc thir nghiém kha ning sir dung dit liéu Radar
dé l1ap ban dd céac khu vuc bi suy thoai boi d man [27]. Viéc phan loai thanh cong cac
ving nude mudi va kiém bang cach st dung tu liéu vién tham ciing doi hoi do chinh
x4c cua cac 16p thong tin. Cac phuong phap tiép can duge 4p dung béi nhidu nha khoa
hoc vé dét dua trén cac ranh gi61 10 rét, sép Xép cac vung nudc mudi, kiém khong bi
anh huong dugc thyuc hién theo hudng dan phong chong xam nhap man [28]. Trong
xay dung cac hé thong phan loai nay khé dé han ché ranh gidi ciia 16p ddi vai timg

vung trong khong gian

1.2. Cac nghién ctru tng dung vién tham da ting, da do phan giai, da thoi gian

trong nghién ctru nhiém man trong nwéc

1.2.1. Nghién ciru irng dung cong nghé vién tham da tang, da dp phén gidi, da thoi

gian

Tu li¢u anh vé tinh dugc nghién ctru, rng dung ¢ Viét Nam tur nhiing nam 1980.
Céc anh vé tinh dugc sir dung trong thoi gian nay phan 16n 1a anh LANDSAT cta My
va mot s6 anh vién tham ctia Nga c6 do phan giai tuong doi thap. Cubi nhitng nam 1990,
dau nhitng nam 2000 khi nhitng co quan chuyén mon vé vién tham, cong nghé vii tru
dugc thanh 14p thi nhitng nghién ciru vién thaAm méi thyuc sy phét trién va tng dung rong
rdi trong cac nganh nhu dja chét, 1am nghiép, nong nghiép, méi trudng. Cac loai tu licu
anh vién tham da pho, da do phan giai dugc s dung kha phd bién nhu MODIS,
LANDSAT, SPOT, IKONOS, QuickBird.

Nam 2005, Vién Dia ly, Vién Khoa hoc Cong nghé Viét Nam chu tri thuc hién
dé tai sir dung tu liéu vién tham da thoi gian dé danh gia bién dong rimg tram va quy dat
than bun Vuon Qudc gia U Minh Thugng [39]. Theo d6 anh vién tham dugc sir dung
chu yéu 1a LANDSAT da thoi gian voi d6 phan giai 30m két hop cung s6 liéu diéu v&
thuc dia dé giam sat, danh gia dién bién tai sinh rimg tram sau vu chay rirng nam 2003.
Tiép theo d6, giai doan 2008-2010, tién sy Nguyén Thanh Xuan, Vién Quy hoach va
Thiét ké Nong nghiép, Bo Nong nghiép va Phat trién Nong thon ciing thuc hién dé tai
str dung két hop céc loai tu liéu anh vé tinh khac nhau (MERIS, ASAR, SPOT) va s6
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liéu thong ké thuc dia dé theo doi la va danh gia bién dong st dung dat nong nghiép

dong bang song Hong.

Gan day hon, PGS.TS Pham Viét Hoa va dong nghiép [40, 41] d3 chu tri thuc
hién mot loat cac nghién ctru itng dung str dung anh v¢ tinh da thoi gian, da do phan giai
(trung binh dén cao: SPOT4, 5, 6, 7) dé phan loai va danh gia bién dong rung, 16p phu
va dién tich nuoi trong thily san & cac tinh ven bién dong bang song Ciru Long tir Bén
Tre dén Ca Mau. Trong cac nghién ctru ndy, nhom tac gia da chi ra viéc st dung anh
SPOT da thoi gian dé danh gid hién trang va bién dong 16p phit & quy mé ving nhu ving
ddng bang Séng Ctru Long 13 rat hiéu qua. Nam 2015, PGS.TS Pham Viét Hoa cing
cong su da hoan thién nghién ciru xay dung hé thong thong tin phuc vu quan 1y giam sat
16p phu rimg Tay Nguyén bang cong nghé vién tham da do phan giai, da thoi gian [42].
Trong d6, cac tac gia di str dung két hop anh vién tham da thoi gian tir phan giai thap
nhu MODIS dén trung binh nhur LANDSAT va phén giai cao 1a SPOT5 dé danh gia
hién trang, theo ddi dién bién va sinh truong rimg Tay Nguyén cac nam 1990, 2000,
2005, 2010, 2014. Céac k¥ thuat phan loai va phuong phép tich hop hi¢n dai da duogc st
dung dé két hop, chiét tach dugc cac thong tin dinh lugng vé 16p phu va sinh trudng

rung ¢ khu vuc nghién cuu.

O Viét Nam hién nay, viéc ché tao va ting dung thiét bi bay khong ngudi l4i trong
cong nghé vién tham dang c6 nhitng budc phat trién dang ké. Nam 2013, TS. Pham
Ngoc Ling cung tap thé tac gia di ché tao thanh cong t6 hop may bay khong nguoi i
dau tién & Viét Nam. Két qua bay va chup anh thir nghiém da dugc nhém nghién ciru
thuc hién & Ha N6i, Nha Trang va Tay Nguyén [43]. Nam 2014, nhém nghién ctru cua
Vién Cong nghé vii tru do PGS. TS Pham Vi¢t Hoa lam chu nhiém da ung dung tich
hop thiét bi bay khong nguoi 1ai v6i hé do phd ké phan xa dé bay do phd phan xa nhom
mot s6 ddi tuong ring ngap man tai Ca Mau [44]. Gan day hon, cac tac gia Vo Chi My
va Vii Vin Chat di néu 1én vai trd va kha nang ing dung anh may bay khong ngudi li
trong cong tac thanh 1ap ban d6 3D va giam sat tai nguyén moi trudng [45, 46]. Cong
nghé nay hira hen s& 1a mot giai phap bo tro hitu hiéu cho viéc thu thap dit liéu phd thuc
dia ciing nhu chup anh vién tham ting thip cho cac nghién ciru chuyén sau, 14y mau,

kiém chung va diéu tra khao sat thuc dia.

Thuc té cho thay nhu cau do va thu thap phd phan xa cua cac déi tuong mat dat
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dang tr& nén rat can thiét ¢ Viét Nam. Vién Khi twong Thuy vin va M6i trudng trang bi
hé théng do GER1500, Khoa Dia ly, Dai hoc Quéc gia Ha Noi cling s dung thiét bi do
phd cAm tay nhdp khdu ASD. Tai Vién Cong nghé Vi tru, cac chuyén gia ciing da
nghién ctru ché tao thanh cong thiét bi do phd phan xa cac di twong tu nhién ¢ dai phd
nhin thay va hong ngoai gan [47], va pho ké siéu cao tan giam sat do am dat, sinh khoi

thue vat phuc vu cong tac diéu tra, gidm sat tai nguyén va moi trudng [48].

Céc thiét bi nay da duoc dua vao sir dung, hd tro nghién ctru kha hiéu qua trong
thuc té. Nam 2009, TS. Tran Minh Y da sir dung phé ké phan xa mat dét do Vién Cong
nghé Vil try ché tao dé do phd phan xa cia cac dbi tuong ving ven bién Thira Thién
Hué, phuc vu cong tac md phong anh vé tinh va tng dung cho quan 1y déi bo [49]. HO
Thi Véan Trang va dong nghiép tai Trung tdm Vién tham, Bo Tai nguyén va Moi truong
cling d3 budc dau nghién ciru phwong phép xay dung thu vién pho anh vé tinh d6 phan

giai cao vé mot s6 dbi twong 16p phu mat dat [50].

Céc nghién ciru dé cap & trén cho thay nhu cau sir dung tu liéu vién tham va sb
lidu kiém chiing thyc dia rit da dang & nhiéu co quan, don vi trong cong tac diéu tra tai
nguyén. Cung v6i sy phong phu va san c6 vé dit liéu vién tham da pho, da d6 phan giai
nhu hién nay, giai phap két hop dir liéu vién tham da ting nhu trinh bay & trén gdm vién
tham mat dat, ting mdy bay va vé tinh vién tham 12 mot giai phap tich hop va bo sung

rat hi€u qua cho cac nghién ctru chuyén nganh.

Cdc nghién ciru vé vién tham radar trong nwéc

Tai Viét Nam, di c6 khong it nghién ctru vé xdm nhdp min, tuy nhién, cac hudng
nghién ctru chu yéu tap trung vao phuong phap sir dung mé hinh dong luc hoc, mo
phong dong chay, chat luong nude va van chuyén bun cat & song, héthéng tuoi...,
phuong phap nghién ciru két hop véi cac diac diém dia chat ciia khu vuce nghién ciru,
va 1dng ghép véi van dé bién doi khi hau. Nhitng nghién ctru sir dung tu liéu vién tham
trong phat hi¢n va giam sat xam nhap man ¢ Viét Nam chua nhiéu, m&i chi dung lai &
viéc str dung céc tu liéu anh vién tham da phé, hau nhu con chua tiép can duoc tdi cac

tu li€u vién tham si€u pho va vién tham radar.
1.2.2. Vién tham trong nghién cvru xam nhdp man va dat nhiém mdn.

Vién tham da dugc mot s6 nha nghién ctru ap dung trong linh vuc xam nhap man
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nhung chua nhiéu, mot s tap trung vao viée dung anh da phé nhue MODIS, LANDSAT,
SPOT dé nghién ctru mua vu, theo ddi qua trinh sinh truéng cac ciy nong nghiép, tinh
toan cac chi dé 1ap ban dd xam nhap min. Nam 2006, trong nghién ciru ctia minh, Huynh
Thi Minh Héng va cong sy di dé xuét giai phap tng dung cong nghé dija tin hoc bao
g6m 4 hop phan chirc ning 1a co sé dit liéu, vién tham, GIS va mo hinh hoa trong cong
tac quan 1y va theo ddi dién bién xAm nhap min trén luu vuc song Dong Nai [51]. Nhoém
tac gia chi ra rang yéu té man c6 vai tro quyét dinh dbi voi cac hoat dong sir dung dit &
viing cira song ven bién va dé xuat sir dung cong nghé vién tham dé theo ddi hé sinh thai

rimg ngap man nhu mot chi thi sinh thai rit nhay cam vé6i nhitng bién dong méi trudng.

Nguyén Dinh Tai (2006) da st dung anh LANDSAT TM va SPOT dé tim hiéu,
danh gia thay doi vé xAm nhap min 2 nim 1994 va 2003 dai ven bién Hai Phong [52].
Tac gia tinh toan cac chi s6 thuc vat NDVI, chi s6 d6 man NDSI két hop voi cac ban do
chuyén dé¢ dé phan ving nhiém min tir khéng mian dén rat man ¢ khu vuc nghién ciru.
Tuy nhién tac gia cling chi ra két qua mdi dimg & mic thir nghiém va can co dit liéu, s6
lidu do dac mat dat kiém chimg thém, ddng thoi dé cap viée st dung anh vé tinh phan

gidi cao dé co thé nghién ctru chi tiét hon.

Nim 2011, Duong Thi Phuong Khanh da thir nghiém danh gia tong quan hién
trang xAm nhap man & huyén Thanh Pha, Bén Tre thong qua khao sat thuc té, quan tric
mot sd chi tiéu héa hoc vé nudce va phong van truc tiép ho dan [53]. Két qua cho thiy
qua trinh xAm nhap mian kha gay gt trong mua kho lam anh hudng t6i sinh ké nguoi
dan, tir 46 dé xuat mot so giai phap thich ing va tmg pho v6i xAm nhap man. Dén nim
2013, ciing tai Bén Tre, trong khoa luén t6t nghiép ctia minh, Tran Thi Phuong Dung di
budc dau thir nghiém @ng dung vién tham trong nghién cru xAm nhap man thong qua
viéc phan tich chudi 46 anh chi s6 NDVI nam 2012 tinh tir anh vé tinh MODIS [54].
Két hop v6i ban do hién trang co ciu mua vu cdy trong cuing nam nghién ciru, tac gia da
danh gid khoanh vung dién tich bi anh hudng bdi xam nhdp man thanh cac vung nhu

vung man, vung lg, ving ngot theo cdc mirc d¢ anh hudng nhiéu, anh hudng it.

Dang cha y Nguyén Duy Liém di dé xuét st dung hai phuong phép thong ké
khong gian hoi quy 1a Binh phwong nhé nhat (Ordinary Least Squares- OLS), va Ty hoi
quy khong gian (Spatial Autoregressive- SAR) dé thiét 1ap mdi twong quan giira gié tri
pho phan xa trén anh vién tham (chi s6 SI, NDVI va chi s6 kho han TDVI) véi dir liéu
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d4t nhidm man thu thap thuc dia va dé xuit mé hinh dy doan dit nhiém man cho tinh

Tién Giang [55].

Cong nghé vién tham d3 duge mot sé nha nghién ctru 4p dung trong linh vue xam
nhap min nhung chua nhiéu, chii yéu méi dimg lai & viéc dung anh da phd nhu Landsat,
SPOT, MODIS cung cac chi s6 xdm nhap min tinh tir cac anh nay dé 1ap ban do xam
nhap man. Vi dy nhu: Nghién ctru xac dinh d6 nhiém man cua dat ving dong bang ven
bién bang cong nghé vién tham phuc vu quan 1y dit canh tac cua tic gia Nguyén Hung
Son, vién Vat Ly, Vién Han 1am khoa hoc va Cong nghé Viét Nam da dung anh MODIS,
k¥ thuat khong tron pho, céc chi s6 xdm nhap man tinh tir anh MODIS dé thanh lap ban
d6 xam nhap man. Luan vin thac sy cta tac gia Nguyén Nhu Thuén thi ding két hop di
liéu anh Landsat, SPOT va Alos dé danh gia bién d6i d6 min trén hé thong thuy noéng
va bién dong stir dung dat tai huyén Giao Thuy, tinh Nam DPinh. Dac biét, trong luan van
thac s§ cia minh, tac gia Nguyén Duy Liém d4 str dung hai phuong phap thong ké khong
gian hdi quy 1a Binh phuong nho nhat (Ordinary Least Squares- OLS), va Ty hoi quy
khong gian (Spatial Autoregressive- SAR) dé thiét 1ap méi twong quan giita gia tri phd
phan xa trén anh vién tham (chi s6 SI, NDVI va chi s6 kho han TDVI) véi dit liéu dat
nhiém man thu thap thuc dia va d& xuat mo hinh du doan dat nhiém min cho tinh Tién

Giang.

Nhin chung, nhu cau giam sat do nhiém min cta dat phuc vu cho cong tac diéu
tra, théng ké ciing nhu quy hoach st dung dat doi hoi can phai c6 nhitng nghién ctru &
quy mo vung va nhiing nghién ctru st dung cac phuong phap cé do chinh xac cao nhu
cong nghé vién tham. Tuy nhién, tai Viét Vam, viéc nghién ctru hi¢n tugng nhiém min
moi dimg lai & viéc do dac thong ké dién tich xAm nhap mian thong qua viéc thanh lap
ban dd thé nhudng, mic du phuwong phap ndy con kha nhiéu han ché nhu ton thoi gian,

cong strc va kha nang cap nhat thap.

Trong du 4n “Nang cao kha ning chdng chiu ctia thanh phé Can Tho dé tng phd
v6i xAm nhap min do bién doi khi hau gay ra”. Mot trong nhitng hop phan ciia du 4n 13
“Xéc dinh cac ngudong xam nhdp man va hanh dong ung pho” da dugc nghién ctru thuc
hién béi nhém nghién ciru truong dai hoc Can Tho. Két qua diéu tra khao sat & Can Tho
va hai tinh l4n cén 1a Hau Giang va Séc Triang da dua ra mot sé giai phap tng pho véi

tinh hinh x4m nhap man nhu: can thiét phai thiét 1ap mot mang ludi thong tin vé tinh
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hinh x4m nhap min cua ting dia phuong, hoan thién hé thng quan tric va canh bao
tinh hinh xAm nhap mian, dong thoi dé xuét cac giai phap vé sinh ké va canh tac nong

nghi¢p phu hop hon.

Nhin chung, nhu ciu giam sat do nhiém min cta dat phuc vu cho cong tac diéu
tra, thong ké ciing nhu quy hoach str dung dit doi hoi can phai c6 nhimg nghién ctru
chuyén sau, trén dién rong v6i phuong phap tiép can phu hop. O Viét Nam, viéc nghién
ctru hién twong nhiém min méi dung lai ¢ viéc do dac truc tiép, théng ké dién tich xam
nhap min thong qua viéc thanh 1ap ban d6 diéu tra. Tuy nhién, phuong phap nay con
kha nhiéu han ché nhu t6n thoi gian, cong strc va kha ning cap nhat thap.

1.3. Co sé khoa hoc trong nghién ciru nhiém mén
1.3.1. Nhiém mén va dét mgn

C6 nhiéu cach hiéu vé nhiém man, theo cach chung nhét, xam nhap man bao
goém: hién tuong nudc mian xdm nhap sau vao nodi dong khi xay ra triéu cuong, nudc
bién dang; 1a qua trinh nudc mén thdm vao hé théng nudc ngém ven bién din dén su
pha trén voi nguon nudc ngot cla tang chira nudc; hay do can kiét nguon nudc ngot
khién dét bi min hoa théng qua chuyén dong mao dan tir cac cot nude chira mubi roi
tich tu trén bé mat dat; hodc 1a su tich tu qua nhiéu mudi hoa tan trong dat do nguyén
nhan ngoai sinh chang han nhu tuéi tiéu, thay loi.

Theo T chitrc Nong lwong Thé gisi (FAO), dit nhidm min 1a dat co ton tai cac
loai mudi hoa tan & mot ndng do cao hon binh thuong, gay anh hudng xau dén cay trong.
Dé danh gia d6 min cia dat, nguoi ta dung dai lugng EC 14 do dan dién cua dat, c6 don
vi 1a dS/m (1dS/m = 0,64%o). Dat min 1a nhitng loai dit c6 d6 dan dién >4 dS/m ¢ 25°C
[56] tuong duong véi ndng do mudi hoa tan khoang 2,56 %o theo cach tinh thong thuong
tai Viét Nam.

Dua vao ngudn gbc phat sinh, c6 thé chia dat nhiém man thanh 2 loai: nhiém min
nguyén sinh (nguyén nhan khach quan) va nhiém min thi sinh (nguyén nhan chii quan).

+ Nhiém min nguyén sinh c6 thé do cic nguyén nhén sau:
- Do anh huéng ctia nude bién.
- Do hién tuong mao dan tir nudc ngam.

- Do mudi cung véi bui tir bién va cac ho nudc man theo gio6 chuyén vao.
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- Do mua rira mudi tir noi c6 dia hinh cao xudng thap.
- Do su khoang hoa xac thyc vat chiu man.
- Do dic trung vé diéu kién khi hau, dia hinh, thiy van (khi hau khé han,

d6 bdc hoi cao)

+ Nhiém man thi sinh thuong xay ra ¢ nhiing vung kho han va ban kho han, lugng
mua rat thap, san xuat néng nghiép chu yéu dua vao tuéi tiéu. Tang dat bé mit bi nhiém
man do nguén nudce tudi bi nhiém man. Hién tuong nhiém man th sinh con lién quan
dén cac hoat dong cta con nguoi nhu: ché do tudi tiéu khong hop 1y trong khi hé thong
thoat nudc kém, str dung phan bon qua mtc, hay sy phét trién va mé rong 6 at dién tich
nudi trong thiy san & cac ving dat ven bién.

Trong nghién ctru nay, nhiém min dwoc hiéu nhu 13 sy xAm min hoa cua dat
trong san xuat nong nghiép. Theo d6, dat nhiém min 1a dat c6 chira mot lwong mudi hoa
tan du dé anh huong dén sy sinh trudng va phat trién cta cay trong. Su min héa la qua
trinh xdm nhiém va tich tu ctia cac mudi va cac kim loai kiém trong moi truong dat,
nude khién moi truong nay chua bi médn tr¢ nén man, hoac tur it mén tré nén man nhiéu
hon.

1.3.2. Co ché ciia nhiém mdn va mdn héa dit

Co ché ctia nhiém man va min hoa dat bao g6m mot sd dang sau:

- Xam nhip min do nudc bién x4m nhap vao ndi déng do triéu dua vao hay do
nude bién dang, tao nén qua trinh xam thyc cia man vao cac vung dat ven bién.

- Sy di chuyén, tham thau ciia nwdc man vao ting nudc ngot dudi anh huong ciia
su phat trién nude ngdm cac ving ven bién. Nude ngdm nhiém min nay lai tiép tuc thAm
vao ving dat ké can ctia phau dién, ctr nhu vay gay nén dat va nuéc bi nhiém man.

- Sy xam nhap cua nudc bién vao song, dac biét vao mua kho, khi lugng nudc do
ra bién giam, thay tridu tir bién mang man lan sau vao lam nudc song va nhiing ving
1an can bj nhiém man. O cac ving ctra séng ven bién, nudc min c6 thé xAm nhap bén
duéi ting nude ngot, do nude min cé ty trong 16n hon nude ngot, nd tao thanh mot "cai
ném" nudc min ndm dudi di sdu vao dong bang ven bién.

- Su x4m nhap cta nuwdc min tir bién chay vao song, théng qua cac kénh rach, ro

ri vao tang dat canh tac. Sy mé rong dién tich nuoi trong thily san ven bién ciling 1a mot
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tac nhan gdy min cho dat thong qua co ché thim thau.

- Bay hoi: mubi hoa tan tich liily ¢ nhitng noi ma qua trinh bay hoi chiém wu thé,
nuoc ngém man trong long dat di 1én bé mat thong qua hién tugng mao dan, tao diéu
kién cho nudc man xam nhap gy man hoda cho dat. O day, nude chi 1a vat mang dé mudi
di chuyén trong dit, va nudc mang mudi trong dit tip trung lai nho qué trinh bay hoi va
su thoat hoi nudc.

- Tham théu do tudi tiéu va thuy loi: do khong do luong dugce, nude mén hoac lg
c6 thé dugce sir dung dé dan vao hé théng thuy loi, tudi trén cac dién tich canh tac nong
nghiép. Loai hinh nay hay xay ra ¢ ving san xuat nong nghiép dan xen véi nudi trong
thiry san. Mitc d6 man hoa phy thudc vao thanh phan va nong dé mudi trong nudce, luong
nuéc, phuong phap tudi, dd tham va dic tinh tho nhudng.

P4t nhiém man thudng xay ra ¢ nhitng ving kho han hodc ban kho han, noi ma
diéu kién moi truong thich hop cho viéc tich ty mudi tan trong dat trong diéu kién tu
nhién hay trong diéu kién canh tac c6 nudc tudi, va xay ra tai ving ven bién chiu anh
huong ctia xdAm nhap min do thuy triéu. Ham lugng mudi hoa tan trong dat 1on tao ra ap
Iuc tham thau gay kho khin cho ciy trong hap phu nudc trong dat. Dat chira ham lugng
mudi clorua natri cao giy ra su mat két cdu trong dit, dat thdm rat chdm hodc khong
thAm. Tudi nudc nhidm man c6 thé giy ra tich tu mudi trong dat. Man hoa chinh 13 qua
trinh tich tu mudi hoa tan trong dat. Sy man hoa lam han ché nang suat dat boi luong
thira mudi, 1am han ché sy sy phat trién cta cay trong do kha ning hap thu nudc cua
chung yéu di. Su man hoa cé thé xay do ty nhién hodc do thuc té quan 1y tai nguyén.

Bét cit mot qua trinh nao sau ddy anh huong dén sy can bang ciia nudc trong dat
c6 thé anh hudng dén su di chuyén va tich liy mudi trong dét, bao gdm: ché d6 thuy
van, khi hau, tudi, tiéu, dic diém cua tham phii va bo ré va thuc té quan 1y.

*  Sw mdn hod tir mede ngam: mot trong nhimg tac nhan gay min hoa dat 1a do su
bdc hoi ciia nude. Trong déi boc hoi, nuwéc dudi dat co thé bdc hoi truc tiép tir bé mat
nude ngdm, hodc bdc hoi thong qua cac mao quan. Khi nude bde hoi, mubi s& dugc giir
lai bén trong d6i bdc hoi, nudc ngam min theo dong mao din di 1én hudng t6i d6i ré.
BO ré clia cac ciy tréng can s€ chiu tdc dong cia man, dac bi¢t vao mua kho hau hét cay
tréng can bi do hoac vang 1a do thiéu nudce sinh ly do su bdc hoi tang lén. Co ché man

hoa dat chiu anh hudéng cua nhiéu yéu té duoc gidi thiéu trong so dd dudi day (Hinh
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1.1).

+ Anh hudng cua dong mao din: Dong mao dan di 1én tir mit nudc ngdm hudng
dén mirc cao nhat, nhung tc d6 ctia dong nay thudng giam theo su gia ting d6 cao nén
ty 1& ctia lugng mudi ciing theo ty 1 twong tng. Do d6 ham luong mudi ciing giam dan
tir bé mit nudc ngadm dén doi r8. Khoang cach ma dong di 1én ctia mao din trd nén
khong con y nghia duoc goi 1a d cao gidi han cia mao dan hay do sau 16p mao quan -
Hc. Gia tri nay phu thudc vao loai dat va néng d6 mudi cua nudc ngﬁm.

MBoi loai dt c6 ty 18 16 rong twong tng véi nd. Cac dat co thanh phan co gidi min
co gia tri Hc 16n, céc dét c6 hat thd gia tri Hc nho. Cac dét c6 hat tir trung binh c6 gia tri
Hc trung binh. Mot s6 gia tri chi bao dbi véi He nhu sau:

Cat tho — min :Hc=50-"75cm.
Cat thit —thitcat  : Hc =100 — 150 cm.
Thit cat min — thit bot: Hc = 150 — 200 cm.
Thit, thit-sét, sét :Hc =100 - 150 cm.

Su thoat hot nude cia ciy /
AN e
— O _
/N
T Mat dit
I h
' —>
D6 sau d6i r& (d6i béc hoi)
L 1 i e Doy
D6 sau dé %) quan (Hc)
2

Hinh 1-1. Moi quan hé giita sw boc hoi, d6i ré va déi mao qudn
+ Anh hwéng cia téc do boc hoi: Téc dd bdc hoi manh trong mua kho dan dén
d6 am thip trong d6i bay hoi do d6 luc hiit manh 1am ting hudng 1én cta dong nudc
trong mao quan. s& lam giam Do am cua d6i bdc hoi giam do sy bde hoi 1au dai. Khi déi
bdc hoi tré nén kho va diy hon, su mat 4m hau nhu khong con ¥ nghia, va hinh thanh
tang dat kho khong anh huong boi min. Hién twong nay thudng thy & ving khong co
thuc phil. Trong kinh nghiém san xuat trén dat man, viéc cay ai 10p dat canh tic c6 y

nghia twong ty, giup gia ting sy boc hoi nude va ngit dong mao dan tir dudi 1én.
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+ Sw dnh huéng cia thie vdt: dé sinh trudng thong qua bd ré thuc vat sir dung
nudc trong dét. Do do, trong truong hgp kho han, nude ngﬁm bi nhiém man, cac cay co
bo ré sau thuong dé bi anh huong hon.

+ Anh huwong cia sie phuc héi nwée ngam: Muc nudc ngam trong dat sau dan va
s€ gap nudc man khi nudc bi bdc hoi. Su khoi phuc ctia nudc ngz‘im phu thudc vao kha
nang thdm ri cia dat. Kha nang phuc hoi luong nude ngot trong dat co thé xay ra dé
dang véi cac loai dit phu sa d6 x6p cua tang mit kha 16n.

+ Anh hudng ciia mwc nwée ngam man: Tée do dong nude duge hit 1én boi luc
mao quan nhin véi ndng 46 mudi trong dung dich s& anh hudng dén hudng di chuyén
mudi 1én phia trén mat dat. Do d6 gia tri He ting v&i su gia ting d6 man cia nudc dudi
dat.

*  Swman héa do nuée mat: Sy man hoa dat trong vung ven bién do xam nhap man
tir bién (luc tridu cuong hodc thiéu nudce ngot tir ngudn), nhung phan 16n 1a do hoat dong
san xudt, canh tac ctia con ngudi, trong d6 1ay nudc min dé nudi thuy san 1a mot trong
nhing nguyén nhan gdy man héa ¢ dién rong. Sw nhiém man tang dat mit trén tat ca cac
dat trong ving nghién ctru so v6i cac tang bén duéi thé hién qua sb cac chi tiéu man.

1.3.3. P$ min ciia dit

Dét nhiém min 13 loai dt chira nhiéu mubi hoa tan, gy hai cho cdy trong. O
ving ven bién, dt d& bi nhiém min do thuy triéu, nudc ngém hodc hoat dong ctia con
ngudi nhu 1am mudi, nudi thuy san. Ham luong cac loai mudi nhu Na2SO4, NaCl,

MgSO4 trong dat tang cao khién dét trd nén man.

Do min dugc biéu thi bang % mubi tan trong dat. Cac phép phan tich d6 man
dugc biét dén ¢ Viét Nam bao gdm phuong phap Mohr, phuong phap ISRIC, phwong
phap phan tich tong s6 mudi tan theo khéi lwong va phuong phap phan tich ¢ dan dién
(EC) bang may do do dan dién.

Hién nay, trén thé gi6i thuong dung dai lwong EC 1a d6 dan dién cua dat dé danh
gia do man cua dat. Bon vi do luomg cua d6 dan dién EC 1a Siemen, ky hiéu 1a S. Trudc
kia, don vi nay ky hi¢u la mho. Trong thuc té, thuong dung do vi nhé hon S mét nghin

1an, trc 13 miliSiemen/cm ky hiéu 1a mS/cm hay deSiemen/m ky hiéu 1a dS/m.

+ Don vi dS/m = mS/cm = mmho/cm
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+ Quy ddi theo ndng d6 mudi tan: 1dS/m = 0,64%o
D4t mian 13 nhing loai dat c6 d6 dan dién >4 dS/m & 25°C twong duong voi ndng

d6 mudi hoa tan khoang 2,56 %o theo céach tinh thong thuong tai Viét Nam [56].

Pé do EC cua dat c6 hai loai dich chiét phd bién la:

+ EC cta dich chiét dat bdo hoa nude (dat nhio ¢ dang sén sét), ky hiéu 1a EC
bao hoa.

+ EC cua dich chiét theo ty 1& dat/nuéc = 1/5, ky hiéu 1a EC (1:5)

Céc thuc hién pho bién trong phong thi nghiém 1a: 1ay 20gram dat min pha véi
100ml nuée cat (khong chira CO»), lac 5 phut, dé lang 30 phut r6i loc 1ay dung dich dé
do d6 din dién bang may do EC. Nong do ion trong dung dich cang cao nghia 13 ndng
d6 mudi cang cao, thi d6 din dién cta dung dich cang cao nghia 1a dung dich dét cang
man .

Vi do phép do EC (1:5) nhanh va tién hon nén phuong phdp do nay dugc st dung
thong dung hon. Sau d6, dung cong thuc thuc nghiém dé chuyén doi nhu sau:

EC bao hoa = 6.4 x EC (1:5)

Bang 1-1. Phén cdp d6 man trong dat theo EC (dS/m)

Danh gia EC bdo hoa EC (1:5)
Khong man 0-4 0-0,6
Man nhe 4-8 06-1,2
Man vira 8-15 1,2-23
Man nang trén 15 trén 2,3
] Bang 1-2. Phan cd'p do man nuwoc twoi
Cap do EC (dS/m) Dadnh gid
1 <025 Nuoc ngot
11 0,25-0,75 Man nhe, dung dwoc
117 0,75-225 Man ngng, lua bi hai
V4 2,25-5,00 Man rdt néing, khong ding twdi diege

1.3.4. Phin logi dit mdn

Theo Szabolcs, dua vao dic tinh ¢ thé chia thanh hai loai dit man chinh [57] :
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- Dit mian (Saline soil): dit co chtra ddy du cac mudi hoa tan trung tinh, gdy anh
huong t&i sy sinh trudng cta ciy trong, cac mudi hoa tan nay chi yéu 1a mudi kiém goc
Clo va géc sun phat, vi du nhu NaCl, Na>xSO4, CaCl,, CaSOs, MgCl,, NaHCO:s, Néu
khong duoc cai tao kip thoi, loai dat nay sé bi kiém hoa.

- Pt kiém (Sodic soil): 1a dat kiém c6 chira mudi, trong d6 ham luong kiém 1a chu
yéu. Ban chét cua loai dat nay 1a dat kiém bi min hoa, chtra chi yéu 1a mudi Na2CO:s.
Ham luong Na du thira trong dat 1am hinh thanh dat sét, va khién cac hop chat hiru co
tan ra, dan dén sy xam nhap ctia nuéc man. Mot 16p vo dat mau nau den c6 thé duoc
hinh thanh & bé mat trén cing do su tan ri cta cac hop chat hitu co.

Hai loai dat trén khong chi khac nhau vé tinh chat hoa hoc, ma con phan biét bai
su phan bd dia 1y, va dia hoa cling nhu céc tinh chét sinh 1y. Ngoai ra, hai loai dit man
nay doi hoi cach thirc ci tao dat, va canh tac nong nghiép ciing khac nhau. Theo mét s6
nghién ctru, ngoai 2 loai dét trén, con loai thir ba 1a dat man kiém. Loai nay c6 ham
lugng Na vira du dé tic dong dén su sinh truong cia cdy, va chira mot ham luong dang
ké mubi hoa tan.

Bang 1-3. Phan logi mot s6 loai ddt mdn

Loai dat miin | EC (ds/m ) | SAR | ESP (ty I¢ trao d6i kiém) | pH
DPAit min >4 <13 <15 <8.5
Dat kiém <4 >13 >15 >8.5
Dat man kiém >4 >13 >15

Theo Jan Kotuby-Amacher (2000), cac muc do dat min lai ¢ thé duoc phan chia
tuong tng v4i cac mirc do anh huong dén cay trong nhu sau [58]:

Bdng 1-4. Phén chia cdp dé mdn danh huéng t6i cdy trong

Loai dit min | P din dién | Nong dd Anh huwéng dén cay trong
ciia dat mudi hoa
(dS/m) tan (%o)
Khéng man 0-2 0-1,28 Anh hudng khong dang ké
Ning suat ctia nhiéu loai cdy c6 thé bi
Man it 2-4 1,28 -2,56 | gidi han
Ning suat cua nhiéu loai cdy trong bi
Main trung binh 4-8 2,56 — 5,12 | gidi han
Man 8—-16 5,12 10,24 | Chi mot s6 cay tréng chiu dung duoc

Rat min > 16 >10,24 | Chi rat it cay trong chiu dung dugc.
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Ngoai ra, theo FAO, can ctr vao ty 1€ mudi hoa tan, dat nhiém man dugc chia

thanh cac loai sau[59]:

- D4t man sa vet dudc: 1a dat & dang chua thuén thuc, tﬁng mat thuong dé dat, do
nuée dang trong qué trinh bdi ling, dang bun 16ng 1iy ngap, bio hoa NaCl, gley manh.
Dit nay trung tinh hodc kiém yéu, gidu hitu co, dudng chit & mirc trung binh dén kha,
ty 16 Mg? va Ca? tuong duong. Mudi tan >1%, C1-> 0,25%

- Pit man:

e D4t man nhiéu: chtra cac chét dinh dudng trung binh dén kha, thanh phan co giéi
nang, mua kho thuong nit né, mudi boc trang trén mat. Thudng c6 Cl™ > 0,25%, tong
s6 mudi tan hon 1%. V& muia mua céc tri s6 trén thuong ha thap hon. Ty 1¢ Ca/Mg2 <.

¢ D4t man trung binh va it: thanh phﬁn co gidi nhe, ty 1€ hat cat tuong ddi cao, pH
khoang 4.5. Néu duoc dau tu va cai tao hop 1y loai dit nay c6 kha ning san xuat nong
nghiép. Loai dat nay c6 mirc d6 Cl < 0,25% va EC <4ms/cm, dat c6 phan Gng trung tinh,
xubng sau pH c6 tang 1én do ndng d6 mudi cao hon ty 1& Ca>*/Mg?" <1, mun, dam trung
binh, 1an trung binh va ngheo.

Theo FAO, phan cép dd man cta dat nhu sau:

Badng 1-5. Phan cdp do man theo FAO

Loai dat EC (mS/cm) Téng lwgng muoi hoa
tan (%)
Khéng man <4 <0,15
Man it 4-8 0,15-0,35
Man trung binh 8-15 0,35-<0,65
Min nhiéu > 15 > 0,65

O Viét Nam, phan cap d6 min trong dat theo ham luong céac chi tiéu trong dat

dugc thé hién trong bang sau:

Bang 1-6. Phén cdp do mén theo ham lwong 4 chi tiéu trong dat

Danh gia EC (1:5) % TMT % CI- % SO
Khong man 0-05 <025 < 0,075 < 0,03

Man nhe 0,5-1,0 0,25-0,5 0,075 - 0,150 0,03 - 0,06

Man vira 1,0-25 0,5-1,0 0,15-0,30 0,06 - 0,12
Man nang trén 2,0 > 71,0 > (0,3 > (0,12
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Nhu vay, dé phan loai d4t nhidm man trén co sé tich hop véi tu liéu vién tham
doi hoi co nhitng nghién ciru, kiém ching thuc dia cu thé, tuy timg khu vuc dia 1y dé
xac dinh duoc ngudng phan chia pht hop véi kha ning nhan biét cua d6i trong trén anh.
Bén canh d6, nhitng nghién ctru, danh gia vé ning suit cdy trong trén co s ing dung
cong nghé vién tham ciing 1a mot phuwong phap chi thi sinh thai khoa hoc, hiéu qua trong

nghién ctru, danh gia sy nhiém man cua dat.

1.3.5. Cdc phwong phdp truyén théng xdc dinh nhiém mdn bang dé mdn ciia
dit

Xam nhap min thuong dugc phét hién qua cac hién twong nhu: ting nudc ngam
ven bién bi nhiém man, dat bi min hoa, bd bién bj sat 16, ché d6 va d6 min dong chay
bién dong, h¢ sinh thai ven bién va thuc trang st dung dat thay doi. Do d6, dé xac dinh
x4m nhip min & dia ban nao d6 can thiét phai tiép can thyc té voi nhidu yéu t6 khac
nhau. Céc thong tin do man truyén théng c6 thé két hop voi tu liéu vién tham dé phan
tich, danh gia tinh trang va dién bién man thong qua céc biéu hién vé phan xa, tan xa,
ciu tric, biéu hién trén anh.

1.3.5.1. Phuong phdp phong thi nghiem

Xam nhdp man duoc biéu hién qua tinh chat dat 1a: Dat trudce day khong mén
nhung hién nay bi man, hoac dat trudce day man it nhung hién nay nay bi man nhiéu hon.
D6 min trong dat duoc danh gia thong qua phan tich trong phong thi nghiém. Cac phép
do trong phong thi nghiém sau day thuong duoc sir dung dé xac dinh mtc d6 man cia
dat:

+  Phuong phap dién héa duoc st dung kha pho bién dé do do din dién cua
dung dich dét, ky hiéu 1a EC. D6 dan dién ty 1¢ thuan véi tong ham lwong mubi hoa tan
va ap suat tham thau cia dung dich dat. EC dugc tinh & diéu kién chuan khi dung dich
d4t bao hoa & 25°C bang thiét bi do d6 dan dién chuyén dung.

+ Phuong phép héa hoc xac dinh téng sé6 mudi hoa tan hodc ham luong cac
mudi thanh phan bang cac phuong phap héa hoc. Chang han nhu phan tich xac dinh ham
lwong CI trong dich chiét theo ty 16 dat/nude = 1:5 theo phuong phap Mohr hoidc ISRIC.

Néu thiét 1ap dugc mang ludi cac diém 1iy mau, cung cép gia tri du day, phan bd
rai déu trén khu vyuc nghién ctru, phuong phap ndy co6 thé dung két hop véi cac phép

phan tich noi suy va cac phép phan tich dia 1y da bién dé xay dung ban d6 phan b va
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danh gia mirc d6 xAm nhdp man. Tuy nhién, cach lam nay kha ton kém vé thoi gian va
cong suc.

1.3.5.2. Phuong phdp hién truong

Str dung thiét bi do dia dién tir ngoai thuc dia nhu may do dién tro dat hay thiét
bi do dién tor EM (Electromagnetic). Ngay nay cong ngh¢ do khong pha huy dang phat
trién manh phuc vu nghién ctru moi trudng, trong do cac thiét bi do do dan cua méi
truong dat 1 cong cu khé hitu hiéu dé do d6 man. Phuong phéap nay dya trén nguyén 1y
vé d6 dan dién EC (Electrical Conductivity) ctuia dat. Thiét bi do EC st dung mét cudn
truyén dé tao ra mot tir truong thim nhap vao trong dat. Tir trudng tao ra mot dong dién
dé tao ra mot trudng tir thir cp dugc nhan boi cudn day thu. Ty sé tir truong thir cip
dén truong chinh 13 ty 1¢ tuyén tinh v6i d6 dan dién biéu kién cua dat.

Pay 1a phuong phap cu thé, thiét thuc, tiét kiém chi phi va phat trién tot cho céc
mg dung co ban. Po dac cho két qua nhanh va c6 kha ning tinh toan dwgc nhiéu thong
tin, chi sb vé dic diém cua dat do cac thiét bi do thuong cé phﬁn mém di kém, tao diéu
kién thuan loi cho viéc 1ap ban do, giam sat va ty dong hoa céac phép do dé danh gia hi¢n
truong.

1.3.5.3. Xdc dinh nhiém man qua su bién doi hé sinh thai va bién dong sur dung

dat

Mbi vung dia 1y hay hé sinh thai ty nhién c6 nhiing dic trung riéng vé dia hinh,
khi hau, tho nhudng, ciy trong, va do d6 nd quyét dinh hé dong, thuc vat thich nghi sinh
truong trén do. O chiéu nguoc lai, moi hé théng su dung dat hay su bién dong cua tham
thuc vat séng trén d6 c6 thé duge coi 1a mot chi thi sinh thai phan anh dic trung vé moi
truong séng. Phuong phap nay dugc sir dung nhu mot cach tiép can xac dinh ving anh
hudng ciia xdm nhap man va moi trudng sinh thai trong mot ving. Chang han nhu nhém
ciy ngp min thudng phét trién ¢ ving dit min ven bién hodc dit lo ven song 13 nhirng
noi van con chiu anh hudng cua thily triéu, dat 1am mudi va dat chuyén nudi trong thity
san (NTTS) 1a dat min, dat chuyén trong lta, mau va cdy an qua thudng 1a dat khong
man, di¢n tich canh tac xen tom - lia thuong la viung dat 1o (man nhe). Su bién dong

giita cac hop phan nay s& 14 chi thi cho thay c6 su thay doi trong moi trudng sinh trudng.
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Két lugn

Vién tham trong nghién ciru dat nhiém man 1a sy két hop cta giai doan anh, giai
doén t6 hop mau anh v¢ tinh va tinh toan phan tich anh s6 vé tinh. V&i nhiéu vu diém
vé thoi gian va da dang vé loai anh, cong nghé vién tham d dan duoc str dung dé nghién

clru céc van dé lién quan dén xAm nhap man thay thé cho cdc phuong phép truyén thong.

