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Tém tit: Bai bao trinh bay tng dung phuong phap hoc sau dé xac dinh vi tri va phan loai
x04y thuan nhiét do1 (XTND) mdt cach tu dong. Phu’O’ng phép hoc sau trong bai bao la tng
dung mang no-ron tich chap hai luéng (CNN) cling cac dic diém theo khong gian va thoi
gian cua dit liéu v€ tinh dia tinh. B dit li¢u v¢€ tinh dia tinh Himawari-8/9 cho cac XTND
trén Tay Béc Thai Binh Duong va Bién Pong tir nim 2015 dén nam 2019 da duoc thu thap
va str dung trong nghién ctru. Pau vao bd sung cho phuong phap hoc sau 1a vecto chuyén
dong khi quyén (AMV) duoc tinh toan tir dir liéu vé tinh lién tiép theo thoi gian. Két qua
cho thdy kha nang tmg dung cao ctia phuong phap hoc may trong bai toan nhan dang XTND.
Ngoai ra, mdt thir nghiém cu thé cho con bao Doksuri vao niam 2017 cho thdy kha ning
canh bao sém trudce so voi phat bao cua Co quan khi tuong Nhat Ban (JMA).

Tir khoa: Nhan dang bdo; Mang no-ron tich chap hai ludng.

1. Mé dau

Xo04ay thuan nhiét doi (XTND) c6 déac trung chinh la viung gié xoay véi duong kinh c6
thé t6i ‘hang tram km, gi6 thoi X0dy vao trung tam theo hudng nguoc chiéu kim d6ng ho (khu
vuc Bic Ban Cau) ap suét khi quyén (khi ap) trong XTND thip hon xung quanh, hinh thanh
trén cac ving bién nhiét déi va khi quan sat trén dir liéu vé tinh (Himawari) thuong 1a mot
dang cAu tric xoan tir cac hé thong may dbi luu phat trién. Theo T4 chirc khi tuong thé gidi
(World Meteorological Organization-WMOQ), XTND thudc vao nhom loai hinh thién tai dirg
dau gom bao, 1ii lut, han han, chay rimg, 15 dat va dong dat, song than gay thiét hai 1on vé
ngudi va cia trén thé gisi. Dé giam thiéu tac hai cia XTND, trong nghiép vu du bao XTND,
mot trong nhitng yéu cau chinh dit ra 1a giam sat duoc XTND trong diéu kién thuc té, gdm
vi trf tim ctia XTND, cuong d6 cia XTND, ving anh hudng (xac dinh theo cac cip gié manh,
vi du ban kinh viing gié manh > 10,8 m/s timg v&i cap 6 trong thang stic gié Beaufort, hodc
theo viing mua 16n do hoan luu XTND). Thong tin nay cho phép trién khai cong tac canh bao
Tap chi Khi tugng Thity vin 2024, 764, 1-14; doi:10.36335/VNJHM.2024(764).1-14  http://tapchikttv.vn/
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nhiing tac dong do XTND géy ra nhu gi6 manh giy do cdy, toc mai nha..., mua I6n gay i
lut, ngdp ung, gian doan giao thong ... va qua do xay dung cac kich ban ung pho dé dam bao
an toan v€ tinh mang cua con ngudi, giam thiéu thiét hai vat chat va on dinh hoat dong san
xuét kinh té (trén dat lién va trén bién) cho ving chiu anh hudng boi XTND.

Dé xac dinh vi tri, cuong d6 bao thoi gian thyc, phuong phap chu yeu dugc str dung la
phuong phap Dvorak (DT) va nhimg nam gan day, cung voi sy phat trién cua thé hé cam
bién trén céac vé tinh khi tuong thé hé méi va kha nang tinh toan ciia may tinh, két hop véi sy
tich Ity 1au nam kinh nghiém cuia dy bao vién va nhiing thanh tyu méi cua cong nghé tu dong
hoa, viéc ty dong phén tich va udc luong cuong do bao nhiét doi bang céac hé thong may tinh
da trd nén kha thi hon rat nhiéu, tao tién dé dé phuong phap Dvorak cai tién (Advanced
Objective Dvorak Technique - ADT) ra doi. Mac du vay, cac phuong phap DT, ADT van con
nhiéu sai s6 va mang tinh chu quan khé nhiéu, chi tiét danh gia trén khu vuc Bién Dong duoc
trich dn trong tai liu [1, 2].

Viéc g dung tri tué nhan tao (Artificial Intelligence- Al) trong bai toan giam sat vi tri,
cuong do XTND tir quan tric vé tinh, radar dugc xem 1a nhitng thé manh thuc su ciia cong
nghé Al théng qua Gmg dung cong nghé nhan dang véi cic mau tim kiém 1a cac mau dang
may bao khac nhau [3]. Ngoai dit liéu vé tinh thudn ty, cac dit liéu gian tiép tir vé tinh gobm
thong tin truong gié khi quyén AMV (Atmospheric Motion Vector - xac dinh tir dit lidu vé
tinh do dac lién tuc theo thdi gian), thong tin trang thai bién tir cac dit liéu vé tinh cyc cling
dong gop trong viéc cai thién chat luong giam sat XTND bang Al [4-6]. Mot sb cong trinh
lién quan dén xac dinh cuong do XTND nhu sir dung kién tric mang no-ron tich chap
(Convolution Neural Network - CNN) va dit liéu anh v¢ tinh kénh phd hdng ngoai (IR) dé
xac dinh cuong d6 cua XTND [7]. Két qua cta nghién ctru cho sai s6 trung binh quan phuong
(RMSE) xap xi ~ 5m/s. Phuong phap phan loai hinh anh dya trén mé hinh Visual Geometry
Group (VGG) vdi bién thé 19 16p dé ude tinh cuong d6 XTND tir dit liéu vé tinh da pho giai
doan tir nam 1996 dén nam 2016 trén khu vuc Tay Bic Thai Binh Duong [8] cho cac két qua
cho sai s6 RMSE ~ 6,5 m/s. Str dung dir liéu kénh pho vi song (microwave, cac kénh vi song
37, 85-92 Ghz) cua vé tinh qui dao cyc dé udc tinh cuong do XTND thong qua kién tric
CNN su dung 2 toén tur tich chép (2D-CNN) [9]. Cac két qua dat duoc v6i sai 0 RMSE ~
7.2m/s. Cac sai s6 cua ccac cong trinh nay déu kha twong dwong véi sai s6 ctia phuwong phép
thdng ké va mo hinh s6 (NWP).

Trong van dé dy bao sy hinh thanh XTND sir dung dir liéu vé tinh, cac cong trinh chu
yéu st dung cac phuong phap phan cym du liéu. Dién hinh gdm nghién ctru st dung phuong
phap cay quyét dinh (Decision Tree-DT) dé khao sat cac nguyen nhan hinh thanh XTND
[10], St dung thuat toan tong hop phan loai AdaBoost trong viéc du doan sy phat trién cua
hé thong d6i luu c6 td chirc (Mesoscale Convective System-MCS) trén bién va danh gia kha
nang MCS s& phat trién thanh XTND [11].

Hoat dong ctia XTND c6 tinh chat ldp di ldp lai, vi du xu thé di 1én phia Bic vao dau
mua bdo & Tay Béc Thai Binh Duong. Do d6 cac thong tin vé nhitng XTND ¢6 ¢ dic diém
tuong tu trong qua khtr (quy dao va cuong do) cho phép bd sung céc thong tin trong nhitng
ban tin du bao, dic biét 1a cac hé qua ma cac XTND tuong ty di giy ra [12—14]. Day 4 tién
dé cua viéc ung dung tri tu¢ nhan tao Al trong bai toan tim kiém XTND c6 dic diém tuong
tu trong qua khu.

Al trong du bao XTND c6 thé chia 1am 5 khia canh: Dy bdo sy hinh thanh, du b4o quy
dao, du bao cuong do, du bao thoi tiét XTND va tac dong cuc doan cua nd, giup cai thién két
qua dy bao tor mo6 hinh 6. Mdi mot khia canh sur dung nhirng thuat toan khac nhau sao cho
phil hop nhét. Cu thé:

Ddi v6i du bao su hinh thanh, muc tiéu cudi cung cua Al 1a tao ra cac du bdo xac suét
vé mot khu vue ¢b dinh trong thoi gian thuc va dy bao dinh lugng vé thoi gian va dia diém
hinh thanh XTNPD. O giai doan nay, Al c6 kha ning du doan liéu cac tién than co phat trién
thanh XTND hay khong va tin suét theo mua cia sy hinh thanh XTND trong mdi khu vuc.
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Céc thuat toan dién hinh duoc sir dung nhu ciy quyét dinh (DT), hdi quy logistic (LR), May
vecto hd trg (SVM), CNN, Hé thdng tiép can lai (Hybrid) [15].