Tuy nhién, trong thoi gian qua, cac nha nghién ciru chu yéu chi ding lai ¢ viéc
st dung vién tham da thoi gian cho cac nghién ciru vé xAm nhip min ciia minh ma chua
quan tdm nhiéu dén vién tham da tang va vién tham da d6 phan giai. Mdi loai vién tham
c6 mot vu diém riéng dé phuc vu vi¢c gidm sat xam nhap man, su két hop céc loai vién
tham 12 mot phwong phap méi, han ché nhimng thiét sot khi chi st dung mot loai vién
tham nhét dinh. Vi vy, can sir dung két hop cac loai vién tham trong nghién ctru dé dat

hi€u qua cao nhat.

St dung dit liéu vién tham da phd, da thoi gian két hop véi s6 lidu thuc dia cho
phép ta theo ddi duoc xu thé bién dong 16p phu, theo ddi nang suat ciy trong, xac dinh
cac khu vuc c6 phan bd cay chiu man, chiu lg. Sy xuét hién cta céc loai cay tréng hay
tham thyuc vat khac nhau cling c6 nhitng phan xa riéng, dac thu trén anh vé tinh va cac
chi s6 tinh toan dugc tir anh. Tir d6, tinh toan dugc nhimg anh chi s gian tiép, giup
khoanh ving anh hudng va danh gia duoc dién thé cua hién tuong xam nhap man hay

su man hoda cua dat trén dia ban nghién ctru.

Dbi voi cac ngudn anh vé tinh d6 phan giai cao trén thé gii nhu: SPOT,
IKONOS, QuickBird, ... viéc sit dung chiét tach cac théng tin phuc vu cho nghién ctru
vé xam nhap man sé& cho két qua do chinh xac dang tin cay. Tuy nhién viéc chu dong
ngudn anh ciing nhu d¢ phi trim ciia nhiing loai anh vién thim nay dan t6i kinh phi cao
s& 12 mot trong nhitng diéu kién dau tién can phai xem xét dé dam bao dugc tinh kha thi

trong nghién ctru.
Ung dung cong nghé vién tham da tang, da d6 phan giai, da thoi gian trong nghién

ctru, danh gia, phan viing XNM két hop véi s6 liéu thuc dia dé tinh dién tich 1a kha thi

va cho do chinh x&c kha cao nhat 1a véi cac vung trong lua chiu anh hudng cua XNM.
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CHUONG 2. CO SO KHOA HQC VA PHUONG PHAP LUAN KET HOP
TU LIEU VIEN THAM PA TANG, PA PQ PHAN GIAI, PA THOI GIAN
TRONG NGHIEN CUU DIEN BIEN VA PHAN VUNG NHIEM MAN

2.1. Co sé khoa hoc ing dung cong nghé vién tham da tang, da do phan giai, da

thoi gian trong nghién ctru, danh gia, phan ving nhiém mén
2.1.1. Pdc trung co bén ciia vién tham quang hoc

Dit liéu anh vién tham dugc dung dé thu thap thong tin vé bé mat Trai dat bang
cach ghi lai birc xa dién tir thong qua mot hoac nhiéu ving cua phé dién tir phan xa tur
bé mat Trai dat. Mac do phan xa va hép thu cua tirng dbi tuong trén bé mat Trai dat khéc
nhau va mdi vét thé twong tic duy nhat véi nang luong EM. Cac ving thich hop nhat
ctia pho dién tir cho cac g dung vién tham 14 cac ving nhin thay (VIS), can hong ngoai

(NIR), hong ngoai séng ngan (SWIR) va hong ngoai nhiét (TIR).

Céc cam bién vé tinh thu duoc ning luong dién tir phan xa hodc phat xa va chuyén
d6i n6 thanh mot 1uéi cac 6 (pixel). Mdi pixel chira mot gid tri sé tho (Digital Number -
DN), dai dién cho murc d phan xa/phat xa cia mot vung cu thé trong phé dién tur (VIS,
NIR hodc SWIR). Ving cu thé nay thudng dugc goi 13 mot dai cam bién. Mang pixel
tao thanh anh raster duoc dung dé phan tich. Mdi hinh anh raster duoc xac dinh duy nhat
boi cac dic diém nhat dinh lién quan dén hé théng vé tinh ctia nd, ma cubi cung xac dinh
gia tri ciia n6 cho cac van dé vién tham cu thé. Nhitng dic diém nay la do phan giai

khong gian, quang phd, thoi gian va buc xa.

Do phan giai khong gian dé cap dén mirc do chi tiét hién thi cac ddi tugng trén
anh, hay 13 vat thé nho nhat co thé phat hién dugc ctia mat dat o trén anh. Dbi véi cac
vé tinh, n6 chu yéu duoc xac dinh boi truong nhin tie thoi cia nd (IFOV) va duoc do
bang mét trén mat dat. Do phan giai khong gian ciia hinh anh vé tinh c6 thé dao dong tir

vai cm dén km, tuy thudc vao hé théng v¢ tinh.

Do phan giai pho xac dinh c¢6 bao nhiéu dai cam bién dugc cung cap. Do phan
giai phé 16n hon c6 nghia 13 d6 bao phu ctia phd dién tir 1én hon, cho phép ghi lai tdt
hon céc dic diém pho cua cac vat thé bé mit. Anh raster da pho c6 do phan giai pho tir

ba dén hon 30 dai phd, trong khi hinh anh siéu phd c6 thé chira hon 100 dai phd hep.
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Do phan giai thoi gian 13 mot phép do tan suat mot hé thong vé tinh quan sat lai
mdt khu vue cu thé. Do phan giai nay dugc xac dinh boi cac dac diém quy dao cua h¢
thng vé tinh va su phu trum ctia nd. Cac hé thong vé tinh c6 d6 phén giai thoi gian cao
s€ c6 gia tri hon dé theo doi su thay ddi. Mot s hé théng v¢€ tinh thu thap dir liéu cua
mét khu vue cu thé hai 1an mdi ngay, trong khi nhiing hé théng khac chi thu thap dit li¢u

mot vai lan moi thang.

Do phan giai buc xa lién quan dén d6 nhay ctia cam bién vé tinh va kha ning
phan biét giira su thay d6i trong dai pho da ghi. Do phan giai birc xa cao hon thudng dé

cap dén sO lugng cap do xam cao hon trong mot dai va dugce do bang so bit.

Céac do phan giai nay dugc két nbi v6i nhau mot cach mat thiét va do phan giai
nay ting thi & mot do phéan giai khac lai giam. Anh vé tinh c6 do phan giai khong gian
cao thuong c6 do phan giai quang phd va thoi gian thap va nguoc lai. Pidu nay 1a do su
két hop cua cac yéu td, bao g@)m IFOV, tdc do quét cua vé tinh, quang hoc cua v¢ tinh,
cam bién va téc do duong dan tai xuéng. Viéc chon nguén d liéu vé tinh nao phu hop

nhat dé phan tich tiy thudc vao ddi trong va muc tiéu nghién ciru.

Dit liéu anh quang hoc ¢6 thé dugc thu thap tir hai ngudn chinh: trén khong (bao
gdém ca may bay khong ngudi 1ai) va khong gian (hé théng vé tinh). Anh trén khong co
thé thu dugc bang hé thong camera chup thang dimg hodc xién xuéng mat dat tir may
bay hodc may bay khong ngudi 1ai. Anh trén khong thuong co do phan giai khong gian
cao va nd phu thudc vao chiéu cao ctia may bay hodc goc chup cta camera. Do phan
giai thoi gian ctia anh nay phu thudc vao nha cung cép hinh anh va thuong rat thap, hon

nira phu thudc nhiéu vao diéu ki¢n thoi tiét.

Hi¢n nay, c6 khoang hon 1381 v¢ tinh hoat dong, trong d6 c6 khoang 344 v¢ tinh
(bao gdm 152 vé tinh quang hoc) duoc st dung dé quan sat trai dat [60]. Trong do, co
mot vai anh quang hoc duoc st dung mién phi, hay thuong mai hoic cho muyc dich

nghién ctru.
2.1.2. Cac dau hiéu nhdn biét dat nhiém mdn tir anh vién tham

Hién nay, phuong phap vién tham duoc sir dung rat pho bién trong cac nghién
clru vé& xAm nhap min, va su két hop giita phuong phap nay v6i phuong phéap do truyén

thong nhu dung thiét bi do d6 dan dién cho d6 chinh xac kha cao va thu hut dugc su
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quan tAm cta nhiéu nha nghién ctru. Trong cong nghé vién tham, dat nhidm min co thé
duoc nhén biét b@ing cac dau hiéu truc tiép trén anh nhu mau dat, do phan xa, do do man
lam thay ddi mau dat, hay do mudi tich tu trén bé mat dat; hodc nhan biét qua cac dau
hiéu gin tiép nhu sw xuét hién ciia cac lodi cAy chiu min va cac diu hiéu khac nhw

niing suit cy trong [61].

Do phan xa cia dat do rat nhiéu yéu td quyét dinh nhu ham luong mudi, thanh
phan khoang chat, 46 4m, mau sic va do gb ghé cua dat [14]. Khi sir dung cong nghé
vién tham dé nghién ctru dAt nhiém man thi dic trung phan xa cia dat dugce coi 1a dau
hiéu nhan biét, giai doan truc tiép. Hai nhom nghién ctru ctia Stoner va Schmid da két
luan rang dat c6 ham luong mudi hoa tan cao thi cho d6 phan xa cao hon trén dai song
nhin thiy va c4n hong ngoai (tir 520 dén 900 nm), dic biét 1a trén dai song xanh, khi anh
huong ctia oxit sat bi loai bo [62]. Nghién ctru ciia Z. E. Mashimbye va cac dong nghiép
cling chi ra mbi quan hé giita EC va d6 phan xa ctia dat nhiém min ting dan tir dai nhin
thay sang dai hong ngoai song ngan [63]. Hai tac gia Everitt va Shrestha thi cho rang
dai song can hong ngoai va hong ngoai trung c¢6 mdi twong quan cao nhat véi gia tri EC
ctia dét [64, 65]. Tuy nhién, Baumgardner di luu ¥ rang dat c6 gia tri EC 16n hon 4 dS/m
lai phan xa yéu hon trén dai song 500-2380nm [66].

Metternicht va Zinck cho rang d6 phan xa ctia dat nhiém man trén dai song nhin
thdy va can hong ngoai chiu anh huéng manh mé béi mau cua 16p cin mudi va do gb
ghé ctia bé mat dat [67]. V& mau sic, bé mit dat nhiém man thuong c6 mau tréng, tréng
xam, xam, nau nhat va ddm hon, trong khi dat nhiém man mac do trung binh thuong c6
tong mau xanh sang, va dAt nhiém min nhe thi ¢c6 mau tréng hoi héng, tham chi la do.
Nhom nghién ciru ctia Fernvaez-Buces, da thiét 1ap dugc hé s tuong quan giira mau sic
ctia bé mit dat nhiém man, giatri ECvaty 1¢ hép thu Natri va két luan réng mau sic cla
can mudi trén bé mat dat co thé duoc st dung lam chi thi tét dé danh gia mirc d6 xam
nhap min [68]. Bén canh d6, dé han ché anh huéng ciia d6 4m dat, Amal Med-hut Abdul-
Qadir da khuyén céo sir dung dai séng nhin thay hon 13 dai séng can hong ngoai trong

viéc x4c dinh gia tri do sang ctia dat nhiém min [69].
Dau hiéu nhiém min c6 thé biéu hién gian tiép thong qua biéu hién cta hé sinh
thai hoac thay ddi loai hinh st dung dét c6 thé nhan biét béng anh vién tham. Cac loai

cay chiu man 1a céc loai c¢6 thé chiu dugc ham lugng mudi hoa tan cao trong dat va cod
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thé sinh trudng binh thuong trén d4t nhiém man [70]. Cac sinh canh hoac hé sinh thai
6 d4t bi nhiém man, cac loai cay khong chiu dugc méan s€ bi &nh huong va thay thé dan
boi cac loai cdy wa man. Khi d4t méi bi nhidm man & mac dd nhe, thi mot s6 loai cay
chiu min van ton tai dugc nhung khong phai loai ndo ciing phi hop dé dung lam déu
hiéu nhan biét dit nhidm min dugc. Metternicht d3 chi ra réng, cung la cay chiu man,
nhung c6 loai thé hién do phan xa manh trén dai séng nhin thdy va can hong ngoai,
nhung cling lai c6 loai phan xa yéu trén dai song nay, do su khac biét vé ham lugng
chlorophyll [71]. M&i ving sinh thai lai ¢6 nhiing dic trung riéng vé loai. Nghién ciru
khao sat chuyén sdu c6 thé chi ra sy khac biét vé pho phan xa va trang thai sinh truong
cua céc loai/nhom loai cay.

Su hién dién ctia mudi hodc cic ion Na véi ty 1€ cao tao diéu kién bt loi cho su
phat trién cua tham thuc vat, thuong dan dén bé mit dia hinh dat trong. Tuy nhién, ndng
d6 mudi thép van cho phép mot sb quén thé thuc vat chiu min co thé ton tai va sinh
truong. Pay 1a yéu t co thé duge sir dung lam chi sb gian tiép dé 1ap ban d6 ving min
hodc kiém. Tuong tu nhu vay, sy hién dién cua cay chét, cay bui hay sy xam 14n cua cay
tién phong chiu man xam chiém cac khu vuc thue vat trude day la cac chi thi sinh thai
cho thiy hién tuong nhiém min dang dién ra. Cac cay chiu min phd bién & ving dat
nhu mam, dudc, hodc chiu lg nhu dira nude c6 thé can nhic su dung nhu 1a cac chi sb

vién tham tot vé do man cua dat.

Mot sb hoat dong canh tac trén d4t nhiém man nhu tr6ng cay mia, bong, hodc lua
cling co thé phan anh dugc mic do xadm nhép man. Vi dy, dua vao do tuong quan chat
ché gitra gia tri NDVI cua cac canh déng tréng mia, bong, vdi gid tri EC, mdt s6 nha
nghién ctru di phan biét duge dat nhiém man va dat binh thuong, dong thoi danh gia
dugc muc do xam nhdp man dya trén sy &nh hudng cua cac hoat dong canh tac trén khu
vuc nghién ctru. Hai tic gia Luis Garcia, vi Ahmed Eldeiry ciing két luan rang viéc sir
dung cac yéu td vé trang thai mua mang nhu mot chi thi chinh cho dit nhiém man 1a
phuong phap vién tham kha thi [20]. Tuy nhién, phuong phép nay dugc khuyén cao sir
dung khi xdm nhap min 13 yéu to chinh, chi phdi ning suit nong nghiép bén canh céac

yéu tb khac.

Ngoai ra, mot s0 chi s0 trén dnh vién tham c6 thé duoc stir dung dé lam noi bat va

xac dinh nhiing thay doi ctia hé sinh thai do thay ddi d6 man trén dat. Cac chi s thuc
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vat nhu NDVI, LAI xac dinh muc d6, trang thai sinh truéng cia ciy trong. Cac chi sb
vé d6 man SI (Salinity Index) lam ndi bat hodc gia tang sy khac biét gitra cac trang thai,
biéu hién cua dit man, dat khong man. Céc chi ) nay co thé dugc st dung két hop theo

nhirng cach khac nhau dé 1ap ban do dién bién do méan cua dat.

Dé khic phuc, loai bé anh hudng cia cac yéu td bén ngoai trong nghién ciru xAm
nhap min, dir liéu vién tham da thoi gian duoc dé xudt sir dung dé c6 thé trich xudt dugc
thong tin v& ning suat canh tac trong mot chudi thoi gian lién tiép, du dai, va tir d6 c6
thé khoanh ving khu vec XNM mét cach chinh x4c nhét [11, 72]. Lobell va cac dong
nghiép da st dung dit liéu anh vé tinh trong khoang thoi gian 6 nam dé thiét 1ap moi
quan hé gitta nang suat nong nghiép va do nhiém man cua dat, va két luan: sy sut giam
vé ning suat do mot s6 nguyén nhan chinh gay ra, trong d6 c6 xam nhap min [8, 72].
Tuong tw nhu vy, nghién ciru cia Weicheng Wu va cong su ciing sir dung chudi dir
liéu vién tham da thoi gian dé xac dinh dién bién xam nhdp man trén d4t canh tac do cac
yéu t6 nhu sy chuyén d6i muc dich st dung dat, vi dy tir dat tréng sang dét canh tac, tir
dat trong cAy nong nghiép sang dit nudi trong thiry san [11]. Sau d6, cac tac gia st dung
céc chi sb thuc vat, chi s6 xAm nhap man va cac chi s6 khac dé thiét lap mbi quan h¢ voi

gia tri EC do ngoai thuc dia dé xac dinh murc do, dién bién xam nhap man trong dat.

2.1.3. Pic diém phé phan xa cia dit trong nghién civu nhiém mdn

2.1.3.1. Bdc diém phéphdn xa ciia cac logi dat man

Puong cong phd phan xa cia cac loai dit mubi khac nhau duoc thyuc hién trong
diéu kién phong thi nghiém c6 kiém soat, chi yéu & cac dai phd nhin thiy, cdn hong
ngoai, hong ngoai séng ngan va hong ngoai nhiét. Trong tu nhién, tinh chat phan xa cta
mudi trong dat thuong bi nhidu boi cac yéu to tap chat, cau tric tinh thé va thanh phan
nguyén t6, bén canh d6 13 anh huong cua kich thudc hat dat va cac tinh chat dat. Ham
luong cua cac mudi carbonate, sunfat va clorua trong dat quyét dinh dén kha nang hap
thu dién tir ctia dat [73]. DAt man c6 phan xa cao hon trong dai song nhin thiy va ving
hong ngoai gan — trung so voi dat khong bi nhiém min. Trong diéu kién phong thi
nghiém, céc trang thai ciia mudi c6 d6 phan xa tét nhat & 6 dai phd: dai nhin thay (550-
770nm), hai dai trong viing cn hong ngoai (900-1030nm va 1270-1520nm), ba dai trong
vung hdng ngoai trung (1940-2150nm, 2150-2310nm va 2330-2400nm). Bén canh do,

& dai ph6 1550-1720nm, tron anh mau gia ciing c6 thé xac dinh duoc dat bi nhiém min.
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Nghién ctru do dan dién ctia dat nhi€ém man va trén bé mat trong dai vi song cling dugc
st dung. Cac by cam vi song c6 kha nang thu thap duogc dit licu doc 1ap véi diéu kién

khi quyén [60].

Vi cac loai mudi Clorua, trong do mudi NaCl khong tao ra cac dai hép thu tai
ving soéng nhin thiy, NIR va hdng ngoai nhiét. Mot s6 dai séng hap thu 1400nm,
1900nm va 2250nm 1a do anh hudng cta d6 am va chat long. Vi loai dat mudi ma co
KCl va NaCl thi dai hdp thu phu hop 13 1440nm va 1933nm, con véi mudi MgCla thé
hién cac tinh ning hip thu ¢ budc song 1190 va 1824nm. Céc nghién ciru ctia Howari
va nnk [74]va Farifteh [25] cho thdy xu hudng tinh nidng hap thy ting khi nong d6 mudi
tang. CaCl, hiém khi xay ra trong dat vi xu hudng phan ung voi natri sunfat va natri

cacbonat.

Céac mudi sunfat nhu thach cao CaS04.2H,0 ¢6 dai hap thu trong khoang 1500—
1730 nm. Howari va nnk [74]da xac dinh thém mdt dai hép thu tai 1978 nm cua dat
NaxSOs, lam cho viéc phan biét gitra thach cao va d4t da kho khan hon. Bén canh d6,
Mulder ciing chi ra mot dai hap thy cho cac anion sunfat gan 10.200nm (hdng ngoai
nhiét)[15]. Vi mubdi MgSO47H20 tinh ning hap thu trong dai séng V-NIR-SWIR (tirc
1a, 793, 999, 1240, 1490, 1631, 1760, 1946, 3270 va 3400nm).

Mudi Cabonat thé hién hap thu trong pham vi kénh nhiét 11000-12000 nm gay
ra boi nhom gdec COs2. Pt chita CaCO;3 ¢6 mot sd dai hap thu trong SWIR & 2250,
2350, 2380 va 2465nm. Trong dat c6 hdn hop nathcolite va calcite (NaHCO3, CaCO3)
cac dic trung phd chiém wu thé vi cic canxit it hoa tan két tua trude, khién cac mudi hoa

tan hon chiém uu thé.
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Hinh 2-1. Puong cong phdn xa phé ciia cdc logi khodng vt mudi

Ving dit min van cé thé duoc dung dé trdng trot néu mirc d6 min cho phép.
Phan xa phé ctia dat mudi dic biét vung dat man nhiéu va trung binh cao hon céc loai
16p phu khéc trong tat ca cac kénh phd va trong tt ca cac anh LANDSAT [75]. Véi cac
loai dat thong thuong khi duoc tudi va am c6 phan xa thap hon so véi dat man & tat ca
cac kénh. Ddi véi anh LANDSAT MSS thi su phan biét gitra d4t man vé6i con cat 13 mot
trd ngai. Tuy nhién, khi stir dung kénh nhiét trong LANDSAT TM thi c6 thé tach duoc

con cat bdi con cat kho hon va nhiét cao hon trong mua he.

Su khac nhau vé ham luong, khoang vat, o am cua dat, mau sic va d6 nham lam
thay d6i dudng cong phan xa phd ctiia mubi. O trong ving ndng nghiép thi d6 nham bé
mit khac nhau 1am cho phan xa phd ciing khac. C4u trac khong gian cta qua trinh tich
tu mudi thay d6i, xuat hién cdc manh dat nho 1am cho cac diém anh bj nham 1n. Sy thay

d6i thoi gian phu thude vao lwong mua mua, 1lam thay ddi dic tinh phd cua ving nhiém
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man. Ngoai ra, sy xuat hién cua thyc vat (thuc vat ngdp man va chiu man) ciing la
nguyén nhan lam cho pho cua dat man bi nhi€u. Su tich tu mudi trong giai doan dau

chua tao thanh 16p vo do d6 rat khé dé c6 thé xac dinh duoc [60].
2.1.3.2. Céc yéu té anh huéng dén phan xa ciia dat man

P min cua dat 1a mot qua trinh cac loai d4t bi anh huong theo khong gian va
thot gian boi su xuét hién ciua mudi trong dét, va do d6, n6 anh hudng té1 dac tinh quang
phd ctia dat. Cac yéu to chinh anh huong téi phan xa ciia dat man duoc xac dinh bdi cac
quan sat mit dat va do dac buc xa phd. N6 thé hién thong qua ham lwong mudi, d6 am

dat, mau sac va do nham bé mat.

Céc chi s6 bé mat dat duogc st dung khi 14p ban do cac khu vire dt bi anh huong
bo1 man bao gém cac dic diém nhu 16p vo, do kin bé mat, mirc d6 phff)ng rop, do am
cta dat. Hién tuong sui bot va 16p vo mudi xay ra & nhitng noi mudi két tua truc tiép
trén bé mat dit do mao din nuéc man tir dudi dat hodc muc nude ngém bi nhiém min
cao. Lop vo khac nhau chu yéu ¢ tinh lién tuc trong khong gian (dién tich), do day, do
nham va mau sic. Cac loai mudi khac nhau tao ra cac dic diém hinh hoc khéc nhau &
bé mat dat. Vi du, 16p dat mat phong 1én do mubi natri sunfat, trong khi 16p vo mudi

min l1a do sy hién dién cua clorua.

Do kin bé mat dién ra v6i sy c6 mit cia ham luong natri cao gdp phan lam suy
yéu su két tu cta dat va gy ra su bo roi ctia dat. Nguyén nhén 13 do ban chét hydrat hoa
cao ciia Na c6 trong dat, ion nay va vo nudc day ciia nd ngan chin céc hat dat sét két
bong. Do chit cua dat thuong lién quan dén sy hoa tan cac chét hitu co ¢o trong dét véi

do pH cao.

Céu trac va mau sic cta 16p vo mudi c6 thé thay doi dang ké, din dén su thay
d6i 16n cua hé s6 phan xa. Ving c6 d6 nham cao thi phan xa giam so v6i viing c6 bé mit
min. Nuéc min thAm vao dat tai cac khu vuc hoat dong x4 hay tudi nude tao nén cac
vung am udt phia trén muc nudc ngém lam tdng mao mach mudi 1én bé mat dat. Xu
huéng mudi tap trung cuc bd tao cac ving loang 16 c6 thé gay nén hién twong nhidu

trong cac pixel riéng 1€ trén anh.
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2.1.4. Pic diém phdin xa phé ciia thue vt trong nghién civu nhiém mdn

Pic diém phan xa pho cua thyc vat thay do6i theo bude song va cac giai doan sinh
trudng khac nhau cua thuc vat. Buc xa mat troi bi phdn xa ngay mot phz‘in khi t&i bé mat
14 cay. Pac trung phan xa phé cua thuc vat phu thudc vao dac diém cua 14 bao gém sur

dinh hudng va cau trac cua la.

Trong qua trinh quang hop, cdy, 14 hip thu manh ning lugng ¢ ving song xanh
lam va séng d6, do d6, pho phan xa ciia thyc vat c6 gia tri thap ¢ 2 dai budc song nay.
Nguoc lai, thuc vat c6 hai dinh phan xa ddc trung nam & vung song xanh 1a va can h6ng

ngoai. Pay 13 1y do vi sao mit ngudi quan sat thiy 14 cay twoi xanh trong ving kha kién.

Khi cay chiu man hoac kho han, trén 1a s€ gidm di¢p luc t6 nén phan xa manh &
vung do, khién 14 c6 mau vang dd. L4 khde manh khuéch tan tot & vung can hong
ngoai. O viing hdong ngoai nhiét va vi séng, hoi nuéce trong 14 hap thu anh sang manh

hon, con kha ndng phan xa gidm rd rét.
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Hinh 2-2. Pdc triung phé phan xa ciia ld cdy theo cdc trang thdi sinh truéng
Mot s6 ciy trong nhu cé linh ling, ciy bong, cay mia c6 thé duge trong trén dat
bi nhiém min hodc kiém. Ning suit ctia chung 1a mot chi thi phan anh mutc d6 nghiém
trong ctia d6 min co trong dat. Nang suét cia cac loai ciy trong nay bi giam di do su

hién di€n cua muodi cé thé dugc nhan biét thong qua mot s6 cac bi€u hién:

- Céac mam cy sinh truong cham, cdy trong phat trién khac biét theo trg cum khu

vuc.
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- Do che phu cua cay trong giam va c6 dau hi¢u xam lan cua cé dai va cay chiu

- (Giam nang suat cay trong
- Labicudn va tia vang
Tinh trang sinh truéng cua cay trong c6 thé dugc udce tinh tor NDVI, h¢ s6 do
sang, mat d anh trén cac &nh hong ngoai mau. Tai mot s6 khu vuc, moi tuong quan cao
gitta NDVI cua cdy bong, cay mia va EC c6 thé dugc dung dé tach vung dat kiém man

v6i vung khong bi anh huong.

Thuc vat néi chung hap thu rat tét nang luong dién tir trong dai song nhin thay.
Sy hap thu giam déng ké va phan xa ting nhanh tir budc song 0.7 pm. P phan xa gan
nhu khéng d6i tir 0.7-1.3 pm va sau d6 giam dan cho cac budc song dai hon. Thyc vat
c6 mirc do phan xa manh nhat trong dai song can hong ngoai ciia. Khi so sanh véi ving
dat min & trong dai kénh doé thi thuc vat c6 phan xa thép hon, va kénh can h6ng ngoai

thi phan xa lai cao hon.

Su phan xa cua tirng loai thuc vat phu thudc vao thanh phén hoa hoc va hinh thai
ctia chiing. Phan xa cia 14 tir nhimg cay trong trén dat bi nhiém man thap hon so véi
phan xa cua 14 trén dat khong bi nhiém man trude khi truong thanh va cao hon sau do.
Véi 14 truong thanh, phan xa ting 1én ¢ kénh can hong ngoai. T6i kénh hong ngoai trung
thi phan xa gidm ma khong bi anh hudng vé1 nude do hi€u iing mong nudce va tang trong
truong hop khac. Do day cua 14 nhu thuc vat mong nude lam giam nhiéu hon 13 su gia
tang phan xa. O kénh can héng ngoai c6 mot quan hé nghich gitta phan xa va do man
bo1 d0 man lam cho 16p phu thyc vat it (gidm mat do, chiéu cao cdy). Trong anh tron
mau tiéu chuan, thuc vat bi nhiém min c6 mau dé sim hodc do dam la do qua trinh
trudng thanh khac nhau cua cung loai thuc vat trén dAt man va dat khong mén. Cac cay
chiu man tréng khu vuc dam lﬁy nhiém min 1a ngu@)n dit liéu tham khao tdt vé muc do

man nhung can phai hi¢u chuan mat dat.
2.1.5. Ddc diém phan xa cia nuwdc

Budc song cuia birc xa va cac dic tinh vat Iy-héa hoc ciia nudc sé dan dén su thay
d6i cac dic trung phan xa pho ciia nudc [76]. Khi diéu kién vat 1y thay ddi thi phan xa

phd thay dbi. O céc thé rin nhu biang, tuyét, nudc phan xa tot trong dai song nhin thiy.
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Con khi & trang thai 16ng, nudc phan xa ning luong rat thip so véi cac 16p phu khac,
khién cho né rat d& nhan biét trén anh. Su khac biét vé d6 phan xa nay 1a do su khac biét
trong lién két nguyén tir & trang thai 16ng va ran. Khi & dang 16ng, nude phan xa cao hon
trong khoang 0.4pm -0.6pm. Tt budc séng 0.7 pm trd di nuwdc hip thy phan 16n ning
luong t6i va phan xa rat thap. Do d6, nudc trong vat xuat hién véi tong mau tdi hon

trong kénh pho can hdng ngoai.

Tinh chét phan xa ctia mot ving nudc khong chi don thuan 13 chirc ning cua nude
ma con 13 vat chit c6 trong nude. Nhidu dic diém quan trong ctiia nude nhu ndng do oxy
hoa tan, pH va nong d6 mudi khong thé quan sat tryc tiép thong qua thay doi do phan
xa clia nudce. Tuy nhién, cac tham s6 nay doi khi twong quan véi kénh chi s6 phan xa

thu duoc.

Céc hat vat chat trong nudc hép thu va tadn xa song dién tur ciia &nh sang mat troi.
Céc photon anh sang dugc tan xa trong khéi nude mot phan sé truyén nguoc lai, di ra
khoi khéi nude va hop thanh chum tia bire xa. Vién tham c6 thé cho thiy dugc su khéac
nhau & gié tri phan xa phd thu dugc trong ving nude trong (pure water) v6i ving nude
duc (turbidity water). Trong khdi nudc duc, ham lugng va thanh phan bun cat lo limg 1a
2 yéu t6 khién lugng birc xa ra khoi khéi nude trong dai song do 10n hon so do tinh chat

cac hat bun cat lo ling tan xa manh hon ¢ dai song do.

Céc tinh chit quang hoc von c6 ciia mot viing nude ven bién nhat dinh duge xac
dinh boi cac tinh chat quang hoc cua nudc, dd man, phytoplankton, tram tich lo Iing,
chat hiru co hoa tan ¢6 mau (CDOM). Cung véi nhau, nhitng hop phan nay quyét dinh
mau sac cta nude bién ven bd va viing cira song va 1am suy giam cia anh sang truyén

trong nudc.

Nuéc hap thy manh birc xa trong ving séng can hong ngoai va hdng ngoai song

ngan. Phd phan xa thu duoc tir nude phat sinh tir 3 ngudn:
+ Phan xa bé mat/phan xa guong (surface/specular reflection);

+ Phan xa bodi cac vat chat lo lrng c6 trong nudc/phan xa khoi nude (volume
reflection);

+ Phan xa déy (bottom reflection).
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Do do, chi c6 phan xa khéi chira dung cac thong tin lién quan téi chit luong
nuéc. Nude sach co phan xa khéi rat thap (6-8%) va chi gidi han trong ving dai budc

song kha kién.

Phan 16n nang luong mat troi1 bi nudce hép thu dé 1am tang nhiét do, trong khi
phén con lai phan xa tur bé mit va cac vat chét lo lung tao thanh nang lugng phan xa cua
nude. Cac birc xa clia bude song dai trong dai nhin thay va can hong ngoai bi hap thy
nhiéu hon cac budc song trong dai nhin thdy. Do d6, nu6e ¢6 mau xanh luc hodc mau
xanh 14 do phan xa manh hon tai nhitng budc séng ngén va t6i mau hon néu nhin & céac

budc song do va can hong ngoai.

Céc yéu t6 anh hudng toi sy thay doi phan xa ctia nude 1a do siu, thanh phan vat
chét trong nudc va bé mat ciia nude. Kha nang phan xa ting 1én khi nude bi duc do anh
huodng tan xa cua cac vat chit lo lung, dac biét & vung séng dé. Khi tinh chit cua nude
b thay d6i thi gia tri phan xa pho cua nudc thay d6i va dudng cong phan xa phd cia sé

bi thay d6i.
2.1.6. Cdc chi sé vién tham trong nghién ciru nhiém mdn

Vién tham c6 kha ning thu thap thong tin theo khong gian va thoi gian, do d6, no
c¢6 kha niang xac dinh sy thay doi ctia mudi trong dat. C6 hai cach tiép can dé phat hién
su tich tu mudi bﬁng vién tham: mot 1a xac dinh su tich tu mudi truc tiép trén dat tr6ng
dua trén dic diém phan xa phé cua dit bi anh huong béi mén (nhu thanh phén khoang
vat ciia dat, mudi trén bé mat dat). Hai 1a phat hién su tich tu mudi gian tiép thong qua
céc biéu hién thir sinh cta sy tich tu mudi (nhu sy thay doi cia 16p phii, hay qua trinh
sinh truéng ciia thuc vat). Tu lidu vién tham c6 thé tmg dung trong nghién ciru va lap
ban d6 nhiém man dat 12 boi man hoa khong phai 1a mot trang thai tinh tinh, n6 thay doi
thong qua qua trinh bién doi hé théng st dung dat hay cac biéu hién sinh 1y (biophysical
parameters) cua h¢ sinh thai tai khu vuc nghién ctru. Trong ludn an nay, nghién ctru tap
trung vao khai thac cac chi s6 vé biéu hién sinh 1y cua h¢ sinh thai, dat va thue vat co
kha ning ung dung trong giam sat va thanh 1ap ban do nhiém man dat hudng téi khai

thac cac loai tu liéu vé tinh phé bién hién c6 nhu LANDSAT va Sentinel-2.

Cac thong tin vién tham duoc phan thanh cac nhom khéac nhau nhu SI (Salinity

Index), NDSI (Normalized Difference Salinity Index), chi sé d6 sang BI (Brightness
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Index), cac chi s NDVI (Normalized Difference Vegetation Index) dé danh gia, thanh
1ap ban d6 nhiém man cta dat. VSi nhom chi sé thuc vat ma dai dién 1a chi s6 NDVI
phu hop dé danh gia dién bién xAm nhip min cta dat vi dit cang man thi su sinh truéng
clia cdy trong cang giam va gia tri NDVI cang thip. Tuy nhién, viéc phat hién d6 min
clia d¢at ma chi ding NDVI ¢6 thé bi anh hudng bdi sy xuat hién ciia cdy ngdp min va
cady chiu man lam cho su phéan xa ctua d4t man bi nhiéu, din dén phan loai khong dung.
Pé giam thiéu sai s6 phan loai, chi s6 SAVI (Soil Adjusted Vegetation Index) va cac chi
s6 thuc vat khac nhu EVI (Enhanced Vegetation Index) dugc bo sung dé phan biét phan
xa cta dat va tham thuc vat. Ngoai ra chi sd6 GDVI (Greeness Difference Vegetation
Index) duogc phat trién trong nhitng nam gan day cho thay két qua kha quan trong viéc

danh gid d§ man cua dat cling dugc xem xét trong nghién ctru nay.

2.1.6.1. Chi s6 thuc vt
Chi s6 thyc vat duoc xay dung trén cic nguyén 1y toan hoc nham ting do phan biét
pho phan xa cia thyc vat trong cac kénh pho khac nhau, qua d6 giup 1am noi bat
nhirng dic trung riéng cua 16p phu thuc vat thong qua gia tri tinh toan cho timg diém
anh. Chang han, mirc do phat trién cdy xanh c6 thé danh gia thong qua céac chi sé sinh
1y nhu ham luong chlorophyll hodc nudc trong 14 (chang han NDVI, NDWI), ciing
nhu mot s chi s6 két cdu nhu cdu tao 14 hay tan cay (nhu LAL EVI). Trong céc chi s6
nay, NDVI 1a loai pho bién nhét vi d& hiéu va dé stir dung. NDVI biéu thi sy phat trién
cua cay dya vao mdi lién hé véi luong di¢p luc trong 1a. Tuy nhién, NDVI ¢6 xu

hudng bi bao hoa & muc cao, thuong tir 0,8 dén 1.

Céc chi s6 khac nhu SAVI ¢6 tinh dén yéu t6 hiéu chinh dét c6 thé giai quyét cac
van dé phan xa nhiéu nén & khu vuc c6 mat do thuc vat thua hon. Hay chi s6 EVI bao
gdm gia trj hé s6 sol khi dé giam thiéu anh hudng cta nhidu khi quyén véi phan xa thuc
vat. Trong mdi trudong hop khac nhau, viéc hiéu chinh céc chi s6 thuc vat 1a rat can thiét
dé cai tién d6 chinh x4c cta viée xac dinh nhi®m man.

Bang 2-1. Mot s6 chi s6 thuc vétphé bién sir dung trong nghién curu xam nhdp
man [60]
Chi s thyuc vat Cong thirc Ghi cha
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Normalized NDVI=M
(NIR+R)
difference
vegetation index
Soil-adjusted SAVI=(1+L) SRR | Trong d6 L =0.5
(NIR+R+L)
vegetation index
Enhanced EVI=G — NIR-R) Trong do: L=1, c1=6,
(NIR+C;R—C,B+L)
vegetation index c2=7.5
Generalized GDV=NRI-RY n=1 thi GDVI=NDVI
(NIR"+R™)’ ,
Difference n=2 thi GDVI c6 méi quan
Vegetation Index hé tot hon véi chi s6 LAL.
Khi n tang lén 3, 4 thi chi
s6 GDVI tré nén bao hoa

Céc chi sb thuc vat duoc st dung phé bién dé gian tiép xac dinh muic d6 nhiém
min cua dat. Tuy nhién, dac diém canh tac va cai tao dat co thé dan toi nhirng nhan dinh
sai vé dién bién man va su phat trién cta thuc vat. Hon nira, cac loai cay trong giai doan
sinh truong ban dau c6 mic d chiu min khac nhau khién phan xa pho trén anh khac
nhau ciing 12 mot yéu t6 can luu ¥ khi st dung chi sé thuc vat trong nghién ctru dién

bién xadm nhap man.
2.1.6.2. Chi s6 muoi, chi so do man

Nham 1am ndi bat cac biéu hién vé man trén dat so véi cac nhom dbi tuong 16p
phu khac co nhiéu loai chi s6 mudi hay chi s6 d6 man duoc nghién ctru phu thudc vao
cac diéu kién ty nhién, méi trudng sinh thai, 16p phu. Thudng cac chi s mudi/chi s6 do
min dugc tinh tir cac kénh pho trong viing song kha kién va can hong ngoai. Cac kénh
phé nay phu hop dé co thé nghién ciru thir nghiém trén anh vé tinh LANDSAT va

Sentinel-2 dé thanh 1ap ban d6 xAm nhap man trong dat.

Bang 2-2. Cdc kénh chi sé6 muéi cé khd ndang vmg dung cho dnh Sentinel? va anh

LANDSAT |77]
Chi s6 mubi Cong thuce
.. _ ,(NIRXR)—(GXB)
Canopy Response Salinity Index CRSI= (NIRXR)+(GxB)
lized diff linity ind NDSI=8NR)
Normalized difference salinity index ~(R+NIR)
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Salinity index-1 SI=,/(B X R)

Salinity index-2 SI=,/(G X R)

Salinity index-3 SI=\/(G? + R? + NIR?)
Salinity index-4 SI=,/ (G2 + R?)
Salinity index-5 SI= =

Salinity index-6 SI:%

Salinity index-7 SI=%

Salinity index-8 SI=%

Salinity index-9 SI=(NLGXR)

~ (SWIR1-SWIR?2)
(SWIR1+SWIR2)

Salinity index-10

. ~ SWIR1
Salinity index-11 SI—SWIR2
Salinity index-11 SI7=+vR * NIR

2.1.6.3. Céc chi sé vit Iy khdc
Trong nghién ciru xAm nhap man, dé lam noi bat va gia ting mbi twong quan gitra
dir liéu min vé6i thong tin phan xa phd trén anh vé tinh, mot sd cac anh chi sb khac duoc

st dung nhu chi s6 d§ sang cua dat, chi so6 nhiét cling nhu cac chi so ty 1¢ gitra cac kénh

anh phan xa.
Bang 2-3. Cdc chi s6 vt 1y khdc
Chi sb Cong thuc
Chi s6 d9 sang BI=,/(R? + NIR?)
Chi s6 cudng do cua céc kénh trong dai nhin | yT1=C+R)
thiy 2
Chi s6 cudng do cua céc kénh trong ddi nhin | yTo= (GHR+NIR)
thdy va can hong ngoai

Ngoai cac nhom trén, phan tich thanh phan chinh PCA 1a mét trong nhirng nhom
chi s6 dugc Gmg dung dé chiét xuit cac yéu t khong twong quan giita cac kénh pho cua

anh Sentinel2.
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2.1.7. Co 56 khoa hoc irng dung vién thaim Radar trong nghién ciru nhiém

[

man

Radar (Radio Dectection And Ranging) dung dé phat hién va xac dinh vi tri cta
cac ddi twong thong qua viéc phat ra nhitng sung ning luong vi séng theo mot hudng
quan tam roi ghi lai cudng d6 ciia nhirng sung phan hoi tir cac ddi tuong trong trudng
thu nhan cua thiét bi. Hé théng radar c6 thé tao hinh anh hodc khong tao hinh anh ma

bang cac gia tri do.

Vién tham radar c6 hai hé thu anh véi song radar: hé vién tham radar chu dong
(active) 14 hé théng vién tham sir dung ngudn ning luong chu dong phat va thu séng
radar phan héi thong qua anten thu phat; hé vién tham radar bi dong (passive) 1 hé thong

thu nhan song radar phat xa tir mgt ddi tuong trong tu nhién.

Mot trong nhitng wu diém noi bat ciia hé vién tham radar chu dong 1a khong phu
thudc ngudn anh sang mat troi nhu vién tham quang hoc. Pong thoi radar cha dong sir
dung budc song dai, do vay nd c6 kha nang ddm xuyén, khong bi anh hudng bdi may
che phu. Cho dén nay, mat s6 loai tu liéu vién tham radar chu dong phé bién duoc biét
dén nhu RADARSAT cuia Canada (phéong tir tir 1995) sir dung kénh C, ALOS PALSAR
ctia Nhat (tir 2006) str dung kénh L, va gan ddy 1a Sentinel-1 cia Chau Au nam 2014 su
dung kénh C. Hién nay, méi chi cé tu liéu Sentinel-1 1a mién phi toan b, hai loai tu liéu

vién tham con lai chua dugc chia sé mién phi toan bo.