Dbi vi du bao quy dao XTND, cac mo hinh Al thudng bat ngudn tir phuong phép thong
ké, tc 1a str dung cac dac diém cua chinh XTND, céc bién khi tuong va dai duong lién quan
dé du doan vi tri ctia XTND va day dugc coi 1a 4nh xa phi tuyén. Céc thuét toan duogc s
dung nhu DT, CNN, Mang no-ron hdi quy RNN, ConvLSTM (Convolutional Long-Short
Term Memory), phan cum Clustering, mang no-ron truyén thiang nhiéu 16p MLP (Multilayer
perceptron) [16].

£)01 v6i du bao cudng do, do thiéu cac tham sat tai cho nén dir lidu vé tinh 12 ngudn dir
lidu rt quan trong. Phuong phéap dién hinh dé du bao truc tiép cuong do la lay toan bd duong
di ciia XTND lam thanh mét chudi va sir dung MLP hoidc RNN dé du doan cudng do & cac
thoi diém tlep theo duya trén cuong do cua thoi diém hién tai. Cac thuét toan hoc may cé thé
ké t&i nhu: DT, SVM, rimg ngau nhién (RF), MLP, CNN, RNN, Hybrid, thuat toan phan cum
(K-means), Transfer learning (Hoc chuyén giao) [17].

Trong phan tiép theo ctia bai bao sé& trinh bay chi tiét vé dir liéu sir dung va phuong phap
hoc may tng dung tir bai toan nhan dang vat thé dén chuyén doi sang bai toan phan loai va
xéac dinh vi tri XTND mot cach ty dong. Phan 3 trinh bay mot sd két qua danh gia két qua
thir nghiém cho cac XTND trén T4y Bic Thai Binh Duong va Bién Pong tir nim 2015 dén
nam 2019. Mot s6 két luan chinh dugc dua ra trong phan 4 ctia bai bao.

2. Dir liéu va phwong phap nghién ctru
2.1. Dir liéu nghién curu

Al phy thudc vao dit liéu va qué trinh xay dung va trién khai h¢ thong Al doi hoi b dir
liéu l6n va da dang. Trong nghién ctru, dir liéu Al gom dit li¢u vé tinh diaﬂ tinh chira céc thong
tin bue xa khi quyén the hién hinh thai bdo va dit liéu quy dao bao chuén (best-track) ding
dé thiét 1ap dinh danh théqg tin trén dir liu hoc, bao gom vi tri XTND ¢ dau trén dir liéu vé
tinh va dugc phan loai & cap do nao.

2.1.1. Dit liéu quy dao bio chuan (Best-track)

Best-track cua RSMC Tokyo (JMA-Nhat Ban) dugc dung cho viéc huén luyén mo6 hinh

Al. Best-track duogc lay tir trang web chinh thirc ctia JMA, thoi doan tir nam 2015 t6i 20109,

dinh dang file text. Pham vi thu thap di liéu XTND cua best-track, IMA nam trong mién xac
dinh 0°-60°N, 100°E-180°E (Hinh 1).

EE i A T e [N
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R

Hinh 1. M6 phong mién thong ké cua best track.
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Best-track bao gdm thong tin vé vi tri va cuong d6 cia XTND tir khi hinh thanh téi khi
ra ngodi pham vi quan tric. Bang 1 dua ra théng ké s6 luong cip d6 XTND duoc xac dinh
trén best-track gdm ap thap nhiét d6i (TD), thanh bdo (TS), bio manh (STS), siéu bio (TY),
tan ra hodc di chuyén ra khu vuc ngoai nhiét déi (L).

Bang 1. Théng ké s6 mau thir duge sir dung cho hoc may giai doan 2015-2019.

Nam/Phin loai XTND TD TS STS TY L
2015 209 272 140 447 149
2016 216 174 110 216 85
2017 256 216 142 169 84
2018 321 260 124 311 108
2019 315 226 137 249 119

2.1.2. Dt liéu vé tinh Himawari

Himawari-8/9 1a vé tinh dia tinh do co quan khi twong Nhat Ban van hanh va dugc phong
va dua vao van hanh vao lac 2:00 UTC ngay 7 thang 7 nam 2015. Trén Himawari-8/9 chira
AHI (Advanced Himawari Imager) 1a cam bién do dac 16 kénh pho (3 kénh thi pho, 3 kénh
can hong ngoai va 10 kénh hong ngoai) véi d6 phan giai khong gian tir 500 m dén 2 km. Cu
thé, do phan gidi khong gian cua Himawari-8/9 1a 0,5-1km d6i voi dai thi phd va 1-2km d6i
v6i dai hong ngoai va can hong ngoai.

2.1.3. Dit liéu trich xuét vecto chuyén dong khi quyén

AMV la dir li¢u quan tric vé vecto chuyén dong cua khi quyén duoc thu thap tir cac hinh
anh vé tinh. AMV do ludng su di chuyén ctia ddm may va cac thanh phan khéc ctia khi quyén,
thong qua viéc theo ddi su thay ddi vi tri ctia cac ddi tuong khi twong trén cac hinh dnh vé
tinh lién tuc. Nhu vy, AMV c6 thé cung cép thong tin vé hudng va téc do gid ¢ cac ting
khac nhau ctia khi quyén, gitp cho viéc nhan dang dé dang hon. Bén canh d6, AMV rét hiru
ich khi theo ddi XTND vi trén dai duong cic quan trac c6 rat thua thot. AMV ciing thé hién
tinh “thoi gian-temporal” trong dit liéu dau vao cho mé hinh Al. Trén thuc té, trong qua trinh
phan tich anh may vé tinh, cac du béo vién ciing st dung ki thuat looping dé theo ddi hoan
lwu xodn ciia XTND. Trong nghién ciu ung dung phuong phap twong quan cuc dai
(maximum correclation) gitra 6 lui muc tiéu (target) trong mot mién tim kiém gi6i han
(search domain). Nghién ctru nay sur dung ludi dir li€u target c6 do phan giai 7x7 pixels cho
cac kénh anh do phan giai 500m va 28x28 pixels cho cac kénh anh c6 d6 phan giai 2km. Mbi
mot trich xudt AMV tai thoi diém t s& duoc tao ra béng cach so sanh su dich chuyén cua khi
quyén tai thoi diém t-10phut, t, t+10phut. Vi dy, dé c6 AMV lac 15h00, phuong phap sé so
sanh su tuong quan gitta anh vé tinh lac 15h00 véi anh vé tinh lac 14h50 va 15h10. Vi moi
0 ludi, thudt toan s€ tinh toan, so sanh sy twong dong gitra anh v¢ tinh tai thoi diém t véi t-
10phat va t+10phit. Vi tri 6 hé s6 twong dong cao nhit thé hién sy twong (mg ciia tung 6
luoi trong timg anh. Ttr d6 s€ tinh dugc sy dich chuyén bang thuat toan twong quan mau véi
ham muyc ti€u 1a sy twong dong 16n nhét. Chi tiét tham khéo tai tai liéu ki thut cia JIMA theo
duong dan https://www.data.jma.go.jp/mscweb/technotes/msctechrep62-4.pdf do Shimoji
Kazuki thiét 1ap nam 2017.

2.1.4. Dit 1iéu duogc gan nhan

Gan nhan hinh anh 13 qué trinh gan nhin cho cac d6i tuong trong anh, gitp cho céc thuat
toan ctia mo hinh c6 thé nhan dién dugc cac ddi tugng d6. Mot bo dir lidu co 2 phan chinh:
hinh anh va chu thich cua ching.

- Céc anh Himawari-8/9 duoc sap xép thanh mot hé thong phéan cip cac thu muc, véi thu
muc cép cao nhit chtra cac thu muc con cho céc tap huén luyén, danh gia va kiém tra.
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- Mdi chii thich trong tap dir lidu bao gdm cac thong tin sau: Tén tép hinh anh; mién xac
dinh vi tri XTND theo Quy dao bao chuan (bao gé)m toa do lat, lon cua tAm bao, chiéu rong
va chiéu cao ciia mién), phan loai XTND (Ap thép nhiét d61, Bdo, Bao manh, Siéu bdo, Bao
ngoai nhiét doi).

Tap dit lidu st dung dinh dang csv cung cip thong tin vé tit ca hinh anh, minh hoa dudi
day 1a cdu trac cua tap dir liéu:

"class_name": "Tropical Dep

"image_file": "

Hinh 2. M6 phong file dir lidu csv, vi du vai tén file dir liéu (image_file) tmg v6i kénh phd hong
ngoai 1a IR2020091500.jpg, vung XTND dugc xac dinh qua cac toa dd x1, Y1, X2, Y2 va phéan loai véi
thong tin trudng class name.

2.2. Phuwong phap Al cho bai toan nhan dang va xac dinh vi tri XTND tu dong

Al c6 thé hiéu don gian 1a cac chuong trinh may tinh (thé hién cu thé cta cac kién tric
Machine Learning/Deep Learning) va nhiém vu cdt 15i 1a xay dung cac mé hinh toan hoc sir
dung s liéu voi mau da 16n dé dua ra suy luan tir tap mau (d6i twong can hudng téi co duoc
két qua phén tich va du bao) [18].

2.2.1. Phuong phap nhan dang d6i tugng bang mé hinh Al

Thuat ngit “Nhén dang ddi tuong” 1a st dung thi gidc may tinh dé xac dinh cac ddi tuong
trong anh. C6 3 nhiém vu thi giac may tinh co ban giup nhan dang dbi tuong:

- Phan loai hinh anh: Dy doan nhin cia mot doi tuong trong anh.

- Pinh vi ddi tugng: Xac dinh vi tri ctia cac d6i tuong trong anh dudi dang mién dinh vi
d6i tuong (cac 6 chit nhat duoc v& bao quanh dbi tuong - bounding box)

- Phat hién d6i twong: Xéc dinh vi tri cta dbi trong trong mién dinh vi va nhin cta ddi
tuong do.

Hién nay trén thé giéi nhan dang dbi twong bang thi gidc may tinh dugc Ung dung rat
nhiéu, vi du nhu nhan dang bién sd xe, nhan dang khu6n mat, xe tu 1ai, ... Mot s6 h¢ thong
mg dung Al dién hinh vao nhan dang ddi tugng gom:

- H¢ thong YOLO (You Only Look Once) 1a mdt mo hinh nhan dang dbi tuong thoi gian
thue cho phép nhan dang nhiéu déi twong trong mot hinh anh mot cach nhanh chong va chinh
xéc [19]. Bo dit liéu (Dataset) duoc st dung cho viéc huan luyén mé hinh 14 COCO (Common
Objects in Context), mot bo dit liéu 16n chira hon 1,5 triéu hinh anh v6i hon 80 loai dbi twong
khac nhau.

- Faster R-CNN (Region-based Convolutional Neural Networks) 1a mot kién trac mang
hoc sau duoc sir dung phd bién trong nhén dang d6i twong [20]. Dataset pho bién 1a Pascal
VOC (Visual Object Classes), bo dit liéu gdm nhiéu hinh anh chira cac ddi twong khac nhau
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duoc gan nhan. Faster R-CNN co6 thé dugc sir dung dé dém va theo doi hanh khéach trong san
bay.

- SSD (Single Shot MultiBox Detector) 1a mot mé hinh nhan dang d6i twong thoi gian
thue c6 kha nang nhan dang nhanh chong va hiéu qua [21]. Dataset phd bién duoc dung dé
huén luyén mang 1a MS COCO (Microsoft Common Objects in Context) gdm hang ngan hinh
anh dugc gan nhan cac di twong khac nhau.

- RetinaNet 1a m6 hinh nhan dang déi tugng dugc phat trién boi nhom nghién ctru tai
Facebook Al Research (FAIR). Pic diém ndi bat ciia RetinaNet 1a kha ning nhan dang dbi
tuong voi do chinh xac cao ¢ nhiéu ty 1& khac nhau, ngay ca khi tip dataset chira dit liéu bj
mAt can bang gifta cac 16p (cac dbi twong nay c6 thé xuat hién nhiéu hon dbi trong khac).
RetinaNet da dugc ching minh 1a ¢6 hi¢u suét cao trong nhan dang déi tugng trén nhiéu bo
dwr liéu khac nhau nhu COCO va Pascal VOC. RetinaNet dugc st dung trong giam sat an
ninh, xe ty 1ai, nhan dang ddi tuong trong hinh anh y khoa, ... [22].

Nghién ctru s& tmg dung 16p bai toan nhan dang nhung ddi twong 1a XTND, nhimng vat
thé phan loai khac nhau tmg véi cap do XTND va vi tri XTND trén di liéu anh-vé tinh tng
v6i vi tri “vat thé” XTND dugce xac dinh trén dir liéu anh-vé tinh. Chi tiét s& dugc trinh bay
trong phan tiép theo.

2.2.2. Ung dung cho bai toan nhan dang XTND

Theo trung tam JMA-RMSC Typhoon Center thi XTND s¢€ chia thanh 6 dang trong do
¢6 5 dang chinh, minh hoa tai hinh 3.

Hinh 3. Minh hoa cac mau
may phén loai XTND theo
IMA.

M6 hinh Al dugc xdy dung nhim nhan dang XTND trén anh vé tinh dja tinh, cu thé:

- Phan loai d6i tugng: Du doén nhin ciia XTND trong anh, phan loai XTND 1a Ap thap
nhiét do1, Bao, Bao manh, Si€u bao hay Bao ngoai nhiét d¢i. Pay cling chinh la nhan dang
cuong do XTND.

- Pinh vij dbi trong: V& cac mién dinh vi xung quanh ddi tuong, véi tim mién chinh 1a
tam XTND.

- Phat hién dbi tuong: V& cac mién dinh vi déi tuong kém theo nhan cua chung.
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2.2.3. Thiét lap tap dir liéu dataset cho bai toan nhan dang XTND tir dit liéu Himawari

Mo hinh Al nhén dang XTND la mot mang khong gian - thoi gian. Anh Himawari- 8/9
¢ dang riéng 1¢ s€ cung cap thong tin vé vi tri XTND, dic diém vé miu mdy - tinh chét vé
khong gian. V& phan thot gian, anh Himawari du6i dang lién tyc 10 phut mot thé hién céc
chuyén dong cta khi quyén chinh 1a trich xuit AMV. Tir dit liéu thé 13 anh Himawari-8/9 va
sb liéu best-track, tao ra co s& dit liéu bao gém anh AMV va Anh dugc ga‘in nhén lam dau
vao cho viéc hudn luyén mé hinh AL

/ Input model\

D liéu tho

Anh vé tinh :

Khéi tinh AMV

\—

Tap Training

Khéi gan nhan
tw déng

Tap Thir nghiém

Best track

é?g;oinl pé?r . D@ liéu duoc gan nhén
% | vi tri ghi nhan /

Hinh 4. So db thiét 1ap dit liéu cho bai toan ng dung hoc sau nhan dang XTND.

2.2.4. M0 hinh Al ResNet ing dung cho bai toan nhan dang XTND

ResNet, hay Residual Networks 1a mot loai kién triic mang no-ron sau (deep neural
network) véi vai tro hoc tap phén loai hinh anh. Muyc tiéu chinh cua giai doan nay la gan nhén
16p cho hinh anh XTND theo timg cip d6. Két qua hoc tap ciia Resnet 14 tao ra bo tham sd
chtra cac tinh nang dic trung cho viée nhan dang XTND, 1am dau vao cho mé hinh Retinanet
nhan dang & budc tiép theo. Piém manh ciia ResNet 1a c6 thé giai quyét van dé do sau trong
mang no-ron, cy thé 1a van dé vé bién mat dao ham (vanishing gradient) trong qua trinh dao
tao cac mo hinh hoc sau.

Vé cau triac, ResNet thé hién cdu triac ciia mang CNN (Hinh 5). Mang CNN 1a mot kién
triic hoc sau dugc ap dung rong rai nhu mot mo hinh rat hiéu qua trong viéc phan tich hinh
anh hodac dir liéu giéng hinh anh dé nhéan dang mau. CNN dugc cAu trac theo cac 16p: mot
16p dau vao két ndi véi dit liéu, mot 16p déau ra két ndi véi cac dai luong dé e tinh va nhidu
16p an & gilra. Cac 16p an ctia CNN thuong bao g6m cac 16p tich chap (convolutional layers),
cac lop tong hop (pooling layers), cac 16p dugc két ndi day du (fully connected layers) va
cac 16p chuan hoa (normalization Iayers) Céc 16p phuc hop trich xuét cac dac trung cua hinh
anh. Céc 16p tong hop loc gia tri t6i da cua cac dac trung nay dé giam s lugng cac dic trung.
Céc 16p duogc két ndi day du thuong nam & cudi cia mang CNN, s& dong vai tro két ndi moi
no-ron trong mot 16p véi moi no-ron trong 16p khac. Mot mang CNN c¢é thé bao gom nhiéu
16p tich chap va nhiéu 16p tong hop. Uu diém ciia CNN 1a c6 thé hoc cach nhan dang cac
mau khong gian bang cach khai thac tat ca cac phan cua hinh anh duoc xir 1i theo cach tuong
tur, va do d6 c6 thé trich xuét cac tinh ning ty dong trong khi giam dang ké s luong tham sb.