Badng 2-4. Bude séng va tan sé dung trong vién tham radar

Kénh Budc song A (cm) Tan s6 t (MHz)
Ka 0.8-1.1 40.000 - 26.500
K 1.1-1.7 26.500 - 18.000
Ku 1.7-24 18.000 - 125.000
X 24-3.8 125.000 - 8.000
C 3.8-75 8.000 - 4.000

S 7.5-15 4.000 - 2.000

L 15-30 2.000 - 1.000

P 30-100 1.000 - 3.000

Trong thu nhén va khai thac tu liéu vién tham Radar c6 khau d¢ tong hop - SAR

(Synthetic Apeture Radar) can luu y dén yéu t phan cyc, chia 1am 2 loai:

- Phéan cyc giéng nhau:
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+ VYV - phat phan cyc ding, thu phan cuc ding

+ HH - phat phan cyc ngang, thu phan cyc ngang

- Phan cuc chéo:
+ HYV - phat phan cyc ngang, thu phan cyc dung

+ VH - phat phan cyc ding, thu phan cuc ngang

Hinh 2-1. Phén ciee trong vién tham Radar

Tan xa 1a mot dac trung cua anh Radar, dong vai tro quyét dinh trong viéc tao
anh Radar thé hién su tuong tac giita song Radar v6i bé mit ddi twong. Tin hiéu tan xa
nguoc la két qua gitta tan xa bé mit, tan xa khdi va da tan xa khoi. Céac tan xa nay phu
thudc vao do gd ghé ciia bé mat va dic trung dién moi ciia moi trudng. Nghién ctru vé
xam nhap man cé thé khai thac dic diém ndy cua tu liéu vién tham radar dé xac dinh va
danh gia mirc d6 nhidm min thong qua moi quan hé giira hé sd tan xa nguoc trén anh
(back scattering) va gia tri vé d6 man, do dan dién (EC) cua doi tuong do dugc ngoai

thuce dia.

X f ¥ & Y +
B& mat nhin /XA \\\4//'/;/ B& mat gb ghé

2 &
8[‘1 8!"1

Hinh 2-2. Cdc kiéu tén xa trén cdc bé mdt khdc nhau
Hién nay, khai thac tu liéu vién tham radar SAR dang thu hit dugc su quan tim
sir dung trong cac nghién ciru vé xAm nhap man. Su két hop, phan tich tuong quan truc
tiép thong tin vién tham trén anh radar véi s6 lidu, dir liéu thu dugc tir phuong phap
truyén thong nhu phén tich trong phong hay nhu do dac thuc dia bang thiét bi do d6 dan

dién cho thy két qua kha kha quan. Bén canh d6, tur liéu vién tham radar ciing c6 thé sir



50

dung dé nhan biét dat nhidm man thong qua bién dong st dung dat, bién dong hé sinh

thai hay trang thai sinh truong cua cdy trong theo thoi gian.

2.2. Co sé khoa hoc mt s6 thuét toan machine leaning trong ing dung nghién ciru

nhiém man.

Nhu da thao luan & cac ph'?m trén, do chinh xac ctia viéc thanh 1ap ban dd do man
ctia dat phu thudc vao phuong phap duge sir dung va khong c6 phuong phap nao 1a tot
nhét cho tat ca cac khu vuc. Bén canh d6, mic du c6 thé thu nhan dir liéu dudi nhiéu
diéu kién thoi tiét, khong bi anh hudng bdi may, nghién ctru ing dung tu liéu anh radar
van c6 nhitng kho khin dic thu riéng, khé luong hoa va danh gia truc quan. Trong
nghién ctru ndy, cach tiép can dua trén phuong phap hoc may (machine learning) duoc
thir nghiém trong dénh gia va ude tinh méi quan hé gitra EC do dac ngoai thuc dia véi
cac gia tri tan xa nguoc (backscattering) va thong tin cu tric trén anh radar. Nam thuat
todn hoc may da dugc xem xét thir nghiém: Multilayer perceptron neural network (MLP-
NN) - m6 hinh mang noron da 16p, Radial Basis Function neural networks (RBF-NN) -
mo hinh mang noron hudng tam, Gaussian Processes (GP) - md hinh hoi quy phan phdi
Gaussian, Support Vector Regression (SVR) - mé hinh hdi quy vector hd trg, va Random

Forests (RF) - m6 hinh phan loai rimg cdy ngau nhién.
2.2.1. Neural Networks

Mang no-ron (NN) 1a mot trong nhirng thuat toan hoc may phd bién va di chimg
minh hiéu qua cta nd trong viéc udc tinh cac thong sb 1y sinh khac nhau bang anh vé
tinh, chang han nhu d6 am dat, d6 man cta dat va 1ap ban d6 s6 vé dat. Uu diém chinh
cua NN la n6 linh hoat va hoat dong tot cho cac van dé phtrc tap vo1 do chinh xac dyu
doan cao, voi ca s6 luong mau 16n va nho. Hiéu suat ciia NN bi anh hudng boi cau tric
va thuat toan dugc st dung dé t6i wu hoa trong sb. V§i cac van dé lién quan dén hoi
quy, Multilayer Perceptron NN (MLP-NN) va Radial Basis Function NN (RBF-NN)
duoc st dung rong rai nhat.

Dbi voi MLP-NN, m6 hinh nay thuong cé ba 16p: 16p dit liéu dau vao, 16p an
va két qua dau ra. S6 luong neuron du vao bang sb luong bién dau vao, trong khi do
s6 luong neuron 4n phai dugc tinh toan, con s lwong neuron dau ra 1a mot trong nhiing

gia tri EC udc tinh trong nghién. Hoat dong ctia mé hinh MLP-NN duogc dac trung boi
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cac trong sb khai quat gitra ba 16p. Céc trong s nay duoc bit du, va sau do, duoc cip

nhat bang thuét toan lan truyén nguoc théng qua cac quy trinh lp.

Déi v6i RBF-NN, m6 hinh nay ciing bao gdm ba 16p nhu trong MLP-NN; tuy
nhién, né khac vé 16p an duoc thuc hién tinh toan. Lop 4n ctia RBF-NN duoc 4m chi
dén cac nhom don vi RBF, & dd, cic neuron dau vao duge g0p nhom lai trong mot
khong gian méi, str dung thuit toan K-mean. Dé xiy dung mé hinh RBF-NN, chi cin
xéc dinh s6 lugng nhom don vi.

2.2.2. Gaussian Process

Phuong phap hdi quy Gaussian Process (GP) 1a mot thuat toan hoc may hién
dai, duogc sur dung rong rai dé uée tinh cac thong s6 1y sinh bﬁng anh vé tinh, vi du ham
luong diép luc, d6 4m dat va sinh khdi trén mit dat. Str dung ky thuét thong ké
Bayesian, GP xay dung mo hinh hdi quy trong d6 cac tham s6 ctia né dugc gia st tuan
theo phan phdi Gaussian. Uu diém chinh cta GP 13 kha nang tu dong t6i uu hoa céc

tham s dé dat duoc cac mo hinh hiéu qua nhat.

Xem xét tap dit liéu d6 man cua dat D = ([Xi, yi],i=1, 2, ..., m) v6i Xi € Rn
12 mot ma tran gdm m bién dau vao véi n quan sat, trong d6 yi € R 13 gid tri dau ra,
trong nghién ctru nay 1a do dan dién (EC). Mdi quan hé ciia cac bién dau vao va dau ra

dugc mo hinh GP dugc xéc dinh thong qua phuong trinh dudi day:

n

= @)= Y K (X:,X)

i=1

Trong d6 oi 13 trong s6 va K 13 ham toan Radial Basis kernel (RBF) dugc mé ta

nhu phuong trinh dudi day:

m (‘T{ilm] _ X[m:-JE
K (X, X) = fezp |~ Y ~——

i=1

Trong d6 P 13 hé sb ty 18 va o 1a tham sb kernel.



52

Hi¢u suat cua mo hinh GP phu thudc vao cac tham s6 va trong s6 ai va ching
6 thé duoc tur dong chuyén va toi vu hoa thong qua toi da hda bién do xac suat. O day,
cac tham s0 o duoc xac dinh dua trén dir liéu dau vao hién co.

2.2.3. Support Vector Regression

Mo hinh héi quy Support Vector Regression (SVR) xuét phat tir mé hinh hoc
may Support Vector Machines, dugc phat trién dya trén 1y thuyét thong ké. Pay duoc
coi 12 mét trong nhitng k¥ thuat mdy hoc tién tién, manh mé dé tinh toan cac théng sd
1y sinh tir dir li¢u vién tham, chéng han nhu ham lugng carbon hitu co trong dat, do
man cta dat va sinh khéi. Uu diém cua viée st dung SVR 1a chi can hai tham s6 dé tdi

uu héa va SVR hoat dong tt v6i cac tap mau nho.

Mot sb phién ban cia SVR dugc biét dén nhu Epsilon-SVR, Nu-SVR va
Sequential Minimal Optimization-RVR. Tuy nhién, dé udc tinh, thanh 1ap ban d6 do
man cta dit, trong nghién ctru nay, Nu-SVR da dugc chon do hi¢u nang tinh toan cua

mo hinh. Qua4 trinh x4y dung mo6 hinh SVR hudng t6i viéc tao ra ham hdi quy sau:
F@)= Y, (=) k(e2) +b

trong d6 A, Ai* biéu thi cac sd nhan Lagrange va k (xi, x) 1a ham kernel RBF.
2.2.4. Random Forests

M6 hinh Random Forests (RF), dugc dé xuat boi tac gid Breiman, 1a mot thuat
toan quy nap, & d6 mé hinh RF dugc xdy dung tir cac nhanh cdy quyét dinh sub-decision
trees. Tu tap dir li¢u mau D, cac tap con duogc tao ra thong qua thuat toan bootstrap
aggregating algorithm, va sau 6, mdi tip con dugc s dung dé xdy dung nhanh cay
quyét dinh sub-decision tree bang thuat toan phan loai cay hdi quy CART (Classification
And Regression Trees). Cubi cung, két qua mé hinh RF duoc tao ra thong qua tong hop
tich don mot to hop duoc thanh 1ap bang cach tong hop quy nap tat ca cac nhanh cay

quyét dinh sub-decision trees.

Mo hinh RF duoc 4p dung hiéu qua cua cic tng dung vién tham nhu 14p ban do
cAc tinh chét cua dét, ude tinh cac diac tinh hoa hoc cua cay va udc tinh carbon hiru co
trong dat. Nhin chung, RF 1a mot thuat todn nhanh va hoat dong tot véi cac tap bién da

dang. Ngoai ra, RF c6 kha ning luong hoa su dong gop cia cac bién dau vao trong méd
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hinh, qua d6, xac dinh dwgc tim quan trong twong Ung cia cic bién dau vao. Khi xay
dung m6 hinh RF, hai tham s phai duoc xac dinh cho phil hop v6i mé hinh 1a s6 luong

bién dau vao va sd lwong nhanh cay quyét dinh sub-decision trees trong mé hinh.
Két luin

Ung dung dit liéu vién tham da pho, da thoi gian két hop véi s6 liéu thuc dia cho
phép ta theo ddi duoc xu thé bién dong 16p phu, theo ddi ning suit ciy trong, xac dinh
cac khu vuc ¢6 phan bd cay chiu man, chiu lg. Su xudt hién cua céac loai cay tréng hay
tham thyuc vat khac nhau cling c6 nhitng phan xa riéng, dac thu trén anh v¢ tinh va cac
chi s tinh toan dugc tir anh. Tir d6, tinh toan dwgc nhimg anh chi s gian tiép, giup
khoanh viing anh hudng va dénh gia duoc dién thé cua hién tugng xam nhap man hay

sy man hoa cua dat trén dia ban nghién ctru.

Dbi voi cac ngudn anh vé tinh d6 phan giai cao trén thé gidi nhu: SPOT,
IKONOS, QuickBird, ... viéc sir dung chiét tach céc thong tin phuc vu cho nghién ctru
vé x4m nhap man s& cho két qua do chinh xac dang tin cdy. Tuy nhién viéc chu dong
ngudn anh cling nhu d6 phu tram ctia nhitng loai anh vién tham nay dén t6i kinh phi cao
s& 1a mot trong nhitng diéu kién dau tién can phai xem xét dé dam bao duogc tinh kha thi

trong nghién ctru.

Ung dung cong nghé vién tham da tang, da d6 phan giai, da thoi gian trong nghién
cuu, danh gia, phan vung XNM két hop véi s6 liéu thuc dja dé tinh dién tich 1a ¢6 co
so va khi tng dung ho may cho do chinh xac kha cao nhat 13 v6i cac ving trong laa chiu

anh hudng cua XNM.

Vi su giam sat anh hudng ciia XNM dén cac ving trong lta trong nhidu nam,
hoan toan c6 thé rit ra dugc nhitg canh bao sém cho ngudi dan vé su cb thién tai c6
thé xay ra trong twong lai, dong thoi gitp cho cac nha quan 1y c6 nhitng phuong thirc
chi dao pht hop véi tinh hinh ¢ cac thoi diém khac nhau. Tir d6 cho thiy kha ning sir
dung anh vién tham radar, siéu pho, da pho, anh vién tham phan giai cao, trung binh,
thip, da thoi gian, hang khong trong nghién ctru mua vu cay trong ciing dat két qua kha

quan.
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CHUONG 3. UNG DUNG VIEN THAM TRONG NGHIEN CUU DIEN
BIEN VA PHAN VUNG ANH HUONG NHIEM MAN TINH BEN TRE

3.1. Khii quat vé khu vuwe nghién ciu

3.1.1. Khdi qudt vé tinh Bén Tre
3.1.1.1. Vitridia li

Bén Tre thudc déng béng song Ctru Long, c6 dién tich gén 2.360 km?, duogc hinh
thanh bdi cu lao An Ho4, cu lao Béo, cu lao Minh, va do phu sa ctia 4 nhanh song Ctru
Long bdi tu thanh (gém song Tién dai 83 km, séng Ba Lai 59 km, song Ham Luéng 71
km, song C6 Chién 82 km). Diém cyc béc cuia Bén Tre nam trén vi d6 9°48' Bic, diém
cuc nam nam trén vi do 10°20' Bic, diém cuc Pong nam trén kinh do 106°48' Pong,

diém cuc Tay nam trén kinh d6 105°57' Dong.[2]
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Hinh 3-1. Ban do tinh Bén Tre.
3.1.1.2. Piéu kién tu nhién

Pia hinh

Dia hinh cua Bén Tre bang phang, rai rac nhiing giong céat xen k& v4i rudng,

vuon, khong co rung cay 16n, chi c6 nhiing dai ring ngdp man & ven bi€n va céac ctura
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song. Bén Tre nhu mot ludi phu sa méi cua song Tién, mang dic trung riéng cia
PBSCL, dia hinh trong ddi bang phang véi cao do phd bién tir 1 -2 m, c¢6 khuynh huéng

thip dan theo huéng Tay Bic xudng Dong Nam va tir ven bién vao[78].
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Hinh 3-2. Ban dé cao d¢ tinh Bén Tre [78].
Khi hiu

khu vuc tinh Bén Tre néi riéng nam trong ving nhiét d6i gié mua, v4i dic trung
co ban 13 khi hau 4m &p, 6n hoa. Nhiét do hang nam cao, thay doi tir 26,6 - 27,5°C. Nhiét
d6 cao thudng roi vao thang IV, nhiét do binh quan thang bién ddi tir 28,3 - 28,8°C,
nhiét do cao nhit bién doi tir 36,1 - 37,7°C. Thang 1 lanh nhét, nhiét d6 binh quan tir
25,3 - 25,9°C, nhiét d6 thap nhat bién doi tir 17,1 - 19,4°C. Chénh léch nhiét d¢ trung
binh cac thang trong nam khoang 2,8 - 3,3°C. S6 gid ning cao, tir 2.387 dén 2.743 gio
mdi nam, trung binh 6 - 7 gio mdi ngay. Cao nhét 1a trong mua kho, c6 x4p xi 8 gid ning
mdi ngdy.

Luong mua hang nam tir 1.428 dén 2.444 mm. Tuy nhién, trén 90% lugng mua
c4 ndm tap trung vao miia mua gay ra tinh trang thira nudc trong mua mua (V-XI), thiéu

nudc ngot trong mua kho (XII-IV).

Hang nam khu vyc tinh Bén Tre ¢6 lwong bdc hoi trén dng Piche trung binh tir

958 - 1.216 mm. Nhitng ngay ning git luong bdc hoi co thé dat 4 - 5 mm/ngay. O ving
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ven bién va hai déo thi luong bdc hoi tir mat nude thoang con 16n hon nhiéu, dat tir
1.200 - 1.600 mm. Néu cén bang trong ting thang, ta thiy chi ¢ cac thang VII - X 1a
luong mua hau hét cac noi vuot cao hon luong bdc hoi, theo tiéu chuin cia FAO thi
day 1a thoi ky 4m w6t nhét trong ndm. Céac dic trung khi hau duoc tinh toan trén chudi

s6 liéu tir ndm 1977 - 2020 theo céc tram[79].

Luong mua trung binh nim bién doi tir 1.400 dén 1600mm. Xu thé vé khong
gian, lugng mua 16n ¢ phia bién va phia tinh Tra Vinh; luong mua ¢ gié tri thdp hon &
phia huyén Chau Thanh va Cho Lach. Bién d6i lwong mua trong nam, luong mua & cac
thang VII dén XI chiém 80 - 90% lwong mua nam. Luong bdc hoi ngay 16n nhét bién
d6i tir 6,5 mm dén 9,2 mm. Xu thé chung, cac thang mua kho lugng bdc hoi 16n hon céac
thang mia mua.Téng luong bdc hoi trung binh nam bién d6i tir 1000 mm dén 1166,3
mm. Do am khong khi 16n nhat pho bién xap xi 100%; gia tri nhé nhat bién doi tir 30
dén 60%; gi4 tri trung binh bién doi trén 75%.

Vé gi6 chudng: Vao mua gié Dong Bac, gio khong ché ¢ bé mit, hudng gi6 chinh
Pong Bic ma di chuyén thanh huéng Péng hodc Péng Nam, gan nhu thing goc véi bd
bién phia Pong PBSCL. Van tbc gi6 trung binh 1a 5 m/s, ngoai khoi phia Pong PBSCL

van tbc trung binh dat té1 10 m/s, lic manh c6 thé 1én t&i 15 - 20 m/s.

Bao va ap thép nhiét di: it xuat hién, sé con bdo va ATND anh huong truc tiép
dén DBSCL thoi ky 1956 - 1997 (40 niam) 1a 7 con (thang VIII: 1 con, thang X: 1 con
va thang XI: 5 con). So véi tong s6 con bao va ATND anh hudng tryc tiép dén nudc ta
trong cung thoi ky 1a 243 con thi tan suét chi 1a 2,88%. Tuy hiém nhung bdo va ATND
hoat dong van anh hudng dén DBSCL gay thiét hai vé ngudi va cla cai vat chat; Bio
gy ra mua, gié va lam dang cao song tridu ving ven bién, cac két qua khao sat vé do

cao nudc dang do con bao[79].
Tai nguyén nudc

Bén Tre ¢ 4 con song lon: My Tho, Ba Lai, Ham Ludng va C6 Chién va mot
mang ludi song, rach, kénh dao chéng chit ndi lién nhau, tao thanh mot mang ludi giao
thong va thiy loi rt thudn tién. Trung binh doc theo cac song chinh, cir cach khoang 1
dén 2 km 13 c6 mot con rach hay kénh. Bén Tre c6 hang trim song, rach va kénh, trong

d6 hon 60 con rong tir 50-100 m. Ngudn nudc ngot chu yéu ldy tir song Tién, duge bo



57

sung nhd diéu tiét ciia Bién Hd (Campuchia). M6i nim, tir thang VI dén IX, nudc chay
nguoc vao Bién HO va tir thang XII dén V nim sau, nude tir Bién HO lai don vé song

Tién, séng Hau v6i tong luong khoang 80 ty m>.

Dong chay song & Bén Tre chiu 4nh hudng ctia nude thuong ngudn va thiy
triéu bién Pong nén kha phtc tap. Mua can (tir thang 12 dén thang 5), khoang 52%
luong nudc tir thuong ngudn duoc phan bd qua séng Tién; néu khong c6 tac dong tiéu
cuc, Bén Tre du nude ngot. Tuy nhién, mua kho, nuée song thudng nhidm min ning
(4,5-20%0), gdy thiéu nudc ngot. Mua i, nude ngot song Tién chiém khoang 52%
tong lwong nudc hai séng. Néu cd cong trinh diéu tiét ¢ thuong ngudn, viéc cap nudc

vao mua kho sé& gitip ddy méan xudng ha luu xa hon.
Ddc diem thuy triéu

Nam ké bén bién Pong cac séng hang ngay déu c6 dao dong theo su chi phdi cia
thuy triéu, c6 hai lan triéu 1én (nudc 16n) va hai 1an triéu xuéng (nude rong), thudng co
dang “M”, bién d6 triéu 16n 3 - 4m vao thoi ky tridu cudng va tir 1,8 - 2,0 m vao thoi ky

tricu kém.

Bién d9 triéu trén song giam dan do séng triéu bi nang 1én. Trén song Ham
Ludng, mua kho, song triéu giam 8% sau 45 km va dén 25% khi di thém 25 km. Mua
1, nude ngudn 1am séng tridu giam thém 10-20 cm tai My Hoa va 20-40 cm tai Cho

Lach.

Téc d6 truyén trung binh cta song triéu khoang 30 km/h trén cac song 16n. O cac
song nho hodc kénh rach, truyén tridu phtrc tap hon do hién twong séng triéu giao thoa

tur hai phia, tao nén vung gidp nudc.
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Hinh 3-3. Ban dé viing gidp nwéc tinh Bén Tre[79].

Tai nguyén dat

Dit dai & Bén Tre kha dong nhat, c6 do phi tiém tang kha, nhung kha ning cung
cap dinh dudng cho cay trong kém (do doc t6 kim ham giai phong dinh dudng cham).
O tang mat, dat c6 phan g tir it chua dén trung tinh, ngoai trir nhom dat phén nang.
Luong lan tir nghéo dén rat nghéo trong khi lugng dam téng s nhin chung tir muc trung
binh dén kha & ting dat man. Hau hét cac loai dat déu co do phi tir mic thap dén rat
thip. Twong quan giita lugng dam va lan trong dét twong ddi t6t, nhung do trong quan
giita lugng 1an tong sb va dé tidu rat xdu nén ning suét cdy trong bi anh huong. Theo
két qua diéu tra tir chuwong trinh “Diéu tra, bd sung chinh 1y xay dung ban d6 dét cac
tinh Pong Bang Song Ciru Long” ty 18 1/50.000 do Phéan vién Quy hoach va Thiét ké

néng nghiép mién Nam thyc hién nam 2004, dat dai tinh Bén Tre phan thanh 5 nhom

dat.

Nhém dat cat

Dién tich khoang 14.678 ha (6,32% toan tinh), phan bd tai cic huyén Mo Cay, Ba Tri,

Thanh Phu, Binh Pai va mot phan Giéng Trom. Dét cat gidng c6 dic diém cao, thanh
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phan cat bién phan hoa chiém 80-90%, cau tric roi rac, gilt nude va phan kém, chi phu

hop lam tho cu, trong cay an trai c6 mui va rau mau.
Nhom dat man

Khoéang 56.053,69 ha, chiém 24,14% dién tich tinh, tip trung & 3 huyén ven bién la
Binh Pai, Ba Tri, Thanh Phu, chil yéu ding dé trong ltia mét vu, trong ring va nudi
thuy san. Pay 1a loai dit nhiém min trén toan phau dién, tuy it chua nhung thuong
xuyén bi man nén tinh chat da thay doi so v4i dat phu sa. Pat nang, thoat nudc kém,
phan giai hiru co cham; sau khi rira man c6 thé trong nhiéu loai cay néng nghiép. Ving

dat ven bién thich hop voi rig ngap min va nudi thay san.
Nhém dat phén

Dt phén chiém 9.522,35 ha (4,10% dién tich tinh), phan bé rai ric & cac huyén véi dia
hinh thap, khé tiéu va nhiém man. Cac khu vuc c6 dat phén gdbm Chau Thanh, Binh
bai, M¢6 Cay Bic, Mo Cay Nam, Gi@)ng Trom, Ba Tri, Thanh Phi. DAt phen dugc chia
thanh ba loai: tiém tang, hoat dong va nhiém min. Pic diém: rat chua (pH 2,9 -4.5),

giau hitu co nhung khoé phan giai nén cy trong kho sir dung.
Nhém dat Phii sa

Dién tich 24.306,70 ha chiém 10,48% tong dién tich, phan bd chi yéu tai cac
huyén Cho Lach, Chau Thanh, TP. Bén Tre, Mo Cay Bac va mot phan phia Bic huyén
Binh Pai, Gidng Trém, Ba Tri v6i ngudn nude ngot. Nhém dat nay phi hop cho nong
nghiép, c6 thanh phﬁn co gidi tu thit nhe dén thit nang. Dét duoc bdi tu phu sa hang
nim nén c6 do mau md va kha ning thoang khi tét. Tuy nhién, dit chia nhiéu sét va
céc tAng xac bi hiru co dudi bé mit; néu khai thac va sir dung khong hop 1y c6 thé phat

sinh hién twong két von, ciy trong bi ngd doc sit va ting nguy co phat trién dat phén.
Nhém ddat Nhdn tac

Toan tinh c6 khoang 91.000 ha d4t nhan tac, chiém 39,16% dién tich tu nhién.
Chu yéu 1a dit d3 1én lip 1au nam, tinh chét Iy - hoa thay d6i nhiéu so véi dat nguyén
thiy. Trong do, gan 58.600 ha 1a dat phu sa 1ap lip, gan 30.000 ha 1a d4t phén va 2.330
ha 14 dat man 1ap lip [80].
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Theo bdo céo cua S& Khoa hoc va Cong ngh¢ tinh Bén Tre, min Xam nhap chu
yéu vao mua kho (tir thang 12 dén thang 5 nam sau), day 1a giai doan nudc kiét ctia dong
chay séng Ctru Long, do thuy triéu két hop vé6i gié chudng ddy nudc min di chuyén sau
nhét vao ndi dia. Nudc c6 dd man 16n nhat thuong o cac cura song (ctra Bai, Hdm Luong,
C6 Chién) va giam dan khi di chuyén sau vao trong ndi dia, dic biét vao hai thang 3 va
4. Diéu nay gy ra nhitng han ché 16n dbi véi sinh trudng va phat trién cta ciy trong
trong mua kho, dic biét dbi voi cay lta trong vu Pong Xuan, nhung 13 diéu kién thuan
loi cho nuoi thuy san nudce lo. Dat dai bi man hoa theo thoi ky, dé sau do ngot hoa nho
mua, trd thanh viing ¢ thé canh tac duoc cac loai ciy trong. Chu ky nay di quyét dinh
dén tinh chat hoa 1y ctia dét dai tinh Bén Tre, din dén phan hoa céc loai dat tir noi dia ra
dén ven bién [80]. Ban d6 tho nhudng cia tinh dugc thanh 1ap tir nam 2003, ty 1é
1:50.000 theo hé thong phan loai dat cua Hoi Khoa hoc Pat Viét Nam nim 1996. NCS
da khai quat hoa ban d6 thd nhudng nay theo cidc nhém dat man ning, man vira, min
nhe va khong man.

Nguédn gbc dia mao ciing 12 mot yéu td quyét dinh dic diém phan bd dat man &
Bén Tre. Xét vé nguén géc dia mao, Bén Tre ¢ nhiing don vi dia mao sau:

+ Ngudn gdc song 1a cac dang: Doi cat, ci lao song va bii bdi cao.
+ Ngudn gdc song bién: B& mat tich tu séng — bién

+ Ngudn gdc bién: Bii triéu va gidng cat tré va cd

+ Ngudn gdc song dam lay: B& mat song — dam 13y ven ria chau thé.
+ Ngudn gbc bién — dam lay: Dai tich tu bién — dam lay ven bién.

+ Nguon gbc dam lay: Pam lay khép kin

Dién tich dit min 14 56.054 ha, chiém 24,14% tong dién tich dét tu nhién, bao
gém cac loai dit man su vet (rirmg ngap man), d4t man nhiéu gley, dat man nhiéu trén
nén cat va dat man trung binh, it. Cac loai dAt man, phan bd tap trung ¢ vung phia Bong
Nam,thudc 3 huyén Binh Pai, Ba Tri, Thanh Pha. Ngoai ra, dén 40% dién tich dat ty
nhién dugc 1én lip dé trong cdy lau nam va day 1a dat khong bi nhiém man. Bén canh
d6, phan dién tich dat phu sa tap trung nhiéu nhat & huyén Ba Tri va mot phan & huyén
Gidng Trom, chi yéu 1a dat trong 1a 3 vyu. Phan dién tich dt man it va dat phén ¢ huyén

Thanh Phu 13 dét trong lta hai vu va 1 vu. DAt cat giong cua tinh Bén Tre nim xen k&
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gifra cac vung dat man nhiéu, 1a noi dan cu sinh song va trong hoa mau trén cat nhu cu

cai, dua hau, dua ludi [80].

DY AN DIEU CHINK, B SUNG QUY HOACH THUY LQJ! TiN BEN TRE
1 ‘ TIEN GIANG DEN NAM 2020 VA DINH HUONG DEN NAM 2030

\ BAN PO THO NHUGNG

TIEN GIANG

TRA VINK

Hinh 3-4.Ban d6 thé nhuéng tinh Bén Tre [81].
3.1.1.3. Diéu kién kinh té - xa hoi

Dan cu va nguodn lao dong: Dan s6 tinh Bén Tre nim 2021 hién c6 khoang
1.315.700 nguoi, ting 56,3 ngan ngudi so nim 2010, ty 1¢ ting dan sé ty nhién binh
quan giai doan 2010 — 2020 khoang 0,26%. Ngoai ra, dan s6 tinh hang nim van co
nhirng bién dong do tinh trang di dan co hoc. Phan bd dén sé 13 yéu t6 quan trong cua
phat trién, theo sd liéu thdng ké co cAu dan sb noéng thon - thanh thi tai tinh hién nay 1a
90,2% - 9,8% va dang c6 khuynh hudng tiang ty 1¢ dan sb thanh thi. Ty 1é co cau nhu
trén cho thay ty 1& dan cu do thi van con thap so véi mirc binh quan ctia ca nude (73% -
27%) va binh quan cua ving PBSCL (79,3% - 20,7%) nhung da cé su biéu hién ting
cung v6i su dich chuyén co cdu san xuét tir nong nghiép sang cong nghiép, dich vu
thuong mai. Téng s6 lao dong trong do tudi 774,7 nguodi (ndm 2021), chiém 58,88% so
téng dan sb; toc do ting trudng binh quan giai doan 2010 - 2020 dat 0,06%; Ty 1é lao
dong dang lam viéc trong nén kinh té mic du c6 ting nhung kha cham, nim 2010 lao

dong dang lam viéc 752.018 (chiém 59,8%) ndm 2020 ting 1én 774.700 (chiém 58,88%).
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Nam 2016, toan tinh ¢6 356 truong hoc phd thong cac cip, tir cap I dén cap 111 bao gdbm
truong 33 truong trung hoc phd thong, 133 truong trung hoc co s¢ va 190 trudng tiéu
hoc, Trong dé: téng sé hoc sinh dén truong 13 199.717 em vé6i 11.216 can bd gido vién.
Ngoai ra, tinh hién c¢6 03 truong trung cip chuyén nghiép véi 70 gido vién va 3.171 hoc
sinh; 02 trudng cao dang véi 270 gido vién va 1.686 sinh vién. S6 trudng trung cip
chuyén nghiép va cao dang van giit nguyén tir nim 2010 - 2016, chwa c6 sy chi trong

trong cong tac dao tao sau pho thong.

Bén Tre c6 nhiéu loi thé vé& ngudn loi thity san, con 13 ving dat phu sa tra phu,
v6i nhiéu loai nong san mang lai hiéu qua kinh té cao. Ving Cai Mon - Chg Lach 1a
nhiing vuong hoa kiéng, trai cay noi tiéng hang nam cung @ng cho thi truong nhiéu loai
trai cdy va hang triéu gidng cay trong, cdy canh ndi tiéng Cay dira voi dién tich trong
khoang 51.560ha 12 viing trong 16n nhat nudc,da gop phan to 16n vao su phat trién kinh

té cua tinh.

3.1.2. Cdc yéu to anh hwong dén xu thé nhiém mdn tai tinh Bén Tre

3.1.2.1. Yéu t6 tw nhién

* Pja hinh: tinh Bén Tre c6 dang hinh quat nan, nhin chung twong ddi bang
phang, c6 xu thé thap dan tir hudng Tay Bac xudng hudng Pong Nam va nghiéng ra

bién. C6 3 dang dia hinh co ban:

+ Pia hinh thap duéi 1m thudng bi ngap khi triéu 1én, gdm rudng trong long
chdo xa song, bai triéu ven song, bdi ven bién, riung ngap man, chiém 6,7% dién tich

toan tinh.

+ Vung dia hinh trung binh (cao 1 - 2 m) chiém 87,5% dién tich tinh, 1a ving
dat ngép it hodc trung binh, d6i khi bi anh hudng bai tridu cudng tir thang 9 dén 12 &

ven song.

+ Vung c6 dia hinh cao c6 cao do tir 2 — 3,5 m, c6 noi cao trén 5 m, chiém 5,8%

dién tich toan tinh.

Duéi anh huong hoat dong tuong tac gitra song va bién nén chat lugng nudce bién
ddi rat manh theo thoi gian va khong gian hinh thanh nén cac thiy vyc nudc man, lg va

ngot voi ranh gidi phan ving luon thay d6i theo mua va theo ché do thay van.
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Do dia hinh thép, nhiéu song va kénh rach 16n nén mua kho thuong bi nhiém man
nghiém trong, nhitng nim gan day do anh huéng ciia bién do6i cua khi hau toan cau va
hoat dong kiém soat i & thuong ngudn da 1am thay ddi luu luong nude vé ha ngudn (xu
huéng giam) nén ranh gi¢i min c6 xu hudng xaAm nhap sdu hon vao dit lién. Ranh giéi
min 4%o vao cudi mua kho xaAm nhap vao sau trong dat lién vao khoang 50km (vuot qua
khoi thi xd Bén Tre), chiém khoang 80% so véi tong dién tich ty nhién cua tinh, thoi
gian xam nhap man kéo dai tir 40 — 100 ngay trong nam.

*Nhan t6 khi hdu: Nhiét do, s6 gio ning cao, mua it va gié chudng khién nudc

man dé xam nhép sau vao dat lién.

Nhin chung, tac dong cua diéu kién khi hau di v6i sy min hoa dat trén dia ban
tinh Bén Tre 1a tinh trang bdc thoat hoi nudc cao, nhat 1a ddi voi dat cat giong, day 1a
loai dat c6 hé s6 tham 16n va phan bd ¢ dia hinh cao htng gié nén bdc thoat hoi nudc
kha nhanh. Pi vai dat phen va dat min, sy kho han trong mua kho da lam dAt mat can
bang nudc, thuc day qua trinh oxy hoa tang phén va mao dan mubi tir tang sau 1én tang
mit. Mit khac, gié chudng cling 1a mot trong nhitng nguyén nhan gay ra nudc bién dang

cao va day manh triéu bi€n vao sau trong noi dong.

* Nhan t6 thuy van: Bén Tre c6 mang ludi song, kénh, rach day dic voi 45
kénh rach chinh (383 km) va 4 nhanh song 16n thudc hé thong séng Ctru Long: song
Tién Giang, Ba Lai, Him Ludng, C6 Chién. Luu luong cac song thay dbi rd rét gitra

mua mua va mua kho.

Do dic diém dia 1y va lich st hinh thanh, tinh Bén Tre c6 mot mang ludi song
rach 16n va chﬁng chit, hé théng song rach nay dong vai tro dia gioi hanh chanh va tu
nhién cta Tinh 13 hé théng cap nudc ngot cho vung phia Bic cia Tinh, déng thoi ciing

12 duong din min xAm nhap tir bién vao dia ban tinh Bén Tre.

Ngoai bdn soéng chinh la: séng My Tho, Ba Lai, Him Luéng va C6 Chién. Mat
d6 cao cta hé thong song rach 1a yéu t6 bat loi trong viée kiém soat xAm nhap man néu
khong hiéu hét qui luat cuia dong chay va khong quan tri nude mit theo cac hé thong luu

vuc tu nhién.

*Che do triéu: Bén Tre chiu anh hudng ban nhat triéu khong déu cua Bién BDong, moi

ngady c6 hai 1an nudc 1én va xuéng. Mdi thang c6 hai ky triéu cudng (mung 3, 17 4m
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lich) va hai ky triéu kém (mung 10, 25). Dinh triéu cao nhét thudng roi vao thang 10-

11, thdp nhét vao thang 6-7, vdi bién do tridu trong nam tir 201-241 cm.

D6 min trong song phu thudc chit ché vao thuy triéu va thuong bién dong giéng chu
ky triéu, nhung xuat hién tré 1-2 gio. Cang xa bién, su chénh léch nay cang ting.
Ngoai ra, @ min con thay dbi theo mua va lwong nude ngot tir thuong ngudn. Mua 1a,
nudc ngot nhidu 1am giam d6 man; ving gan bién ludn c6 d6 man trén 2%. PO min

cao nhét vao thang 4, khi nudc ngot it nhat.

* Huéng séng: tinh c6 mot sb hudng soéng nguy hiém: hudng Pong Bic, Pong,
Pong Nam. Theo van toc gié khac nhau cho d6 cao song & Bén Tre khong 16n 1am (tir
0,3 - 1,5) va giam tir ngoai khoi vao bo v6i chu ky song tir 3 - 6 gidy. Hé thong séng
rach véi dong chay nho, luu luong thap, dia hinh bang phang két hop v6i huéng song

danh vuong goc véi bo bién nén thuy triéu dé dang xam nhép vao siu trong dat lién.

* L lwong dong chdy thwong nguon: Tir thang 1 dén 4 (mua kho), nudc mua
rat it, ngudn nude ngot chu yéu 1a song Tién tir thugng ngudn séng Mé Cong, véi luu
luong thap nhét vao thang 4. Nhu cau nudc néng nghiép cao, 10ng song doc nho va dia

hinh bang phang khién nudc mdn dé xam nhép sau vao dat lién.

* Tdc déng twong hé giita dong chay séng va dong e bién: day 1a yéu té anh
huong dén cac khu vuc ven bién. Khi muc nudce song giam, dong chay ra bién suy yéu,
nude man ¢ thé xam nhap sau hon vao bén trong cac hé théng song va kénh rach, dac
biét khi két hop véi triéu cuong. Két qua 13 hinh thanh ving nuée nhiém man voi do

man khac nhau.

Véi dic trung dong chay 1a tir ndi dia ra bién (huéng Tay Bic- Pong Nam), cac
song My Tho- Ba Lai- C6 Chién- Ham Ludng chay doc sudt chiéu dai cta tinh Bén Tre
ra dén bién bong va tré thanh duong dan nudc man chinh xam nhdp vao ndi dia vao
mua kiét (thang 4-5). Bén canh d6, mang luéi song rach nho (nhu séng Bén Tre, Rach
Vam Thom, Rach Mo Cay, Rach Bang Cung...) cling dong vai trd quan trong trong viéc
dan min xaAm nhép sau vao dét lién va 1am man hoa cac 16p thuy cép vao mua kho voi

muc do xdm nhap méan khong déu & céc song trong vung.
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3.1.2.2. Yéu t6 nhan tac

* Do sir dung ddt: dién tich dat nuoi tréng thily san tai Bén Tre ting nhanh trong
vong 20 nim tré lai diy. Nguyén nhdn cua su gia ting ndy, cha yéu do viéc mé rong dat
nudi tom bién vung ven bién Ba Tri, Binh Dai, Thanh Pha dan dén mot dién tich 16n
ring ngap man bi pha huy. Ring ngap man mat di lam cho thuy triéu, song bién d& xam
nhap vao dit lién gy ra xdm nhép min. Bén canh d6, dé phuc vu cho nudi tdm, nguoi
dan da dan nudc min tir bién vao cac vudng tom 1am cho d6 man trong dat va nudc &

day tang cao.

Trong qua trinh st dung dét, hé thong cdy chin gié va tham thuc vat rimg ngip
min da bi triét phd va thoai hoa dan, dudi anh hudng ciia ché do khi hau nhiét d6i - am,
két hop v&i nhitng ddc trung khi hau ven bién, tinh trang man hoa va kho han dién ra
nhanh chéng & cac 16p dat mit ving ven bién cta Tinh Bén Tre. O mot s6 khu vuc ven
bién Binh Dai, Ba Tri 16p mudi xdp xuat hién trén bé mat dat thuong xuyén vao mua
kho, pha hity dan cau triic ciia dat ma chu yéu 1a cac 16p sét, sau d6 voi mua mua tap
trung, nude mua khong nhiing rira di cac hop chat mudi trong dat, ma con cudn troi ca
chét dinh dudng cta dat do keo dat khong con giit lai duoc dat bi thoai hoa dan theo thoi

gian v&i tinh trang mat 16p phu thuce vat.

* Khai thac nwée ngam: Do nguon nudc mit & Bén Tre thudng bi nhiém phén,
man nén dia phuong phai khai thac nudc ngdm. Tuy nhién, nhu cau tang cao khién
viéc khai thac qua muc, dan dén can kit nudc ngam va nguy co nhiem mén do nudc

bién xam nhap.

* Do hé théng thuy loi: Céac cong trinh thuy lgi dang dugc xay dung dé phuc vu
nudi trong, nhung da sd viing chua cé hé thdng cip thoat nude rd rang. Viée van hanh
con thiéu kiém soat, ddn dén nguy co nudc min xam nhap sau vao dat nong nghiép

hodc vuon cay an trai.

3.1.3. Thuee trang nhiém mdn 6 tinh Bén Tre

Bén Tre 1a mot trong nhitng tinh c¢6 nhiéu song 16n trong hé théng song Ciru Long
chay qua. Piéu nay cho thdy mit thuan loi vé dong chay tir thuong ngudn chay vé va
cung cfip cho khu vuc tinh Bén Tre. Bén canh mit thuan loi do, cac song 1on cling 1a

nhirng nguon nhiém man vao khu vuc tinh Bén Tre. Nhu cac song Ctra Tiéu, Cura Dai;
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Ham Luéng; va C6 Chién. Trong pham vi nghién ciru ndy danh gia dién bién min khu

vuc phia Bac Bén Tre.

Hudng phén tich s€ st dung mot s6 tram ctra song; va mot sd tram trén dong
chinh phia trong khu vyc tinh Bén Tre ma c6 day du so li¢u dé danh gia xem dién bién
man trong nhitng nam vura qua tai khu vuc Bén Tre. Pac trung danh gia s6 li¢u man gio

hozc man 16n nhat ngay; s6 thoi diém min 16n hon cac ngudng 1g/1;2g/1; va 4g/1[24].