Mot trong nhiing thach thirc 16n khi dao tao mang no-ron sau 1a viéc truyén nguge dao
ham qua nhiéu 16p. Khi bat dau huan luyén, cac trong s6 cia mot mé hinh hoc sau dugc khoi
tao ngﬁu nhién. St dung dir li¢u dau vao, mo hinh s& du doan nhin dau ra dua trén céc trong
sb ban dau. Su khac biét gitra nhan thuc va nhan du doan dugc do béng mot ham mét mat
(loss function). Sau do, cac gradient (dao ham) ctia cac ham mat mat duoc sir dung trong qua
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trinh tinh toan cac thong s mo hinh méi dé giam thiéu tdi da sy chénh 1¢ch gitra nhan thyc
va nhan duoc dy doan. Toan by qua trinh nay dugc goi la lan truyén nguoc (Back
Propagation). Sau khi lan truyén nguoc, trinh t6i wu hoa (optimizer) s& cap nhat cac trong s6
mo hinh va tat ca cac bude nay duogc lip lai cho dén khi ham mat mat duoc danh gia trén dit
lidu thir nghiém hodc huén luyén giam xubng murc chap nhan duoc (md hinh lic ndy dugc

xem la hoi tu).

ResNet Mang kim ty thap ddc trung Mang phan loai + hdi quy

‘ V4 V4
7 |
Mang phénloai : /%! / '
+hoi quy | Mang g /_// ,_-_?" |
|

| | phan loai
p| WxH desad WxH
Mang phénlogi : x256 | x4 || x256

+hdi quy
1 / ¥
| /
Mangphanloai |, | .‘/ ./
“
WxH 4...5p|| WxH

+hoi quy
X256 | x4 %256

|
}

"' Mang

| i / /
|

V| - -

Hinh 5. Kién triic mang RetinaNet.

Trong qua trinh nay, gradient c6 thé giam dang ké khi di qua nhiéu 16p, dan dén hién
tuong bién mat dao ham. Piéu nay 1am giam kha niang hoc ctia mé hinh va lam  tang kho khan
trong viéc ddo tao cic mang no-ron sau. Khi mang hoc cang sau (cang nhiéu 16p), gia tri
gradient giam xudng 0, khién céc trong s6 khong cap nhat va két qua 1a khong c6 qua trinh
hoc nao duoc thuc hién

ResNet gidi quyét vin dé nay bang cach sir dung cac “khdi phan du” (residual blocks)
dé xay dyng kién tric cia mang. Thay vi chi hoc biéu dién cua dir liéu ddu vao, ResNet hoc
su chénh léch gitta dir liéu dau vao va dau ra (doan du). Myc dich ctia mang Resnet 13 cho
phép tao ra mang no-ron véi do sau 16n.

Cu thé, mot doan du trong ResNet dugc biéu dién nhu sau:

Output = ReLU(Weightxinput+Shortcut)

Trong d6 input 1a dau vao ctia doan du; Weight 1 trong s6 cta 16p convolution; Shortcut
1a duong ngin (shortcut connection), thudng duoc thém vao dé lam cho kich thudc cia dau
ra bang vé6i dau vao.

28.2
25.8
152 layers
A
\
\
b 16.4
\
. 11.7
22 layers 19 Iayers

3 57 l I 8 |ayers 8 layers shallow

ILSVRC'15  ILSVRC'14  ILSVRC'14  ILSVRC'13  ILSVRC'12  ILSVRC'11  ILSVRC'10
ResNet GoogleNet VGG AlexNet

Hinh 6. Minh hoa tinh hiéu qua cta viéc sit dung mang Resnet trong nhin dang anh so vdi cac
kién trac mang khac (GoogleNet, VGG,...) trong do chi s6 trén cac biéu do cot img v6i xac suat
16i xay ra khi nhan dang (link gbe anh minh hoa:
https://www.researchgate.net/publication/321896881 Iris_Recognition_with_Off-the-

Shelf CNN Features A Deen Learnina Persoective).
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Nho vao co ché khéi phan du, mé hinh ResNet c6 kha ning hoc cac biéu dién phuc tap
ma khong gip van dé vanishing gradient. ResNet d chirng minh sur hiéu qua ctia minh trong
nhiéu nhiém vu thi gidc may tinh, nhu nhan dién hinh anh va phén loai (Hinh 6).

Mang hoc sau duoc st dung cho bai toan nhan dang XTND tmg dung cu the trong nghién
ctru la Retinanet (Hinh 5), vé ban chit RetinaNet 1a mot mang tong hop bao gom:

- Mot mang xuong sdng co tén 1a Mang kim tu thap dic trung (Feature Pyramid Net),
duoc xay dung dua trén mang ResNet va chiu trach nhi¢m tinh todn cac ban dd dac trung
tich chap cua toan bd hinh anh.

- M6t mang con chiu trach nhiém phan loai débi tuong (class subnet), cu thé & day 1a nhan
dang cuong do XTND.

- Mdt mang con chiu trach nhiém thyuc hién hoi quy tim ra mién dinh vi d6i tuong thé
hién vi tri cia XTND (box subnet).

Minh hoa téng thé thiét ké mang Resnet cho bai toan nhan dang XTND cy thé nhu sau
(Hinh 7): Chudi thoi gian cua anh v¢ tinh co thé duoc phan tach thanh cac thanh phan khong
gian va thoi gian. Dbi v6i phan khong gian, ¢ dang hinh anh riéng 1¢ s¢ mang thong tin vé
XTND dugce md ta trong hinh anh. Bdi voi phan thoi gian, ¢ dang chuyén dong cua khi quyen
qua céc hinh anh lién tuc (thé hién bai trich xuat AMV), s& thé hién cuong d6 va hudng gid.
Vé co ban, phan thir nhat 14 sir dung mang Resnet hoc dong thoi cac dic diém khong gian va
thoi gian, sau d6 két hop voi nhau bang thuat toan chuan hod L2 xép chong. Sau do, cac dic
trung s€ dugc sir dung lam dau vao cho mo hinh Retinanet hoc tdp nhan dang vi tri va cuong
do XTND.

Region Proposal Network

Feature 1

Sliding [murr- map

(=
|
| mm.. |
|

Stacked Features

| |l o o |

Objectike regions proposed | ‘ ,,,,,,, |
in feature map | nm,

e

h.am

Trich xudt
Atmospheric Temporal Stream Feature 2
Motion Vectors (ResNet54)

Hinh 7. Ciu tric mang khong - thoi gian dé nhan dang XTND.
2.2.5. Phuong phap danh gia
Lién quan dén bai toan danh gia do tin cay trong nhan dang, hién nay da s sir dung chi
s6 Intersection over Union (IoU) trong hinh 8a.

Area of Qverlap
loU =

Area of Union

(@)

Hinh 8. Minh hoa tinh toan chi sé d tinh cdy trong nhan dang (a): trong d6 Area of Overlap 1a dién
tich ving giao nhau giita ving du bao va viing ton tai thuc cua XTND, Area of Union bao gdm dién
tich phan hop ctia ving du béo va ving ton tai thuc ciia XTND va (b): M6 ta vé chi s6 IoU, dudng
bao tréng: dudng bao thuc vi tri bdo. Pudng bao cam, xanh: dudng bao du doan vi tri bao.
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IoU déc trung cho ti 1¢ do luong gitra mirc d§ giao nhau cua hai dudong bao (duong bao
du doan va duong bao thuc), vi du vé duong bao duge mo ta trong Hinh 8b. Gid tri IoU
thudng nam trong khoang tir 0 dén 1, vi 0 thé hién gitra du bao va thuc té khong co sy gidng
nhau va 1 thé hién du bao hoan toan khép voi thuc té. Mot nguong IoU s& dugc xac dinh
trude dé quyét dinh xem mot du bao c6 duge coi 1a chinh x4c hay khong. Thong thudng,
ngudng IoU dugc chon 1a 0,5, vdoi: du bao dugc cho la chinh xac (IoU > 0,5), du bao khong
chinh xac (loU < 0,5) va khéng nhan dang dugc.

Ngoai ra, tir chi sb IoU s& xéac dinh ti 1& phat hién dung (True Positive - TP), sai (False
Positive -FP), khong nhan dang dugc (False Negative - FN) dé tinh ra chi s6 mAP. TP thé
hién md hinh du béo ding sy ton tai cia XTND, FP thé hi¢n md hinh du béo dugec XTND
nhung khong chinh xac so vdi thyc t&, FN thé hién mé hinh khong dy bdo dugc XTND trong
khi thuc t€ c6 XTND.

mAP hay con goi 12 duong cong Precision-Recall. Precision (D9 chinh xéc) 1a thang do
dic trung cho d6 chinh xac ciia dy bao, 1a ty 1é giita sd trudng hop du bao dung trén tong sb
cac truong hop du bao. Recall (B bao phu) 1a thang do dac trung cho do t6t cta kha nang
tim thdy ving dy bao chinh xac (hay con goi 1a d¢ nhay cua phuong phap), la ty 1¢ gitra so
truong hop du bao ding trén tong sd cac trudng hop co ton tai XTND, xac dinh theo cac
cong thie (1).

: Recall = TP

TP
Precision = 1
ecisio TP+FP’ TP+FN (1)

Gia st c6 N ngudng dé tinh Precision va Recall, véi mdi ngudng cho mot cap gia tri
Precision, Recall 1a Pn, Rn, V6i n=1,2, ..., N. Precision-Recall Curve duoc vé bang cach noi
tung diém toa 6 (Pn, Rn), minh hoa tai Hinh 10.

1.0 ——- No Skill
Logistic
0.9 1
- 0.81
2
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%07
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Recall

Hinh 9. Vi du vé duong cong Precision-Recall.

Khi d6 AP duoc xac dinh bang:

AP = Zn % 2

n

mAP 12 trung binh AP cua tit ca cac 16p. mAP 1a chi sé tin cdy trung binh ctia phuong
phap, day sé& 1a chi sb dinh lugng dé danh gia ti 16 nhan dang thanh cong cua phuong phap
nhén dang su dung Al

V& s6 liéu sir dung dé danh gia, cac gia tri toa do dugc nhan dang bai phuong phap Al
s& duoc so sanh v6i quy dao Best track ctia Nhat Ban tai cung thoi diém twong tng,
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3. Két qua va thao luan

3.1. Trueong hop thir nghiém cu thé cho con bao Doksuri nam 2017 trén Bién Pong

Pé minh hoa cu thé kha nang nhan dang cia h¢ théng ddi v6i con bdo Doksuri nam 2017
hoat dong trén Bién Pong va db bo va mién Trung (Hinh 10), khi bdo Doksuri hoat dong trén
khu vuc Bién Dong di dat cap do manh nhat (TY) voi gidé manh cap 13, giat cip 15 va khi
dd bd vao dat lién dat cép 11-12, giat cép 14. Két qua nhan dang xac dinh cuong d¢ dugc
dua ra twong mg tai hinh 11 cho thay d6 do tong hop mAP dat 93,1% va danh gia thém cho
thdy hé théng da cho phép canh bao kha ning phat hién sy hinh thanh ciia bio trude 24h so
v6i thoi diém dau tién duoc JMA phat béo.

LT
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Hinh 10. Quy dao di chuyén cta bio Doksuri (Ngudn: Trung tdm Dy bao khi twong thuy van qudc gia).
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Hinh 11. Két qua nhén dang cho con bao Doksuri naim 2017 tai mot s6 thoi diém cu thé. Khung dinh
vi mau tring ing véi dit lidu tir best-track ciia IMA, cac khung hinh mau d6 (TD), mau xanh (STS)
va mau da cam (TS) ng v6i khung hinh phén loai nhan dang tu dong cua hé thong.
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3.2. Két qud nhén dang cho giai doan 2015-2019

Trong bang 2 dua ra két qua thir nghiém voi 427 mau thir v6i 3 lya chon dau vao khac
nhau cho mo hinh nhan dang RetinaNet bao gé)m chi str dung anh v¢ tinh, chi sir dung dir li¢u
AMV va dong thoi sir dung ca hai dau vao dit liéu anh két hop AMV. Két qua cho thiy khi
sir dung riéng biét anh may vé tinh, md hinh co thé nhan ra Typhoon tét nhét vai ty 18 1én toi
88,18%. Piéu nay dong nhat vdi phuong phap AMVs khi nhan dién duge 60,67% s6 luong
méu thir Typhoon. Khi st dung dong thoi ca hai phwong phap nay, kha nang phat hién
Typhoon ctia Al dugc cai thién 1én 89,13%.

O tit ca 5 loai mau thir, viéc két hop ca anh vé tinh va AMVs déu cho thay Al nhéan dién
t6t hon khi stir dung riéng biét ting phuong phap. Cai thién tot nhat co thé thdy duoc & 94
mau thir Tropical Depression khi kha ning phét hién ting 1én t6i 60.78% so véi sir dung riéng
anh vé tinh (34,51%) hay AMVs (10,69). Pbi voi viéc cai thién nhan dang Tropical
Depression cho thiy tiém ning trong van dé canh bao va dy bao trude sy hinh thanh cua bio.

Bang 2. Két qua so sanh mAP d6 nhan dién 6 dang XTND ung vdi dau vao anh, AMV va két hop

anh va AMV.
Phin loai Mau _dz’mh Image AMVs Image + AMVs
‘ gia RetinaNet mAP  RetinaNet mAP  RetinaNet mAP
Tropical Depression 94 34,51 10,69 60,78
Tropical Storm 109 52,44 12,87 66,95
Severe Tropical Storm 45 33,28 19,35 42,30
Typhoon 103 88,18 60,67 89,13
Extra-tropical Cyclone 76 38,93 7,71 57,24
Trung binh 427 52,69 23,69 66,62

4. Két luan

Nghién ctru da trinh bay chi tiét viéc tmg dung phuong phap hoc sau dé xac dinh vi tri
va phan loai XTND mdt cach ty dong. Mang hoc sau dugce sir dung cho bai toan nhan dang
XTND la Retinanet trong d6 mang xwong séng cé tén 1a Mang kim tu thap dic trung chiu
trach nhiém tinh toan cac ban dd dic trung tich chép cua toan bd hinh dnh, mft mang con
chiu trach nhi¢ém phan loai ddi tuong trng voi nhan dang cuong Ao XTND va mot mang con
chiu trach nhiém thuc hién hoi quy tim ra mién dinh vi d6i tuong thé hién vi tri cia XTND.

Vi bo dit liéu Himawari cho cac XTND trén Tdy Bic Thai Binh Duong va Bién Pong
tir nam 2015 dén nam 2019 da dugc thu thap, mo hinh da dugc thir nghiém va két hop voi dir
liéu b sung thong qua dir liéu vecto chuyén dong khi quyén. Két qua tinh toan da cho thiy
kha nang tng dung cao cua phuong phap Al trong bai todn nhan dang XTND va véi ti 1€ tin
cdy cao trong xac dinh phan 16p TP ciing cho thdy kha ning canh béo sém ca sy hinh thanh
cua XTND.

Pong gop cua tac gia: Xay dung y tuong nghién cou: L.V.H., D.D.T., B.Q.H.; Lua chon
phuong phéap nghién ciru: L.V.H., L.Q.D.; Xt Iy s6 liéu: T.H.H., L.Q.D., L.V.H.; Phan tich
mau: T.H.H., C.T., N.-T.H., M.K.H.; Ldy mau: D.T.T., C.T., L.Q.D.; Viét ban thao bai bao:
D.D.T., C.T.; Chinh stra bai bao: C.T., D.D.T.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong co su tranh chap loi ich trong nhém tac gia.

Loi cdm on: Nghién ctiru dugc hoan thanh dua trén sy hd tro cua Dé tai nghién ctru khoa hoc
“Nghién ctru xay dung hé thong tri tué nhan tao ing dung trong du bao xo4y thuan nhiét déi
(XTND) ¢ Bién Dong va anh huéng dén Viét Nam han dén 3 ngay”, Ma s: KC-4.0-46/19-
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25, thuéc Chwong trinh “H$ trg nghién ciru, phét trién va tmg dung céng nghé cia cong
nghi¢p 4.0, BO Khoa hoc va Cong nghé.
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Application of deep learning for identifying and early warning of
tropical cyclones in the Northwest Pacific basin and East Sea
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Abstract: In this study presents a deep learning (DL) application to detect tropical cyclones
(TCs). A two-stream Convolution Neural Network (CNN) which captures both spatial and
temporal features of time-series of geostationary satellite cloud images (SCIs) is proposed.
A dataset of Himawari-8 SClIs of TCs over Western North Pacific and East Sea from 2015
to 2019 are processed. Additional inputs for DL relating to tropical cyclone circulation
features are atmospheric motion vector (AMV). Results show that our model can
significantly improve the performance of TC detection. Moreover, our case study for the
detection of TC Doksuri in 2017 yielded promising results as our proposed model is capable
of detecting and early warning TC formation 24 hours prior to the first time reported by the
(Japan Meteorological Agency) JMA.

Keywords: Tropical Cyclones detection; Two-stream Convolution Neural Network.
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Bai bdo khoa hoc
Phan tich dac diém va xu thé dac trung muwa cho tinh Hoa Binh

Nguyén Tién Thanh!*, Tran Khic Thac?
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Tém tit: Mua 1a mot trong nhitng dai lwong khi twong déu vao quan trong trong cac bai
toan phan tich va tinh toan khi twong thiy vin nhung c6 d6 bat dinh réat 16n theo ca khong
gian va thoi gian. Vi vay, nghién ciru nay tap trung 1am rd dic diém, sy phan b theo khong
gian va thoi gian ciing nhu xu thé cic dic trung mua cho tinh Hoa Binh str dung phuong
phéap phéan tich xu thé Sen va kiém nghiem phi tham s6 Mann-Kendall. Cac dic trung mua
dugc xem xét bao gdm lwong mua 1 gid 16n nhét, luong mua 1 ngay 16n nhat, lugng mua 5
ngay 16n nhét, lwong mua thang, lugng mwa mua, lugng mua ndm, cuong do mua, s6 ngay
c6 lwgng mua 16n hon 100 mm va s6 ngay c6 lugng mua tir 50 t¢i 100 mm giai doan 1990—
2019. Ngoai ra, duong tin suat Iy luan ciing dugce xdy dung va tinh toan cho lugng mua 1
gid 16n nhat, 1 ngay 16n nhat, 5 ngay 16n nhat va cudng do mua. Két qua cho théy trong thoi
ky 1990-2019, lugng mua trong cac thang mua mua (tir thang 5 t6i thang 10) chiém téi hon
85% tong lwong muwa ca nam trén tat ca cac tram. SO ngay co luong mua 16n hon 100 mm va
luong mua tir 50-100 mm c6 sy gia ting kha rd theo hudéng Tay Bac Pong Nam. Cac chi sb
mua nay co xu thé giam tai tram phia Pong nam cua tinh. Dac biét, xu thé giam 16n nhat dbi
v6i lugng mua 1 ngdy 16n nhat va 5 ngdy 16n nhat duoc ghi nhan tai tram Chi Né phia Pong
Nam cua tinh.