Trén séng Tién (gom song Cira Tiéu va Cira Dai):
- Tai tram Binh Pai: Hinh 3-5Error! Reference source not found. cho thay tir nam
2000 tro lai day dién bién man tai tram Binh Dai xuit hién mot sd ndm min co6 gia tri
cao nhu 2016; 2010;2015; nam 2005 véi gia tri man pho bién trén 10 g/l. Vé thoi gian
man duy tri trén ngudng, c6 thé thiy nam 2015, 2016 tai Binh Pai gia tri man duy tri
trén ngudng 4 g/l 1a pho bién (Hinh 3-6).
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Hinh 3-5. Dién bién cdc dic trung do man gio theo cac nam tai tram Binh Pai
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Hinh 3-6. S6 gio mén so sanh véi nguong (Threshold) tai tram Binh Pai theo
cdc nam

Tai tram My Tho cach cira séng khoang 60 km. Panh gia trong chudi sd liéu tir 1998-
2016 cho thdy mot s6 ndm man 16n tai My Tho nhu 1998; 2016;2004;2010 (Hinh 3-7).
Trong d6 nim min 16n nhat 12 nam 1998 v&i gia tri 16n nhét xap xi 10 g/l, va phd bién
16n hon 2,5 g/l trong thoi ky do. Thoi gian duy tri min trén ngudng 4 g/l xuat hién duy
nhit nim 1998 va 2004 tai My Tho, d6i v6i 2 g/l xuat hién & cac nam 2016; 2004; 2010
(Hinh 3-8).
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Hinh 3-7. Dién bién cdc dac trung do man gio theo cac nam tai tram My Tho.
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Hinh 3-8. S6 gio mén so sanh véi nguéng (Threshold) tai tram My Tho theo cdc

nam

Trén song Ham Luong

- Tram An Thudn: M6t s6 ndm min c6 gia tri 16n trong chudi 1998 — 2016 gém 2016;

2004; 2005; 1998 va 2010 (Hinh 3-9). Trong d6é nam 2016 co6 gié tri cuc tri man lon

nhat trong chudi nhiéu nadm. Mot s6 nam chi xuét hién min duy tri trén 4 g/l nhu 2005;

2015 va 2007 (Hinh 3-10).
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Variation of hourly salt at anthuan station
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Hinh 3-9. Dién bién cac ddc trung do man gio theo cdac nam tai tram An Thudn
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Hinh 3-10. S6 gio: mdn so sanh véi nguong (Threshold) tai tram An Thudn theo
cdc nam
Tram M§ Hoa cach cira song khoang 55 km. Mot s6 nam tai My Hoa 6 gia tri 16n nhu
2016; 2004-2005 va 1998 (Hinh 2-11). Trong d6 nam 2016 la nam tai My Hoéa méan dat
cuc tri v6i gia tri 16n nhat 16n hon 12 g/I. M6t s6 nam c6 gia tri man duy tri 16n hon 4

g/1 dai nhu 2016;2004-2005 (Hinh 2-12).
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Hinh 3-11. Dién bién cdc dic trung do man gio theo cdac nam tai tram My Hoa
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Hinh 3-12. 86 ngay mdn 1ém nhat vieot ngudng theo cdc ndm tai tram My Héa

Thong ké gia tri man 16n nhat theo cadc nam va céc tram khu vyc tinh Bén Tre cho

thy trén song Ham Ludng tai tram M§ Héa nim 2016 min 16n nhét do duogc 13 12,4 g/l

va nam 2005 1a 11,1 g/I. Trén séng Tién tai tram An Pinh man 16n nhat nam 1998 1a

12,7g/1. Trén song C6 Chién tai tram Huong M¥ min 16n nhat do duge nam 2015 va

2016 lan luot 13 18,88 g/l va 16,6 g/l.

Trén song Co Chién
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Variation of hourly salt at bentrai station
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Hinh 3-13. Dién bién cac dac trung do man gio theo cdac nam tgi tram Bén Trai

Tram Bén Trai: Mot s6 nim min c6 gia trj 16n trong chudi 1998 — 2016 gdm 2016; 2004;
2011; 1998 va 2010. Trong d6 ndm 2016 c6 gia tri cuc tri mdn 16n nhat trong chudi
nhiéu nam, s6 lwong gia tri 16n hon 4g/1 xuit hién phd bién.

Number days exceed the salinity threshold at bentrai

Threshold
B ==10n
B -=20n
B -=40n
I I -a“

1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2014 2015 2016
¥

200~

150 -

Unit(day)
2

Hinh 3-14. S6 gio man lon nhat vuot nguong theo cdc nam tai tram Bén Trai
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Bang 3-1. Gid tri man lon nhdt theo céc nam cdc tram khu vuee tinh Bén Tre

(&/l)
S. Ham Luéng S. C6 Chién S. Tién
Nam | An Sop My Bén Huong | Binh | Loc Giao My An
Thuan | Poc Hoa | Trai M§ Pai Thuan Hoa Tho Dinh

1997 | - 4,2 - - 2,3 - 10,8 - - 2,4
1998 | 30,612 | 6 6,8 26,3 7 - 13,8 - 10 12,7
1999 | - 7,2 5,7 - 10,8 - 10,7 - 1,1 33
2000 | 22,2 4,1 1,8 23,1 9 19,9 10,7 - 0,8 2,2
2001 | - 10 1,6 22,9 10,3 20,8 13,1 - 1,3 2,8
2002 | - 9 4,7 23,5 9,2 27,5 16,4 5,6 2,3 1,8
2003 | 29 10,3 34 25,2 6,7 27 15,2 3,5 0,8 0,7
2004 | 28 17,2 8,7 29,1 12,5 27,4 17,5 10,1 4 0,8
2005 | 24,7 24,1 11,1 27,3 11,3 30,4 21,2 11,1 0,7 3,5
2006 | 23,9 13,7 34 28,7 6,4 26,4 18,1 4,4 1 -
2007 | 24,8 14,5 - 29,6 9 27,8 19,3 - - -
2008 | 26,6 8,5 - 27,4 7 24,6 14 - 1,2 1,8
2009 | 27,3 11,8 - 27,2 10 26,3 21,8 - 0,9 0
2010 | 30 17,6 - 27,2 8 27,1 18,3 - 3,2 2,9
2011 | 28,9 14,5 - 28,1 9,6 26,8 16,1 - 0,7 2
2012 | 25,5 13,1 - 27,3 8,3 27,3 14 - 2 3,1
2013 | - - - - - - - - - -
2014 | 25,8 - - 19 - 26,5 14,5 - - -
2015 | 29,18 15,78 | 2,8 25,5 18,88 27,5 18,88 - 2,1 5,1
2016 | 31,5 27,4 12,4 |29,3 16,6 27,2 17,5 - 3,9 -

’ Ghi chu: -: Thiéu s6 liéu

Nhén xét chung: Qua danh gid dién bién man va gia tri man duy tri theo ngudng

& cac tram doc song Ham Ludng va song Cira Tiéu, Cira Dai khu virc Bén Tre cho thay.
Hién tugng nhiém min 1a mot hién tugng phirc tap anh hudng cong don boi nhiéu yéu
t6 nhu dong chay thuong ngudn, st dung nudc, thiy tridu, hinh thai long soéng, gié
chuéng. .. trén cing hé thdng song xuat hién gia tri man cuc dai bién dbi theo thoi gian
1a khong giéng nhau. Vi du tai My Tho nam 1998 1 nim cyc tri vé mén; thi tai My Hoa

nam 2016 mai la nam cuc tri.

Nhiém mén tinh Bén Tre trong nim han min 2016: Min mua kho 2015-2016
xam nhdp sém, va sau vao khu vuc tinh Bén Tre véi gia tri man cao. Cuy thé, thang 11
va 12 nam 2015 da do dac dugc man ¢ khéac khu vuc song Chet Sy, song C6 Chién,
song Ham Luong va song Ba Lai. Gié tri mdn tdng cao ¢ cac thang gitra mua kho 2016

va kéo dai téi thang 6/2016. Mot sé khu vuc ndi ddong nhu Gidng Trom min 16n nhét
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thang 4 do dwoc x4p xi 10 g/l. Hay khu vuc xa Bién nhu song Chet Sdy min thang 3 va

Variation of salt at Ben Tre province
He thang cay Da Noi dong Gtrom - B Song Ba Leip SongBa Lat Song Chet Say Song Co Chien Song Giong Trom Sang Ham Luong
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Ghi cht: Song Ba Lai —t : Tram do bo trai hudng tur thugng luu xuéng ha luu;
Song Ba Lai —P : Bo phai

Hinh 3-15. Man 1ém nhat ngay tai cac khu vuc do tinh Bén Tre nam 2015-2016
theo thang

Vé thoi gian duy tri man trén ngudng; ¢ thé thay ¢ doc cac song chinh nhu Ham
Ludng; C6 Chién va Ba Lai min phd bién duy tri trén 4g/l. Khu vuc ndi ving nhu hé
théng Cay Da cudi nam 2015 min nho hon 1g/1. Tuy nhién vao mua kho 2016 min phd
bién trén 4g/1 & thang 3 va 4. Anh hudng 16n 13 khu vuc song Chet Say vao thang 12/2015

d4 xuat hién man trén 4g/1.
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Number days exceed the salinity threshold at Ben Tre province
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Hinh 3-16. S6 ngay mdn duy tri trén nguong (Threshold) tai khu viee do ndm
2015-2016 theo thang

Panh gia nhiém min theo khong gian: T nhiing danh gia vé tong quan dién
bién min trén dia ban tinh Bén Tre, cho théy mdt sd nam gia tri mdn lich su ca Ve pham
vi anh hudéng va miac d§ anh hudng, nhu cic nam 2016,1998,2005,2008. Error!
Reference source not found., Error! Reference source not found. trinh bay do mén
16n nhat thang 4 nam 1998 va 2005 dua trén s6 liéu thuc do clia cac tram trén dong chinh
song Mé Cong. Man nam 1998 xam nhdp véi pham vi anh hudng 2g/1 1én t6i cac huyén
Chéu Thanh va Cho Léach, va xu thé xam nhap phia séng Tién 16n hon so véi song C6
Chién va Ham Ludng. Tuong tu xu thé d6 man nam 2005, pham vi anh hudéng vuot qua
vam Giao Hoa véi gia tri min 16n hon 2g/1, va xu thé anh hudng trén song C6 Chién va

Ham Ludng 16n hon so véi song Tién.



LR B

WTE

75

b g b [ v XTI E TMETMIDE 1CE-40TE
M BAN PO XAM NHAP MAN LON NHAT THANG 4 -1983TiNH BEN TRE
A et N L e METe I -
Y . I Jn T _-.-':P'-._ :

LOREIE ]

SOMGEA LA

X

R

B o
[ ok

Cha thich
Vo &
& Tram iy van Thang d¢ man (gfl) E =
5 Ghag -
<
Y ——— Kant - 05

P o0s5-1
[11-2

TSN

ALMECO R

A0ITEN

(g

BTN

Hiwéa

[ ]2-4
| a-8
B s-10
B o3

T
ATellTH

T
EINTE

CFCTFE 11N F 1MEEANF 1IN FE
Hinh 3-17. Ban do phan bo man lon nhat thang 4/1998
'I.it':.:'D’l: ICCs e E [l g =) I]ii‘%'JL:'I—_ ".IL:‘-'iJL"I:
BAN DO XAM NHAF MAN LON NHAT THANG 4 -2005TiNH BEN TRE
\‘ §,
SONG CUA DA
| = R
7
SONGBALAI
Ghu thich '
A& Tram thiy wEn Thang d¢ man {g/l} _5
»  Cfng b
N - o5
Q . = [ os-1
1o Thiy ki _
- []1-2
[ 124

T T T
10500 = “ARTADTCF 05400 =

Hinh 3-18. Phdn b6 man Iém nhat 4-2005 trén dia ban tinh Bén Tre



76

oL Yo 0 s e usre oL
BAN BO XAM NHAP MAN LGN NHAT THANG 1 -2016 TINH BEN TRE

N TR
B ”"}
=

Hia Kinly R

TLMEILH

100N
L e

SONG CUA DAl

Finly-ai

M0

Chu thich
; o Ty Thang 8é man (g} g
= “  Cdng B
Y Kanh - = 0'5
B st [ os5-1
lEHC!Tnuqul I:l 1.2
: d
0GR :.'I("I: 10 0 '33‘2"3'3': 0GR ?::I'C'I: IJS"iIC"O'E
Hinh 3-19. Phdn bo man lon nhat thang 1- 2016 trén dia ban tinh Bén Tre
I-x'ilU L "J}"'J’J L 1'_!"""1'J L 'Uf" HHRS 'US‘JIJU L
BAN BO x.&m NHAP MAM LM NHAT THANG 4 2016 TiNH BEN TRE
Cha thich
& & Tram thiy viin Thang dg man fgil} |.. 4~} §
= . Cél'lg -
=05
Y 0l - SONGTHAM LW
B e P as-1
|Dli\TI:qul I:I 1.3
Huyén
Dﬂnh 2-4
S 4 =
R
- ' B o-31
:

T T T
WETFL ACECETC 1EENIC “FET g0

Hinh 3-20. Phédn bé man I6m nhat thang 4-2016 trén dia ban tinh Bén Tre



77

Nam 2016 1a mot trong nam lich st man xam nhap sém va sau hon so voi cac
nam khac trén dia ban tinh Bén Tre. Error! Reference source not found., Error!
Reference source not found. cho thiy & thang 1-2016 min 4g/l d3 vuot qua My Hoa
va min 1-2 g/l d3 anh hudng toi cac huyén Cho Lach va Chau Thanh. Dén thang 4 hon
2/3 dién tich tinh Bén Tre anh huéng bdi man 16n hon 4g/1.

D6 min & cira song 1a két qua cua sy pha tron gitta nude ngot tir thuong ngudn
(46 min < 0,5%o) va nude bién. D6 man thay ddi theo thoi gian, khong gian, chiu anh
huong boi thity triéu va luu lwong nude ngudn. Thay triéu ddy nude min vao sau khi

nudc nguodn yéu (mua can), con mua It nude ngot manh s€ ddy nudc man ra xa ha luu.

Hién nay, cac yéu té tac dong dén qua trinh nude ngot ving cira séng dang co
nhiing thay doi sau sac. Phia thugng luu cac hoat dong khai thac ngudn nudc ngot dang
dién ra manh m&. Xu thé giam dong chay ¢ thuong luu song Mekong dang c6 nhiing
bién dong phirc tap ngay cang bat loi cho PBSCL néi chung va ving nghién ctru ndi
riéng. Xu thé d6 con tram trong hon khi nhitng hoat dong khai thac ¢ thuong luu ngay
cang manh. Dong chay mua kiét dang c6 xu thé ting cao trong nhitng nim gan day. Do
1a diém thuan loi, tuy nhién can luu ¥ lugng dong chay cudi mua 1, dau mua kiét (thang
11, 12) co xu thé gidm manh. biéu nay s€ lam cho nhiém main sém hon, tac dong manh
té1 vu Pong Xuan cua cac tinh ven bién trong do Bén Tre 12 mot dia ban chiu tac dong

manh nhét.

Tt phia bién, qua trinh nudc bién dang do bién doi khi hau (BPKH) dang dién ra
mot cach manh mé va dang anh hudng toan dién dén hée théng déng béng ven bién. Trén
ving bién Pong (Viing Tau) muc nudc bién trung binh gia ting 3.18mm/nam. Trong d6
xu thé muac nude dinh tridu tang nhanh hon mtc nudc chan triéu. Bién do thuy triéu tai
day ciing c6 xu thé gia ting & mirc 3.72mm/niam. Pi vao cira song (Bén Trai) ngoai tac
dong ciia nudc bién dang thi cac hoat dong khai thac bé mat da lam gia tang kha nhanh
cac dic trung mirc nude. Mirc nudc trung binh tai ctra song C6 Chién (Bén Trai) gia
ting 5.38mm/nim, mirc gia ting nay van duy tri khi di vao sau trong luc dia. Céc gia tri
murc nude dinh triéu va chén tridu cling ting nhanh. Dic biét 1a xu thé mic nude chan

triéu gia ting nhanh hon dinh triéu.
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Nhitng bién dong d6 di lam cho qua trinh nude ngot tai diy bién dong manh va
dién bién theo chiéu huéng xau di. Tinh trang thiéu nudc ngot, nhiém min gia ting ngay
cang nghiém trong. Dic biét 1a dién bién thiéu nudc ngot, nhiém min bat thudng cudi
niam 2015, dau nim 2016 d3 gay thiét hai rat 16n cho nhan dan ving ven bién DPBSCL

no1 chung va Bén Tre nodi riéng.

V¢é céc dic trung khi twong, khu vuc Bén Tre c¢6 lugng mua x€p vao muc trung
binh thap cua PBSCL, nén nhiét do, bién dé boc hoi, s6 gid nang & muc cao. Chinh vi
vay, & nhitng ndm dong chay thugng nguon vé nhd thi van dé han han cap nudc s€ anh

hudng té1 san xuat.

Vé nhiém main, bén canh mait thuan loi c6 nhiéu song 1on trong hé théng song Cuu
Long chay qua, thi diém yéu cta dic trung nay chinh 1 nhiém mian vao mua kho. Nam
2016, 1a nam cyc tr1t man xam nhép hon 2/3 dién tich tinh, va do hé théng thuy loi chua

hoan thién, chinh vi vay thiét hai nghiém trong da xay ra.

Tinh dén thang 3/2016, tong dién tich lta bi thiét hai cta tinh Bén Tre 1én t6i
19.774 ha. Trong d6, di¢n tich lta vu Pong Xuan 2015-2016 bi thiét hai 13.844 ha
trong tong s6 14.759 ha, chiém 94% dién tich lua xudng giong. Ning né nhat 1 11206

lua bi thiét hai hoan toan tai huyén Ba Tri.

Huyén Thanh phu chiu thiét hai ndng vé1 dién tich 407 ha hoa mau va rau mau
chiém 80% trén téng s6 thiét hai 503 dién tich hu hai cta ca tinh. Sb luong hoa va cay
canh bi thiét hai t61 13.000 cay hoa canh cac loai tap trung 100% tai huy¢én Cho Lach.
Trén dia ban huyén Binh Pai va Gidng Trom, cdy an qua, chu yéu 1a cac loai cay co
mui (chanh, cam, budi) chiu thiét lai to1 1275 ha voi 275 ha thiét hai tir ndng t1 hoan

toan (50%-70%).

Ning néng kéo dai, troi lanh vao ban dém va d6 man nude ngay cang ting cao 1a
mot trong nhitng nguyén nhan khién dién tich nuéi trong thay san bi thiét hai khong
nhé. Tai xa Thira Bac va Tho1 Thudn, huyén Binh DPai c6 td1 khoang 29/36 ha (chiém
hon 80%) hau nudi ctia gan gan 500 ho dan bi chét, thiét hai khoang 2.600 tan, udc

tinh gia tri hon 45 ty dong.

Tai huy¢n Ba Tri, cac vat nudi chu luc nhu bo, lgn cling bi anh hudng nghiém

trong boi thi€u nude uong va thuc an. Thiét hai 16n do lta vu Pong Xuan mat mua lam
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giam luong rom - thirc dn chu yéu cho 80.000 con bo tai huyén khong duoc dam bao.
Pan lon tai x4 Tan Hung c6 khoang 3.200 con chiém gan 30% trong tong s6 dan lon

ctia toan Huyén Ba Tri duoc ghi nhin c6 nhiéu trudng hop bi tiéu chay do udng nudce
bi nhiém man, dan lon phat trién khong déng déu, cham 16n va c6 dau hiéu 16 loét do

nguoi dan thiéu nude ngot v¢ sinh chudng trai.

Tinh hinh doi sdng ngudi dan ciing bi anh huong khong it do tinh trang xam
nhap min ting cao. Cé téi 353.000 ngudi trong 88.208 ho dan thiéu nudc ngot sinh
hoat. Chiu anh hudng 16n nhat 1a 3 huyén ven bién va nhitng ho nghéo thiéu diéu kién
trang bi dung cu trit nudc. Huyén Thanh Phu va huyén Mé Cay Nam c¢6 t61 40.000 ho

dan thiéu nudc sach sur dung.

Xam nhap min dién ra & dong bang song Ciru Long khong chi gay thiét hai vé
doi séng sinh hoat, cac hoat dong kinh t& ma con ¢6 tac dong t61 vé sinh moi truong do

thiéu nudc ngot trong thoi gian kéo dai.

Tur ndm 2002 dén 2010, ranh 2161 man 4% tai Bén Tre nhiéu 1an ghi nhan Ién téi
Phu Tuc, Cai Mon, cach bd bién 60 km. Cac nam 2004, 2005 va 2010, man 4%o xuat
hién & Vam Mén trén song Ham Ludng. D6 mian 1%o phd bién khap tinh. Sy xAm nhap
min gia ting do myc nudc bién dang va han han da tic dong tiéu cuc dén nudi tom su,

anh hudng ca nudc mit 1an nudc ngam.

Nam 2017, mua khé tai Bén Tre khong dién ra khéc liét nhu nam 2016 nhung
van gy ra thiét hai khong it. Dén ngay 11/4/2017, trén cic ving ctra song Bén Tre
(Ctra bai, Ham Ludng, Co Chién) dd man da dat ttr 23-26%o, A0 man 4%o xam nhép
1€n sdu vao thugng nguén tr 34-40 km, do man 1%o cach ctra song khoang 46-50 km
(vuot qua khoi trung tam TP. Bén Tre). Cap d6 rui ro thién tai do xAm nhap min dat

cap do 1.

Pham vi xdm nh@p méan 16n nhéat mua khé nam 2020 véi ranh min 4 g/lit so voi
TBNN va nim 2016 vung ctra song Ciru Long nhu sau: Céc ctra song Cira Tiéu, Ctra
Pai: Chiéu sau xdm nhap man nim 2020 cao nhat & mirc 90 km (05/03/2020), sau hon
khoang 50 km so v&i TBNN va sau hon 40 km so véi mirc sdu nhat nam 2016 (29-
30/03/2016); Séng Ham Ludng: Chiéu sdu xAm nhap min niam 2020 dat mirc cao nht
1a 78 km (toan tuyén séng) duy tri tir thang 2- 4/2020, sau hon 35 km so véi TBNN va



80

sau hon khoang 5km so v&i murc siu nhit nim 2016 (29/3/2016); Séng C6 Chién:
Chiéu sau xdm nhdp mdn 2020 cao nhat dat mtc 68 km (10-11/1/2020), xam nhép sau
hon 24 km so voi TBNN va sau hon khoang 3km so v6i mirc sdu nhat nim 2016; Song
Hau (ctra Binh An): Ranh min 4g/lit sdu nhit khoang 65 km (11-12/2/2020), so véi
TBNN sau hon 24km va sau hon 6 km so véi murc sdu nhat nam 2016 (09/03/2016).
Xam nhap man mua khé nam 2020 c6 mot s6 dic diém ndi bat, khac véi quy luat cua
nhiéu nim nhu sau: Xam nhip man xuét hién sém hon so véi TBNN gén 3 thang, s6m
hon mua kho nam 2016 gan 1 thang; thoi gian xam nhap man kéo dai hon 2-2,5 1an so
v61 mua khd nam 2016. Xam nhap mén sau hon va kéo dai hon so vi ndm 2016 va
TBNN, pham vi anh huong 16n hon so vi mua khé nam 2016 va TBNN. D6 man tai
cac cira song Ctra Tiéu, Cira Pai, Him Ludng duy tri & mirc cao lién tuc tir thang 2 dén

thang 5, hau nhu khong giam trong cac ky triéu thip, khac voi thong thudng.

BAN DO CHIEU SAU XAM NHAP MAN LON NHAT VOI RANH 4g/1 I
VUNG CUA SONG CUU LONG NAM 2022
TV LE: 1/600.000

Hinh 3-21. Pham vi xam nhdp man (4g/l) 16n nhat

Cubi nam 2019 - dau 2020, man xam nhap sau hon mua kho lich str 2015-2016, do
man >4% vao dén vung cay an trai Cho Lach, >2% phu toan tinh. Thi¢t hai: 5.287 ha
laa ngoai ké hoach, 168 ha rau mau, anh huéng 27.985 ha cay an trai, 600 ha cay
gidng, 1,2 triéu hoa kiéng, 3.097,24 ha thity san; 5% nudc may khong dung duoc cho
sinh hoat, 86.896 ho thiéu nuéc.
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Hinh 3-23. Du bao XNM nam 2025[82].



82

BAN PO NGUY CO XAM NHAP MAN TINH BEN TRE NAM 2030 KICH BAN RCP4.5
TINH TIEN GIANG :

-

TINH VINH LONG

BIEN PONG

CHU GIAL
Dy bao XNM nam 2030 KB RCP4.5

D man: Phin nghin TINH TRA VINH
B <0
Bl o -2m KY HIEU KHAC
1 201-300 Ranh 1 huba !
[ 301-40 R
4m-5m
B 501 - 1000 A a 5
I 1001 - 1500 Sonp. Mok, opch T Komeles
- so B4 b ven bién Ty & 1:80,000

Hinh 3-24. Du bao XNM nam 2030[82].

Bén Tre dd va dang trién khai nhiéu bién phap tmg pho véi BDKH nhu trién
khai nhiéu mé hinh canh téc, cong trinh trong diém ung pho 1au dai BDKH. Bén canh
d6 1a cac du 4n giam nhe BDKH nhu cac dy an trong rimg ven bién, cac hoat dong
giam nhe phat thai khi nha kinh, chuyén d6i hé théng dién ning lwong nhung Bén Tre
van dd dang va sé& chiu nhiéu anh huong cia BDKH va XNM. Theo kich ban BDKH
Bén Tre ndm 2020 chiing ta thay dién tich chiu anh hudng cia XNM ngiy cang ting,
d6 man xAm nhap vao sau trong ndi dong va ting dan theo nim . D6 min xam nhéip
sdu trong noi dong, thoi gian kéo dai s& gdy anh huong ngay cang 16n dén nén nong
nghiép cua tinh ngay cang nhiéu. Bén canh d6 viéc xAm nhap min duy tri & duy tri lién
tuc & muc cao khong gidm theo quy luat nén cong tac ung phé BDKH va XNM con
nhiéu kho khan.
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3.2. Nghién ctru ing dung danh gia va phan ving nhiém méin bing tw liéu vién

tham radar - thi diém & Bén Tre.

3.2.1. Quy trinh phwong phdp tiép cin nghién civu danh gid nhiém mdin trén

dit bang tw ligu anh radar

Quy trinh phuong phap dé xuat duoc sir dung trong nghién ctru nay dé thanh lap
ban dd d6 man cua dat cho khu vuc nghién ctru dugc mo ta nhu trong hinh. Tu li¢u st
dung 12 anh radar Sentinel-1 SAR. Anh dugc tién xir Iy bang cong cu SNAP, trong khi
mo hinh héa duoc thuc hién trong méi trudng Matlab bang cong cu hoc may WEKA
APL.

Thu thap, do dac va phan CSDL v& min (EC) va

tich sé liéu thuc dia (EC) tAN xa ngUOC

Théng tin cAu tric GLCM
trén anh tr yoVV va yoVH
- Correlation, Contrast;

- Homogeneity, Dissimilarity;
- Variance, Entropy;
- Mean, Energy.

Tao tap di¥ liéu mau

Phan tich di liéu bang cac
thuat toén

- MLP Neural Network

Tinh gia tri tan xa nguoc - RBF Neural Network

3 - Gausian Process
mma-n ht yoVV v
% ° ?cl:\?H Yo ° - Support Vector Regression

- Random Forest

Tién xc ly anh
- Nhap théng tin quy dao
- Hiéu chinh birc xa
- Loc nhiéu Lee Filter va
X0 Iy Multi-looking
- Hiéu chinh hinh hoc dia
hinh Ranger-Dopler

Danh gia, kiém chudn mo
hinh

Lwa chon mé hinh

Thu thap d@ liéu anh radar Thanh Iap ban d6 man khu
SAR (Sentinel-1) virc nghién clru

Hinh 3-25: Quy trinh phan tich, thanh ldp ban dé xam nhdp mdn trong dat bang tu
liéu anh radar Sentinel-1

3.2.1.1. Chuan bi co sé dir liéu cho mé hinh

Co so dir liéu (CSDL) dau vao cho mé hinh phan tich tinh todn gém di liéu EC
thuc dia, cac kénh anh radar Sentinel-1 va céac 16p thong tin cAu tric tinh tir anh. Céc 16p
thong tin trong co s& dit liéu déu duoc xtr 1y chuan héa trude khi sir dung. Tap dit liu
mau EC & ddy 1a bo s6 liéu két qua phan tich trong phong thi nghiém cac mau dat thu

thap tai céac diém khao sat thuc dia trong mua kho, cung thoi diém thu thap anh v¢ tinh
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radar Sentinel-1. Trong nghién ctru tai Bén Tre, c6 63 khu vuc thuc dia d3 duoc khao
sat, 1y mau dat dé phan tich. 70% mau dugc sir dung dé phat trién mé hinh, 30% duoc
st dung dé kiém chimg.

3.2.1.2. Tién xit Iy dir liéu Sentinel-1

Dt liéu Sentinel-1 IW GRDH (Ground Range Detected in High resolution) sau
khi thu thap can duoc tién xtr 1y trudce khi st dung phén tich. Anh ¢ dang amplitude bao
gdém 2 phan cyc VV va VH dugc hiéu chinh vé gia tri tin xa nguoc (backscattering)
gamma-naught yoVV va yoVH do gié tri tan xa gamma-naught c6 wu diém it nhay véi
nhing 4nh huong khong mong mudn trén anh, chang han nhu: goc téi mat troi. Anh nay
sau d6 dugc loc nhiéu bang cach ap dung phép loc median Lee filter (5x5m) va xu 1y
multilooking trén anh radar. Sau d6, anh dwoc hiéu chinh hinh hoc Range-Doppler dé
loai bo cac bién dang, anh huong do dia hinh br?mg cach sur dung két hop mo hinh s6 do
cao SRTM DEM cuia NASA. Sau khi anh dugc tién xtr 1y, cac kénh yoVV va yoVH thu
duogc dugc sir dung lam hai bién dau vao dau tién cho mo hinh d6 man cua dit.

3.2.1.3. Phan tdch théng tin cdu tric

Nghién ciru trude day di chi ra cac thong tin cau tric trén tu lidu anh radar co
tuong quan v6i do man cua dit va co thé sir dung trong phan tich danh gia xam nhap
man [70]. Dya trén dac diém nay, cac thong tin cdu trac GLCM (Grey Level Co-
occurrence Matrix) phén tich tinh tir 2 kénh anh yoVV va yoVH ciing dugc st dung nhu
cac bién dau vao cho mé hinh phan tich thanh 1ap ban d6 d6 min cua dat. Phuong phap
phan tich ciu tric GLCM dua trén thong tin cuong dg, do sang cua cac diém anh dé
phan tach cac 16p thong tin dic trung vé cdu triic va mdi quan hé v6i moi trudng xung

quanh cua céac doi tuong trén anh.

Trong nghién ctu ndy, tim dic trung ciu trac (Correlation, Contrast,
Homogeneity, Dissimilarity,Variance, Entropy, Mean, Energy) dugc tinh tir cac kénh
anh yoVV va yoVH bing phuong phap phan tich GLCM, duoc st dung nhu cc bién
dau vao cho md hinh wdc tinh d6 min cua dat. Pay 1a cac 16p thong tin ciu triic vé tinh
tuong quan (Correlation), dd twong phan (Contrast), tinh dong nhat (Homogeneity), su
khac biét (Dissimilarity), su bién thién (Variance), sy nhiéu dong (Entropy), loc t6 hop
trung binh (Mean) va mtrc d nang luong (Energy). Cong cu phan tich GLCM nay dugc
tich hop trong phan mém SNAP cua ESA. Phuong phép, cong thire tinh cac thong tin
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nay dugc mo ta chi tiét trong nghién cru vé phén tich tinh twong quan gitra cic phan
cuc SAR va d6 min ctia dat cua tac gia Taghadosi [83]. Tong cong c6 16 chi sd cau tric
c6 thé duogc tao ra tir anh Sentinel-1 trén 2 phan cuc yoVV va yoVH (8 chi sb céu tric
tr moi kénh).

3.2.1.4. Lua chon mau

Céc bién dua vao mo hinh dé thanh 1ap mé hinh wéc tinh EC gém 2 kénh anh
(yoVV va yoVH) va 16 kénh chi sé duoc tinh tir hai kénh nay. Do vay, can kiém tra,
danh gia tap mau st dung vé kha ning twong quan cong tuyén, du thira dit liéu hay gay
nhiéu, giam d6 chinh xac cau mé hinh uéc tinh EC. Trong nghién ctru nay, thuat toan
Random Forests (RF) da duoc sir dung dé phan tich cac bién dau vao, danh gia tim quan

trong ctia mdi bién va mdi quan hé twong hd gitra cac bién.
3.2.1.5. Thiét Idp mé hinh

Nam mo hinh thuét todn machine learning dugc thiét 1ap dua trén tap mau dau
vao bao gém 2 kénh phan cuc, 16 anh chi sb cau tric va tap dit liéu mau EC thuc dia

(70% mau phan tich).

+ Dbi voi mé hinh Gaussian Processes (GP), tham sb kernel o tot nhit duge xéac
dinh dya trén phan tich kiém thir (trial-and-test analysis). Sy dao dong cuia 6 duoc danh
gia dua trén 3 dai luong thong ké sai s6 trung phuong (RMSE), sai s6 tuyét ddi trung
binh (MAE) va hé sb twong quan (r). Vi nghién ciru nay, 6 = 1.205 cho thay phu hop
nhat.

+ V&i mo hinh Support Vector Regression, ba tham sé nu = 0.579, C = 1.971 va

gamma = 3.77 dugc xé&c dinh dya trén phuong phap danh gia 6 luoi (grid search method).

+ Trong md hinh Random Forest (RF), tit ca cic bién dugc dwa vao dé thanh lap
cay phan loai. 1000 cy phan loai thtr cap (sub-decision tree) dugc xac dinh dé dam bao

tinh da dang cua mo hinh.

+ M5 hinh Multilayer Perceptron Neural Networks (MLP-NN) hoat dong tot nhat

v6i 6 diém hidden neuron theo phwong phap phan tich kiém thtr (trial-and-test analysis).
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+ V&i M6 hinh Radial Basis Function Neural Networks (RBF-NN), s6 luong tdi wu
12 20 nhém (clusters) duoc xac dinh dua trén sai s6 tuyét d6i trung binh (MAE) va hé s6
tuong quan (r).
3.2.1.6. Banh gia mo hinh
Cac mé hinh udc tinh dd man cua dat duoc danh gia dua trén ba chi s6 RMSE -

sai sb trung phuong, MAE - sai s tuyét d6i trung binh va r - hé sb twong quan (Bang

5.3, Hinh 5.2).

1 n
MAE = 1575,
i3

Y vi—1)(9;,-9)
VI - 925, - F)

r =

2

Trong d6 y; va y; lan luot 1a cac gia tri EC m6 hinh va EC do dac ctia mau thr i; ¥ va ¥
la gia tri trung binh EC do dugc va EC mo hinh; n la té)ng s6 mau duge su dung.

3.2.1.7. Kiém chudn, lwa chon mé hinh

Sau khi nim md hinh d6 mian cta dit duoc thuc hién thanh cong, chung duoc
kiém chuén va so sanh bang cach st dung tap dir liéu kiém dinh (30% dit liéu thuc dia)
dé xac dinh mé hinh tot nhit cho khu vuc nghién ctru. M6 hinh tdt nhat nay dugc luya
chon dé trién khai tinh toan céc gia tri do man cua d4t cho tat ca cac pixel cua khu vuc

nghién curu.

3.2.2. Két qua vrng dung tw ligu vién tham radar Sentinel-1 trong dinh gid,
phén viing nhiém mdn tai Bén Tre

3.2.2.1. Banh gid, lva chon mo hinh

Céc phuong phép, thuat toan da dé cap duogc ap dung phat trién va danh gia sir
dung anh vé tinh radar Sentinel-1b chup cu6i mua kho, ngay 6 thang 4 nam 2018 va ddi

chiéu véi tap dir liéu thue dia thu thap cung thoi ky, ngdy 4-6 thang 4 nam 2018.

Két qua thiét 1ap va danh gid mé hinh thuat toan Multilayer Perceptron Neural
Network udc tinh do méan (EC) ctuia d4t dua trén 18 16p thong tin dau vao duge thé hién

trong bang thong ké dudi day. S6 lwong cac phan tir hidden neuron ciia thuat toan six
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dung dao dong tir 1 dén 30. Céc gia trj sai s6 RMSE, MAE va hé s twong quan r duoc
str dung dé danh gia mo hinh da phat trién dua trén tap dit liéu mau (training dataset) va

két qua danh gia do chinh xac dua trén tap dit liéu kiém chimg (validating dataset).

Nhin chung, mirc d6 phu hop ctia mé hinh MLP-NN véi tap dit liéu mau ting 1én
khi s6 luong hidden neuron tang 1én. Tuy nhién, nhin vao tap dir li€u kiém dinh, hiéu
suat du doan ctia mo6 hinh MLP-NN ting tir cdu trac 18 x 1 x 1 (RMSE = 4.226, MAE
=3.077 va r = 0.523) 1én c4u truc 18 x 6 x 1 (RMSE = 3.450, MAE = 2.646, va r =
0,624), va sau d6, hiéu suit du doan ctia mé hinh giam dan khi sé hidden neuron tiép
tuc ting. Do d6, cAu truc tot nhat cia mé hinh MLP-NN 13 18 x 6 x 1 khi hé sb tuwong

quan r cua tap dir li¢u kiém dinh cao nhat.

Bang 3-2: Két qud mé hinh thudt todn Multilayer Perceptron Neural Network
(IN: Input neuron; HN: Hidden neuron; OP: Output).

No MLP-NN Training Set Validating Set
(IN X HN x OP) " pricE MAE r RMSE MAE r

1 18x1x1 3.925 2.998 0.848 4226 3.077 0.523
2 18x2x1 3.919 2.994 0.848 4214 3.074 0.525
3 18x3x1 3.923 3.008 0.847 4207 3.068 0.526
4 18x4x1 3.704 2.864 0.845 3.846 2.929 0.553
5 18x5x%1 3.724 2.893 0.841 3.792 2.892 0.56
6 18 x 6 x 1 3.744 2.936 0.839 3.450 2.646 0.624
7 18x7x1 3.775 2.969 0.838 3.484 2.687 0.620
8 18 x8x 1 4246 3.457 0.831 4103 3.45 0.354
9 18x9x1 3.910 3.002 0.846 4147 3.036 0.532
10 18 x 10 x 1 4567 3.736 0.834 4.286 3372 0513
1 18 x 11 x 1 4563 3.699 0.837 4332 3.363 0.504
12 18 x 12 x 1 4413 3.840 0.818 4.030 3.579 0.558
13 18 x 14 x 1 4637 3.821 0.829 4354 3.439 0.507
14 18 x 16 x 1 4.030 3.219 0.836 3.891 3.162 0.562
15 18 x 18 x 1 4618 3.825 0.833 4388 3.561 0.481
16 18 x 20 x 1 4581 3823 0.830 4327 3.620 0.479
17 18 x 22 x 1 2413 1.829 0.904 4.643 3.615 0.320
18 18 x 24 x 1 2.206 1519 0.913 4427 3.079 0.565
19 18 x 26 x 1 2251 1.592 0.912 4.079 3.019 0.558
20 18 x 28 x 1 2512 1.878 0.901 4423 3.052 0.542
21 18 x 30 x 1 2211 1523 0.912 4.070 2.862 0.551

Cach thuc danh gia tuong ty dugc thuc hi¢n vo1 mo hinh Radial Basis Function
Neural Network dé xac dinh s6 lugng cluster tot nhat cho mé hinh. Noi chung, mtc do
pht hop ctia mo hinh RBF-NN véi tdp mau ting khi s6 lwong nhom cluster ting. Tuy

nhién, khi danh gia véi tap dir liéu kiém dinh, hiéu sudt du dodn ting ctia thuat toan dan
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tir m6 hinh RBF-NN véi 2 cluster (RMSE = 4.136, MAE = 3.022 var = 0.121) t61 mo
hinh RBF-NN véi 21 cluster. Do twong quan ctia mé hinh giam khi tiép tuc ting tir 21
1én 30 cluster. Do vay, cAu tric tét nhat cia mo hinh RBF-NN 13 18 x 21 x 1 v&i hé s6

turong quan cao nhét r = 0.772 va RMSE = 2.732, MAE = 1.586.

Bdng 3-3. Két qud mé hinh thudt todn Radial Bases Function Neural Network
(IN: Input neuron, CL: Number of clusters, OP: Output)

RBF-NN Training Set Validating Set
Ne N x cL x op)
RMSE MAE r RMSE MAE r

1 18 x2x1 5.302 3.247 0.005 4.136 3.022 0.121
2 18 x3 x1 5.247 3.068 0.144 4.211 3.096 —0.051
3 18 x4 x1 5.160 2.962 0.230 4.308 3.134 0.006
4+ 18 x5 x1 5.043 2.829 0.309 3.747 2.608 0.431
5 18 x6x1 4.649 2.691 0.481 5.011 3.309 —0.226
6 18 x7 x1 4.663 2.741 0.476 4.730 3.012 —0.115
7 18 x 8 x 1 4.663 2.736 0.476 4.823 3.223 —0.114
3 18 x9 x 1 4.640 2.744 0.484 4.339 3.092 0.187
9 18 x10x1 4.680 2.684 0.470 4112 2.832 0.291
10 18 x11x1 4.554 2.517 0.512 4.324 2.836 0.218
11 18 x12x1 4.299 2.539 0.585 4.103 2.855 0.301
12 18 x14x1 4.217 2.452 0.606 4.775 3.123 0.045
13 18 x16x1 4.402 2.414 0.557 4.556 3.052 0.178
14 18 x 17 x 1 3.833 2.096 0.691 2.981 1.924 0.729
14 18 x 18 x 1 3.833 2.087 0.691 3.210 2.074 0.692
15 18 x19x1 3.825 2.08 0.693 3.187 2.008 0.707
16 18 x20x 1 3.760 1.934 0.705 3.249 2.059 0.698
17 18 x 21 x1 3.702 1.822 0.716 2732 1.586 0.772
18 18 x 22 x 1 3.510 1.655 0.750 7.225 3417 0.327
19 18 x24x1 3.508 1.612 0.750 7.142 3.362 0.323
20 18 x 26 x 1 3.344 1.492 0.776 7.130 3.382 0.191
21 18 x28x1 3.370 1.4589 0.772 7.353 3.593 0.118
22 18 x 30 x 1 3.330 1.364 0.778 7.558 3.746 0.072

Dbi v6i ba md hinh thuat toan con lai, két qua toi wu dat duge khi tham sb o =
1.205 1a tot nhat cho mé hinh Gaussian Process; trong khi voi mé hinh Support Vector
Regression, nu = 0,579, C = 1.971 va gamma = 3.77 1a phu hop nhat; va d6i véi mo hinh

Random Forest, 500 cay phan loai da dugc st dung.

Két qua tong hop phat trién va kiém dinh cic m6 hinh thuit todn wdc tinh d6 min
ctia dat dugc thé hién trong bang thong ké tong hop va do thi so sanh twong quan két
qua cua cac mo hinh thuat toan. Trong nghién ctru nay, NCS xéc dinh ngudng r = 0.7
dé xem xét danh gia. M6 hinh thuat toan c6 két qua danh gia r > 0.7 duoc cho 1a co

tuong quan cao, mo hinh thuat todn c¢6 r < 0.7 1a twong quan thap. M6 hinh thuét toan
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dugc lya chon dé 4p dung cho toan tinh sé& 1a phwong phap t6i wu, c6 hé sb twong quan

r cia moO hinh phat trién va két qua kiém dinh déu cao.

C6 thé thiy rang bén mé hinh RF, GP, MLP-NN, RBF-NN dugc phat trién st
dung tip mau dau vao (training dataset) co hé s twong quan twong d6i cao. Mtc phu
hop cao nhét duogc chi ra 1 mé hinh RF (RMSE = 2.008, MAE = 1.252 va r = 0.949),
tiép theo 14 mo hinh GP (RMSE = 3.170, MAE = 1.860 va r = 0.839), m6 hinh MLP-
NN (RMSE = 3.744, MAE = 2.936 var = 0.836) va mo6 hinh RBF-NN (RMSE = 3.702,
MAE = 1.822 var=0.716). M6 hinh SVR c6 mirc 6 twong quan thap nhit trong 5 thuat
toan su dung (RMSE = 4.784, MAE = 1.868 var = 0.685).

Lién quan dén két qua kiém dinh, m6 hinh GP ¢6 do tuong quan cao nhat (RMSE
= 2.885, MAE = 1.897 va r = 0.808), tiép theo 12 md hinh RBF-NN (RMSE = 2.732,
MAE = 1.586 var = 0.772). Ba m0 hinh con lai, mé hinh SVR (RMSE = 3.946, MAE
=2.091 var = 0.664), m6 hinh MLP-NN (RMSE = 3.450, MAE = 2.646 var = 0.624)
va md hinh RF (RMSE = 3,417, MAE = 2,269 var = 0,581), ¢6 hiéu suat du doan thap.

Bdng 3-4. Bing tong hop két qua ciia 5 mé hinh thudt todn machine learning ¢ khu
viee nghién curu

Training Set Validation Set
RMSE MAE r RMSE MAE r

Multilayer Perceptron Neural Networks (MLP-NN) 3.744 2.936 0.836 3.450 2.646 0.624
Radial Basis Function Neural Networks (RBE-NN) 3.702 1.822 0.716 2732 1.586 0.772
Gaussian Processes (GP) 3.170 1.860 0.839 2.885 1.897 0.808

Suppurt Vector Regression (SVR) 4784 1.868 0.685 3.946 2.091 0.664

Random Forests (RF) 2.008 1.252 0.949 3.417 2.269 0.581

Soil Salinity Model
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Hinh 3-26. Hé sé tiwong quan (r) giita EC do dac va EC tinh todn sir dung tap div liéu
huan luyén (training dataset)
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Hinh 3-27. Hé sé twong quan (r) giita EC do dac va EC tinh todn sir dung tap div liéu
kiem dinh (validation dataset)

3.2.3.2. Ung dung thanh Igp ban d6 d6 man dat

Dua vao céc két qua phan tich trén, cé thé két luan rang mo hinh Gaussian

Processes (GP) la tdt nhat cho 1ap ban dd d6 min cua dat trong khu vuc nghién ctu. GP

c6 hé sb tuong quan cao thr 2 trong nhém mé hinh phat trién dya trén tip dir liéu mau
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training dataset, va dung thir nhit khi kiém dinh m6 hinh. M6 hinh RF phét trién tuy c6
hé s tuong quan cao, nhung khi kiém dinh d6 chinh xac, két qua lai thép nhét trong 5
phuong phap. Do vy, mé hinh GP d3 duoc sir dung dé wdc tinh gia tri d6 man (EC) cua
dat cho tirng pixel anh Sentinel-1 trén dia ban tinh Bén Tre.

106°40F
" Kilometers

106°10'E 106°20'E 106°30E

10°20N
10°20'N

Tinh Tién Giang

10°10'N
10°10'N

Do chinh xac ban dé
(md hinh Gausian Processes)
Dir liéu huén luyén Di¥ liéu kiém tra

=

Z || RMSE=3.137 RMSE=2885 {&
= MAE = 1.860 MAE = 1.897 =

r=20.839 r=0.808
2 .z AR, “op
Mtrc d6 nhiém man cua dat =
19.124 - 0

s = X > : .2 . N 3 =

;é h @ Vitri m:i\u dz-’lt str dung cho kiém dinh mé hinh Bién Dong 2
o ¥ Vitri mau dat st dung cho xay dwng mé hinh 2

106°20'E 106°30'E 106°40'E

Hinh 3-28. Ban do6 do man dat tinh Bén Tre sir dung mo hinh Gaussian
Processes (GP)

106°10'E

Ban dd udc tinh do man trén dat cho théy cac khu vuc tai ba huyén ven bién la
Binh Pai, Ba Tri va Thanh Phu c6 do min cao. Diéu nay la do ba huy¢n nam gﬁn bién
noi nuée man d& c6 didu kién xAm nhap vao dat lién khi triéu cuong dang cao, nudc
bién di sau vao nodi dia qua cac cira song Dai, song Ham Luong va séng C6 Chién. Quan
trong hon, ddy ciing 1a 3 huyén c6 dién tich dat 1am mudi va nuéi tréng thuy san 16n
nhat cua tinh Bén Tre. Viéc ldy nudc min vao dé nudi tom gdy nén nhitng anh huong
nhét dinh t6i sy min hoa cua dat, dic biét & nhom dat 1o, thuong xuyén (hang nam) st
dung hinh thtrc canh tac 1 vu tom, 1 vy lda. O chiéu nguoc lai, cac khu vuc tai huyén
Chau Thanh, huy¢n Chg Lach va huyén Mé Cay dat khong man (c6 gia tri EC udc tinh
~0) do dic diém vi tri dia 1y, ndm cach xa bién, loai hinh canh tac néng nghiép chu yéu

la trong cay an qua.



92

3.3. Nghién ciru tng dung danh gia va phan ving nhiém min bang tw liéu vién

tham quang hoc - thi diém & Bén Tre.
3.3.1. Dit ligu anh vién tham quang hoc trong nghién ciru nhiém mdn

C6 nhiéu loai tu lidu vién thim quang hoc c6 thé str dung trong nghién ctru danh
gid xam nhap man. Vi¢c lya chon tu li¢u st dung can can nhic dén sd luong kénh phé,
d6 phan giai phd, 46 phan giai khong gian, d6 phu trum, phan giai thoi gian (tAn suat
chup lap lai), tinh d6ng bo va kha ning tng dung trong nghién ctru da thoi gian. Dit liu
sir dung trong luan 4n bao gdm anh da pho Sentinel-2, anh LANDSATS5, 7, 8 va 9. Pay
1a ngudn dir liéu anh duogc sir dung mién phi c6 d6 phan giai khong gian tir trung binh

(Landsat: 30m) dén cao (Sentinel-2: 10m) cho nghién ctru toan tinh Bén Tre.

Anh Sentinel-2 1a ¢6 d6 phan giai khong gian ciia cic kénh anh trong dai song
nhin thay (VIS) va can hdéng ngoai (NIR) la 10x10m, ving hdng ngoai song ngan
(SWIR) 12 20x20m, va hong ngoai nhiét (TIRS) 1a 100x100m. Anh duoc sy quan 1y cia
Co quan hang khong vil tru Chau Au (ESA), ¢6 thiét ké dong bd quy dao mit troi, & do
cao 786km, d0 phu trum 290km/canh vdi chu ky chup 5 ngay/canh trén cung 1 khu vuc.
Anh LANDSAT 7 hoat dong trén quy dao tir thang 4/1999, LANDSAT 8 tir thang
2/2013, LANDSAT 9 tu thang 9/2021 cua Co quan hang khong vii tru My (NASA) co
quy dao d@)ng bo mat troi, & do cao 705km, d§ phu trum 185km/canh, chu ky chup 16
ngay tai cung 1 khu vuc. Céac kénh anh chup trong dai séng nhin thdy dén hong ngoai

song ngan c6 do phan giai khong gian 30x30m.

Bang 3-5. Cdc tham sé ciia dnh Sentinel-2 va LANDSAT

Kénh pho Buwéc séng (nm) D¢ phan giai khong gian (m)
Sentinel LANDSAT9 [LANDSATSLANDSATSentinel{ LANDSATY9 [LANDSATSLANDSAT
2 7 2 7
Ultra Blue 0.44 0.435 - 0.43 -0.45 60 30 30 30
(coastal/aerosol) 0.451
0.49 0.452— 0.45-0.510.45-0.520 10 30 30 30
B1Blue
0.512
0.56 0.533— 0.53-0.59(0.52-0.60, 10 30 30 30
B2/Green
0.590
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0.66 0.63-0.6710.63-0.69 10 30 30 30
0.636—
B3Red
0.673
B4Near Infrared 0.83 0.851- 0.85-0.8710.76 -0.90, 10 30 30 30
(NIR) 0.879
Shortwave 1.613 1.566— 1.56-1.65(1.55-1.75 20 30 30 30
IB5[Infrared 1.651
(SWIR)1
Shortwave 2.202 2.107- 2.10-2.292.08 -2.35 20 30 30 30
B6[Infrared 2.294
(SWIR)2
0.503— 0.50-0.67| 0.5-0.9 15 15
Panchromatic
0.676
1.363— 1.36 - 1.38 30 30
Cirrus
1.384
Thermal 10.60— 10.6-11.2| 10.40- 100 120
Infrared (TIRS) 11.19 12.50
1
Thermal 11.50- 11.5-12.5 100
Infrared (TIRS) 12.51
2

Bén Tre 1a tinh giap bién, hién twong xdm nhap min dién ra manh nhat vao thoi
diém mua kho, nén dé phan vung dugc xam nhip méan chinh xac thi nguén dir liéu anh
v¢ tinh cling dugc thu thdp vao khoang thoi gian nay. Do vi tri dia 1y déac thu cua khu
vuc nghién ctru 14 giap bién nén anh vé tinh quang hoc & khu vyc nay thudng bi anh
huong bdi may che phu, viéc lya chon 1 canh anh khong bi anh hudéng boi may la rat
hiém, nén can phai tong hop rat nhidu cic canh anh tai nhiéu thoi diém khac nhau trong
mua kho (tir thang 3- thang 5), anh nay duoc goi 13 anh t6 hop mua kho. Dé giam sat va
theo ddi, phan ving xam nhép man cta toan tinh theo thoi gian, thi cdc anh Landsat mua
kho theo cac thoi diém duoc thu thap nhu sau: 2005, 2010, 2015, 2018, 2020 va 2022.
Dir liéu anh da pho Sentinel-2 tuy c6 do phan giai khong gian cao (10m) nhung chi c6
san tir naim 2018-2022 (trudc d6 dit lidu vé tinh chua san sang). Bén canh d6, mic du
anh Sentinel 2 c6 chu ky chup 1ip ngin hon so vé6i anh Landsat, s6 lugng canh anh 16n

hon nhiéu nhung anh lai bi bao pha may rat 16n, do d6 khong phu hop cho nghién ctru




94

toan tinh Bén Tre. Do d6, anh t6 hop mua khé Sentinel 2 duoc sir dung trong nghién
ctru xdm nhap man cua vung dién tich dat tréng la cua tinh Bén Tre.

X TRE NAM 2022

ANH TO HOP SENTINFL_2 TINH REN TRE NAM 2022 ANH TO HQP LANDSAT 9 TI

Hinh 3-29. Anh t6 hop mau khu viec nghién cieu nam 2022

Chi tiét s6 lugng céc canh anh thu thap va xir Iy duoc trinh bay & phan phu luc 7.
Dit liéu anh v€ tinh sau khi thu thap dugc tién xur Iy anh bao gém: hiéu chinh birc xa,
hiéu chinh khi quyén, chuyén anh thanh anh phan xa mat dat. Vi anh Sentinel2, NCS
thuc hién hi€u chinh anh trén phﬁn mém mi ngu@)n mé SNAP, con anh LANDSAT duoc

hiéu chinh bang phan mém ma nguén mé QGIS.
3.3.2. Xir ly va dong bé dir liéu thuce dia

bé thu thap dir liéu do man va gia tri d dan dién ngoai moi truong thuc t&, NCS
da sir dung hai phuong phap: may do truc tiép EC ngoai thuc dia EM31-Mk2 va phan
tich mau dat trong phong. Trong d6, dit liéu EC do truc tiép dugc dung dé phan tich va
danh gia hdi quy, con dit liéu EC trong phong duoc dung dé kiém ching va danh gia do
chinh x4c. Dit liéu do dac miat dat niy dugc thu thap trong khoang thoi gian tir
02/04/2018-10/04/2018, va phan bd déu trén tat ca cac loai hinh sir dung dat khac nhau
trén toan tinh Bén Tre. Day 1a thoi diém mua kho, dién tich tréng lua da duoc gat va la
thoi diém nude min c6 thé di sau vao trong dat lién. Ngoai gia tri EC, tong luong mudi

hoa tan, PH cua dat, va thanh phén co gidi clia cac mau dat cling duoc phan tich, do dac.
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Hinh 3-30. Ban dé vi tri cdc diém thuc dia tinh Bén Tre nam 2018

Dt liéu EC ngoai thuc dia dugc do truc tiép béng thiét bi do cam ung dién tur
EM31-Mk?2 v6i thoi gian ghi nhén 2 gidy mdt lan, tuong ung voi 1 s6 liéu duoc thu thap.
S ligu nay dugc xir Iy va chuan héa trong phan mém chuyén dung tham chiéu véi két
qua phan tich mau dat dé xac dinh két qua do EC cho 16p dat mit, don vi 1a dS/m. Dya
trén dién tich va tuyén diém khao sat do dugc co toa do GPS da duoc tich hop san, gia
tri EC s& duoc tinh toan dé gan cho mdi don vi diém anh (pixel) twong tmg v6i d6 phan
giai khong gian 10x10m cua anh Sentinel-2 va 30x30m cta anh LANDSAT. Két qua
v6i anh LANDSAT thu dugc tong s6 556 diém mau pixel do EC trén véi cac loai 16p

phu str dung dat khac nhau, va véi Sentinel-2 1a 1649 diém.

Bang 3-6. Gid tri EC tong qudt héa theo cdc loai 16p phii trén anh Sentinel-2

Loai l6p phu S6 diém EC trung binh | Cip d6 min
Pat 1am mudi 54 19,6178 Min ning
Rung ngdp man 13 17,7692 Man nang
Bii boi (dat cat ven bién) | 202 12,1565 Min vira
Nudi trong thuy hai san 6 12,2965 Min vira
Pit lta tdbm 115 11,8372 Min vira
Pat lta 1 vu 132 9,6015 Min vira
Dat lta 2 vu 276 8,0172 Min vira
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DAt 1ta 3 vu 307 7,5836 Min nhe
Hoa mau 211 3,8589 Khong man

Ezit trong cay lau nam/an 333 3,5466 Khéng min

Bdng 3-7. Gid tri EC tong qudt héa theo cdc logi 16p phii trén dnh LANDSAT

Loai l6p phu S6 diém | EC trung binh | Cip d6 min
DAt lam mudi 18 19,3739 Min ning
Rung ngdp man 7 17,8200 Min nang
Bii boi (dat cat ven bién) | 67 12,7965 Min vira
Nudi trong thay hai san 1 12,0464 Min vira
Pit lta tdbm 47 11,8714 Min vira
Pit lta 1 vu 49 9,0753 Min vira
Dat 1ta 2 vu 103 8,1309 Min vira
Pit lta 3 vu 96 7,5258 Min nhe
Hga n}éu 77 3,8513 Khong man
E;it trong cdy lau nam/an 91 3.4208 Khéng min

Theo két qua phan tich thong ké, gia tri EC trung binh giam dan tir ngoai bién
vao trong dat lién. Trong do, gia tri EC cao nhét thudc khu vue dit lam mudi, thép nhét
1a dat trong cdy lau nam/ciy an trai va hoa mau tuong (mg voi nhom déat phu sa va dat
1én lip trén ban d6 thd nhudng.

3.3.3. Quy trinh tich hop dir ligu va phén viing nhiém man

Quy trinh tiép cin nghién ciru danh gia xAm nhap min trén dat duoc mo ta trong
so d6 dudi day. Dir liéu anh vé tinh va két qua do EC mit dat 1a nguon dir liéu dau vao
chinh ciia mé hinh. Cac anh vé tinh duoc thu thip va tién xu ly bing cong cu
GoogleEarthEngine (GEE) v6i cac tham sd: ranh gidi tinh Bén Tre, loc may <50%, theo
thoi gian mua kho: t3-t5. Anh cudi clng 12 4nh t6 hop theo mua kho ciia ting thoi diém.
Anh t6 hop nay sau d6 duoc tao mit na (masking) hé thong séng ngoi va dan cu dé loai
b6 hai nhém ndy trong budc tinh toan phén tich cac chi sé vat 1y ciia anh.

Tir anh phd phan xa, cac chi sb vat 1y dugc tinh toan va chia thanh cac nhom:

phé gdc, PCA, ty 18, mudi, thuc vat, do sang va nhiét (chi trén LANDSAT).

Qua trinh thu thap, tién xir 1y anh, tao anh t6 hop va tinh toan cac kénh chi sé vat
Iy cua anh Sentinel 2 va anh Landsat dugc thuc hi¢n trén cong cu GoogleEarthEninge

(GEE). Pay 12 mot nén tang dam may dé truy cap va xir 1y lién mach s6 luong 16n anh



97

vé tinh va anh trén khong c6 san mién phi nhu anh Landsat-8, Sentinel, MODIS... Nguoi
dung c6 thé truy cip va phén tich dir liéu tir danh muc cong cong ciing nhu di liéu riéng
tu. Google Earth Engine 1am viéc thong qua Giao Dién Tryc tuyén cua Ung Dung
JavaScript (API) dugc goi 1a Code Editor: https://code.earthengine.google.com/.

@r liéu anh Sentinel-2, l.andsD

Hiéu chinh khi quyén, birc xa

|

Anh phd phan xa

o

70% diém Kenh Chi s6 I\enh ty Chi 56 Chi s6 do Chi 5‘:"
EC thure dia phé gbe PCA. mudi sang. nhigt thire vit

\W

Phan tich hoi quy

M hinh
l[f:fl’.‘ tinh do
dan dién EC

!

30% dié . e e b .
EJ{: t;@‘::;:ﬂ Biénh gia dd chinh xac

k
Ban dd phan viing
nhiém min

Hinh 3-31. Quy trinh phdn ving nhiém man tir dit liéu vién tham va thuc dia

Nguon dir lidu anh trén nén tang GEE dugc st dung trong luan 4n bao gém anh
Sentinel 2 c6 ma ImageCollection ID 1a COPERNICUS/S2, va anh Landsat c6 ma la
LANDSAT/LCO09, LC08 & LE7. Thuat toan trung vi (median) dugc sir dung dé tao ra
anh t6 hop da pho da thoi gian (thoi gian mua kho: thang 3-thang 5), khong bi may che
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phu, luu gitt duoc gia tri phan xa pho dic trung cia cac dbi twong trén anh. Anh t hop
nay c6 dic tinh on dinh theo mua, cho phép so sanh, phén tich bién dong theo mua giira

cac nam khac nhau.

Céac nhom kénh chi sb vat 1y tinh tir anh t6 hop 1a bién doc 1ap va gia tri EC thuc
dia (70% tong sd diém) s& 1a bién phy thudc trong mé hinh phan tich hdi quy. Nghién
ctru thir nghiém véi cac nhom kénh, chi s anh khac nhau dé xac dinh giai phéap tdi vu.
Két qua mo hinh dugc so sanh véi 30% téng s6 diém thuc dia con lai dé kiém ching dé

tin cay cua mo hinh.
3.3.3.1. Cac chi so vién tham trong nghién cuu xam nhdp man tai Bén Tre

Tuy thudc vao loai dit liéu anh vé tinh khac nhau ma cac chi sb vat 1y duoc Uing
dung khac nhau. Ludn an hudng téi sir dung hai loai tu liéu v¢ tinh quang hoc phé bién,
phul hop cho nghién ciru cap tinh 1a LANDSAT va Sentinel-2. Dit liéu Sentinel-2 ¢6 uu
thé vé do phén giai trong khi LANDSAT lai ¢6 chudi thoi gian chup anh quan sat Trai

dat dai, hd tro cho nghién ciru danh gia da thoi gian.

Trong bai toan phan viing xAm nhap man cua tinh Bén Tre, NCS chia cac chi sd
vat 1y thanh 5 nhom bao gdm: nhom kénh pho gdc, nhom chi sé phan tich thanh phan
chinh PCA, nhém chi sb d6 sang, nhom chi sb thue vat, chi sé mudi/dd6 man va chi sd

ty 1€. Riéng chi s6 nhiét dugc tinh cho anh LANDSATS va LANDSATTM.

Bang 3-8. Cdc kénh chi sé sir dung trong nghién ciru tai Bén Tre

Nhom Cong thirc Cac loai anh
chi s6 Sentinel-2 | LANDSATS | LANDSATTM
Kénh Céc kénh pho gbc 4 kénh (B, 6 kénh 6 kénh
phd gbc G, R, NIR)
Chi s6 Céc kénh chi s6 PCA 4 kénh 6 kénh 6 kénh
PCA PCA
Chi s6 BI = /G? + NIR? X X X
do sang
BI2 = \/R? + NIR? X X X
INT = ¥ X X
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Chi so

nhiét

Chi so

thuc vat

(NIR-R)
(NIR+R)

NDVI=
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SI2 = /G2 + R? 4+ NIR?

SI3 =+/G? + R?

SI4

_ |(NIR*R) — (G *B)
~ |(NIR*R) + (G * B)

_ (R—-NIR)

SIS = ————
(R + NIR)

SI6 = VR * NIR
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B/G

B/NIR

B/R

B/SWIR1

B/SWIR2

G/R

G/NIR

G/SWIR1

G/SWIR2

R/NIR

R/SWIRI
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R/SWIR2 X X
NIR/SWIR1 X X
NIR/SWIR2 X X

SWIR1/SWIR2 X X

3.3.3.2. M6 hinh phan tich hoi quy da bién

Céc kénh chi s6 vat 1y sau khi tinh toan dugc chiét xuat theo dir liéu diém do EC
s& 12 bién dau vao cho cac mo hinh phan tich hdi quy. Trong d6, dit liéu EC 13 bién phu
thudc, con cac kénh chi sb 1a cac bién doc lap. Céc tiéu chi dé danh gia hoi quy bao gdm
hé s sig (P-value), hé s twong quan Peason (r) va hé sé xac dinh R2, hé sb xac dinh

hiéu chinh R?.qj. Trong d6:

« Sig (P-value) cung cip mirc d6 chic chin cua gia thuyét dua ra, 1a diéu kién dé cac
bién dugc dua vao cac md hinh nghién ctru.
« Hé s6 trong quan Peason (r) do ludng muc dd twong quan tuyén tinh giita hai bién.
Hé s6 1 ¢6 gia tri tir -1 dén 1. Piéu kién dé twong quan c6 y nghia 1a gid tri sig <0.05.
« 1<0 cho biét mot sy twong quan nghich gitra hai bién, nghia 12 néu gi4 tri
ctia bién nay ting thi s& lam giam gia tri cua bién kia.
« 1=0 cho thiy khong c6 sy twong quan.
« 1> 0 cho biét mot su twong quan thuan giira hai bién, nghia 13 néu gia tri
clia bién nay ting thi s& lam ting gi tri cta bién kia.
Hé s6 x4c dinh R? va h¢ sb xac dinh hi¢u chinh R%qjthé hién mtrc d6 phi hop cua
mo hinh véi tap dir li€u, co6 gia tri tir 0-1. Hay noi cach khac, tham ) nay cho biét murc

d6 bién thién (%) cta bién phu thudc duogc giai thich boi bién doc lap.

Loai bo cac bién c6 gia tri sig > 0,05 va hé sb tuong quan r ~0. Hé s6 R? va R%y;
dao dong tir 0 dén 1, cang gan tdi 1 thi mo hinh cang phu hop vai bo dit liéu, thong
thuong R >0,5 thi mé hinh c6 tinh pht hop va c6 thé duoc 4p dung (theo Allen, 1997
[84]).

Dé uée tinh d6 min trong dét trong mbi twong quan véi 16p phu thuc vat, nhidu
nghién ctru di xay dung méi quan hé hdi quy khac nhau gitta gia tri EC do dac véi cac

nhom chi s6 14n luot theo ba nhom dir liéu: ting kénh chi sd riéng biét, nhom theo tiéu
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chi NDVI<0,35 (dét trong) va NDVI>0,35 (dat c6 thuc vat), va nhom dit liéu theo kénh
ty 16 NIR/SWIRI ctia anh LANDSAT (Mehdi Rahmati [2]). Bén canh d6, dé chia tach
vung thuc vat va khong thue vat, co tic gia da st dung ngudng cta chi s6 NDVI 0,2 1a
vung co6 thuc vat va va NDVI<O0,2 1a vung khong co6 thuc vat (Wu 2014 [33]), hoac su
dung ngudng NDVI<0,13 dé tach riéng ving dét trong va theo ddi dién bién do min &
vung dét trng nay (Fan 2016 [85]). Nhitng nghién ctru nay cho thidy & mdi khu vuc
nghién ctru khac nhau, tuy dic diém 16p pha va tu liéu anh st dung, ngudng gia tri ap
dung cho céc chi s6 tinh tir anh vé tinh c6 thé duoc ap dung khac nhau dé phan anh duoc

dac diém khu vuc nghién ctru.

Trong nghién ctru ndy, NCS thuc hién phan tich hoi quy theo phuong phap
Stepwise nhdm tim ra mé hinh wéc tinh EC c6 d6 tuong quan cao nhét. Trong dé, budc
dau tién 1a tinh hoi quy don bién giita gia tri EC vdi tat ca cac chi s6 bao gdm céc kénh
pho gdc, cac kénh ty 1¢, cac kénh phan tich PCA, nhém chi sé thyc vat va nhom chi sb
mudi. Phén tich twong quan Pearson duoc ap dung trong budc nay dé tim hiéu mbi twong
quan giita EC v6i cac kénh chi s. Cac mé hinh hdi quy bao gdm tuyén tinh, In() va da
thirc bac hai dugc thyc hi¢én & mtrc dd tin cdy 95%. Cac bién co tuong quan thép 6 thé
dugc loai bo, khong str dung cho nhitng budc tinh twong quan tiép theo. Noi cach khac
1a giam b6t s6 luong bién dau vao it ¥ nghia, c6 thé ngdy “nhidu” cho mé hinh phan tich
hoéi quy téng thé. Cac bién bi loai bo 1 cac bién ¢ hé so sig>0,05 va r =0 twong quan

thap, c6 kha nang va lam anh hudéng dén do chinh x&c cua md hinh.

Tiép theo, phép phan tich hdi quy da bién theo tirmg nhom chi sé riéng biét duoc
thie hién nhim tim ra mo6 hinh wdc tinh EC tt nhit theo timg nhém chi sb (chi sb
mudi/dd man, chi s thuc vat, o sang, kénh phé, thanh phén chinh PCA). DPé dam bao
khai thac ddy du thong tin vé& phd va cac chi sé phu hop trong nghién ciru xAm nhap
man, NCS thyc hién phan tich h6i quy da bién véi tat ca cac chi s6 dd dugc lya chon c6
turong quan cao va tim ra dugc mé hinh hdi quy phu hop. M6 hinh hdi quy da bién caa
nhém chi sb nao thé hién tot dic trung phan b6 dat man véi hé sb tuong quan r va hé sb
hdi quy R2 cao s& duogc lya chon.

S liéu do EC tai mdi khu khao sat thuc dia duoc gan toa do va lién két véi cac
pixel (diém anh) twong Ung trén anh vé tinh va cac anh chi sb. Dit liéu diém dé dua vao

trong cac mo hinh tinh toan duoc phan chia 1am 2 phan theo ty 1& 70/30. Trong d6, 70%
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diém dugc dung dé phan tich thanh 1ap mé hinh twong quan, 30% dit liéu con lai dé
dung danh gia d0 chinh xac ciia m6 hinh. Céc diém co gia tri EC thyc dia dugc gan voi
cac diém anh Sentinel-2, 46 phan giai 10x10m, tong cong 1649 diém, trong d6 c6 1154
diém dung cho tinh toan va 495 diém dé danh gia do chinh xac. Véi anh LANDSAT,
phan giai 30x30m, tong sd diém phan tich twong quan EC 13 556 diém, trong d6 389

diém dung tinh toan va 167 diém dé danh gia do chinh xac.

Do chinh xac cia ban dd phan vung xam nhap man cling dugc thuc hién bz:ing
phan tich hdi quy tuyén tinh & mirc d tin cay 95% giira EC tinh toan duoc vai 30% di
lidu diém EC thuc dia. Diéu nay nham dam bao EC tinh toan dugc co d6 chinh xéc
khong chi ¢ trén mot tap dir liéu cu thé ma con mang lai két qua chinh xac trén cac tap
dir li¢u khac. Hai ti€u chi dinh luong dé danh gia d0 chinh x4c ctia mo hinh 1a R? biéu
thi cuong do cua mbi quan h¢ tuyén tinh gitra EC do dac ngoai thuc dia va EC tinh toan;
va sai s6 toan phuong trung binh RMSE dé do ludng sai sb giira hai bo dit liéu [86]. Gia
tri RMSE cang nho thi c6 nghia EC tinh toan cang gan véi EC do dugc ngoai thuc dia

va nguoc lai.

Bang 3-9. S6 diém ding dé phan tich hoi quy

Loai l6p phu Véi anh LANDSAT Véi anh Seninel-2
Tong S6 diém Tong S6 diém
phan tich phan tich
Pat lam mudi 18 12 54 38
Rurng ngdp man 7 5 13 9
Nudi trong thuy hai san 1 1 6 4
Dit lta tom 47 33 115 81
Pit lta 3 vu 96 67 307 215
Pit lta 2 vu 103 72 276 193
Pit lta 1 vu 49 34 132 92
Hoa mau 77 54 211 148
Dat trong cdy lau nam 91 64 333 233
Bii boi (bii cat) 67 47 202 141
Tong 556 389 1649 1154
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3.3.4. Ung dung ddnh gid phin viing nhiém man bang danh Sentinel-2 khu vurc

Ben Tre

Céac mé hinh hoi quy khac nhau duogc xay dung giita gia tri EC do dac vdi cac
kénh chi sé khac nhau. Budc dau tién trong phan tich hdi quy 1a danh gida mdi quan hé
don bién cua timg bién chi sé voi gia tri EC thong qua cac ham théng ké co ban: ham

tuyén tinh, ham In() va ham da thirc béc 2.

Nhu di trinh bay & trén, voi nguon dir liéu anh Sentinel-2, luan an tip trung
nghién ctru phan tich hién twong xaAm nhap min cho khu virc dat trong laa cia tinh Bén
Tre. Vao thoi diém thang 3-thang 5 13 thoi diém 1aa vu Péng Xuén vira git, nén dat laa
da gat duoc tam thoi goi la dat lua tréng, trén 4anh vién tham ciing hién thi o dat lua
tréng, va do do viéc danh gid hién tugng xam nhap man vao dat 1ba tro nén dé dang hon
hon céc thoi diém co cay laa, it bi anh hudng bdi phan xa cta thuc vat va nudc. Dit liéu
EC do ngoai thuc dia trén cac ving dat laa khac nhau va anh Sentine-2 dung dé danh
gia twong quan dugc lya chon c6 cung thdi diém 14 nam 2018. Trong do, s6 diém dir
litu EC dau vao dung dé phén tich 1a 830 diém. Vi cac bién chi sb co sig >0.05 cho
thdy bién d6 khong cé y nghia trong mé hinh va r ~ 0 chi ra hai bién gan nhu khong c6
su twong quan tuyén tinh, do d6 bién doc 1ap nay s& bi loai bo khoi qua trinh tinh ton
trong cac budc tiép theo. Trong do, cu thé bao gém céac bién PCA4 (= 0,013, sig=0,657),
SI6 (r=-0,020, sig=0,508) bi loai bo.

Bang 3-1 0.56 lwong diém thuc dia trén dat tr(;ng lua

Loai 16p phii S6 diém | EC trung binh | Cap dd min
Pit lta tom 115 11,8372 Min vira
Pt lua 1 vu 132 9,6015 Min vira
Pit lta 2 vu 276 8,0172 Min vira
Pit laa 3 vu 307 7,5836 Min nhe

Bang 3-11. Hé SO twong quan gitta EC voi cdc kénh chi s6 tir anh Sentinel-2
Chi sb Kénh r sig Hé s6 x4c dinh R?

phé Ham Ham Ham da
tuyén tinh In() thirc bac 2
Bl -0,312 0 0,098 0,092 0,109
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Kénh B2 -0,076 0 0,006 0,014 0,089
phd B3 0,322 0 0,103 0,093 0,111
B4 -0,452 0 0,204 0,231 0,246
PCA PCAl 0,144 0 0,021 0,024
PCA2 0,479 0 0,230 0,256
PCA3 -0,498 0 0,248 0,249
PCA4 0,013 0,657 0,000 0,033
Chi sb BI -0,309 0 0,095 0,102 0,101
do sang | BI2 -0,251 0 0,063 0,089 0,147
Chi s6 EVI -0,647 0 0,418 0,477
thuc vat | GDVI 0,162 0 0,026 0,061
NDVI -0,614 0 0,377 0,485
SAVI 0,611 0 0,373 0,498
Chi s6 SI1 0,165 0 0,027 0,016 0,092
mudi SI2 0,242 0 0,059 0,084 0,159
SI3 0,222 0 0,049 0,033 0,114
SI4 0,269 0 0,072 0,087 0,151
SI5 0,616 0 0,377 0,485
SI6 -0,020 0,508 0,000 0,005 0,102
Kénhty | R/NIR 0,652 0 0,425 0,356 0,488
s6 B/G -0,425 0 0,181 0,164 0,252
B/NIR 0,120 0 0,014 0,016 0,019
B/R -0,499 0 0,249 0,257 0,262
G/NIR 0,439 0 0,193 0,152 0,270
G/R -0,484 0 0,234 0,235 0,238

Tir bang két qua thdng ké ¢ trén cho thdy twong quan giita cac kénh pho goc cia
anh Sentinel-2 va EC do dac 14 khong cao. Twong ty nhu vy 1a cac kénh chi sé do sang
va PCA ¢6 r < 0.4. Ciing trong bang nay, khi 4p dung cac ham hoi quy khac nhau thi hé
s6 xac dinh cta cac mo hinh duoc cai thién hon. Trong d6, dang ké nhat 13 mbi quan hé
v6i kénh ty 16 R/NIR (R2 = 0.488), chi sb thuc vat EVI (R? = 0.477) va chi s mubi SI5
(R2 = 0.485). Cac chi sb thyc vat ludn c6 méi twong quan nghich véi do dan dién EC,

hay néi cach khac khi gia trj EC cang cao thi gia tri sinh trudng thuc vat cang thap.

Ty s6 kénh R/NIR c6 tuong quan cao nhét véi EC thyc dia. Diéu cho thay, ty s6
kénh phan xa gitta R va NIR cua anh Sentinel-2 c6 d0 nhay cao voi d0 man so véi cac
kénh phd khac. Véi ham da thire bac 2 thi mdi quan hé nay thé hién rd hon R = 0.488
(Y=25,905 R/NIR? - 18,094 R/NIR + 9,7243). Tuy nhién, ddy la ham théng ké don gian
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va moi twrong quan nay chua da dé co thé ap dung udce tinh dugc dd méan toan dién tich

dat trong laa cua tinh. Do vy, phan tich hdi quy da bién véi tat ca cac 16p dir lidu dau

vao va tung nhom kénh chi s6 dugc sir dung trong budc ti€p theo dé cai thién muc do

toong quan.

Bdng 3-12. M6 hinh hoi quy da bién giita EC véi cdc kénh chi sé tir anh

Sentinel-2
Nhém dir | Md hinh r R? | R%q | F- DF
liéu Static
| S_EC1 = 17,646-48,068B4-
Kénh ph 0,719 | 0,517 | 0,515 | 307.125 | 3:1153
183,068B1 +202,223B2
S EC2=9,137+8,400PCA1 +
PCA 0,589 | 0,347 | 0,345 | 203.440 | 3:1153
26,386PCA2 - 86,629PCA3
Chisédd |S EC3=15,837-16,890BI —
0,314 | 0,099 | 0,097 | 63.038 |2:1153
sang 6,302BI2
Chi s6 S EC4=12,985-
0,650 | 0,423 | 0,422 | 421.784 | 2:1153
thuc vat | 19,318EVI+0,014GDVI
, S EC5 =
Chi so
N 16,066+19,364S11+20,632SI2 - 0,665 | 0,442 | 0,44 |182.218 | 5:1153
muo1
66,593S13+4,838S14+27,556S15
S EC6=-59,195+25,723R/NIR
. | +50,225B/G+71,586G/R-
Kénh ty s6 0,741 | 0,549 | 0,547 | 233.065 | 6:1153
56,939B/R -
53,401B/NIR+33,084G/NIR
S EC9=-119,726+56,883R/NIR+
250,285NDVI+17,740EVI-
Téng hop | 36,116G/R-15,471PCAL1 10:115
, 0,830 | 0,688 | 0,686 | 252.316
chi s6 +115,630G/NIR -174,195SAVI+ 3
42.839SI4+ 14,112BI+
25,299PCA2
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M6 hinh S EC9

R2=10,6882

25

EC do dac

EC m6 hinh

Hinh 3-32.Tuong quan gitta EC va cac moé hinh cua anh Sentinel-2

Két qua thong ké cho thay twong quan giita cac kénh anh Sentinel-2 va s liu
EC thuc dia ting 1én dang ké R? = 0,517 so véi danh gia twong quan don bién. Hay nhu
v6i nhém kénh ty s6, nhom chi s6 mudi, R? ciing tang 1én. Nhom chi s6 do sang tinh tir
anh Sentinel-2 c6 quan hé hdi quy thap nhat. N6i bat hon ca 13 sy trong quan giira cac
chi s6 tong hop véi gia tri EC thuc dia thé hién bang mo hinh S_EC9 véi hé s6 tuong
quan cao r = 0,83 va hé s6 hdi quy R? = 0,688. Két qua sir dung mé hinh nay dé udc tinh
dd man trong dét trén toan tinh Bén Tre dugc thé hién trong hinh dudi. DAt min nhiéu

phan b phéan 16n ¢ huyén Binh Pai, Ba Tri va Thanh Phu.

Chinh vi vay, dé uée tinh gia tr1 EC cho toan tinh Bén Tre trén cac loai hinh hién
trang 10p pha khéc nhau, NCS di tién hanh phén tich EC véi tat ca cac kénh phd va cac
kénh chi s6. Két qua duoc thé hién bang mo hinh S EC9 véi hé s6 hdi quy cao R? =
0,688.



107

PHAN BO PO DAN BIEN EC TINH BEN TRE NAM 2018 TINH TU ANH SENTINEL-2

Gi tri EC dS/m
. -
4-8
8-15

| EIE 0 125

Hinh 3-33. Suw phén bé cua EC tinh tir anh Sentinel-2 nam 2018
3.3.5. Ung dung ddnh gid phdn ving nhiém mdn bang anh LANDSAT khu

viue Bén Tre

Vi dir liéu tinh tir anh LANDSAT, NCS thyc hién céc budc twong ty nhu voi
anh Sentinel-2. SO diém mau thuc dija st dung dé phat trién mo hinh 1a 389 diém. Két
qua ctia budc dau tién nham danh gia mirc d6 twong quan ciia ting bién 1a cac kénh, anh
chi sb riéng 1¢ duogc thé hién trong bang thong ké. Bién PCA4 (sig=0,081, r=0,088) bi
loai bé trong cac tinh toan tiép theo. Nhin chung, méi tuong quan giira cac kénh anh va

chi 6 tinh tir anh LANDSAT véi gia tri EC thyuc dia cao hon so vdi anh Sentinel-2.

Bang 3-13. Hé s6 twong quan gitta EC véi cdc kénh chi s6 tir anh Landsat8

Nhom Chi s r sig H¢é s0 xac dinh R?
Ham Ham Ham da
tuyén In() thire bac
tinh 2
B1 0,528 0 0,2783 0,2824
B2 0,516 0 0,2665 0,2299 0,2666
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B3 0,537 0 0,2882 0,2536 0,2882
B4 -0,411 0 0,1685 0,1648 0,1691
B5 0,194 0 0,0376 0,0223 0,0658
B6 0,394 0 0,1556 0,1284 0,1696
Pcal -0,619 0 0,3834 0,3939
Pca2 0,393 0 0,1548 0,1553
Pca3 0,305 0 0,0928 0,1267
Pca4 0,088 0,081 0,0078 0,0204
Pca5 -0,437 0 0,1906 0,1947
Pca6 0,425 0 0,1803 0,184
Chisédo |Bi -0,305 0 0,0932 0,0972 0,0964
sang Bi2 -0,242 0 0,0587 0,066 0,0749
Int 0,534 0 0,2851 0,2496 0,2851
Kénh nhiét | T 0,331 0 0,1099 0,11 0,1099
Chi s6 Evi -0,626 0 0,3916 0,4342 0,4183
thuc vat Gdvi -0,678 0 0,4597 0,4786 0,4739
Ndvi -0,650 0 0,423 0,4737 0,4567
Savi -0,654 0 0,4283 0,4811 0,4649
Chi s6 Sil 0,535 0 0,2861 0,2488 0,2861
mubi Si2 -0,148 0,004 0,0218 0,0312 0,0781
Si3 0,535 0 0,284 0,2501 0,284
Si4 0,159 0,002 0,0253 0,1962
Si5 0,650 0 0,423 0,4567
Si6 0,361 0 0,1304 0,1129 0,1426
Kénh ty s6 | B/G 0,483 0 0,2329 0,2415
B/NIR 0,637 0 0,4057 0,4057
B/R 0,365 0 0,1331 0,1503
B/SWIRI 0,562 0 0,3161 0,3236
B/SWIR2 0,486 0 0,2357 0,2374
G/R -0,391 0 0,153 0,1502 0,1562
G/NIR 0,697 0 0,4858 0,3969 0,4986
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G/SWIR1 0,573 0 0,3284 0,3069 0,3364
G/SWIR2 0,344 0 0,1182 0,1059 0,1211
R/NIR -0,275 0 0,0754 0,0063 0,1142
R/SWIR1 0,659 0 0,4337 0,3513 0,4349
R/SWIR2 0,545 0 0,2967 0,2483 0,297
NIR/SWIR1 -0,434 0 0,188 0,2182 0,2526
NIR/SWIR2 -0,483 0 0,2329 0,2989 0,3231
SWIR1/SWIR2 | -0,628 0 0,395 0,4255 0,4578

Véi cac ham don 1¢, thi hé s6 hoi quy xac dinh ciia ham da thiic bac 2 ciing cho

két qua tot nhat, trong ty voi dit liéu Sentinel-2. Trong d6, nhom chi s6 do sang va kénh

nhiét c6 mdi tuong quan trung binh thap nhat. Nhom kénh ty 1 va chi sb thuc vat co hé

s6 cao hon. Hé s twong quan r giira chi s6 ty 16 G/NIR véi EC 1a cao nhét: r = 0,697,

murc do phi hop ctia mé hinh nay dat R2 = 0,4986 (ham da thirc bac 2). Tiép dén 14 chi

s6 thuc vat GDVI ¢ tuong quan nghich vo1 gia tri EC c6 hé $6 tuong quan r = -0,678,

theo ham da thirc bac 2 véi R = 0,4739. Tuy nhién, nhitng mdi twong quan ban dau nay

chi 13 co s& dé xac dinh va loai bo céc bién it twong quan, c6 kha ning gy nhiéu (sai

s6) cho nhitng mé hinh tiép can toan dién hon & nhitng budc tiép theo.