Tir khéa: Pic diém mua; Xu thé mua; Hoa Binh.

1. Pt van dé

Nam tron trong mién nhiét doi véi phan 16n dia hinh 1a d6i nai ciing nhu sy anh huong
clia cac trung tAm khi 4p toan cau va khu vuc di hinh thanh ché d6 khi hau rat dic trung va
phuec tap cua Viét Nam. Tinh chét nhiét d6i va su phuc tap nay thé hién & nhiéu khia canh,
trong d6 c6 su giao tranh va twong tic ctia cac hinh thé thoi tiét khac nhau nhu gié mia Pong
béc, Tay Nam, hoan luu bao...Dic biét, khu vuc céc tinh vung Tay Bic bo do anh huong do
cao dia hinh ctia nhiéu day va khdi nui céo chay theo huéng Tay Béc - Pong Nam va co su
chia cat manh. Py ciing 1a mot trong cac nguyén nhén tao nén tinh bat dinh 16n cua cac dic
trung khi tugng thity van theo khong gian va thoi gian. Pac biét khi ¢ su két hop vai khdi
khong khi lanh bién tinh vao nira sau mua dong khi di chuyén qua bién va anh huong t61 khu
vue [1]. Bén canh d6, tac dong cia to hop cac hinh thé thoi tiét gdy mua nhu sy két hop cua
dai hoi ty nhiét doi va bao trén khu vyuc Bic bo n6i chung va vung Tay Béc bd noi riéng ciing
dan t6i su bién d6i rat phirc tap cua cac dac trung mua [2].

Cho t6i nay, nhiéu nghién clru qudc té da sir dung phuong phap phén tich xu thé Sen va
kiém nghiém phi tham s6 dé danh gia xu thé bién ddi cua cac yeu t6 khi twong thuy vian, tap
trung lugng mua va nhiét do cho cac khu virc khac nhau trén thé gidi, nhu & Serbia [3], Théi
Lan [4], Cac Tiéu vuong qudc A Rap Théng nhat UAE [5], Trung Qudc [6]. Nhin chung, céc
nghién ctru déu chi ra tinh hiéu qua cta viéc str dung phuong phéap phan tich xu thé Sen va
kiém nghiém phi tham s cho cac viing khac nhau trén thé giéi [7]. Tai Viét Nam, c6 rat nhiéu
Tap chi Khi twong Thiiy van 2024, 764, 15-28; doi:10.36335/VNIJHM.2024(764).15-28  http://tapchikttv.vn/
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cac nghién ctru lién quan téi phan tich xu thé mua, dién hinh 1a nghién ctru str dung mot bo sb
lidu quan tric ciia hon 80 tram trén toan lanh thd Viét Nam trong giai doan 1961-2007 dé
danh gia xu thé cua 7 yéu t6 khi twong [8]. Két qua nghién ctru chi ra rang khu vuec tir vi tuyén
17 tré vao phia Nam luong mua c6 xu thé tang 1én, trong khi mot xu thé giam 1a duoc tim
thiy ¢ khu vuc phia Bic. Trude dé, xu thé bién d6i mua ngdy 16n nhit ciing dwoc phén tich
dya trén bd sb 1iéu mua tai CAc tram trén lanh thd Viét Nam giai doan 1961-2007 [9]. Két qua
cling chi ra mot xu thé ting & ving Tay Bic trong giai doan nay [9].

Gan day, mot s6 dic trung mua cho khu vuc Trung Trung B cling dugc phan tich cho
thoi ky 1976-2017 str dung phuong phap hdi quy tuyén tinh. Két qua cho thiy xu thé ting &
cac tinh phia Nam va giam & cac tinh phia Bic ctia khu vyuc déi véi chi s6 mua 16n [10]. Mot
vai nghién ctru khac lién quan téi phan tich dic diém va xu thé dic trung mua cting dugc thue
hién riéng cho tinh Quang Binh nhu sir dung phuong phap hdi quy tuyén tinh cho bo dir liéu
tr 1961-2014 [1 1] hay ca phuong phap h01 quy tuyén tinh va phuong phap phan tich xu thé
Sen’s slope va kiém nghiém phi tham s6 cho bo dir liéu tir 1988-2018 [12]. Ngoai ra, cac
phuong phép nay ciing dugc sir dung dé 1am rd dic diém va xu thé cia cac dic trung mua
trong mua mua cho cac tinh viung Nam B9 giai doan 1996-2021 [13]. Két qua cho thay xu the
glam clia tt ca cac dac trung mua trong mua mua dugc xem xét & hau hét cac tram trong tong
s0 21 tram dugc st dung trong nghién ctru. Bén canh do, cac dac trung lién quan t&i nhiét do
cling duoc phan tich va danh gia str dung cac phwong phap phan tich xu thé khac nhau, cho
cac ving khac nhau trén toan lanh tho Viét Nam [14—16]. Nhin chung, cac nghién ctru tap
trung danh gia & quy mo vung va khu vuc véi cac thoi doan nghién ctru khac nhau. Trong khi
d6 Hoa Binh 1a tinh mién nii phia Tay Bac véi mang ludi song 16n nhu séng Pa va sudi, ho
phan bd rong khap trén tit ca cac huyén, thanh phd [17]. Ngoai ra trén dia ban tinh con c6 41
hé chira c6 dung tich 16n hon 1 triéu m®. Pay 1a diéu kién thuan loi dé phat trién san xuit nong
nghiép, nudi trong thiy san va nhiéu linh vuc khéc. Vi vay, viéc phén tich dic diém va xu thé
dic trung mua cho tinh Hoa Binh s& gop phan st dung hiéu qua ngudn tai nguyén nudc mua
phuc vu phat trién kinh té - xa hoi.

Theo thong ké cua Tong cuc Phong chéng thién tai, chi riéng 6 thang dau nam 2020 trén
toan quéc thién tai da lam 47 nguoi chét, 01 nguoi maét tich, 130 nguoi bi thuong, lam thiét
hai 108.458 ha ltia va hoa mau, tap trung khu vuc Bong bang séng ctu long va Nam Trung
B0 [18]. Trong nam 2023, trén dia ban tinh Hoa Binh nam 2023 thién tai da lam thiét hai udc
khoang trén 129 ty dong [19] Trudc nhitng thach thuc lién quan téi tinh hinh thién tai trén
toan qubc nodi chung va Hoa Binh néi riéng, bai bao tap trung phan tich dac diém va xu thé
cac dic trung mua cung voi xay dung dudng tan suét 1y ludn mot sb dic trung mua cho tinh
Hoa Binh dya trén dir liéu tir 1981-2019 ciia 5 tram mua trén dia ban tinh.

2. Phuwong phap nghién ctru va sb li¢u
2.1. Phuong phap nghién ciru

2.1.1. Phuong phap xac dinh xu thé bién d6i dic trung mua

Trong nghién ctru nay, phuong phap kiém nghiém phi tham s6 Mann-Kendall dugc str
dung [20, 21]. Xu thé cia mot chudi dugc xac dinh bang cach so sanh d lon tuong d6i cua
cac thanh phan trong chudi. Néi cach khac, cac thanh phan trong chudi dugc xép hang tir 16n
dén bé ma khong quan tam tdi sy khac biét gia trj cu thé ctia ching. Piém thuén loi khi dung
cach tiép can nay la khong phu thudc vao quy luat phan bd cia tip mau. Phuong phap nay
duoc mb ta ngin gon nhu sau.

Gia st ton tai mot chudi thoi gian {X, véi t=1..n}. MSi mot thanh phan trong chudi s&
duoc so sanh véi tt ca cac thanh phan con lai ding sau né. Gia st ban dau chudi khong c6 xu
thé, ttc gia tri thong ké Mann-Kendall (S) s& dugc gan bang 0. Néu thanh phan sau 16n hon
thanh phﬁn trudce thi gia tri théng ké S s€ duoc tang 1€én 1 don vi, nguoc lai s€ bi trir di 1 don
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vi. Mit khac, S s& khong thay d6i néu hai thanh phan c6 gia tri bang nhau. Sau tit ca cac lan
so sanh, gia tri S theo phuong trinh (1) s€ dugc dung dé danh gia xu thé chung cta chuoi.

n-l1 n
S=>" > sign(x;x,) (1)
k=1 j=k+1
Trong do:
1 khix;-x >0
Sign (x;-x, ) =4 0 khi x; =, =0 (2)
-1 khix; —x, <0

Néu gia tri S 16m hon 0, tirc chudi c6 xu thé tang; nguoc lai néu S nho hon 0, tirc chudi co
xu thé gidm. Murc do y nghia cua xu thé dugc xac dinh thong qua gia tri S va n. Trong do,
phuong sai cua S dugc tinh theo cong thire (3).

Var(S) = % n(n-l)(2n+5)-zg:tp (tp-l)(th+5)} 3)

Véi g 13 s6 nhom ciia cac phan tir co gia tri glong nhau va p 14 s6 phan tir thuéc nhoém thi
p. Gié tri chun Z cta S tuén theo dinh luat phan phdi chun.

S-1
T, 2
[Var(S)]" khis>o0
Z= 0 khiS=0 (4)
S+1 khiS<0

[ Var (S)]U2

Z c6 phan phdi chuan N(0,1) ding dé kiém dinh chudi c6 xu thé hay khong véi mirc y
nghia cho trude, o chinh 14 sai 1am loai 1 ctia phuong phap kiém dinh nay. Néu Z > Z,: bac bo
gia thuyét Ho, c6 nghia c6 xu thé tang hodc giam; nguoc lai Z < Za, ddng nghia véi viéc chap
nhén giai thuyét chudi sé liéu khong c6 xu thé 16 rang.

2.1.2. Phuong phap xu thé Sen’s slope

Trong nghién ctru nay, phuong phap xu thé Sen’s slope dugc sur dung dé xac dinh d6 déc
ctia chudi. PO ddc nay duogce tinh toan dua trén tat ca cac cap dir liéu (N=n(n-1)/2) nhu duoc
mo ta theo phuong trinh (5) [20].

- i=1,N (5)

= K

Trong d6 Q 1a d6 ddc gitra cac diém dit liéu xj Va Xk, Xj Va Xk 1an luot 13 gia trj dir liéu tai
thoi diém j va k (j > k), j 14 thoi gian ndi tiép thoi diém k.

2.1.3. Tinh toén cac dac trung mua

Céc ddc trung mua duge lya chon phan tich, tinh todn bao gom:

Luong mua ngay 16n nhat (Rx1day), lugng mua 5 ngay 16n nhat (Rx5day), cuong do
mua (SDII), s6 ngay trong ndm c6 lugng mua rat to trén 100 mm (R100), $6 ngay trong nim
¢6 luong mura to tir 50-100 mm (R50), Iwgng mua nam, lwgng mua thang va lugng mua mua
mua, trong do:
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Luong mua ngady 16n nhit duoc tinh toan 1a gia tri lugng mua 16n nhat 24 gio, voi
Rx1day; = max(Rjj), trong d6 Rjj 1a lwong mua hang ngay vao ngay th i trong khoang thoi
gian j.

_ Luong mua 5 ngay [6n nhat dugc tinh toan dya trén luong mua 16n nhat trong 5 ngay lién
tiep, voi Rx5dayj = max(Ryj), trong do Ryj 1a lugng mua 5 ngay lién tiép k trong khoang thoi
gian j. ’

Cuong d6 mua dugc xac dinh nhu sau: Néu goi RRy;j la luong mua hang ngay thudce
nhitng ngay c6 mua (RR > 1 mm) trong khoang j va W 1a s6 ngay c6 mua trong khoang j thi:

W RR.
SDII = i (6)
] ; W
101 10.’: 10.’: 10.’: 10.’:
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Hinh 1. Mang luéi tram do mua khu vye tinh Hoa Binh.
Thu thap dit liéu mua
Tinh toén cac dic trung mura bao gdbm: Mua
thang, mura mia, mura ndm, mura 1 gio 16n nbét,
mua 1 ngay 16n nhat, mwa 5 ngdy I6n nhat, cudng
d6 mura, sO ngay mura rat to, s6 ngay mua to
v
Xay dyng dwoc tin suit Iy Phan tich xu thé bién
ludn cac dac trung mua doi déc trung mua
Két qua dac diém va xu

thé cac dic trung mura

Hinh 2. So d6 c4u trac nghién ciru.



Tap chi Khi twong Thity van 2024, 764, 15-28; doi:10.36335/VNIJHM.2024(764).15-28

2.2. Dir liéu

19

Du liég tor mang ludi do mua trén dia ban tinh Hoa Binh dugc thu thap tir nam 1990-2019
va dugc thong ké trong bang 1.

Bang 1. Danh séach tram do mua.

Huyén/Thi Toa d¢ tram P9 cao tram

Tén tram Xa/Phuong ~
xa/TP. Kinh d¢ (V) Vi do (X) (m)
Mai Chdu  TT. Mai Chéau H. Mai Chéu 508450,497 2285248,561 345
Hoa Binh  P. Tan Thinh TP. Hoa Binh 535050,388 2303048,909 25
Kim Boi TT.Bo H. Kim Boi 555345,333 2286310,331 57
Chi Né TT. Chi Né H. Lac Thuy 581459,144 2265736,587 33
Lac Son TT. Vu Ban H. Lac Son 547713,093 2261832,544 36

3. Két qua nghién ctru va thao luan

3.1. Su phdn b6 cdc ddc trung muea theo khéng gian va thoi gian

Bang 2 cho biét su bién ddi cac dic trung théng ké co ban ctia lugng mua bao gom hé s6
bién thién (Cv), hé s6 bat dbi ximg (Cs), gia tri nho nhat (Min), gia tri 16n nhit (Max) va gia
trj trung binh. Tir bang 2 cho thay hé s6 bién thién khong co sy thay d6i 16n tai cac tram duoc
xem x¢ét, dao dong tuir 0,22 tai tram Lac Son t61 0,29 tai tram Chi Né. Day 1a thudc do théng ké
do phan tan cta cic dit liéu trong mot chudi dir lidu so v0i gia tri trung binh. Diéu nay cho
thy murc d§ bién thién bién thién cua dir lidu trong mot mau tuong quan voi gid tri trung binh
ctia tong thé c6 su dao dong nho, khong dang ké. Tuy nhién, d6i v6i gia tri hé s6 bat dbi xtimg
c6 su thay ddi 6 hon gilra cac tram, dao dong tir 0,22 tai tram Chi Né¢ t6i 0,8 tai tram Kim
B6i. Piéu nay cho thiy murc d6 phan phdi 1éch phai ting tir nho nhat 13 tram Chi Né téi manh
nhét 1a tram Kim Boi. Day 1a dic trung phan anh sy phan bd khong déu ciia cac thanh phan
trong chudi dai lugng nghién cru xung quanh gié tri trung binh hodc 13 trung tdm phéan bd.
Nhin chung cac gi tri déu 16n hon 0 dic trung cho cac gié tri tin man ciia cac thanh phan c6
gi4 tri 16n hon trung binh. Luong mua trung binh nhiéu nam khong c6 su khac biét qua 16n
gifta cac tram; tuy nhién bién d¢ 1a kha 16n gita nam c6 lwgng muwa nho nhit va nam co lugng
mua 16n nhat, pho6 bién 1a khoang 1800 mm.

Bang 2. Bang cac dic trung thong ké co ban lugng mura.

Tram Cv Cs Min Max Trung binh
Chi Né 0,29 0,22 1215,1 2992,0 1801,4
Kim Boi 0,25 0,80 1251,2 3047,6 1950,5
Lac son 0,22 0,53 1302,7 2757,7 1937,9
Hoa Binh 0,23 0,38 1082,7 2808,4 1829,1
Mai Chau 0,25 0,66 1120,2 2893,6 1809,7

Hinh 3 cho biét phan b lwong mua thang tai cac tram do mua. Nhin chung lwong mua
tap trung vao cac thang 5 téi thang 10 va 16n nhat vao thang 7 hoac 8. Luong mua trong cac
thang mua mua (tir thang 5 t6i thang 10) chiém t6i hon 85% tong lugng mua ca nam trén tat
ca cac tram.

Hinh 4 va Hinh 5 mé ta su phan b theo khong gian cac dic trung twong tmg 1a SDII,
R1xday, R5xday; R100 va R50. Nhin chung, lugng mua 1 ngay (Hinh 4b) va 5 ngay 16n nhét
(hinh 4c¢) thdp nhat & phia tiy bic cta tinh va cao nhat 1a phia dong nam khu vue tram Chi Né,
dugc theo sau 1a khu vyc giira tinh. Didu nay xut phat tir nguyén nhan chi yéu 1a sy tuong
tac ctia cac hinh thé gy mua 16n, dién hinh 13 anh hudng cua bdo, dai hoi tu nhiét d6i véi
dang dia hinh trén dia ban tinh. Piém nbi bat cua dang dia hinh cua tinh Hoa Binh 1a nti cao,
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chia cat phtrc tap voi do déc 16n theo hudng Tay bac-Dong nam. Luong mua 5 ngay lon nhét
ghi nhat co6 thé dat gan 300 mm trong khi lugng mua ngay 16n nhat c6 the dat xap xi 150 mm.
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Hinh 3. Phan b6 luong mua thang cac tram do mua.
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Hinh 4. Phan b khong gian cac dic trung SDII (a), Rx5day (b) va Rx1day (c).