Badng 3-14. M6 hinh héi quy da bién gita EC véi cdc kénh chi sé tir dnh

Landsat8
Nhom
Mo hinh r R? R%q; | F-Static | DF
dir liéu
Kénh L ECI1=11,609+40,220B3-
, 0,750 | 0,563 0,559 137,955 | 3:388
pho 82,156B5 +87,971B6
L EC2=13,223-
PCA 30,522PCA1+50,068PCA3 0,675 | 0,455 0,451 97,042 | 3:388
+7,836PCA2
Chis6 |L EC3=18,822-
0,696 | 0,484 0,483 307,650 | 1:388
thuc vat | 13,088GDVI
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Chi s0

muoi

L EC4=16,816+8,475SI5-
65,088S16 +533,248SI1-
314,669S13+0,594S14

0,741

0,549

0,544

76,716

5:388

Kénh ty

L EC5=
17,970+22,547G/NIR-
2,638G/R -
10,087SWIR1/SWIR2 +
2,304NIR/SWIR2-3,879B/G

0,767

0,588

0,583

95,958

5:388

Tat ca

cac chi

L_EC8=-6,489
+20,492G/NIR +0,383T
+28,615B6
+6,247NIR/SWIR] -
20,053S12 -
3,505SWIR1/SWIR2

0,783

0,613

0,607

75,305

6:388

Mo hinh L. ECS8

k2
Lh

R*=0,6126

b
o

—
th

—
=

EC do dac

EC mo hinh

Hinh 3-34.Tuong quan gitta EC véi cac mo hinh cua anh Landsat

Vi cac ham hoi quy da bién, hé sb twong quan xac dinh theo timg nhom dit liéu

cho két qua kha quan hon. Nhom kénh ty s6 c6 hé s6 twong quan r va hé sé hdi quy R?

tuong d6i cao. Tuy nhién, twong quan danh gia tong hop cac chi sé L_ECS8 cho thiy c6

d6 twong quan va hoi quy cao nhét (r = 0,783 va R?=0,613). Do viy, két qua ciia mo
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hinh nay dugc lya chon str dung dé tinh toan gia tr1 EC cho toan tinh Bén Tre va cling

la két qua de phan tich su bién doi1 dién tich dat bi xdm nhép man cua tinh qua cac nam.

PHAN BO PO DAN BPIEN EC TINH BEN TRE NAM 2018 TINH TU ANH LANDSAT

Cha gii

Gid tri EC dS/m
.-
4-8
8-15

s :

Hinh 3-35. Sw phén b6 ciia EC tinh tir dnh Landsat nam 2018

3.4. Thanh lap ban d6 phan ving nhiém min cac thoi ky

bé danh gia dg chinh xé4c cua cac mo hinh wdc tinh do mén thong qua chi s6 do
dan dién EC tir 4nh Seninel-2 (S_EC9) va 4anh LANDSAT (L_ECS8), NCS str dung 30%
dir liéu EC do dac ngoai thuc dia. Két qua danh gia twong quan giita EC m6 hinh va sé
liéu EC kiém chung dugc thé hién qua h¢ s6 xac dinh R? va RSME. Trong ca hai mo
hinh tinh tir Landsat va Sentinel-2, hé s6 xac dinh déu dat R2 > 0,7 va RMSE lan luot 1a
2,06 va 1,69. Biéu nay cho thay ca hai mé hinh déu phu hop dé ude tinh d6 dan dién EC
hay d6 min trong dit & khu vuc nghién ctru. Trong d6, mé hinh S_EC9 tinh tir anh
Sentinel-2 c6 hé s6 twong quan cao hon so véi mé hinh L_ECS tinh tir anh LANDSAT,
v6oi R? tuong ung 1a 0,826 va 0,77. Tuy nhién, do méi duge phong 1€n quy dao nam
2015, tu liéu anh vé tinh Sentinel-2 khong phu hop dé danh gia dién bién xAm nhip min
qua cac nam. Do d6, m6 hinh L_ECS8 cuia anh LANDSAT dugc 4p dung cho tinh toan
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dd méan khu vuc nghién ctru tinh Bén Tre trong cac nam 2005, 2010 va 2015, 2018,
2020, 2022 theo 4 mirc phan cap d6 man twong tng véi gia tri EC (dS/m) ctia B4 Nong
nghiép va Phat trién Nong thon.

’s R2=0,8267 55 R2=0,77
RMSE = 1,69 RMSE = 2,06
2620 20
= =
S15 g5
p(% «E
2 10 30
Q
2 s 2s
O T T T 1 0 T T T 1
0 5 0 15 20
EC mb hinh S_ECY 0 SEC mb hinh 1_ECS" 20

Hinh 3-36. Tuong quan giita EC trong phong va cac mé hinh
Bdng 3-15. Phdn cdp gid tri dé mdn

STT | Muc do man Gia tri EC (dS/m)
1 Khoéng man <4

2 Man nhe 4-8

3 Man vura 8-15

4 Main nang >15

3.4.1. Phin viing nhiém mén dit trong lia

Toan tinh Bén Tre c6 47.522ha dat tréng laa nam 2019 (Nién giam thong ké tinh
Bén Tre nam 2019). Trong do, cac huyén Chau Thanh, Chg Lach, Mo Cay Nam, Mo
Cay Bic 1a nhitng huyén khong c6 dién tich trong lta hodc dién tich rat nho nhu thanh
phé Bén Tre (37ha). Dién tich 16n nhat thudc vé huyén Ba Tri: 33.356ha, chiém t6i 70%
téng dién tich tréng lua toan tinh, tiép dén 1a huyén Thanh Phu: 7.325ha, huyén Giéng
Trém 14 5.117ha va Binh Dai 14 1.687ha. Trong bdi canh bién d6i khi hau va xam nhap
min dién ra hang nim, dién tich dt tréng lGa ciia toan tinh ngdy cang giam di. Nam
2010 1a 80.209ha dén nam 2019 chi con 47.522ha. Sy dnh hudng ning né clia xAm nhap
min di 1am cho co ciu ndng nghiép cua toan tinh co su chuyén dbi rd rét: chuyén doi

muc dich sir dung dat nhu: dat lia-tom sang nudi tém cong nghiép, dat lia sang trong
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co nudi bo, hay chuyén doi cac mo hinh san xuat nhu mé hinh tém-Ilua sach tir dat nhiém

man, st dung cac giong lda chiu man,...

BAN PO PHAN BO LUA TiNH BEN TRE
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Hinh 3-37. Bdn d6 phdn bé dat lia tinh Bén Tre

Su phan bd dét trong lta cua tinh Bén Tre duoc hién thi ¢ hinh trén. Huyén Ba
Tri c6 dién tich dét trong laa cha yéu 13 1aa 3 vu trén nén tho nhudng 1a dat gley, c6 1
phan nho dat lta 2 vu & phia Nam giap song Ham Ludng. Huyén Binh Pai c¢6 dién tich
lua 3 vu la chinh. Huyén Binh Dai va Thanh Phu ¢6 dién tich dat laa- tdbm xen 1& nam
giap véi ving nudi trong thuy hai san.

Giam sat va theo ddi sy xdm nhdp min trén dat trong la cia tinh Bén Tre st
dung anh Sentinel-2 trong giai doan 2018-2022. Gia tri do dan dién EC duoc xac dinh
tir md hinh S EC7, tir 6 phan cip céc gia tri EC dé dua ra dugc ban d6 phan cap do

man trén dat trong laa cua tinh Bén Tre.
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BAN PO NHIEM MAN CUA PAT TRONG LUA TINH BEN TRE NAM 2018
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Hinh 3-38. Ban dé nhiém man cua dat liia nam 2018

BAN PO NHIEM MAN CUA PAT TRONG LUA TiNH BEN TRE NAM 2019
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Hinh 3-39. Ban d6 nhiém main cta dit lta nam 2019
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BAN DO NHIEM MAN CUA DAT TRONG LUA TINH BEN TRE NAM 2020
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BAN DO NHIEM MAN CUA PAT TRONG LUA TINH BEN TRE NAM 2021
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Hinh 3-41. Ban d6 nhiém main cua dit lta nam 2021
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BAN PO NHIEM MAN CUA PAT TRONG LUA TINH BEN TRE NAM 2022
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Hinh 3-42.Bdn d6 phdn bo nhiém man trén dat lia tinh Bén Tre ndm 2022
Céc ban dd phan bd muc dd xam nhap man trén dét 10a cua tinh Bén Tre tir nim
2018-2022 chiét xuat tir anh Sentinel 2 t6 hop mua kho cho thay su thay doi cua céc

loai dat bi nhiém man trén cac dién tich dat tréng Iua khac nhau.

Trén vung d4t mot vu lia mot vu tom thi dit man nang va man vua la chiém chu
yéu. Lia duoc trong ¢ khu vic nay vao mua mua, 13 gidng laa chiu min ngan ngy.
Mula kho s& duge hién tuong xam nhap man dién ra manh mé thi chuyén sang nudi tom
cd nudc man nhu tom cang xanh, tom su, tom thé. Huyén Thanh Phu 1a ving c6 dién
tich dat lta tdbm nhiéu nhat, twong Gng v&i phan dat man ning va vira chiém dién tich
16m trong toan tinh: 4.535,8ha. Huyén Binh Dai c¢6 di¢n tich dét lta tom 1a 705ha. Nhiéu
dién tich dat laa tom san xuat khong hiéu qua, ngudi dan da ty phat chuyén sang nudi
tom cong nghiép nén da bom nudc min vao dong rudng, do d6 dién tich dat nay ngay

cang bi nhiém man nang.

Vi ving dat trong 3 vu lta/ndm thi chii yéu 1a dat khong bi nhiém man thudc
hai huyén Gidng Trém va Ba Tri. Huyén Ba Tri c6 dién tich dit trong lua 3 vu 16n nhét:
13.979,36ha, huyén Gidng Trom 14 2.919,8ha. Nam 2020, do bi xam nhap man nén dién

tich dat lta 3 vu ndm nay bi chuyén sang dit nhiém min nhe, do d6, nguoi dan di bo
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tréng 1 vu laa & dén mua mua tiép theo thi rira man méi trong laa tiép. Riéng phan dat
laa 1 vu & huyén Thanh Phii thi phan 16n 13 dat phén, nén ngudi dan da dan chuyén sang
dat trong c6 nudi bo.
3.4.2. Phin viing nhiém man toan tinh Bén Tre
Mo hinh wdc tinh L_EC8 cta anh LANDSAT duoc 4p dung dé xac dinh gia tri
EC cua toan tinh Bén Tre theo cdc nam. Thang phan cép dd man cua dat dyua trén su

phan cép gia tri EC. Ban d6 phan ving xam nhdp min cua toan tinh Bén Tre tir nim

2005-2022 duoc thé hién nhu cac hinh ¢ dudi.

BAN PO PHAN VUNG XAM NHAP MAN TINH BEN TRE NAM 2005
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Hinh 3-43. Ban dé phdn ving nhiém tinh Bén Tre nam 2005
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BAN PO PHAN VUNG XAM NHAP MAN TiNH BEN TRE NAM 2010

1140000

1120000

1100000

630000 660000 690000
1 1 1

TIEN GIANG

VINH LONG

Chu giai
—_— Ranh gidi tinh
——— Ranh gidi huyén
Ranh gidi xa
landcover
B it xay dyng
Séng subi
Phéan ¢ip d§ min
B Khong min
Man nhg
Min vira

I in ning

L L | Km

T
1140000

T
1120000

T
1100000

T T T
630000 880000 690000

Hinh 3-44. Ban dé phdn ving xdm nhiém tinh Bén Tre ndam 2010

BAN PO PHAN VUNG XAM NHAP MAN TiNH BEN TRE NAM 2015
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Hinh 3-45. Ban d6 phdn ving xdam nhiém tinh Bén Tre ndm 2015
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BAN PO PHAN YUNG XAM NHAP MAN TiNH BEN TRE NAM 2018
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Hinh 3-46. Ban dé phdn vimg nhiém man tinh Bén Tre nam 2018

BAN PO PHAN YUNG XAM NHAP MAN TiNH BEN TRE NAM 2020
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Hinh 3-47. Ban dé phdn vimg nhiém man tinh Bén Tre nam 2020
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BAN PO PHAN VUNG XAM NHAP MAN TiNH BEN TRE NAM 2022
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Hinh 3-48. Ban dé phdn vimg nhiém man tinh Bén Tre nam 2022
Hinh trén hién thi ban d6 phan viung xadm nhép man cuda tinh Bén Tre tai cac thoi
diém mua kho cta nim: 2005, 2010, 2015, 2018, 2020 va 2022. Trong do, mua kho cac
nam 2015 va ndm 2020 1a nhiing ndm man lich st cua tinh. Thiét hai do xam nhap mén
tai hai thoi diém nay rat 16n, tic dong toi tat ca cac linh vuc kinh té, x3 hoi va doi song
sinh hoat ctia nguoi dan trén toan tinh. Bén Tre 1 tinh ¢6 vi tri giap bién, hé thong song
ngoi kénh muong chang chit ciing véi 4 cira song 16n nén rat dé dang xdy ra tinh trang

nudc man tr bién xam nhap sau vao dat lién.

Dién tich dat min ning phan bd doc theo dudng bd bién tir Bic xuéng Nam vai
hién trang st dung dét chi yéu 13 rirng ngap min, khu vuc nuéi tréng thuy san nude min
va vung dat 1am mudi cua tinh, tap trung & ba huyén Binh Dai, Ba Tri va Thanh Phu.
Trong do, huyén Thanh Phu c6 nén thd nhudng la dién tich d4t man nhiéu 16n nhét, tiép

dén 13 huyén Binh Dai va cudi cung 14 huyén Ba Tri.

Dién tich dat min vira cling nam tap trung chu yéu ¢ ba huyén ven bién nay. Hién
trang st dung chinh cta dat nay 1a nuoi trong thuy hai san nude lo va dat laa tém (1 vu

lua -1 vu tdm). Dién tich dat man vira cling phan bd nhiéu hon & huyén Thanh Phu va
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Binh Dai. Con véi dién tich dat man nhe 1a nhitng khu vuc nudi trong thuy hai san nam
doc theo cac bai boi cuia cac song va khu vuc trong lta 2 vu cua cac huyén Giong Trom

va M6 Cay Nam.

Céc huyén Cho Lach, Chau Thanh, thanh phd Bén Tre, M6 Cay Bic nam sau
trong dat lién nén dién tich dat khéng min 13 chi yéu va 1a dit trong cdy an qua, cdy lau
nam. O céc huyén ven bién, noi c6 cac giéng cat duoc xéac dinh 1a dat khong mén va

duogc trong hoa mau, cay hang nam.

Su phan bd cua cac loai dit man chiét xudt tir anh Landsat cho toan tinh Bén Tre
cho théy su thay ddi lién tuc cua dién tich cac dat nhiém man qua cac nam khéc nhau.
Nam 2015, phén dién tich dat tr@)ng laa cua tinh bi nhiém man va chuyén sang dat min
nhe, dén nam 2020 thi mot phé”m dién tich nay bi chuyén sang d4t min vira, dan dén viéc
ngudi dan khong san xuat duoc lta va phai bo trong dit trong nhiéu mua. Cac huyén
nam sau trong dét lién nhu Cho Lach, Chau Thanh, M6 Cay Bic cling bi nhiém man vao

dat trong cay lau nam.
3.5. Panh gia thue trang va dién bién nhiém min

Hién trang nhi®m min cta tinh Bén Tre qua cac thoi ky thay doi theo xu hudng
tang dién tich dat nhiém man va giam dién tich dat khong man, dac biét 1a & ven bién.
Trong bdi canh bién doi khi hau dang dién ra, mua kho dén sém va kéo dai hon, dan dén
viéc thiéu nudc tir thuong nguén, da lam cho hi¢én tuong nudce bién xam nhap sau vao
trong noi dong, tic dong truc tiép dén cay trong va nude sinh hoat ciia nguoi dan. Bén
canh d6, viéc chuyén dbi muyc dich sir dung dét tir trong lta sang nudi trong thiry hai san
mdt cach tu phat ciia nguoi dan 1a mot trong nhitng nguyén nhan gay ra hi¢n tuong

nhiém man trong dat.

Tir ndm 2005-2022, dién tich dat khong bi nhiém min ciia tinh ngay cang giam
va dat man co xu huong tang Ién, nhiéu nhét 1a ¢t man nhe. Trong vong 17 nam, dién
tich khong min gidm di 11.985ha; trung binh mdi nim giam di 705ha/nim. Con dién
tich dit min ting 1én twong Gng: ting nhiéu nhat 1a dién tich dit min nhe: 9.648ha, tiép

dén 1a dat man nang 1.337 ha, dat man vira 1a 999ha.

Giai doan 2010-2015, dién tich dt khong man bi giam nhiéu nhat: 10.312,84ha,

trung binh: 2.062,57ha/nam, do ving dat bii boi giita cac séng 16n nhu Ham Ludng, Co
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Chién, song Tién ciing duge nguodi dan chuyén d6i muc dich tir trong cdy dn qua sang
nudi trong thity hai nude lg. Bén canh d6, ddy ciing 1a giai doan dién tich dat man ning
tang 1én rat nhidu 6.861,46ha, nguyén nhén 13 bai dién tich dét lua tdm san xuat khong

hiéu qua da bi chuyén do6i sang nudi tdm cong nghiép.

Di¢n tich dat m@n qua cac ndm
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Hinh 3-49: Sy thay doi dién tich dat man tinh Bén Tre qua cdac nam

Khi dién tich nudi tdm cong nghiép dugc md rong sdu vao trong cac vung dat
canh tac nong nghiép, nudc man dugce lay tir cac kénh dan tryc tiép vao sau hon trong
dat lién din dén dt man xam nhap siu hon tir bién. Pay 14 nguyén nhan chinh dan dén
hién tugng xadm nhap man trén d4t cua tinh Bén Tre. Hon nita, hé théng kénh rach chéng
chit trong khi hé thong thily loi van chua khép kin nén mét sé noi tré thanh “tai chira
nudc min” trong mua kho. “Nhu ¢ huyén Thanh Pha, mic du ¢6 hé théng dé bao nhung
hang nam nudc man van tir huyén Mo Cay Nam theo song Cai Qua chay nguoc vé huyén
Thanh Phu, hay nudc man tir kénh Chet Say (chay tir phia song Ham Luong) va kénh
Giao Hoa (phia song Tién) chay nguoc vao song Ba Lai trong mua kho” [87]. Chinh vi
vdy, hién twong xAm nhap min cta tinh Bén Tre dién ra hang nam khong chi doc cac
song ma ca trén dién tich dét san xuét ndng nghi¢p. Nam 2020, tinh Bén Tre bi thiét hai
nang né nhat trong lich str, 6 min 2%o bao phu toan tinh trong mot thoi gian da lam cho
dién tich dat ca trong noi déng bi nhiém man. Dién tich min nhe ting 1én t&i 15.880ha,

trong khi dién tich dat khong man chi con 129.110ha.
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BAN PO DIEN BIEN XAM NHAP MAN TiNH BEN TRE GIAL POAN 2005-2022
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Hinh 3-50: Ban dé dién bién nhiém man tinh Bén Tre giai doan 2005-2022

Hinh trén thé hién sy thay ddi ctia cac loai dit man cua tinh Bén Tre tir nim 2005-
2022. Su bién dong cua cac loai dat nay la chuyén tir dat khéng man sang man nhe, dat
min nhe sang min vira va tir dat min vira sang min ning. Trong d6 & cac huyén ven
bién: Binh Pai, Ba Tri va Thanh Phu thi qua trinh chuyén doi nay dién ra manh mé nhat.
Su chuyén ddi cua dat khong man sang man nhe la nhiéu nhat: 8000ha, con min vira
sang man nang 1a 5.535ha. Dién tich dat chuyén tor mdn vira sang mdn nang la chu yéu
1a nhitng ving nudi trong thuy hai san nude lg, ving trong 1vu lua-1 vu tom chuyén
sang nudi tom coéng nghiép, ngudi dan bom tryc tiép nude min vao. Mua kho nam 2015
va 2020, nudc min xAm nhap sau vao dat lién 1én dén 82km, niang néng gay gat, tinh
trang thiéu nudc ngot ca trong sinh hoat va san xuét dién ra khdc liét, hién trang nay da
1am cho dat bj nhiém man. Sy chuyén doi tir dat khong min sang dat min nhe do qua
trinh nhiém min, ngudi dan da chuyén doi cdy trong tir cdy dn qua lu nim sang céc loai

ciy ngin ngay khac.
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Céc hé thong cong trinh thay loi cia tinh Bén Tre nhu cdng (91 cdng, tinh dén
thang 4/2017), kénh muong, dé diéu da va dang dugc xay dung doc theo hé théng song
va kénh muong trén toan tinh nham muc dich dam bao phuc vu tudi ti€u, trir ngot va
ngin mit cho cac dbi twong dién tich san xuat ndong nghiép, dan sinh kinh té va két hop
phuc vu nuéi trong thay san. Cac tram do man (10 tram) cling nhu tram khao sat (3 tram)
dugce Trung tim Khi twong Thuy vin cua tinh Bén Tre lp dit doc theo hé thdng song
Ham Ludng va C6 Chién dé do dac va kip thoi cap nhat tinh hinh nhiém min cho chinh
quyén va nguoi dan phong chdng. Tuy nhién, hé thong thily loi nay van chua khép kin

nén anh hudéng man van dién ra, gay kho khan cho cac vung san xuat.

Sy phan bd dién tich dat bi nhiém min trong mua kho cua timg huyén ciing c6
su thay d6i qua cac thoi ky. Tuy thude vao ting loai thd nhudng va loai hinh sir dung
dat khac nhau ma mdi huyén c6 dién bién thay d6i cac loai dat khac nhau. Vi cac huyén
giap bién thi c6 xu hudng tang di¢n tich dat min vira va nang, con voi cac huyén khac

thi tang di¢n tich dat man nhe va giam dién tich dat khong man.
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Mo Cay Bac Mo Cay Nam
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Hinh 3-51: Sy thay doi dién tich dat man cia cdc huyén qua cac nam

Binh Pai, Ba Tri va Thanh Phu 1a ba huyén giap bién cua tinh Bén Tre, 1a cac
huyén c6 su bién dong vé dat min dién ra phtic tap nhat. Thd nhudng cta 3 huyén c6
ngudn gdc tir dat man chiém nhiéu nhat va ngay cang ting, trong khi dién tich dat khong
min it (chu yéu 1a dat dan cu, dat trdng lta va hoa mau) va giam lién tuc. D4t min ning
ctia 3 huyén déu tang boi dién tich dat 1am mudi tang, dién tich nudi tom cong nghiép
cling ting. Ba Tri 1a huyén c6 dién tich dat trong lta 3 vu trén nén dat phi sa nhiéu nhat
trong toan tinh, dong thoi day ciing 1 ving thiét hai ning né nhat vé trong lta trong dot
nhiém man cudi nam 2015, dau 2016 va mua kho nam 2020. Pat khong min giam lién
tuc qua cadc nam va thay vao do la d4t man nhe va man nang tang 1én. Dién tich d4t man
nhe ting 1én nhiéu nhat va nhanh nhat ¢ huyén Ba Tri, tap trung & ving dién tich dét

trong lta 3 vu, mot dién tich nho dat trong lta 2 vu giap cac ving lam mudi ciling bi
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nhiém min ning va ngudi dan bit dau bo cdy va chuyén dan sang trong laa 1 vu sau
mua mua. Nam 2020, dién tich dit man nhe 1én t&i 4016ha, min vira 1a 848 ha, chu yéu

la do phr:in dién tich dat tréng laa 2 vu va 1 vu bi nhiém man.

Binh Pai 1a huyén c6 dién tich dat khong min giam nhiéu nhat 4697ha va dién
tich min ning ting nhanh nhit: 2.317ha. Pay 14 huyén c6 sy chuyén d6i muc dich sir
dung dét dién ra rat nhanh chéng. Cac ving dat san xuat khong hiéu qua, kinh té thap
nhu dit [ta tdm, cdy dn qua xen 1an ving nuéi tréng thuy hai san duoc ngudi dan chuyén

han sang chuyén nudi tom nudce lg va tom nudc man.

Thanh Pha 13 huyén cudi cing nam giap bién vé phia Nam cua tinh Bén Tre. Day
13 huyén duy nhat c6 dién tich laa 1 vu: 1000ha. Tuy nhién nhiéu dién tich canh tac nay
hién dang bi bo trong do ham lugng phén 1én qua cao, san xuat khong hiéu qua. Tir ban
dd thd nhudng cho théy, khu vuc nay c6 dién tich dAt man nhiéu 16n nhét trong toan
tinh. Huyén ciing ¢ dién tich dat khong min giam rat 16n: 4.371ha, trong khi dién jtich
dat man vira 1a tang 1én 1.725ha. Nguyén nhan 13 do ngudi dan da chuyén d6i phan dién

tich dat laa tom sang nudi tom céng nghiép.

Huyén Chau Thanh nam gitta séng Tién va song Ham Ludng, phan 1én 1a dién
tich dat gley dugc sir dung dé trong ciy lau nim, ciy dn qua, do d6 phan dién tich dat
khong man ctia huyén chiém t6i trén 99% téng dién tich dat tu nhién, chi co 1 phén nho
dién tich dat bi nhiém man nim ¢ doc séng Tién do nudi trong thity hai. Tuy nhién, tir
nam 2005-2022, dién tich dat khong méan cling bi giam, thay vao do la dién tich dat man

nhe tang 1én.

Huyén Cho Lach nim ¢ ngi ba song C6 Chién, Ham Ludng va song Tién c6 vi
tri cach xa bd bién, chii yéu 1a dat phu sa, hién trang st dung dét chinh 13 trong cay lau
nam, ciy an qua, do d6, ddy la ving dat khong man. Dién tich ndy gan nhu khong thay
doi qua cac nam va khong co dat bi nhiém man nang, vira. Mgt phén nho dién tich dat
min nhe ting 1én nam & cac con, bai gitta va viing ven hai bd séng Co Chién va Ham
Luong. Tuong tu nhu vay v6i huyén Mo Cay Bic loai hinh thd nhudng chinh cta huyén
1a dat phu sa va mot phan rat nho 1a dat phén 1én lip, gan nhu toan bd dién tich 13 trong

cdy an qua. Dién tich dat man nhe xuat hi¢n thudc cac vung dat ven song.
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Mo Cay Béc va M6 Cay Nam 14 hai huyén c6 dic diém thd nhudng twong dbi
gidng nhau, phan 16n 1 dat phii sa va mot phan nho 1a dién tich dat phén va chi yéu 1a
trdng an cdy qua, khong co dién tich dat min ning. Phan dién tich dit khong min gin
nhu khéng thay d6i qua cac nam. Dién tich dat min nhe thudc vé ving nuéi tréng thuy

sdn & cac con gitra song C6 Chién, Ham Luong va vung ven song.

Thanh phé Bén Tre c6 tong dién tich dat tu nhién nho nhét so véi cac huyén con
lai, dan cu tip trung dong duc va dién tich dat trong cdy dn qua chiém phan 16n. Thanh
phé duoc hinh thanh tir nén dat phu sa va dat phén lai nim sau trong dat 1ién nén gan

nhu khong c6 dién tich dat bi nhiém man.

Huyén Gidng Trém ciing duoc hinh thanh chu yéu tir dat phu sa va dat phén,
thich hop dé trong ciy an qua (dién tich dira nhiéu nhét tinh) va trong lta. Day 13 huyén
c6 dién tich dat khong man 16n nhat toan tinh. Tuy nhién, dién tich dat khong man nay
cling giam di cting voi xu hudng cua toan tinh, giam 511ha, ting dién tich dit min nhe
365ha. Sy bién doi dat tap trung tir dat khong nhiém man thanh dat man nhe, nam & céc

cu lao trén song Ham Luong.

Bén Tre 1a mot trong nhitng tinh cudi ngudn cia song Ctru Long, tiép giap bién
cung voi hé¢ théng kénh rach chéng chit nén hién twgng nhiém min dién ra hang nam.
bé giam thiéu tac hai cia anh hudng nhiém min, tinh Bén Tre dd va dang trién khai
nhiéu giai phap khac nhau dé tng pho véi sy xAm nhap cta nuwéc min nhu xay dung hé
théng dé bao, cong dap ¢ cac song 16n va rat nhiéu cac céng nho & ndi dong, cung véi
cac hd chira nude ngot. Tuy nhién, hé thong thuy loi ndy van chwa hoan toan khép kin
cung véi sy chuyén doi muyc dich sir dung dat ty phat ciia nguoi nén hién tuong xam
nhap man van dang dién ra, dic biét 1a vao mua khé. Tinh tiép tuc dau tu hoan thién hé
thong cac cong trinh thuy loi, két hop cliing voi cac cong trinh dap tam, bo bao cuc bd
dé tao thanh hé théng khép kin nham kiém soat dugc ngu@)n nudc tr cac song, phuc vu
cho viéc ngin min va trit ngot, gop phan phuc vu nhu cau san xuit va sinh hoat cta

nguodi dan dia phuong.

Xuat phat tir nhu cau thyc tién, ngudi dan cia tinh Bén Tre da chuyén d6i muc
dich str dung dat tir trong laa- tom (1vu lda- 1 vu tdm), lda 1 vu sang nudi trong thuy hai

san, nudi tobm cong nghiép. O nhitng ving trong lua- tom va vung trong lta 1 vu hiéu
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qua san xudt kinh t& khong cao, thu nhip ctia nguoi dan thap, do d6, viée chuyén ddi
muc dich st dung dat da thuc dy sy phét trién kinh té, gitip doi sdng ngudi dan cao
hon. Tuy nhién, xu thé chuyén d6i nay khong chi dién ra ¢ riéng tinh Bén Tre, ma xuat
hién phd bién & cac tinh ven bién khac ctiia dong bang song Ciru Long. Day 1a mét trong
nhitng nguyén nhén tryc tiép lam cho dat ngay cang bi nhiém man va rat kho c6 kha

nang cai tao lai.
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KET LUAN VA KIEN NGHI

Két qua thyc hién ludn an “Nghién ctru dién bién va phan vung nhiém min tinh
Bén Tre bing cong nghé vién tham da ting, da do phan giai, da thoi gian” di rat ra mot

s6 két luan va kién nghi sau day:
KET LUAN

1. Dat nhidm min van 1 mot vin dé nghiém trong trén toan thé gi6i, anh hudng
dén méi truong ty nhién, gay thiét hai cho ndng nghiép, va an ninh luong thuc. Do do,
viéc thanh lap ban do d6 min cua dat 13 rat quan trong, nham cung cap thong tin hiru ich
vé mtrc 6 min cua dat, co thé hiru ich cho viée lap ké hoach va quan 1y st dung dat.
Cong nghé vién tham di va dang c6 nhiing budc phat trién nhanh chong mang lai nhiing
ng dung thiét thyc cho cong dong. Cac ngudn tu liéu vién tham ngay cang da dang doi
hoi c6 nhitng nghién ciru phat trién véi phuong phap pht hop dé khai thac toi vu thong

tin vién tham co6 thé mang lai.

banh gia dién bién va phan vung xam nhap man & khu vyc nghién ctru, cu thé 1a
d4t san xuat bi anh hudng boi min trén co so khai thac cong nghé, dit liéu vién tham da
téng, da do phan giai, da thoi gian. Bén canh do, st dung dir li¢u vién tham da phé, da
thoi gian két hop vai sb liéu thyc dia cho phép ta theo ddi dugc xu thé bién dong 16p
pht, theo doi nang suét cay tréng, xac dinh céc khu vyc ¢6 phan bd cay chiu méan, chiu
lo. Su xuét hién cta cac loai cay trong hay tham thuc vét khac nhau ciing c6 nhitng phan
xa riéng, dac thu trén anh vé tinh va cac chi sb tinh toan duge tir anh. Tt d6, tinh toan
dugc nhitng anh chi s gian tiép, giup khoanh ving anh huéng va danh gia duoc dién
thé cua hién tuong xam nhap man hay sy man hoa cia dat trén dia ban nghién ciu.
Ngoai ra viéc sir dung anh vé tinh dé theo doi nang suat cdy trong cling gitip nha quan
ly danh gia chinh xac duoc anh huong do xam nhap min dén nén ndng nghiép ciia khu

vuc nghién ctru.

2. Nghién ciru da ung dung thanh cong cong nghé tich hop vién tham da tang, da
d6 phén giai, da thoi gian nay trong phén tich, danh gia dién thé va phan ving xam nhap
man, thi diém tai tinh Bén Tre. Panh gia dién thé xam nhdp man tai khu vuc nghién cuu,

khoanh vung dugc nhitng khu vuc xdm nhap man man tai tinh Bén Tre.
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Nghién ctru tng dung vién tham radar, thong qua 5 thuét toan hoc may Multilayer
perceptron neural network, Radial Basis Function neural networks, Gaussian Process,
Support Vectro Regression va Random Forest dé phan tich tu liéu vién tham radar
Sentinel-1 SAR udc tinh d0 min cua dat. Két qua cho théy mo hinh st dung thuat toan

Gaussian Process trén anh radar Sentinel-1 SAR cho két qua c6 do twong quan tét nhat.

Nghién ciru danh gid xdm nhap min bang vién tham da pho str dung mo hinh hoi
quy da bién khai thac 2 loai tu liéu anh vé tinh LANDSAT va Sentinel-2 cho thiy két
qua tuong quan tuong ddi cao. M6 hinh hdi quy da bién trén anh Sentinel-2 c6 hé s6
tuong quan R? cao hon chit it so véi mo hinh hdi quy tir anh LANDSAT. Tuy nhién,
anh vé tinh Sentinel-2 chi bat dau c6 tir nim 20135, trong khi v€ tinh LANDSAT da c6
thoi gian dai hoat dong lién tuc, ndi tiép nhau, anh LANDSAT 5 ¢6 tir 1984, LANDSAT
8 co tir 2013. Do d6, nghién ctru sinh da g dung khai thac tu liéu vé tinh LANDSAT

dé danh gia duoc dién bién xam nhap min khu vyc Bén Tre tir nim 2005 dén ndm 2022.

3. Két qua danh gia dién thé xdm nhap man tai Bén Tre cho thay sy thay d6i vé
khong gian va thoi gian. Tong dién tich dat min c6 xu thé ting dan tir nim 2005 dén
2022. Dién bién dat man cia tinh dién ra theo quy luat ting dan theo chiéu tir dat lién ra

bo bién, tir dat khong man sang dat man, tr ¢4t man it sang man nhiéu.
KIEN NGHI

1. Tt nam 2015, viéc st dung dat tai Bén Tre c6 nhirng thay doi dang ké, cu thé
1a chuyén d6i muc dich sir dung dét tir tdm laa sang chuyén tom, tir dat trong lta sang
nudi trong thily hai hay nuéi tom cong nghiép khién nén dién tich dat man cia tinh tang.
Bén canh do, hé théng thuy loi cua tinh van chua hoan thién va dé)ng bd, nén vao mua
kho, thuy triéu dang cao két hop véi gié chudng, nudc tir thuong ngudn it da lam cho
nudc min co kha ning xam nhap sau vao dat lién theo cac con song, kénh. Ung dung
két qua ctia dé tai két hop phan vung anh hudng ctia xAm nhap min dé dy bao xu hudng
xam nhap man. Tir d6 co cac bién phap tng pho va 1ap cac ké hoach giam tac hai cta
hién trong xAm nhap min va bién doi khi hau. Trong cong tac quan 1y viéc cap nhat dir
liéu theo cac nam cung véi cic muc tiéu phat trién kinh té xa hoi cta dia phuong co thé
gitip nha quéan 1y ¢6 cac dinh hudng phat trién phu hop véi xu thé ciia xAm nhap min

trén dja ban tinh Bén Tre
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2. Nghién ctru, danh gia xAm nhap min trén co s¢ ung dung cong nghé vién tham
1a mot phuwong phap khoa hoc hiéu qua cho phép theo ddi va danh gia dién bién xam
nhap man qua céc thoi ky trén mét khu vuc dia 1y rong 16n. NCS tiép can st dung tu
liéu vién tham da tang, da d6 phan giai, da thoi gian 13 mot phuwong phap méi, hién dai
cho phép két hop dugc tinh vu viét cia nhiéu ngudn, nhiéu loai dit liéu v6i nhau nham
bd sung nhitng han ché va ting tinh hiéu qua trong nghién ctru, diéu tra tai nguyén. Két
qua nghién ctru va phuong phap khoa hoc cta luan hoan toan ¢ thé trién khai, img dung
cho nhitng viing dia Iy khac nhau ( nhu dong bang Song Ctru Long, cac tinh mién Trung)

trong van dé nghién clru xam nhap man.



132

DANH MUC CONG TRINH CUA TAC GIA
Lé Minh Hang, Vii Van Trwong, Lé Vii Hong Hai (2020); Nghién ciru két hop tu

liéu anh vién tham quang hoc va anh Sentinel-1A da thoi gian trong phan loai 16p
phu khu vec Ha Noi; Tap chi Khoa hoc - Trwong Dai hoc Sw pham TP HO Chi Minh
Tap. 15 S6. 11(b) (2018); ISSN: 1859-3100.

Pham Viet Hoa, Nguyen Vu Giang ,Nguyen An Binh ,Le Vu Hong Hai ,Tien Dat
Pham ,Mahdi Hasanlou, Dieu Tien Bui (2019); Soil Salinity Mapping Using SAR
Sentinel-1 Data and Advanced Machine Learning Algorithms: A Case Study at Ben
Tre Province of the Mekong River Delta (Vietnam); Remote Sens., EISSN 2072-
4292, Published by MDPI.

Lé Minh Hang , Lé Vit Hong Hai , Nguyén Vin Diing (2026); Panh gia kha ning
sit dung chi s6 RVI(radar vegetation index) trén anh vé tinh sentinel-1 trong giam
sat 16p phu thuc vat, thir nghiém tai tinh thanh hoa, viét nam; Tap chi Khoa hoc K¥
thuat Mo - Dia chét; S6 1(2026); ISSN; 1859-1469



10.

11.

12.

13.

14.

15.

16.

133
TAI LIEU THAM KHAO

IMHEN & UNDP, Bdo cdo ddc biét ciia Viét Nam vé quan ly rui ro thién
tai va cdc hién twong ciee doan nham thiic ddy thich iing véi bién doi khi
hdu. Nha xuét ban Tai nguyén - Mbi truong va Ban do Viét Nam,2015
UBND tinh Bén Tre. Trung tim Thong tin dién tir Bén
Trewww.https://bentre.gov.vn/

K.D Shepherd and M.G Walsh, Development of reflectance spectral
libraries for characterization of soil properties. Soil Sci.Soc. Am. 66
2002

F.M Howari, P.C Goodell, and S Miyamoto, Spectral proper-ties of salt
crusts formed on saline soils. J. Environ. Qual, 2002. 31 p. 1453-1461

J Farifteh, A Bouma, and van der Meijde, A new approach in the
detection of salt affected soils: integrating surface and subsurface
measurements. 2004: p. 59

D.C. Weindortf, et al., Direct soil gypsum quantification via portable x-ray
fluorescence spectrometry. Soil Sci. Soc. Am. J, 2013. 77 (2013): p.
20712077

Ting-Ting Zhanga, Detecting soil salinity with MODIS time series. V1
data, 2015

D. B. Lobell, et al., Regional-Scale Assessment of Soil Salinity in the Red
River Valley Using Multi-Year MODIS EVI and NDVI. Journal of
Environmental Quality, 2010. 39: p. 35-41

Shahbaz Khan Akhtar Abbas, Nisar Hussain, Munir A. Hanjra, Saud
Akbar Characterizing soil salinity in irrigated agriculture using a remote
sensing approach. 2011

K Gobinath K Narmada, G Bhaskaran, Monitoring and evaluation of soil
salinity in terms of spectral response using geoinformatics in Cuddalore
environs. International Journal of Geomatics and Geosciences, 2015. 5(4):
p. 536-543

Weicheng Wu, et al., Mapping soil salinity changes using remote sensing
in Central Iraq. Geoderma Regional, 2014. 2-3: p. 21-
31.10.1016/j.geodrs.2014.09.002

F Evans and P Caccetta, Broad-scale spatial prediction of areas at risk
from dryland salinity. Cartography, 2000. 29(33-40)

R. S. Dwivedi, Soil Resources Mapping: A Remote Sensing Perspective.
Remote Sensing Reviews, 2001. 20: p. 89-122

B. Mougenot, M. Pouget, and G.F. Epema, Remote Sensing of Salt
Affected Soils. Remote Sensing Reviews, 1993. 7: p. 241-259

M Mulders, Remote sensing in soil science. development in soil science.
Amsterdam, The Netherlands. 1987: p. 379

N. H. Abu-Hamde and R. C. Reeder, Soil thermal conductivity effects of
density, moisture, salt concentration, and organic matter. Soil Sci. Soc.
Amer. J. (SSSAJ), 2000. 64: p. 1285-1290



www.https://bentre.gov.vn/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

134

Jingwei Wu, et al., Remote Sensing Monitoring of Changes in Soil
Salinity: A Case Study in Inner Mongolia, China. Sensors, 2008. 8(11): p.
7035-7049.10.3390/s8117035

Elhaddad and L. Garcia, Detecting Soil Salinity Levels in Agricultural
Lands Using Satellite Imagery. Pro-ceedings of the American Society for
Photogrammetry and Remote Sensing Annual Conference, 2006

R. Setia, Severity of Salinity Accurately Detected and Classified on a
Paddock Scale with High Resolution Multispectral Satellite Imagery.
Land Degradation & Development, 2011. 24: p. 375-384

Luis Garcia, Ahmet Eldeiry, and Ayyman Elhaddad, Estimating soil
salinity using remote sensing data. .

Dutkiewicz, Evaluating Hyperspectral Imagery for Mapping the Surface
Symptoms of Dryland Salinity. 2006

R.N Clark, et al., earth and planetary remote sensing with theUSGS
Tetracorder and expert systems. 2003. 108: p. 5131

P.T Hick, Russell, and W.G.R, Some spectral considerations for remote
sensing of soil salinity. 1990. 28: p. 417431

G Taylor and R Dehaan, Salinity mapping with hyperspectral imagery.
2000

J. Farifteh, et al., Quantitative analysis of salt-affected soil reflectance
spectra: A comparison of two adaptive methods (PLSR and ANN).
Remote Sensing of Environment, 2007. 110(1): p. 59-
78.10.1016/5.rse.2007.02.005

O. Satir, et al., Soil Salinity Mapping Using Chris-Proba Hyperspectral
Data. Proceedings of Hyperspectral Workshop, 2010

S. Hamzeh, et al., Mapping Salinity Stress in Sugarcane Fields with
Hyperspecteral Satellite Imagery. Proceedings SPIE 8531,Remote
Sensing for Agriculture,Ecosystems,and Hydrology XIV, 2012: p. pp.
85312B-1.

SHAO, Hong-Bo, and Li-Ye CHU, Plant molecular biology in China:
opportunities and challenges. Plant Molecular Biology Reporter,
December 2005, 2005. 23, no.4: p. 345-358

D. Bell, Menges, Ahmad C., and W. Van Zyl. J, Remote Sensing of
Environment. The application of dielectric retrieval algorithms for
mapping soil salinity in a tropical coastal environment using airborne
polarimetric SAR, 2001. 75: p. 375-384

G Taylor, et al., Remote Sensing of Environment. Characterization of
saline soils using airborne radar imagery, 1996. 57: p. 127-142.

J.A. Zinck G.I. Metternicht, Remote sensing of soil salinity: potentials
and constraints. . remote Sensing of Environment, 2002. 85: p. 1-
20.10.3390/su10082826

Kaighin A. McColl, et al., Salinity effects on I-band microwave remote
sensing of soil moisture.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

135

D. Bell, Menges, Ahmad C., and W. Van Zyl. J, The application of
dielectric retrieval algorithms for mapping soil salinity in a tropical
coastal environment using airborne polarimetric SAR. Remote Sensing of
Environment, 2001. 75: p. 375-384

Stogryn A., Equations for Calculating the Dielectric Constant of Saline
Water (Correspondence). 1971.19.10.1109/TMTT.1971.1127617

A. Dutkiewicz, M. Lewis and B. Ostendorf Evaluation and comparison of
hyperspectral imagery for mapping surface symptoms of dryland salinity.
International Journal of Remote Sensing, 2009. 30: p. 693-719

Brian and Woodgate Spies, Peter, F.a.F. The Department of the
Environmment and Heritage; and Agriculture, Salinity mapping methods
in the Australian context.2005

William J. Wilson and, et al., Passive active {L-} and S-band
(PALS)microwave sensor for ocean salinity and soil moisture
measurements. IEEE Transactions on Geoscience and Remote Sensing,
2001. 39(5): p. 1039-1048.10.1109/36.921422

C.W. and Wiegand Robbins, C.L. , Field and laboratory
measurementsAgricultural Salinity Assessment and Management. Vol. 71.
1990: Agricultural Salinity Assessment and Management

Truong Thi Hoa Binh, Pham Viét Hoa, and va nnk, Ung dung vién tham
da thoi gian ddanh gid bién dong rimg tram va quy dat than bun do nguyén
nhadn chdy rimg tai Vieon Quéc gia U Minh Thuwong. Dé tai cap Vién
Khoa hoc va Cong nghé Viét Nam nam 2003 — 2005. Vién DPia 1y, Vién
KH&CN VN., 2005

Nguyén Vii Giang, Pham Viét Hoa, and va nnk, Pdnh gid bién dong lop
phii cdc tinh ven bién dong bang séng Ciru Long bang céng nghé vién
tham - GIS, giai doan 2005-2010. Tuyén tap bao cao Hoi nghi Dia Iy toan
qudc 1an tht VI, thang 9/2012, 2012

Nguyén Vi Giang, Pham Viét Hoa, and va nnk, Land cover classification
and change detection in Ngoc Hien, Ca Mau using multi-temporal
satellite images. Technical report, [IUCN & STI., 2015

Pham Viét Hoa and va nnk, Nghién ciru xday dwng hé thong thong tin phuc
vu quan ly gidm sat lop phu rung Tdy Nguyén bang cong nghé vién tham
da dé phdn gidi, da thoi gian. . Béo cdo tong hop dé tai, Chuong trinh
Tay Nguyén 3., 2016

Pham Ngoc Lang, Dé tai Ché tao té hop mdy bay khéng nguwoi ldi phuc vu
nghién cuu khoa hoc. Ha Noi: Vién Cong ngh¢ khong gian - HTI. Vién
Han lam Khoa hoc va Cong nghé Viét Nam., 2013

Pham Viét Hoa, Dy dn diéu tra co ban: Piéu tra, xdy dung thw vién phé
phadn xa phuc vu céng tac diéu tra, thanh Idp ban do rieng ngdp man tir
anh vé tinh. Hanoi: Vién Cong ngh¢ Vi try, 2015

Vii Van Chat, Sir dung dnh vién tham chup tir vé tinh, mdy bay va thiét bi
bay khong nguoi lai trong bao dam co so dir liéu dia hinh 3D da ty Ié.
Béo céo tai hdi thao Cong ngh¢ Vi tru va Ung dung, Ha Noi, 2015



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

136

Vo6 Chi My, Nghién cuiru kha nang ung dung may bay khong nguwoi lai
(UAV) trong cong tdc thanh ldp bdan do 1y 1é I6n va gidm sdt tai nguyén
moi truong. In: Tuyén tap HNKH Vi¢n Khoa hoc Po dac va Ban dd
(2014) Ha N¢1., 2014

Tran Minh Van Nghién citu thiét ké ché tao hé pho ké phan xa cua cdc
doi twong tw nhién trén mat dat & dai phé nhin thdy va hong ngoai gan.
Bio céo tong két dé tai nghién ctru khoa hoc va phat trién cong nghé,
Vién Vat ly va Dién tr, Vien KH&CN VN, 2008

Doan Minh Chung and va nnk, Ung dung phé ké siéu cao tan nghién ciru
phé phat xa tw nhién theo chu ky phat trién sinh hoc cia dong lia nuée,
lam co so danh gid ndng sudt mét vai giong lia phé bién ¢ dong bang
Bdc bé. Béo céo téng két dé tai khoa hoc va cong ngh¢, Vién Cong nghé
Vi try, Vién KH&CN VN, 2011

Tran Minh Y and va nnk, Nghién ciru co sé khoa hoc cho g dung tir
liéu anh vé tinh nhé trong quan 1y déi bo. Dé tai cAp Vién Khoa hoc va
Cong ngh¢ Viét Nam, Vién Cong nghé Vi try, Vien KH&CN VN, 2009
Hb Thi Van Trang and va nnk, Nghién cuu phwong phdp xdy dung thu
vién phé dnh vé tinh @6 phdn gidi cao vé mét sé doi twong I6p phii bé mdt
phuc vu cho giam sat tai nguyén va moi truwong tai Viét Nam. Trung tam
Vién tham Qudc gia, Bao cao két qua dé tai nghién ctru khoa hoc va phat
trién cong nghé., 2012

Huynh Thi Minh Hang and Nguyén Hoang Anh, Ung dung Geoinfomatics
trong cong tac quan Iy luu vuee séng Sai Gon — Pong Nai — Mot s6 két
qua danh gid ban ddu. Tap chi Phat trién KH&CN, Mbi truong va Tai
nguyeén, 2006. 9

Nguyen Pinh Tai, Ung dung cong ngh¢ vién tham va GIS theo déi dién
bién xdam nhdp mdn ddi ven bién thanh phé Hdi Phong. Béo céo khoa hoc,
Khoa Dia ly, Pai hoc Khoa hoc Ty nhién, DPHQG Ha Noi., 2006

Duong Thi Phuong Khanh, Hi¢n trang xam nhdp man va giai phap img
phé cho ngwoi dan & huyén Thanh Phii, tinh Bén Tre. Luan van tt nghiép
dai hoc, 2011

Tran Thi Phuong Dung, Ung dung anh vién tham MODIS phan vung anh
hwong xam nhdp man tinh Bén Tre nam 2012. Khoa lugn t6t nghiép, 2013
Nguyén Duy Liém, Dy dodn ddt nhiém mén bang vién tham va thong ké
khong gian trén nén GIS: nghién ciru tai Tién Giang. Khoa luan tbt
nghiép, 2010

FAOQO, Irrigation Water Management. Roma, Italy. 1985

Szabolcs 1. & Darab K., Accumulation and dynamism of silicic acid in
irrigated alkali (“szik”) soils. Acta Agronomy, Academy of Sciences,
Hungary 1974. 8: p. 213-235

Rich Koenig Jan Kotuby-Amacher, Boyd Kitchen, Salinity And Plant
Tolerance. Utah State University Extension, 2000

FAO, The use of saline waters for crop production. FAO irrigation and
drainage paper 48, 1992



60.

61.

62.

63.

64.

65.

66.

67.

137

Jascha Muller, Indirect soil salinity detection in irregated areas using
earth observation methods, in Faculty of Science. Stellenbosch
University,2017

S. Teggi, SPOT 5 Imagery for Soil Salinity As-sessment in Iraq.
Proceedings of SPIE—Earth Re-sources and Environmental Remote
Sensing/GIS Applica-tions I11. 8538, 2012: p. 85380V-85380V-12

T. Schmid, M. Koch, and J.Gumuzzio, Application of Hyperspectral
Imagery to Soil Salinity Mapping. 2008

Z. E Mashimbye, et al., Model-Based Integrated Methods for Quantitative
Estimation of Soil Salinity from Hyperspectral Remote Sensing Data:A
Case Study of Seffected South African Soils. . Pedosphere. 22(5): 640-
649.,2012

J. H. Everitt, et al., Detecting saline soils with video imagery.
Photogramm. Eng. Remote Sensing 1988. 54: p. 12831287

D. P. Shrestha and A. Farshad, Mapping Salinity Hazard: An Integrated
Application of Remote Sensing and Modeling-Based Techniques. Remote
Sensing of Soil Salinization: Impact on Land Management, 2008.
Chapter 13 p. 257

M.F Baumgardner, et al., Reflectance properties of soils. Adv. Agron., 38:
1-44., 1985

G. I Metternicht and J. A Zinck, Spatial discrimination of salt- and
sodium-affected soil surfaces

International Journal of Remote Sensing, 1997. 18: p. 2571-2586

68.

69.

70.

71.

72.

73.

Fernandez-Buces N, et al., Mapping Soil Salinity Using a Combined
Spectral Res- ponse Index for Bare Soil and Vegetation: A Case Study in
the Former Lake Texcoco, Mexico. Journal of Arid Environments, 2006.
65(4): p. 644-667

Amal Med-hut Abdul-Qadir and Thair Jirjees Benni, Monitoring and
evaluation of soil salinity in term of spectral response using Landsat
images and GIS in Mesopotamian plain / Iraq. Journal of Iraqi desert
studies, 2010. 2, No.2

E.P Glenn, J.J. Brown, and E. Blumwald, Salt tolerance and crop
potential of halophytes. Crit. Rev. Plant Sci. 18:227-255., 1999

G. Metternicht, Analysing the relationship between ground based
reflectance and environmental indicators of salinity processes in the
Cochabamba Valleys (Bolivia). . International Journal of Ecology and
Environmental Sciences, 1998. 359-370: p. 24

D. B. Lobell, et al., Identification of Saline Soils with Multiyear Remote
Sensing of Crop Yields. Soil Science Society of America Journal, 2007.
71:p. 777-783

Graciela Metternicht and J. Alfred Zinck, Remote Sensing of Soil
Salinization. Impact on Land Management. 2009: Taylor & Francis Group



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

138

Fares and Goodell Howari, Philip and SA, Miyamoto, Spectral Properties
of Salt Crusts Formed on Saline Soils. Journal of environmental quality,
2002. 31: p. 53-61

J. Wu, et al., Remote Sensing Monitoring of Changes in Soil Salinity.: A
Case Study in Inner Mongolia, China. Sensors (Basel), 2008. 8(11): p.
7035-7049.10.3390/s8117035

D Nagesh Kumar, Remote Sensing: Introduction and Basic Concepts.
Spectral reflectance curves.

Mohamed Elhag, Evaluation of Different Soil Salinity Mapping Using
Remote Sensing Techniques in Arid Ecosystems, Saudi Arabia. Journal of
Sensors, 2016. 2016: p. 1-8.10.1155/2016/7596175

B0 Tai nguyén Mbi trudng, Ban dé sé d¢ cao DEM. 2009

S¢& TNMT tinh Bén Tre, Kich bdan Bién doi khi hdu tinh Bén Tre 2021 -
2030. 2021

So Tai nguyén Mo truong tinh Bén tre, P6 dn Quy hoach cdp nwée néng
thén trén dia ban tinh Bén Tre dén nam 2020 va dinh hwéng dén nam
2030. 2018

B-SWAMP, Bdo cdo khdo sét chudn bi cho dw an qudn 1y nwde tinh Bén
Tre. 2016

Bo NN&PTNT Phan vién Quy hoach thiét ké nong nghiép mién Nam,
Bdn do thé nhwéng tinh Bén Tre. 2004

S¢ Tai nguyén Moi truong tinh Bén Tre, Kich bdn Bién doi khi hdu tinh
Bén Tre. 2020

Mahdi and Hasanlou Taghadosi, Mahdi and Eftekhari, Kamran, Soil
salinity mapping using dual-polarized SAR Sentinel-1 imagery.
International Journal of Remote Sensing, 2018. 40: p. 237-
252.10.1080/01431161.2018.1512767

Michael Patrick Allen, Understanding Regression Analysis. Washington
State UniversityPullman, 1997

Xingwang Fan, Yongling Weng, and Jinmei Tao, Towards decadal soil
salinity mapping using Landsat time series data. International Journal of
Applied Earth Observation and Geoinformation, 2016. 52: p. 32-
41.10.1016/5.jag.2016.05.009

Allbed Amal, Kumar Lalit, and Sinha Priyakant, Soil salinity and
vegetation cover change detection from multi-temporal remotely sensed
imagery in Al Hassa Oasis in Saudi Arabia. Geocarto International, 2017:
p. 1-17.10.1080/10106049.2017.1303090

Bach Thanh. Bén Tre: H¢ théng thuy loi sé dan hoan thién. 2018;
Available from: https://baotainguyenmoitruong.vn/moi-truong/ben-tre-he-
thong-thuy-loi-se-dan-hoan-thien-1263422.html.



https://baotainguyenmoitruong.vn/moi-truong/ben-tre-he-thong-thuy-loi-se-dan-hoan-thien-1263422.html
https://baotainguyenmoitruong.vn/moi-truong/ben-tre-he-thong-thuy-loi-se-dan-hoan-thien-1263422.html

PHU LUC

Phu luc 1. Ban d6 dién bién xAm nhap min tai Bén Tre
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Hinh 4. 1. Ban do dién bién xam nhdp man tai Bén Tre, giai dogn 2005 - 2010
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Phu luc 2: Céc tham sb ciia dit dwoc phén tich trong phong thi nghiém

4

STT | Loat l6p phu | Vi tri EC PH Ham lugng | Coarse san | Fine sand | Rich_soil | Clay
(uS/cm) mudi (mg/1)

1 Lua3 vy ap Binh Thuén, xd Tan Thanh, 2400 5.320 | 1536 9.174 56.337 28.839 5.650
huyén Giong Trom

2 Lua tom ap Thanh Tan, xd Binh Thanh, 5100 4.010 | 3264 0.000 8.699 81.855 9.446
huyén Thanh Phu

3 Lua tom ap Thanh Tan, xd Binh Thanh, 5000 4.060 | 3200 0.000 1.480 77.738 20.782
huyén Thanh Phu

4 Laalvu ap Thanh Binh, x4 Binh Thanh, 3400 2.490 | 2176 0.785 21.885 71.492 5.838
huyén Thanh Phua

5 Lualvuy ap Thanh Binh, xi Binh Thanh, 900 3.440 | 576 0.000 7.151 85.717 7.132
huyén Thanh Phu

6 Lual vy ap Thanh Binh, xi Binh Thanh, 2700 3.180 | 1728 0.000 1.941 93.270 4.789
huyén Thanh Phu

7 | Pét trong ap My Son Tay, x4 Pha Son, huyén | 200 4.960 | 128 0.742 28.818 66.781 | 3.659

cay lau nam

Cho Lach




huyén Thanh Phu

8 |Luaalvuy ap Thanh Binh, xi Binh Thanh, 3000 | 3.280 | 1920 2.105 32.601 61.346 | 3.948
huyén Thanh Phu
9 | Hoa mau ap Thanh Quy B, xa Binh Thanh, 5400  |5.320 | 3456 16.771 32.443 45989 | 4.797
huyén Thanh Phu
10 | Bai bién ap Thanh Théi B, xa ThanhHai, 2100 | 5.970 | 1344 31.463 67.457 1.080 0.000
huyén Thanh Phu
11 |Rungngap | ap Thanh Théi Pong, xd Thanh Hai, | 12000 | 6.690 | 7680 6.414 13.405 68.165 | 12.016
man huyén Thanh Phu
12 | Dat trong ap Phu hoa, xd Hung Khanh Trung | 100 4310 | 64 2.187 25.116 69.838 | 2.859
cay launam | B, huyén Cho Lach
13 | Lia tom ap An Binh, x3 An Quy, huyén 8100  [2.640 | 5184 0.106 64.717 33.968 | 1.209
Thanh phu
14 |Laalvu ap Thanh Quy B, xa Binh Thanh, 11300 | 4.470 | 7232 4.517 28.384 55480 | 11.619
huyén Thanh Phu
15 |[Laa2vu ap Thanh Quy B, xa Binh Thanh, 1900  |2.590 | 1216 0.000 3.938 87.902 | 8.160
huyén Thanh Phu
16 |Laa2vu ap Thanh Quy B, xa Binh Thanh, 5900 [2.780 | 3776 0.889 11.760 73.500 | 13.851




17 |Loalvu ap Thanh Tri Thuong, thi trin 4400 | 3.080 | 2816 4.539 13.003 74515 | 7.943
Thanh Pht, huyén Thanh Phu
18 | Lua tom ap An Binh, xi My An, huyén 4300 3.630 | 2752 0.000 4.070 93.862 | 2.068
Thanh phu
19 |Luaa2vuy ap Gidng Gach, xa An Hiép, huyén | 1000 | 4.630 | 640 4.522 9.425 77486 | 8.567
Ba Tri
20 | Nuoitrong | ap Giong Ao, xa An Hiép, huyén Ba | 4600 5.110 | 2944 0.681 21.335 67.305 | 10.679
thuy hai san | Tri
21 | Hoa mau ap An Pht, x3 An Hoa T4y, huyén | 1600 6.520 | 1024 33.279 52.704 13.516 | 0.501
Ba Tri
22 |Lua3vu 4p An Binh 1, x3 An Hoa Tay, 7900 | 4.560 | 5056 0.000 10.802 74.185 | 15.013
huyén Ba Tri
23 | Pat trong ap Pht hoa, x4 Hung Khanh Trung | 100 4.100 | 64 57.657 25.849 15369 | 1.125
cay lau nam | B, huyén Chg Lach
24 | Bai cat ap An Théi, xa An Thuy, huyén Ba | 4600 | 7.990 | 2944 11.785 80.008 8.207 0.000
Tri
25 | Patlam 4p An Binh, xd An Thay, huyén Ba | 16200 | 7.790 | 10368 0.000 4.823 81.931 | 13.246

muoi

Tri




26 |Lta3vuy ap An Thuén, xi An Binh Tay, 2300 [ 4.980 | 1472 0.298 22.894 55.127 | 21.681
huyén Ba Tri
27 |Lua3vu x4 Phu Ngii, huyén Ba Tri 1300 | 4.150 | 832 0.000 11.980 71.225 | 16.795
28 |Lua2vuy ap Thanh Loi, xd Bao Thanh, huyén | 19700 | 3.940 | 12608 18.301 34.715 39.556 | 7.428
Ba Tri
29 | Patlam ap Thanh Loi, x4 Bao Thanh, huyén | 28000 | 3.840 | 17920 0.296 22.134 63.556 | 14.014
mudi Ba Tri
30 | Pat trong ap Tan Trung, xi Hung Khanh 500 3.800 | 320 2.877 78.110 18.635 | 0.378
cay lau nam | Trung B, huyén Chg Lach
31 | Pat trong ap Tan Phu, x4 Tan My, huyén Ba | 1300 6.060 | 832 0.000 6.129 90.759 | 3.112
cay launam | Tri
32 | Pt trong ap Tan Phu, x Tan My, huyén Ba | 400 3.870 | 256 0.000 2.538 88.767 | 8.695
cay lau nam | Tri
33 | Pt trong 4p Tan Phu, xi Tan My, huyén Ba | 700 3.360 | 448 1.224 11.872 86.721 | 0.183
cay laundm | Tri
34 |Lta3vu ap Binh Tén, x3 Binh Thanh, huyén | 900 4.290 | 576 4.660 35.471 51.919 |7.950

Giong Trom




35 |Lta3vu ap Son My, xd My Hoa, huyén Ba | 2200 | 4.720 | 1408 2.108 14.761 82.705 | 0.426
Tri
36 |Laa3vu ap Son My, xa My Hoa, huyén Ba | 1700 | 4.670 | 1088 0.000 5.080 94,720 | 0.200
Tri
37 |Rungngip |ap Théi An, x Théi Thudn, huyén | 6500 8.600 | 4160 44.552 38.762 16.115 | 0.571
man Binh bai
38 | Pat trong ap Trung Hiép, xa Hung Khanh 700 3.880 | 448 1.110 28.655 62.099 | 8.136
cay lau nam | Trung B, huyén Chg Lach
39 | Hoa mau ap Thtra Tién, x3 Thira Ptec, huyén | 400 6.700 | 256 50.353 41.122 7.279 1.246
Binh DPai
40 | Pat trong ap Phti Thanh, xd Phti Vang, huyén | 1700 3.840 | 1088 1.703 30.240 66.742 | 1.315
cay lau nam | Binh DPai
41 |Lua3vu ap Phtt Hung, x3 Phat Thuan, huyén | 800 5.780 | 512 0.000 23.168 57.768 | 19.064
Binh Pai
42 |Lua3vu ap Phtt Hung, x3 Phi Thudn, huyén | 1300 | 4.560 | 832 1.289 30.927 53.253 | 14.531
Binh DPai
43 | Pat trong x4 Hiru Pinh, huyén Chau Thanh 200 4.930 | 128 0.000 2.198 75.863  [21.939

cay lau nam




44 | Lta3vu x3 Phong Nam, huyén Giéng Trom | 1300 4.740 | 832 0.154 6.143 69.594 24.109
45 | Lta3vu x3 Phong Nam, huyén Gidng Trom | 800 4.690 | 512 0.000 13.091 61.897 25.012
46 |Lta3vu ap Binh Thuén, xd Tan Thanh, 1400 | 4.360 | 896 10.502 57.841 27.585 | 4.072
huyén Giéng Trom
47 |Lua3vu ap Binh Thuan, xa Tan Thanh, 2100 | 4.600 | 1344 1.981 34.547 50.947 | 12.525
huyén Giéng Trom
48 | Dat trong ap Trung Hiép, x4 Hung Khanh 400 3.240 | 256 11.456 63.430 23.408 | 1.706
cay lau nam | Trung B, huyén Chg Lach
49 | Pat trong xa Long My, huyén Giong Trom 600 3.910 | 384 14.596 61.491 22.509 | 1.404
cay lau nam
50 | Pat trong xa Long MY, huyén Giong Trom 500 5.900 | 320 2.155 51.762 45.029 | 1.054
cay lau nam
51 | Pat trong ap Thanh Hung, xa Truong Da, 1100 7.630 | 704 0.000 20.412 64.489 | 15.099
cay lau ndam | huyén Chau Thanh
52 | Pat trong ap Tan Dong, xa Tan Phu, huyén 300 3.670 | 192 2.307 15.299 67.320 | 15.074
cay lau ndm | Chau Thanh
53 | Pat trong ap An Quy, xa Long Théi, huyén 1100 | 4.790 | 704 0.000 5.736 77.203 | 17.061

cay lau nam

Cho Lach
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54 | Dt trong 4p An Quy, xi Long Thoi, huyén 200 4.390 | 128 4.741 33.245 59.379 | 2.635
cay launam | Chg Lach

55 | Pat trong ap An Quy, xa Long Théi, huyén 100 2.980 | 64 0.570 7.904 82.652 | 8.874
cay launam | Chg Lach

56 | Dat trong ap An Quy, xa Long Théi, huyén 100 4.040 | 64 0.806 37.794 58.467 [2.933

cay lau nam

Cho Lach
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Phu luc 3: Mé hinh twong quan giira EC véi cac chi sb

Cac mo hinh tuong quan don bién giita EC v&i cac chi sd tinh tir anh Sentinel2

Chi sb Kénh r sig Ham tuyén tinh Ham In() Ham da thirc bac 2
pho
-0,312 y =-56.028x + 14.566 |y =-5.086In(x) - 2.8751 |y =-688.03x>+ 80.661x +
B1 R?=0.0976 R?=0.092 8.1705
R2=0.1088
Kénh - -0,076 y=-15204x + 11.008 |y=-2.41In(x)+3.9326 |y=2337.3x%-518.26x +37.1
R R2=0.0057 Rz2=0.0135 R2=0.0893
pho 0,322 y =32.604x + 4.2689 y=4.6129In(x) + 18.092 |y =177.45x> - 24.223x + 8.5304
53 R2=0.1034 Rz=0.0932 R2=0.1108
B4 -0,452 y=-35.858x +18.808 |y=-8.616In(x)-2.3243 |y=170.11x>-121.08x +29.01
R2=0.204 R2=0.2314 R?=0.2459
-0,144 y =-7.3147x + 8.8295 y =-32.482x% - 11.643x +
PCAl R?=0.0209 8.9016
R2=10.024
PCA PCA2 0,479 y =41.043x + 13.887 y = 189.45x> + 85.571x + 16.06
R?2=0.2298 R2=0.2563
-0,498 y =-96.461x + 5.1554 y =-140.2x% - 106.61x + 5.0429
PeAS R2=0.2482 R?=0.2487
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0,013 y = 9.8451x + 9.486 y =-15672x2 - 99.751x + 9.9719
PCA4 0.657
R>=0.0002 R>=0.0331
o 0309 | y=-20.437x + 14.833 | y=-5.004In(x) + 2.6159 |y =63.959x> - 52.919x + 18.707
Chi sé R>=0.0953 2=0.1023 R>=0.1009
do sang b 0251 [ y=-19.952x + 15.57 | y=-6.487In(x)+ 1.682 |y =265.56x> - 176.06x + 37.753
R>=0.0632 R> = 0.0886 R>=0.1472
ol 0647 | y = -19.625x + 13.088 y = 43.034x2 - 41.586x + 14.914
R>=0.4182 R>=0.4767
0,162 y = 0.0314x + 9.3086 y = -0.0002x2 + 0.122x + 9.1016
.| GDVI 0
Chi sé R>=0.0263 R*>=0.0613
thuc vat -0,614 y=-17.291x + 13.687 y =57.818x% - 49.27x + 16.849
NDVI 0
R>=0.3765 R> = 0.4848
0,611 y = -25.57x + 13.729 y = 124.99x% - 73.14x + 17.01
SAVI 0
R>=0.3734 R?=0.4975
. 0165 [ y=22.181x+6.7011 |y=2.0614In(x) + 13.81 |y =1040.5x> - 243.9x + 22.718
R>=0.0274 R>=0.0161 R>=0.0916
Chi s6 b 0242 | y=-18.715x + 15519 |y=-6.55In(x)+ 1.9796 |y =279.35x%- 192.57x + 41.728
mubi R>=0.0587 R> = 0.0842 R>=10.1593
. 0222 | y=21.929x + 52415 |y =3.3677In(x) + 15.082 |y =510.45x> - 179.6x + 24.239
I

R?=0.0492

R?=0.0328

R?2=0.1136
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0,269 y=10.71x + 1.1541 y=7.3664In(x) + 11.412 |y =-74.459x> + 109.21x -
SI4 0 R>=0.0723 2= (.0865 29.741
R>=0.1507
s 0616 [ y=17.291x + 13.687 y = 57.818x% + 49.27x + 16.849
R>=0.3765 R> = (.4848
» 0020 [ [y=-22485x+0.8668 [y =-1.515In(x) +6.9579 |y =71 1.01x2 - 280.64x + 36.209
R> = 0.0004 R>=0.005 R>=0.1024
ene 9952 [, y=14.408x + 0.4105 |y=7.5588In(x) + 13.334 |y =25.905x> - 18.094x + 9.7243
R> = 0.4246 R>=0.3558 R> = 0.4878
-0,425 y=-15.17x +22.689 |y=-13.15In(x) + 7.5521 |y=-76.175x>+ 125.49x -
B/G 0 R>=0.1809 R>=0.1643 41.069
R>=0.2523
Kenhty | BANIR 0.120 [ y=5.1055x + 7.5677 |y = 1.8698In(x) + 11.385 |y =-19.37x> + 19.788x + 4.9696
. R>=0.0144 R>=0.0164 R2=0.019
w0 - 0499 [ y=-7.9692x + 14.355 | y=-6.721In(x) + 5.8172 |y =5.7569x> - 18.731x + 18.439
R>=0.2491 R>=0.2574 R>=0.2622
0,439 y=20204x + 1.1026 | y=7.1442In(x) + 15.932 |y = 99.424x> - 63.74x + 18.03
O/NIR 0 R>=0.1927 R>=0.1519 R>=0.2702
R 0484 | y=-10.779x + 16.883 | y=-9.12In(x) + 5.8244 |y =5.8102x>- 21.25x + 21.153

R?=0.234

R?=0.2353

R?=0.2381
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Cac mé hinh twong quan don bién gitra EC véi cac chi sb tinh tir anh Landsat8

Chis6 | Kénh pho r sig Ham tuyén tinh Ham In() Ham da thirc bac 2

Bl 0.528 | 0 y =54,878x + y =-118,36x% + 72,609x +
6,5576 6,1229
R2=10,2783 R%=0,2824

B2 0.516 | 0 y =50,602x + y =3,907In(x) + 19,012 |y =14,292x> +47,407x +
4,5909 R%=0,2299 4,7425
R2=0,2665 2=0,2666

B3 0.537 0 y =37,539x + y =3,134In(x) + 16,646 |y =-7,1276x*+39,398x +
5,0136 R2=0,2536 4,9167
R?=10,2882 2=0,2882

B4 - 0 y=-22957x + y =-6,589In(x) + y =-14,146x% - 14,13x +

0.411 16,96 1,9095 15,658

R?=0,1685 R?>=0,1648 R*=0,1691

B5 0.194 1 0 y =10,554x + y=19111In(x) + y =100,42x? - 41,465x +
06,7626 12,163 12,957
Rz=0,0376 Rz=0,0223 Rz=0,0658
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B6 0.394 [0 y =26,779x + y = 3,5329In(x) + y = 121,1x2 - 13,476x + 8,046
5,1223 16,162 2=0,1696
R>=0,1556 R>=0,1284

Pcal - 0 y =-35,54x + y = 63,129x2 - 55,582x +

0.619 15,159 16,443

R>=0,3834 R>=0,3939

Pca2 0.393 | 0 y = 20,648x + y=-11,371x2 + 21,626x +
8,2362 8,2848
R>=0,1548 R>=0,1553

Pca3 0.305 | 0 y = 88,206x + y = -2518,1x2 + 173,6x +
8,2848 8,0686
R>=0,0928 R>=0,1267

Pcad 0.088 | 0.081 | y =35,306x + y = 3208,8x> + 73,299 +
9,6699 9,4577
R>=0,0078 2=0,0204

Pcas - 0 y = -236,84x + y =-3704,7x2 - 275,2x +

0.437 8,3483 8,4508

R>=0,1906 R>=0,1947

Pcab6 0.425 |0 y = 462,47x + y = -12656x2 + 468,74x +
9,1439 9,317

R?=0,1803

R2=0,184
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Chisé |Bi - y=-17,143x + y = -5,3261n(x) + y =34,257x2 - 39,404x +
do sang 0.305 15,354 3,6429 18,786
R>=0,0932 R>=0,0972 R* = 0,0964
Bi2 - y=-13,775x + y = -4,568In(x) + y = 78,704x2 - 66,104x +
0.242 14,332 4,6087 22,613
R>=0,0587 R> = 0,066 R>=0,0749
Int 0.534 y =44,051x + y = 3,5854In(x) + y = 3,1322x2 + 43,294x + 4,769
4,7311 17,918 R>=0,2851
R>=0,2851 R> = 0,2496
Kénh [T 0.331 y =0,7063x - 8,3538 | y = 16,862In(x) - 44,911 | y = -0,0058x> + 0,9879x -
nhiét R>=0,1099 R>=0,11 11,73
R>=0,1099
Chisé | Evi ; y =-16,356x + y =-5,191In(x) + y = 26,502x2 - 35,812x + 17,57
thuc vat 0.626 14,685 2,9042 R>=0,4183
R>=0,3916 R> = 0,4342
Gdvi - y=-1321x + y = -8,513In(x) + y=12,617x>-30,416x +
0.678 18,882 6,1736 24,206
R>=0,4597 R>=0,4786 R>=0,4739
Ndvi ; y = -12,422x + y = -5,808In(x) + y = 17,071x2 - 30,054x +
0.650 15,326 4,4837 19,093
R>=0,423 R>=0,4737 R>=0,4567
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Savi - 0 y=-1791x + y =-5,785In(x) + 2,387 |y =35,648x> - 43,681x +
0.654 15,335 2=0,4811 19,186
R>=0,4283 R> = 0,4649
Chisé |Sil 0.535 |0 y=4451x +4,7236 |y=3,56011n(x) + y=3,9516x> + 43,56 1x +
mubi R>=0,2861 17,892 4,7708
R> = 0,2488 R>=0,2861
Si2 - 0.004 | y = -8,0944x + y=-3,18In(x) + 6,2262 | y = 128,82x> - 98,275x + 27,52
0.148 12,457 R>=0,0312 R>=0,0781
R>=0,0218
Si3 0.535 |0 y=30,818x +4,741 |y=3,60411n(x) + y = 1,1458x + 30,424x +
R>=0,284 16,681 4,7691
R>=0,2501 R>=0,284
Si4 0.159 | 0.002 | y=1,1217x + y=-53597x2 + 1,274x +
8,8454 12,259
R>=0,0253 2=0,1962
Si5 0.650 | 0 y = 12,422x + y = 17,071x> + 30,054x +
15,326 19,093
R>=0,423 R>=0,4567
Si6 0.361 |0 y =26,751x + y =4,037In(x) + 16,422 |y =99,778x% - 10,965x + 7,719
4,4458 R>=0,1129 R>=0,1426

R?=0,1304
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Kénh ty

B/G 0.483 y = 9,2985x + y = 6,5103x> + 3,8949x +
5,0116 5,8234
R>=0,2329 R>=0,2415
B/NIR 0.637 y =21,259x + y = -0,1052x2 + 21,305x +
5,8388 5,8356
R? = 0,4057 R> = 0,4057
B/R 0.365 y = 8,249x + 6,1943 y=-10,888x> + 16,53 1x +
R2=0,1331 4,9641
R>=10,1503
B/SWIRI 0.562 y =16,739x + 6,177 y =-8,167x2 + 21,91x + 5,6207
R2=0,3161 2=0,3236
B/SWIR2 0.486 y = 10,336x + y=-2,1401x% + 12,218x +
6,3228 6,0225
R*>=0,2357 R>=0,2374
G/R - y =-6,3787x + y = -6,804In(x) + y =1,6956x2 - 10,476x +
0.391 15,121 8,4428 17,315
R>=0,153 R>=0,1502 R>=0,1562
G/NIR 0.697 y =20,959x + y =4,7327In(x) + y =22,186x2 + 6,638x + 4,8971
2,9819 15,578 R> = 10,4986

R?=0,4858

R?=0,3969
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G/SWIR1 0.573 y = 18,252x + 2,674 |y = 6,5023In(x) + y = -8,6539x2 + 26,646x +
R>=0,3284 16,247 0,8823
R>=0,3069 R>=0,3364
G/SWIR2 0.344 y =8,1778x + 4,588 | y=4,7057In(x) + y =3,3343x% + 3,3514x +
R>=10,1182 12,073 6,1889
R>=0,1059 R>=0,1211
R/NIR - y =-0,1879x + y = -0,2461n(x) + y = 0,0057x2 - 0,4962x +
0.275 10,047 9,5802 10,714
R*=0,0754 R>=0,0063 R>=0,1142
R/SWIRI 0.659 y = 15,804x + y =5,0719In(x) + y = -2,2665%2 + 18,103x +
2,3818 13,979 1,8693
R*=0,4337 R>=0,3513 R>=0,4349
R/SWIR2 0.545 y = 10,602x + y=5,5712In(x) + 11,69 | y=-0,687x>+ 11,656x +
1,9676 R> = 0,2483 1,5946
R>=0,2967 2=0,297
NIR/SWIR1 | - y = -3,6848x + y = -5,949In(x) + y =3,4411x2 - 15,044x +
0.434 14,464 10,962 22,764
R>=0,188 R>=0,2182 R>=0,2526
NIR/SWIR2 | - y=-1,5713x + y = -4,871In(x) + y=0,6261x>-5,7111x +
0.483 13,159 13,083 18,467
R>=0,2329 R>=0,2989 R>=0,3231
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SWIR1/SWIR2

0.628

y =-9,6386x +
25,415
R?=0,395

y =-17,23In(x) +
17,938
R>=0,4255

y =10,693x? - 47,5x + 58,052
2=0,4578
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Phu luc 4: Dién tich dit min qua cc nim (ha)

Bang Théng ké dién tich dat man cia tinh Bén Tre qua cac nam (ha)

Do man 2005 2010 2015 2018 2020 2022
Khong | 147,071.49 | 146,348.30 | 136,035.46 | 131,246.65 | 129,110.51 | 136,086.7
man
Mannhe | 5,035.02 6,241.29 7,856.75 13,205.00 | 15,880.48 | 12,683.44
Man vira | 10,334.28 7,523.86 9,359.77 7,674.94 10,890.26 | 15,333.38
Maian nang | 39,413.18 | 41,740.53 | 48,601.99 | 49,727.37 | 45,972.71 | 37,750.44
Bang bién dong dat man tinh Bén Tre giai doan 2005-2022 (ha)
2022
2005 Khong man Man nhe Man vira Main nang
Khong man 135,359.36 8,002.08 2,822.15 917.85
Main nhe 243.82 3,227.58 1,197.88 450.23
Man vira 120.30 1,511.55 3,554.97 5,535.14
Main ndng 50.93 1,384.19 3,810.17 33,826.24
Bang dién tich ¢at man cac huyén nim 2005 (ha)
Huyén Khong man Man nhe Man vua Main nang
Huyén Chg Lach 13.362,95 46,35 14,58 -
Huyén Mo Cay Bic 15.075,39 21,69 - -
Huyén Chau Thanh 19.163,02 37,53 - -
Thanh phé Bén Tre 5.096,66 5,40 - -
Huyén M6 Cay Nam 19.861,08 107,55 - -
Huyén Thanh Phu 12.890,72 2.072,97 3.422,16 17.075,79
Huyén Binh Dai 12.755,70 1.984,77 5.132,34 12.785,58
Huyén Giong Trém 28.393,54 68,04 - -
Huyén Ba Tri 21.461,86 665,01 1.233,81 6.035,49




Bang dién tich dat min cac huyén nim 2010 (ha)

Huyén Khong man Man nhe Man vira Main nang
Huyén Cho Lach 13.344,75 172,08 32,85 -
Huyén Mo Cay Bic 15.071,13 46,26 0,36 -
Huyén Chau Thanh 19.108,26 129,69 52,65 -
Thanh phd Bén Tre 5.094,90 24,48 - -
Huyén M6 Cay Nam 19.857,24 157,86 24,12 4,95
Huyén Thanh Phu 12.802,77 2.040,30 2.650,05 17.756,10
Huyén Binh Dai 12.538,35 2.769,93 3.579,30 14.439,42
Huyén Giong Trém 27.290,70 171,72 7,92 14,85
Huyén Ba Tri 21.284,10 676,98 1.123,47 6.174,99
Bang dién tich ¢at man cac huyén nam 2015 (ha)
Huyén Khong man Man nhe Man vira Man ndng
Huyén Chg Lach 12.852,18 244,35 325,89 -
Huyén Mo Cay Bic 15.063,12 11,16 - -
Huyén Chau Thanh 19.074,60 53,37 120,96 -
Thanh ph6 Bén Tre 5.065,11 21,33 - -
Huyén M6 Cay Nam 19.598,94 245,25 62,91 -
Huyén Thanh Phu 11.019,15 1.456,11 3.022,56 19.595,07
Huyén Binh Dai 10.003,40 2.462,58 4.031,78 17.839,71
Huyén Giong Trém 26.615,97 518,40 125,01 32,76
Huyén Ba Tri 18.558,81 2.563,29 1.114,20 6.919,92

Bang dién tich ¢at man cac huyén nam 2018 (ha)




Huyén Khong man Man nhe Man vira Main nang
Huyén Cho Lach 12.916,71 191,25 458,37 -
Huyén Mo Cay Bic 14.908,59 186,30 - -
Huyén Chau Thanh 18.578,70 533,88 132,57 -
Thanh phé Bén Tre 5.040,72 46,98 - -
Huyén Mo Cay Nam 19.281,06 665,37 48,87 1,08
Huyén Thanh Phu 9.845,46 2.757,60 1.287,18 21.368,70
Huyén Binh Dai 8.625,96 4.118,85 3.135,06 17.916,35
Huyén Giong Trom 26.533,35 592,11 213,03 90,27
Huyén Ba Tri 17.563,50 3.810,15 698,76 7.130,16
Béng dién tich dat man cac huyén nam 2020 (ha)
Huyén Khong man Man nhe Man vira Main nang
Huyén Cho Lach 12.843,18 350,3 159,18 -
Huyén M6 Cay Bic 14.869,6 4542 56,6 -
Huyén Chau Thanh 18.658,17 611,3 261,1 -
Thanh phé Bén Tre 5.007 114,9 20,1 -
Huyén M6 Cay Nam 18.458,68 1.179,3 117,25 -
Huyén Thanh Phu 8.807,04 3.045,2 2.340,3 16.480,7
Huyén Binh Dai 7.600,247 5.144,835 | 6.330,399 20.390,25
Huyén Giong Trom 26.533,88 889,7 770,3 86,7
Huyén Ba Tri 16.736,53 4.016,86 848,65 8.066,09
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Bang dién tich dat min cac huyén nim 2022 (ha)

Huyén Khong man Man nhe Man vira Main nang
Huyén Cho Lach 12.886,8 201,1 - -
Huyén Mo Cay Bic 15.036,5 208,54 - -
Huyén Chau Thanh 18.694,5 120,1 - -
Thanh phd Bén Tre 5.054,1 76,2 - -
Huyén Mé Cay Nam 20.083 726 38,9 -
Huyén Thanh Phu 8.519,5 2.837,04 5.147,9 15.499.6
Huyén Binh Dai 8.058,75 4.428,79 3.473,16 15.103,36
Huyén Giong Trom 27.882,5 433,89 226,3 25,28
Huyén Ba Tri 16.514,4 2.929,03 2.130,37 8.876,77
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Phu luc 5: Ban d6 thé nhudng tinh Bén Tre nim 2003

KHAI QUAT BAN PO THO NHUONG TINH BEN TRE NAM 2003
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Phu luc 6: Ban dd phan viing min va hién trang sir dung dat tinh Bén Tre

BAN PO HIEN TRANG SU DUNG PAT TiNH BEN TRE
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Phu luc 7: Dir li€u anh v€ tinh sir dung trong luan an

[S)
N

STT |Loai dnh vé |Ky hi¢u dnh
tinh

1. |[Sentinel 2 |COPERNICUS/S2/20180312T031529 20180312T033231 T48PXS

2. COPERNICUS/S2/20180314T030541 20180314T032431 T48PXS

3. COPERNICUS/S2/20180317T031541 20180317T032628 T48PXS

4, COPERNICUS/S2/20180317T031541 20180317T033507 T48PXS

5. COPERNICUS/S2/20180319T030539 20180319T031100 T48PXS

6. COPERNICUS/S2/20180322T031539 20180322T032727 T48PXS

7. COPERNICUS/S2/20180324T030541 20180324T031152 T48PXS

8. COPERNICUS/S2/20180327T031701 20180327T033202 T48PXS

9. COPERNICUS/S2/20180329T030539 20180329T032339 T48PXS

10. COPERNICUS/S2/20180403T030541 20180403T031957 T48PXS

11. COPERNICUS/S2/20180406T031541 20180406T032133 T48PXS

12. COPERNICUS/S2/20180411T031539 20180411T031946 T48PXS

13. COPERNICUS/S2/20180413T030541 20180413T031057 T48PXS

14. COPERNICUS/S2/20180418T030539 20180418T031152 T48PXS

15. COPERNICUS/S2/20180421T031539 20180421T032200 T48PXS)
16. COPERNICUS/S2/20180423T030541 20180423T031503 T48PXS

17. COPERNICUS/S2/20180426T031731 20180426T032337_T48PXS

18. COPERNICUS/S2/20180426T031731 20180426T033506 T48PXS

19. COPERNICUS/S2/20180428T030539 20180428T032437 T48PXS
20. COPERNICUS/S2/20180501T031539 20180501T033025 T48PXS
21. COPERNICUS/S2/20180506T031541 20180506T032150 T48PXS
22. COPERNICUS/S2/20180516T031541 20180516T032154 T48PXS
23. COPERNICUS/S2/20180523T030541 20180523T032202_ T48PXS
24, COPERNICUS/S2/20180528T030539 20180528T032501 T48PXS
25. COPERNICUS/S2 SR/20190304T030619 20190304T032047 T48PXS
26. COPERNICUS/S2 SR/20190309T030541 20190309T032019 T48PXS
27. COPERNICUS/S2 SR/20190312T031541 20190312T033026 T48PXS
28. COPERNICUS/S2 SR/20190314T030539 20190314T032229 T48PXS
29. COPERNICUS/S2 SR/20190317T031539 20190317T033028 T48PXS
30. COPERNICUS/S2 SR/20190319T030541 20190319T032255 T48PXS
31. COPERNICUS/S2 SR/20190322T031541 20190322T032431 T48PXS

COPERNICUS/S2 SR/20190324T030539 20190324T031715 T48PXS
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33.

34.

COPERNICUS/S2 SR/20190327T031729 20190327T032719 T48PXS

35.

COPERNICUS/S2 SR/20190329T030541 20190329T031935 T48PXS

36.

COPERNICUS/S2 SR/20190401T031541 20190401T032152 T48PXS

37.

COPERNICUS/S2 SR/20190403T030549 20190403T032022 T48PXS

38.

COPERNICUS/S2 SR/20190406T031549 20190406T032806 T48PXS

39.

COPERNICUS/S2 SR/20190408T030541 20190408T031145 T48PXS

40.

COPERNICUS/S2 SR/20190411T031541 20190411T031758 T48PXS

41.

COPERNICUS/S2 SR/20190413T030549 20190413T032053 T48PXS

42.

COPERNICUS/S2 SR/20190416T031549 20190416T033355 T48PXS

43.

COPERNICUS/S2 SR/20190418T030551 20190418T032510 T48PXS

44.

COPERNICUS/S2 SR/20190421T031541 20190421T032816 T48PXS

45.

COPERNICUS/S2 SR/20190423T030549 20190423T031830 T48PXS

46.

COPERNICUS/S2 SR/20190426T031549 20190426T033222 T48PXS

47.

COPERNICUS/S2 SR/20190428T030551 20190428T032153 T48PXS

48.

COPERNICUS/S2 SR/20190501T031541 20190501T032155 T48PXS

49.

COPERNICUS/S2 SR/20190503T030549 20190503T032027 T48PXS

50.

COPERNICUS/S2 SR/20190506T031549 20190506T032940 T48PXS

51.

COPERNICUS/S2_SR/20190508T030551 20190508T031147 T48PXS

52.

COPERNICUS/S2 SR/20190511T031541 20190511T032155 T48PXS

53.

COPERNICUS/S2 SR/20190513T030549 20190513T032056 T48PXS

54.

COPERNICUS/S2 SR/20190516T031549 20190516T033249 T48PXS

55.

COPERNICUS/S2 SR/20190518T030551 20190518T031147 T48PXS

56.

COPERNICUS/S2 SR/20190521T031541 20190521T032632 T48PXS

57.

COPERNICUS/S2 SR/20190521T031541 20190521T033512 T48PXS

58.

COPERNICUS/S2 SR/20190523T030549 20190523T032433 T48PXS

59.

COPERNICUS/S2 SR/20190526T031549 20190526T032742 T48PXS

60.

COPERNICUS/S2 SR/20190528T030551 20190528T032022 T48PXS

61.

COPERNICUS/S2 SR/20200301T031639 20200301T032759 T48PXS

62.

COPERNICUS/S2 SR/20200303T030621 20200303T031221 T48PXS

63.

COPERNICUS/S2 SR/20200306T031601 20200306T032215 T48PXS

64.

COPERNICUS/S2 SR/20200308T030549 20200308T032041 T48PXS

65.

COPERNICUS/S2 SR/20200311T031539 20200311T033028 T48PXS

66.

COPERNICUS/S2 SR/20200313T030541 20200313T031139 T48PXS

67.

COPERNICUS/S2 SR/20200316T031541 20200316T033031 T48PXS

COPERNICUS/S2 SR/20200318T030539 20200318T031658 T48PXS
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68.

69.

COPERNICUS/S2 SR/20200321T031539 20200321T032851 T48PXS

70.

COPERNICUS/S2 SR/20200323T030541 20200323T032148 T48PXS

71.

COPERNICUS/S2 SR/20200326T031541 20200326T032147 T48PXS

72.

COPERNICUS/S2 SR/20200328T030539 20200328T032219 T48PXS

73.

COPERNICUS/S2 SR/20200331T031539 20200331T032731 T48PXS

74.

COPERNICUS/S2 SR/20200402T030541 20200402T031139 T48PXS

75.

COPERNICUS/S2 SR/20200405T031541 20200405T032148 T48PXS

76.

COPERNICUS/S2 SR/20200407T030539 20200407T032045 T48PXS

77.

COPERNICUS/S2 SR/20200410T031539 20200410T033251 T48PXS

78.

COPERNICUS/S2 SR/20200412T030541 20200412T031142 T48PXS

79.

COPERNICUS/S2 SR/20200415T031541 20200415T033030 T48PXS

80.

COPERNICUS/S2 SR/20200417T030539 20200417T031818 T48PXS

81.

COPERNICUS/S2 SR/20200420T031539 20200420T033213 T48PXS

82.

COPERNICUS/S2 SR/20200422T030541 20200422T032150 T48PXS

83.

COPERNICUS/S2 SR/20200425T031541 20200425T032153 T48PXS

84.

COPERNICUS/S2 SR/20200427T030539 20200427T032216 T48PXS

85.

COPERNICUS/S2 SR/20200430T031539 20200430T032932 T48PXS

86.

COPERNICUS/S2 SR/20200502T030551 20200502T031146 T48PXS

87.

COPERNICUS/S2 SR/20200505T031541 20200505T032155 T48PXS

88.

COPERNICUS/S2 SR/20200507T030539 20200507T032046 T48PXS

89.

COPERNICUS/S2 SR/20200510T031539 20200510T033310 T48PXS

90.

COPERNICUS/S2 SR/20200512T030551 20200512T031148 T48PXS

91.

COPERNICUS/S2 SR/20200515T031541 20200515T033039 T48PXS

92.

COPERNICUS/S2 SR/20200517T030539 20200517T031714 T48PXS

93.

COPERNICUS/S2 SR/20200520T031539 20200520T033334 T48PXS

94.

COPERNICUS/S2 SR/20200522T030551 20200522T032155 T48PXS

95.

COPERNICUS/S2 SR/20200525T031551 20200525T032157 T48PXS

96.

COPERNICUS/S2 SR/20200527T030549 20200527T031643 T48PXS

97.

COPERNICUS/S2 SR/20200527T030549 20200527T032512 T48PXS

98.

COPERNICUS/S2 SR/20200530T031539 20200530T032937 T48PXS

99.

COPERNICUS/S2 SR/20210301T031641 20210301T032900 T48PXS

100.

COPERNICUS/S2 SR/20210303T030629 20210303T032113 T48PXS

101.

COPERNICUS/S2 SR/20210306T031609 20210306T032412 T48PXS

102.

COPERNICUS/S2 SR/20210308T030551 20210308T031955 T48PXS

COPERNICUS/S2 SR/20210311T031541 20210311T033023 T48PXS
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103.

104.

COPERNICUS/S2 SR/20210313T030539 20210313T031920 T48PXS

105.

COPERNICUS/S2 SR/20210316T031539 20210316T032819 T48PXS

106.

COPERNICUS/S2 SR/20210318T030541 20210318T032018 T48PXS

107.

COPERNICUS/S2 SR/20210321T031541 20210321T032653 T48PXS

108.

COPERNICUS/S2 SR/20210323T030539 20210323T032358 T48PXS

109.

COPERNICUS/S2 SR/20210326T031539 20210326T032852 T48PXS

110.

COPERNICUS/S2 SR/20210328T030541 20210328T032017 T48PXS

111.

COPERNICUS/S2 SR/20210331T031541 20210331T032710 T48PXS

112.

COPERNICUS/S2 SR/20210402T030539 20210402T032027 T48PXS

113.

COPERNICUS/S2 SR/20210405T031539 20210405T032424 T48PXS

114.

COPERNICUS/S2 SR/20210407T030541 20210407T031942 T48PXS

115.

COPERNICUS/S2 SR/20210410T031531 20210410T033018 T48PXS

116.

COPERNICUS/S2 SR/20210412T030539 20210412T032004 T48PXS

117.

COPERNICUS/S2 SR/20210415T031539 20210415T033041 T48PXS

118.

COPERNICUS/S2 SR/20210417T030541 20210417T032013 T48PXS

119.

COPERNICUS/S2 SR/20210420T031531 20210420T032736 T48PXS

120.

COPERNICUS/S2 SR/20210422T030539 20210422T032313 T48PXS

121.

COPERNICUS/S2 SR/20210425T031539 20210425T033040 T48PXS

122.

COPERNICUS/S2 SR/20210427T030541 20210427T032016 T48PXS

123.

COPERNICUS/S2 SR/20210430T031541 20210430T032753 T48PXS

124.

COPERNICUS/S2 SR/20210502T030539 20210502T032025 T48PXS

125.

COPERNICUS/S2 SR/20210505T031539 20210505T032618 T48PXS

126.

COPERNICUS/S2_SR/20210507T030541 20210507T031945 T48PXS

127.

COPERNICUS/S2 SR/20210510T031541 20210510T033022 T48PXS

128.

COPERNICUS/S2 SR/20210512T030539 20210512T031919 T48PXS

129.

COPERNICUS/S2 SR/20210515T031539 20210515T033044 T48PXS

130.

COPERNICUS/S2 SR/20210517T030541 20210517T032019 T48PXS

131.

COPERNICUS/S2 SR/20210520T031541 20210520T033024 T48PXS

132.

COPERNICUS/S2 SR/20210522T030539 20210522T032359 T48PXS

133.

COPERNICUS/S2 SR/20210525T031539 20210525T033045 T48PXS

134.

COPERNICUS/S2 SR/20210527T030541 20210527T032020 T48PXS

135.

COPERNICUS/S2 SR/20210530T031541 20210530T032713 T48PXS

136.

COPERNICUS/S2 SR/20220301T031649 20220301T032917 T48PXS

137.

COPERNICUS/S2 SR/20220303T030631 20220303T032105 T48PXS

COPERNICUS/S2 SR/20220306T031621 20220306T033019 T48PXS
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138. COPERNICUS/S2 SR/20220308T030549 20220308T031828 T48PXS
139. COPERNICUS/S2 SR/20220311T031539 20220311T032739 T48PXS
140. COPERNICUS/S2 SR/20220313T030551 20220313T032019 T48PXS
141. COPERNICUS/S2 SR/20220316T031541 20220316T032618 T48PXS
142. COPERNICUS/S2 SR/20220318T030539 20220318T032353 T48PXS
143. COPERNICUS/S2 SR/20220321T031539 20220321T032811 T48PXS
144, COPERNICUS/S2 SR/20220323T030551 20220323T031935 T48PXS
145. COPERNICUS/S2 SR/20220326T031541 20220326T032635 T48PXS
146. COPERNICUS/S2 SR/20220328T030539 20220328T032023 T48PXS
147. COPERNICUS/S2 SR/20220331T031539 20220331T032842 T48PXS
148. COPERNICUS/S2 SR/20220402T030541 20220402T031847 T48PXS
149. COPERNICUS/S2 SR/20220405T031541 20220405T032945 T48PXS
150. COPERNICUS/S2 SR/20220407T030539 20220407T032407 T48PXS
151. COPERNICUS/S2 SR/20220410T031539 20220410T032947 T48PXS
152. COPERNICUS/S2 SR/20220412T030541 20220412T032017 T48PXS
153. COPERNICUS/S2 SR/20220415T031541 20220415T032711 T48PXS
154. COPERNICUS/S2 SR/20220417T030539 20220417T032355 T48PXS
155. COPERNICUS/S2 SR/20220420T031539 20220420T033025 T48PXS
156. COPERNICUS/S2 SR/20220422T030551 20220422T032020_ T48PXS
157. COPERNICUS/S2 SR/20220425T031541 20220425T032948 T48PXS
158. COPERNICUS/S2 SR/20220427T030539 20220427T032403 T48PXS
159. COPERNICUS/S2 SR/20220430T031529 20220430T033038_ T48PXS
160. COPERNICUS/S2 SR/20220502T030551 20220502T032020 T48PXS
161. COPERNICUS/S2 SR/20220507T030539 20220507T032406 T48PXS
162. COPERNICUS/S2 SR/20220510T031539 20220510T033440_ T48PXS
163. COPERNICUS/S2 SR/20220512T030551 20220512T032048 T48PXS
164. COPERNICUS/S2 SR/20220515T031541 20220515T033046_ T48PXS
165. COPERNICUS/S2 SR/20220517T030539 20220517T032354 T48PXS
166. COPERNICUS/S2 SR/20220520T031539 20220520T033443 T48PXS
167. COPERNICUS/S2 SR/20220522T030551 20220522T032134 T48PXS
168. COPERNICUS/S2 SR/20220525T031551 20220525T033048 T48PXS
169. COPERNICUS/S2 SR/20220527T030539 20220527T032355 T48PXS
170. COPERNICUS/S2 SR/20220530T031539 20220530T033443 T48PXS
171. |[LANDSAT9 |LANDSAT/LC09/C02/T1 L2/LC09 125053 20220308

172.

LANDSAT/LC09/C02/T1 L2/LC09 125053 20220324
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173. LANDSAT/LC09/C02/T1 L2/LC09 125053 20220409
174. LANDSAT/LC09/C02/T1 L2/LC09 125053 20220425
175. LANDSAT/LC09/C02/T1 L2/LC09 125053 20220511
176. LANDSAT/LC09/C02/T1 L2/LC09 125053 20220527
177. |LANDSAT8 |LANDSAT/LC08/C02/T1 L2/LC08 125053 20200310
178. LANDSAT/LC08/C02/T1 L2/LC08 125053 20200326
179. LANDSAT/LC08/C02/T1 L2/LC08 125053 20200411
180. LANDSAT/LC08/C02/T1 L2/LC08 125053 20200427
181. LANDSAT/LC08/C02/T1 L2/LC08 125053 20200513
182. LANDSAT/LC08/C02/T1 L2/LC08 125053 20200529
183. LANDSAT/LC08/C02/T1 L2/LC08 125053 20180305
184. ANDSAT/LC08/C02/T1 L2/LC08 125053 20180321

185. LANDSAT/LC08/C02/T1 L2/LC08 125053 20180406
186. LANDSAT/LC08/C02/T1 L2/LC08 125053 20180422
187. LANDSAT/LC08/C02/T1 L2/LC08 125053 20180508
188. LANDSAT/LC08/C02/T1 L2/LC08 125053 20180524
189. LANDSAT/LC08/C02/T1 L2/LC08 125053 20150313
190. LANDSAT/LC08/C02/T1 L2/LC08 125053 2015032

191. LANDSAT/LC08/C02/T1 L2/LC08 125053 20150414
192. LANDSAT/LC08/C02/T1 L2/LC08 125053 20150430
193. LANDSAT/LC08/C02/T1 L2/LC08 125053 20150516
194. |[LANDSAT7 |LANDSAT/LE07/C02/T1 L2/LE07 125053 20100307
195. LANDSAT/LEQ7/C02/T1 L2/LE07 125053 20100323
196. LANDSAT/LE07/C02/T1 L2/LE07 125053 20100408
197. LANDSAT/LE07/C02/T1 L2/LE07 125053 20100424
198. LANDSAT/LE07/C02/T1 L2/LE07 125053 20100510
199. LANDSAT/LE07/C02/T1 L2/LE07 125053 20050309
200. LANDSAT/LE07/C02/T1 L2/LE07_ 125053 20050325

201.

LANDSAT/LEO7/C02/T1 L2/LE07 125053 20050410
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ANH TO HQP SENTINEL 2 TINH BEN TRE NAM 2020
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ANH TO HQP SENTINEL_2 TINH BEN TRE NAM 2022
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Phu luc 8: Code for LANDSAT
https://code.earthengine.google.com/93b0b6646e048aa2b3424287ef4271dd

var date_start = '2014-01-01";
var date_end = '2022-12-01";

Map.centerObject(geometry, 10);

var dn_nopaint = ee.Image().paint(geometry, 0, 2);
Map.addLayer(dn_nopaint, {color: 'FOFFF0'}, 'Dak Nong', 1),
var study=(geometry),

Ve S iiiiiiiiia

function maskL457sr(image) {
var qaMask = image.select('QA_PIXEL').bitwiseAnd(parselnt('11111', 2)).eq(0);
var saturationMask = image.select("OA RADSAT').eq(0);

// Apply the scaling factors to the appropriate bands.
var opticalBands = image.select("SR_B.').multiply(0.0000275).add(-0.2),
var thermalBand = image.select("ST B6').multiply(0.00341802).add(149.0),

// Replace the original bands with the scaled ones and apply the masks.
return image.addBands(opticalBands, null, true)
.addBands(thermalBand, null, true)
.updateMask(qaMask)
.updateMask(saturationMask),

/

// Map the function over one year of data.

var LS7 = ee.ImageCollection("LANDSAT/LE07/C02/T1 _L2')
JfilterDate(date start, date _end)
filterBounds(geometry)
.map(maskL457sr);

VI S Tiiiiia

function maskLS8sr(image) {
var gqaMask = image.select('QA_PIXEL').bitwiseAnd(parselnt('11111', 2)).eq(0);
var saturationMask = image.select("OA RADSAT').eq(0);

// Apply the scaling factors to the appropriate bands.
var opticalBands = image.select("SR_B.').multiply(0.0000275).add(-0.2),
var thermalBands = image.select('ST B.*').multiply(0.00341802).add(149.0),
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// Replace the original bands with the scaled ones and apply the masks.
return image.addBands(opticalBands, null, true)
.addBands(thermalBands, null, true)
.updateMask(qaMask)
.updateMask(saturationMask),
/

// Map the function over one year of data.

var LS8 = ee.ImageCollection('LANDSAT/LC0O8/C02/T1 L2')
JfilterDate(date_ start, date_end)
filterBounds(geometry)
.map(maskL8sr);

var LS9 = ee.ImageCollection("LANDSAT/LC09/C02/T1 L2')
filterDate(date start, date _end)
filterBounds(geometry)
.map(maskL8sr);

function cut(img){
return img.clip(geometry);

/

// Sets band names
var options = {
'L7"
'bandNamess': ['SR_B1', 'SR _B2', 'SR _B3', 'SR _B4' 'SR _B5' 'SR B7' 'ST B6'],
'mewNames': ['blue’, 'green’, 'red’, 'nir’, 'swirl’, 'swir2', 'temp'],
4
'L8"
'bandNamess': ['SR_B2', 'SR_B3', 'SR _B4', 'SR _B5', 'SR _B6', 'SR _B7' 'ST B10'],
'mewNames': ['blue’, 'green’, red’, 'nir', 'swirl', 'swir2', 'temp'],
4
! 91{
'bandNamess': ['SR_B2', 'SR _B3', 'SR _B4', 'SR _B5', 'SR _B6', 'SR _B7' 'ST B10'],
'newNames': ['blue’, 'green’, 'red’, 'nir', 'swirl’, 'swir2', 'temp'],
/
}’.

LS9 = LS9.select(['SR_B2', 'SR _B3', 'SR _B4', 'SR_BS5', 'SR _B6', 'SR _B7' 'ST B10'],
['blue’, 'green’, 'red', 'nir', 'swirl', 'swir2', 'temp'])
LS8 = LS8.select(['SR_B2', 'SR _B3', 'SR _B4', 'SR _B5', 'SR B6', 'SR _B7' 'ST B10'],
['blue’, 'green’, 'red', 'nir', 'swirl', 'swir2', 'temp'])
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LS7 = LS7.select(['SR_BI1','SR_B2', 'SR_B3', 'SR_B4', 'SR _B5', 'SR _B7', 'ST B6'],
['blue’, 'green’, 'red', 'nir', 'swirl', 'swir2', 'temp'])
LS7 = LS7.map(function(img){
var id = ee.Image(img).id(),
var filled1b = img.focal mean(l, 'circle’, 'pixels’, 8);
return filled1b.blend(img).copyProperties(img, img.propertyNames()),
P2

Jprint('LS7", LS7)
/print('LSS', LSS)

var LSColl = LS9.merge(LSS8).merge(LS7)
print(LSColl)

// Convert to celsius
function IstC(image){
var IstK = image.select('temp’);
var Ist = IstK.subtract(273.15);
return image.addBands(Ist.rename('LST')).copyProperties(image,
image.propertyNames())
/

LSColl = LSColl. map(IlstC).map(cut)

Yiiiadiiidiiiiiiidia
// Moving-Window Smoothing

// Specify the time-window
var days = 30;

// Convert to milliseconds
var millis = ee. Number(days).multiply(1000*60*60*24),

// We use a 'save-all join' to find all images
// that are within the time-window

// The join will add all matching images into a
// new property called 'images’
var join = ee.Join.saveAll({

matchesKey: 'images’

P
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// This filter will match all images that are captured
// within the specified day of the source image
var diffFilter = ee.Filter.maxDifference({
difference: millis,
leftField: 'system.:time_start',
rightField: 'system:time start’

P

LSColl = join.apply({
primary: LSColl,
secondary: LSColl,
condition: diffFilter

P2a

//print(‘Joined Collection', LandsatColl);

// Each image in the joined collection will contain

// matching images in the 'images' property

// Extract and return the mean of matched images

var extractAndComputeMean = function(image) {
var matchinglmages = ee.ImageCollection.fromlmages(image.get('images’));
var meanlmage = matchinglmages.reduce(

ee.Reducer.mean().setOutputs(['moving average']))

return ee.Image(image).addBands(meanlmage)

/

LSColl = ee.ImageCollection(LSColl.map(extractAndComputeMean)),;

print('Smoothed Collection', LSColl)

var bands = ['blue moving average','green_moving average','red moving average’,
'nir_moving average', 'swirl _moving average', 'swir2_moving average',

'LST moving average']

var newbandss = ['blue’,'green’, 'red’, 'nir’, 'swirl’, 'swir2', 'LST']
//Map.addLayer(LandsatColl.first(), ", ")

LSColl = LSColl.select(bands,newbandss),

print(LSColl)
Yiiiiiiiiza

var tpalette= [
'040274", '040281", '0502a3’, '0502b8", '0502ce’, '0502e0,
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0602fF, '235¢hb1", '307¢f3", 269db1", '30c8e2’, '32d3ef’
3be285", 3381, '86e26f, 3ae237', 'bSel2e’, 'd6e21f,
705", [Fd611" "fb613", '8b13", 'f6e08’, "500d",
#0000, 'de0101', '¢21301", 'a71001", '911003'

/1

var tvdipalette= [
'000000', 'a50026', 'd73027', 'f46d43’, 'fdae61’, 'fee08b’,
"fbf, 'd9ef8b’, 'a6d96a’, '66bd63’, '1a9850", '006837', '8bc4fY’

I
var ndvipalette = ['b5e9a5’, 'a5e494','95¢084','86dc73",'67d452",'19bf00"];

function imageYear(collection, s, e){

var list = ee.List([]); // Here this creates an empty list
for (vari=s;i<=e; i++){

var imagem = collection.filterDate(i+'-03-01", i+"-05-31")

//print('imagem’, imagem);

imagem = imagem.median().set('system:time_start', ee.Date(i+"-01-01").millis())
.set('date’, 1).set("'month’, 1).set('vear’, i)
.set('system:id’, ee.Date.fromYMD(, 1,1).format("YYYY-MM-dd"))
.set('date’, ee.Date.fromYMD(i,1,1))
.set('system:index’,

ee.Date.fromYMD(i,1,1).format("YYYY MM dd"))

.set('system:time_start',ee.Date.fromYMD(i, 1,1).millis()),

Map.addLayer(imagem, {bands: 'LST', min: 5, max: 45, palette:tpalette}, 'LST' + ' '
+i, 0);

list = list.add(imagem),
/

return ee.ImageCollection(list),

/

function SI2index(img){
var SI2 = img.expression(
'sqrt(green*green + red*red + nir*nir)’, {
'mir': img.select('nir'),
red': img.select('red’),
'green’: img.select('green’)

H-float(),
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img = img.addBands(SI2.rename('SI2));

return img;

/

var LST Col = imageYear(LSColl, 2017, 2017)
LST Col = LST Col.map(SI2index)
print("LST Col', LST Col)

function L_EC8(img){
var lec8 = img.expression('float(-6.489 + 20.492*(GREEN/NIR) + 0.383*LST +
28.615*SWIR2 + 6.247*(NIR/SWIRI) - 20.053*S12 - 3.505*(SWIR1/SWIR2))",{
'NIR': img.select(['nir']),
'GREEN': img.select(['green’]),
'LST": img.select(['LST"]),
'SI2": img.select(['SI2']),
'SWIRI': img.select(['swirl']),
'SWIR2': img.select(['swir2']),

}).rename("LECS"); //.toFloat().multiply(ee.Image(0.0001))
return img.addBands(lec8.rename('LECS’));

/

LST Col = LST Col.map(L_ECS)
print('L_ECS8', LST Col)

Map.addLayer(LST Col first(), {bands: 'LECS', min: 5, max: 45,
palette:tpalette},'L ECS')

var ExportCol = function(col, folder, scale, type, nimg, maxPixels, region) {
type = type || "float";
nimg = nimg || 500;
scale = scale || 30;
maxPixels = maxPixels || lel3;

var colList = col.toList(nimg),
var n = colList.size().getInfo();

for (vari=0;i<n;i++){
var img = ee.Image(colList.get(i));
var id = img.id().getInfo(),
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//var date = img.date().format("yyyy-MM-dd').getInfo(),
region = geometry || img.geometry().bounds().getInfo()["coordinates"];

var imgtype = {"float":img.toFloat(),
"byte":img.toByte(),
"int":img.tolnt(),
"double":img.toDouble()
}’.

Export.image.toDrive({
image:imgtype[type],
description: id,
folder: folder,
fileNamePrefix: id,
region: region,
scale: scale,
maxPixels: maxPixels});

ExportCol(LST Col, "XamNhapMan", 30),
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Phu luc 9: Code for Sentinel-2
https://code.earthengine.google.com/6298fe4af16242282137¢9eb9de 19648

var dem = ee.Image("JAXA/ALOS/AW3D30 V1 1").select(["AVE"])
var epsg = "EPSG:4326"
var feature = 0

I R R R AR R
// # variable for the shadowMask algorithm #
[] B

var START DATE ='2018-01-01'
var END_DATE = '2022-12-30'
var CLOUD FILTER = 100

var CLD_PRB_THRESH = 40
var NIR._DRK_THRESH = 0.15
var CLD_PRJ DIST =2

var BUFFER = 100

SRR TR R R R R R e
// # variable for terrain algorithm it
[] B

var terrainScale = 600

/] R
// # variable for cloudScore algorithm #

/] HHEHHHHHHH
var cloudScoreThresh = 20

var cloudScorePctl = 5

I R R

SRR R R R

// # variable band selection i

AT B I R I B T

var medoidBands = ee.List(['blue', 'green’, 'red’, nir', 'swirl', 'swir2'])

var divideBands = ee.List(['blue’, 'green’, 'red', 'nir', 'swirl’, 'swir2'])

var bandNamesLandsat = ee.List(['blue’, 'green’, 'red’, nir', 'swirl', 'thermal', 'swir2',
'st_atmos_opacity', 'pixel ga', 'radsat qa'l])

var sensorBandDictLandsatSR = ee.Dictionary({'L8": ee.List([1, 2, 3,4, 5,7, 6, 9, 10,
11]),
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'L7" ee.List([0, 1,2, 3, 4,5, 6,7,9, 10]),
'L5" ee.List([0, 1, 2, 3, 4,5, 6, 7,9, 10]),
'L4" ee List([0, 1, 2,3, 4,5,6,7,9, 10])})

var s2BandsIn = ee.List(['B1', 'B2', 'B3', 'B4', 'B5', 'B6', 'B7', 'B&', 'B§A', 'B9', 'B11',
'B12'])

var s2BandsOut = ee.List(['cb’, 'blue’, 'green’, 'red','rel’, 're2', 're3', 'nir', 'nir2', 'cirrus’,
'swirl', 'swir2'])

var s2divideBands = ee.List(['blue’, 'green', red', 'rel’, 're2', 're3', 'nir', 'nir2', 'cb’,
'cirrus', 'swirl', 'swir2'])

I HHHHRHHBHBHRBRAHBHBHBHBHBHHAH
// # enable / disable modules #

|| HHHHHHH T R
var cloudRemoval = true

var brdfCorrect = true

var terrain_Correction = true

var temporal_Interpolation = true

var percentiles = [25, 50, 75]

//*--- SYSTEM STEP-1: IMPORT DATA---*//

Map.centerObject(studyArea,10);
var tl_nopaint = ee.Image().paint(studyArea, 0, 2);
Map.addLayer(tl_nopaint, {color: 'FOFFF0'}, 'AOI', 1)

function cut(img){
return img.clip(studyArea);

}

function get s2 sr cld col(studyArea, start date, end date){
//# Import and filter S2 SR.
var s2_sr_col = (ee.ImageCollection('COPERNICUS/S2 SR')
filterBounds(studyArea)
filterDate(start_date, end_date)
filter(ee.Filter.lte((CLOUDY_ PIXEL PERCENTAGE', CLOUD_ FILTER)))

//# Import and filter s2cloudless.
var s2_cloudless_col =
(ee.ImageCollection('COPERNICUS/S2 CLOUD_PROBABILITY")
filterBounds(studyArea)
filterDate(start_date, end date));
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// # Join the filtered s2cloudless collection to the SR collection by the 'system:index’
property.
return ee.ImageCollection(ee.Join.saveFirst('s2cloudless').apply({
primary: s2_sr_col,
secondary: s2 cloudless col,
condition: ee.Filter.equals({
leftField: 'system:index’,
rightField: 'system:index'})
1));
}

function add cloud bands(img){
//# Get s2cloudless image, subset the probability band.
var cld_prb = ee.Image(img.get('s2cloudless')).select('probability")

//# Condition s2cloudless by the probability threshold value.
var is_cloud = cld_prb.gt(CLD_PRB_THRESH).rename('clouds')

//# Add the cloud probability layer and cloud mask as image bands.
return img.addBands(ee.Image([cld prb, is_cloud]))

}

function add _shadow_bands(img){
//# Identity water pixels from the SCL band.
var not_water = img.select('SCL").neq(6)

//# Identify dark NIR pixels that are not water (potential cloud shadow pixels).

var SR BAND SCALE = le4

var dark pixels =
img.select('B8').It(NIR_DRK THRESH*SR BAND_SCALE).multiply(not water).ren
ame('dark pixels')

//# Determine the direction to project cloud shadow from clouds (assumes UTM
projection).

var shadow_azimuth =
ee.Number(90).subtract(ee.Number(img.get(‘(MEAN SOLAR AZIMUTH ANGLE")))

b

//# Project shadows from clouds for the distance specified by the CLD_PRJ DIST
input.
var cld_proj = (img.select('clouds').directionalDistance Transform(shadow azimuth,
CLD_PRJ DIST*10)
.reproject({'crs": img.select(0).projection(), 'scale’: 100})
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.select('distance')
.mask()
.rename('cloud transform'))

//# Identify the intersection of dark pixels with cloud shadow projection.
var shadows = cld_proj.multiply(dark pixels).rename('shadows')

//# Add dark pixels, cloud projection, and identified shadows as image bands.
return img.addBands(ee.Image([dark pixels, cld proj, shadows]))

b

function add cld_shdw_mask(img){
//# Add cloud component bands.
var img_cloud = add cloud bands(img)

//# Add cloud shadow component bands.
var img_cloud shadow = add shadow bands(img_cloud)

//# Combine cloud and shadow mask, set cloud and shadow as value 1, else 0.
var is_cld shdw =
img_cloud shadow.select('clouds').add(img_cloud shadow.select('shadows')).gt(0)

//# Remove small cloud-shadow patches and dilate remaining pixels by BUFFER
input.
//# 20 m scale is for speed, and assumes clouds don't require 10 m precision.
is_cld shdw = (is_cld_shdw.focalMin(2).focalMax(BUFFER*2/20)
.reproject({'crs'": img.select([0]).projection(), 'scale': 20})
.-rename('cloudmask’))

//# Add the final cloud-shadow mask to the image.
return img_cloud shadow.addBands(is_cld shdw)

}

var s2_sr_cld col =get s2 sr cld col(studyArea, START DATE,

END DATE).map(cut);
//print(s2_sr _cld col.size().getInfo());
function apply cld shdw mask(img){
//# Subset the cloudmask band and invert it so clouds/shadow are 0, else 1.

var not cld shdw = img.select('cloudmask').not();

//# Subset reflectance bands and update their masks, return the result.
return img.select('B.*").updateMask(not_cld shdw);
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}

var s2_collections = (s2_sr_cld_col.map(add cld shdw mask)
.map(apply cld shdw_mask));

var inBands = ee.List(['B1','/B2','B3",'B4",'B5','B6','B7','B&','B8A','BY",'B11','B12']);
var outBands =
ee.List(['cb','blue','green’,'red','rel','re2','re3’,

'nir','re4','waterVapor','swirl','swir2']);
function scaleBands(img){

var prop = img.toDictionary();

vart=
img.select(['B1','B2','B3','B4','B5','B6','B7','B8','B8A",'B9",'B11','B12']).divide(10000);

t = t.set(prop).copyProperties(img,['system:time _start','system:footprint']);

return ee.Image(t);

}

function scaleS2(img){
divideBands = ['B1', 'B2', 'B3', 'B4', 'B5','B6', 'B7', 'BS', 'B8A', 'B9', 'B11', 'B12']
bandNames = img.bandNames()
otherBands = bandNames.removeAll(divideBands)

others = img.select(otherBands)
out = img.select(divideBands).divide(10000)

return out.addBands(others).set(img.toDictionary()).copyProperties(img,
['system:time start', 'system:footprint',
'"MEAN SOLAR ZENITH ANGLE!,

'"MEAN SOLAR AZIMUTH ANGLE'").set("centroid", img.geometry().centroid())
h

//s2_collections = s2_collections.map(scaleBands);
s2_collections =s2_collections.select(inBands,outBands);

//print(s2_collections)

T

function addIndicators(img){
img = img.addBands(img.normalizedDifference(['nir', 'red']).rename(['ndvi']))
return img

}
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var addEVI = function (image) {
var evi = image.expression('2.5 * ((NIR - RED) / (NIR + 6 * RED - 7.5 * BLUE +
), §
'NIR' : image.select('nir'),
'RED' : image.select('red'),
'BLUE'": image.select('blue')
})-float();
return image.addBands(evi.rename('evi'));

3

var addSAVI = function (image) {
// Add Soil Adjust Vegetation Index (SAVI)

// using L = 0.5;
var savi = image.expression('(NIR - RED) * (1 + 0.5)/(NIR + RED + 0.5)', {

'NIR': image.select('nir'),

'RED': image.select('red")
})-float();
return image.addBands(savi.rename('savi'));

3

function SI4index(img){

var SI4 = img.expression(
'sqrt( ((nir*red)-(green*blue)) /((nir*red)+(green*blue)))’, {
nir'": img.select('nir'),
'red": img.select('red'),
'blue': img.select('blue'),
'green': img.select('green’)

})-float();

img = img.addBands(SI4.rename('S14"));

return img;

}

function Blindex(img) {
var Bl = img.expression(
'sqrt(green*green+ nir*nir)', {
'nir': img.select('nir'),
'green': img.select('green’)
})-float();
img = img.addBands(BIl.rename('BI"));

return img;

}
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function S EC9(img){
var SEC9 = img.expression('float(-119.726 + 56.883*(RED/NIR) + 250.285*NDVI +
17.740*EVI - 36.116*(GREEN/RED) - 15.471*PCA1 + 115.630*(GREEN/NIR) -
174.195*SAVI + 42.839*S14 + 14.112*BI + 25.299*PCA2)', {
'NIR'": img.select('nir"),
'GREEN": img.select('green’'),
'RED'": img.select('red'),
'NDVTI': img.select('ndvi'),
'EVI": img.select('evt'),
'SAVI'": img.select('savt'),
'SI4": img.select('S14"),
'BI': img.select('BI'"),
'PCAT": img.select('pcl"),
'PCA2'": img.select("pc2')
})-float();
img = img.addBands(SEC9.rename('SEC9"));

return img;

}
var out_bands = ee.List(['blue','green’,'red','nir','swirl",'swir2']);

s2_collections =s2_collections.select(out bands)
print(ee.Image(s2_collections.first()));

var tpalette= [
'040274','040281", '0502a3', '0502b8', '0502ce', '0502¢6',
'06021f", "235¢cb1', '307ef3', '269db1", '30c8e2', '32d3ef,
'3be285', '3ff38f", '86e26f', '3ae237', 'b5e22e', 'd6e2 11,
'f1£705', 'ffd6 11", 'ftb613', 'ff8b13", 'ff6e08', 'ff500d',
'tf0000', 'de0101', 'c21301', 'a71001', '911003'

I;
var tvdipalette= |

'000000', 'a50026', 'd73027', 'f46d43', 'fdae61’, 'fee08b',
'fTtfbf’, 'd9ef8b', 'a6d96a’, '66bd63', '1a9850', '006837', '8bc4 9!

I;

var ndvipalette = ['b5e9a5', 'a5e494','95e084",'86dc73','67d452",'19b100'];
function imageYear(collection, s, €){

var list = ee.List([]); // Here this creates an empty list
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for (vari1=s;1<=e¢; i++){

var imagem = collection.filterDate(i+'-03-01', i+'-05-31")

//print('imagem’, imagem);

imagem = imagem.median().set('system:time_start', ee.Date(i+'-01-01").millis())
.set('date’, 1).set('month’, 1).set('year’, 1)
.set('system:id', ee.Date.fromYMD(1,1,1).format("YYYY-MM-dd"))
.set('date’, ee.Date.fromYMD(,1,1))
.set('system:index’,

ee.Date.fromYMD(,1,1).format("YYYY MM dd"))

.set('system:time_start',ee.Date.fromYMD(1,1,1).millis());

Map.addLayer(imagem, {bands: 'ndvi', min: 0, max: 0.5, palette:ndvipalette},
'NDVI'+' '+1, 0);
list = list.add(imagem);

}

return ee.ImageCollection(list);

}

var img = s2_collections.filterDate('2018-03-01", '2018-05-31").median()
img = img.divide(10000)

/I PCA Code///1111111T1T1T1T1TTT11T111111111111111
var boundary = studyArea;

function PCA(maskedImage){
var image = maskedImage.unmask();
var scale = 200;
var region = boundary;
var bandNames = image.bandNames();
// Mean center the data to enable a faster covariance reducer
// 'and an SD stretch of the principal components.
var meanDict = image.reduceRegion({
reducer: ee.Reducer.mean(),
geometry: region,
scale: scale,
maxPixels: 1€9,
bestEffort: true,
tileScale: 16
1)
var means = ee.Image.constant(meanDict.values(bandNames));
var centered = image.subtract(means);
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// This helper function returns a list of new band names.
var getNewBandNames = function(prefix) {
var seq = ee.List.sequence(1, bandNames.length());
return seq.map(function(b) {
return ee.String(prefix).cat(ee.Number(b).int());
1);
3
// This function accepts mean centered imagery, a scale and
// a region in which to perform the analysis. It returns the
// Principal Components (PC) in the region as a new image.
var getPrincipal Components = function(centered, scale, region) {
// Collapse the bands of the image into a 1D array per pixel.
var arrays = centered.toArray();

// Compute the covariance of the bands within the region.
var covar = arrays.reduceRegion({

reducer: ee.Reducer.centeredCovariance(),

geometry: region,

scale: scale,

maxPixels: 1e9,

bestEffort: true,

tileScale: 16
1)
// Get the 'array' covariance result and cast to an array.
// This represents the band-to-band covariance within the region.
var covarArray = ee.Array(covar.get('array'));

// Perform an eigen analysis and slice apart the values and vectors.
var eigens = covarArray.eigen();

// This is a P-length vector of Eigenvalues.

var eigenValues = eigens.slice(1, 0, 1);

// Compute Percentage Variance of each component

var eigenValuesList = eigenValues.toList().flatten();

var total = eigenValuesList.reduce(ee.Reducer.sum());

var percentageVariance = eigenValuesList.map(function(item) {
return (ee.Number(item).divide(total)).multiply(100).format('%.2f");

$);

// ' This will allow us to decide how many components capture

// most of the variance in the input

print('"Percentage Variance of Each Component', percentageVariance);

// This is a PxP matrix with eigenvectors in rows.

var eigenVectors = eigens.slice(1, 1);

// Convert the array image to 2D arrays for matrix computations.
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var arraylmage = arrays.toArray(1);

// Left multiply the image array by the matrix of eigenvectors.
var principal Components = ee.Image(eigenVectors).matrixMultiply(arraylmage);
// Turn the square roots of the Eigenvalues into a P-band image.
var sdlmage = ee.Image(eigenValues.sqrt())
.arrayProject([0]).arrayFlatten([getNewBandNames('sd")]);

// Turn the PCs into a P-band image, normalized by SD.
return principal Components
// Throw out an an unneeded dimension, [[]] > [].
.arrayProject([0])
// Make the one band array image a multi-band image, [] -> image.
.arrayFlatten([getNewBandNames("pc')])
// Normalize the PCs by their SDs.
.divide(sdIlmage);
3
var pclmage = getPrincipal Components(centered, scale, region);
return pclmage.mask(maskedlmage.mask());
}
var pca = PCA(img).select(['pcl’, 'pc2', 'pc3']);
var img = img.addBands(pca);

print('img', img)

var imageVisParam = {"opacity":1,
"bands":["red","green","blue"],
"min":0.03596875071525574,
"max":0.25026053190231323,

"gamma":1};

img = addIndicators(img)
img = addEVI(img)

img = addSAVI(img)
img = Sl4index(img)
img = Blindex(img)

var S EC9 IMG =S _EC9(img)
print(S_EC9 _IMQG)
Map.addLayer(S _EC9 IMG.select('SEC9"),",'S EC9 IMG")

T T
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//*---6. STEP-6: EXPORT THE COMPOSITE---*//

Export.image.toDrive({
image: S EC9 IMG.select('SEC9"),
description: 'EC_S',
scale: 10,
region: studyArea,
maxPixels: 2000000000000

s