Cuong d6 mua trung binh trong nhitng ngay mua (Hinh 4a) tap trung 16n nhat 1a khu vuc
gitra tinh va phia Pong Nam cua tinh. Khu vuc gitra tinh tram Mai Chau va Hoa Binh, cuong
d6 mua ghi nhan 16n hon 15 mm/ngay mua. Trong khi d6, gia tri thap nhét tram Lac Son va
Kim Bbi khoang khoang 14 mm/ngay mua. Nhin chung, khong c6 su chénh 1éch qué 16n vé
cuong do mua trung binh trong nhitng ngay mua trén toan tinh.
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Hinh 5. Phan b6 khong gian cac dic trung R100 (a) va R50 (b).
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Déi v6i sb ngay co lwong mua 16n hon 100 mm (R100) (Hinh 5a) va trong khoang
50-100 mm (R50) (Hinh 5b) tap trung chu yéu phia Dong Nam tinh. S6 ngay c¢6 lugng mua
trong khoang 50-100 mm c6 sy gia ting kha rd theo hudng Tay Biac Pong Nam c6 thé 1én t6i
7 ngay trong nam (Hinh 5b).

3.2. Phan tich cdc ddac trung muwa
3.2.1. Dién bién xu thé cac dic trung mua

Mua 13 yéu t6 khi twong c6 tinh bién dong theo khong gian va thoi gian kha phirc tap. Vi
du, d6i voi dic trung mua nim c6 nhitng nim luong mua c6 thé vuot xa gia tri trung binh
nhiéu ndm nhung ciing ¢6 nam lugng mua nhé hon nhiéu so v0i trung binh nhiéu ndm. Nhim
giam thiéu nhiing anh hudng ciia cac gi tri cuc dai va cyc tiéu dén xu thé chung trong ca giai
doan. Bai bao nay phan tich xu thé thay d6i vé cac dic trung mua dya trén chudi s6 liéu quan
trac duoc tai 5 tram do mua trong giai doan 1990-2019 bang phuong phép phan tich xu thé va
kiém dinh Mann-Kendall. Bang 3 cho biét két qua kiém dinh xu thé Mann-kendall lugng mua
giai doan 1990-2019. Nhin chung, trong 30 nim, lugng mua nim c6 xu thé giam tai cac tram
Chi Né¢, Kim B6i va Hoa Binh. Trong do, mtc giam 16n nhét ghi nhan dugc tai tram Kim Boi
la -6,08 mm/ndm va thap nhat & tram Chi Né c6 mirc giam -0,03 mm/nim. Xu thé gia ting
lwong mua duoc ghi nhan 16n nhét tai tram Mai Chau. P6i véi mua thang, thang 4, thang 8 va
thang 10 dugc ghi nhan c¢6 xu thé ting ¢ tat ca cc tram, v&i chi s& Sen’s slope 16n nhat tai
tram Mai Chéu 1a 7.5 d6i vé6i thang 10. Céc thang 9, 11, 12 nhin chung c6 su gia ting & hau
hét cac tram (Bang 3).

Bang 3. Kiém dinh phi tham s6 Mann-Kendall (MK test) luong mua giai doan 1990-2019.

Tram Chi Né Kim Boi Lac Son Hoa Binh Mai Chéu

Chi sb Z Sen’s slope Z Sen’s slope Z Sen’s slope Z Sen’s slope Z Sen’s slope
Thangl 045 0,16 -1,18 -0,48 -1,21 -0,45 1,27 0,29 2,19 0,69
Thang2 -0,93 -0,18 -1,73 -0,59 -1,20 -0,34 -1,71 -0,32 0,37 0,12
Thang3 -0,07 -0,08 -0,75 -0,57 0,27 0,18 -1,14 -1,02 0,89 0,64

Thang4 1,89 2,04 1,03 1,06 1,62 1,25 1,39 1,35 1,89 1,62
Thang5 -0,21 -0,63 -1,28 -3,25 -1,52 -2,70 0,54 1,13 1,46 2,37

Thang6 0,54 0,92 -2,36 -4,68 -1,94 -2,63 -3,03 -5,62 -0,18 -0,41
Thang7 0,04 0,06 -0,25 -1,52 -0,25 -0,78 -1,00 -2,60 0,43 1,02
Thang8 0,39 0,95 0,54 2,03 1,30 3,94 1,46 4,87 2,57 7,50
Thang9 0,57 2,02 0,52 0,93 0,84 1,91 -0,75 -2,41 1,11 1,75
Thang 10 0,71 2,24 0,75 2,14 1,16 3,24 1,00 2,19 2,60 3,59
Thang 11 0,32 0,39 0,54 0,58 0,79 0,83 -0,05 -0,04 1,78 1,47
Thang 12 -0,11 -0,03 0,36 0,13 0,16 0,11 -0,18 -0,05 1,11 0,47

Néam -0,07 -0,85 -0,54 -6,08 0,57 5,42 -0,14 -1,33 2,21 21,99

Tir bang 4 t6i bang 8, twong ung 13 két qua kiém dinh xu thé Mann-Kendall cho cac dic
trung Rx1day, Rx5day, SDII, R100 va R50. Str dung phuong phap kiém dinh MK test véi
murc ¥ nghia 5% (xac Xut gip phai sai 1am loai 1 khong qua 5%). Két qua cho thiy, lwong
mua 1 ngay 10n nhat c6 xu hudng ting ¢ tram Hoa Binh. Tuy nhién gia tri p-value > 0,05 nén
bac bo gia thuyét Ho, hay n6i cach khac khong c6 do tin cdy vé xu huéng ting nay. Trong khi
d6, cac tram con lai déu thé hién xu thé giam véi gia tri p-value < 0,05, hay ndi cach khéc xu
thé giam nay dam bao do tin cdy. Gia tri Sen’s slope d6i v6i cac tram Chi N¢, Kim Boi, Lac
Son va Mai Chau lan luot 1a -3,02, -2,79, -2,83 va -1,75 (Bang 4). Tuy nhién, di v6i xu thé
lwong mua 5 ngay 16n nhat c6 su sai khac doi chat so véi xu thé luong mua 1 ngay 16n nhat.
Xu thé tang va gidm trong nghi ngd duoc ghi nhan tai tram Hoa Binh va tai hai tram Lac Son,
Mai Chéu tuong tmg (Bang 5). Xu thé giam c6 do tin cao nhat ddi véi ca luong mua 1 ngay
16n nhat va lugng mua 5 ngay lon nhét duoc ghi nhan tai tram Chi N¢é v6i do 16n 16n hon
3,02.
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Bang 4. Kiém dinh phi tham s6 Mann-Kendall (MK test) Rx1day giai doan 1990-20109.

Lwong mua 1 ngay I6n nhit (Rx1day)

Théng sb

Chi Né Kim Béi Lac Son Hoa Binh Mai Chau
MK test value (S) -172 -162 -173 10 -108
VAR (S) 2842 2843 2841 2842 2842
z -0,424 -0,397 -0,427 0,025 -0,266
P-value 0,001 0,003 0,001 0,866 0,045
Sen’ Slope -3,02 -2,79 -2,83 0,208 -1,755

Bang 5. Kiém dinh phi tham sé Mann-Kendall (MK test) Rx5day giai doan 1990-2019.

Lwong mwa 5 ngay 16n nhat (Rx5day)

Thong 50 Chi Né Kim Boi Lac Son HoaBinh  Mai Chau
MK test value (S) -36 154 1102 86 42
VAR (S) 2842 2842 2840 2842 2842
z -0,335 0,379 0,252 0,212 0,103
P-value 0,011 0,004 0,058 0,111 0,442
Sen’ Slope -3,83 3,17 2,24 3,25 -0,89

Vi cac ddc trung khac la cuong d6 mua (SDII) (bang 6) va sO ngay c6 lugng mua 16n
hon 100 (R100) (bang 7) va s6 ngay co6 luong mua trong khoang 50-100 mm (R50) (Bang 8)
thi mot xu thé ting, giam, va khong d6i trong nghi ngd duoc ghi nhan tai hai tram 1a Hoa Binh
va Mai Chéau. Trong khi do, xu thé giam 1a dugc ghi nhan tai cac tram Chi Né, Kim Bo6i va
Lac Son ¢6 d9 tin cay ddi véi tat ca cac dic trung nay. Xu thé gidm manh nhét duge ghi nhan
tai tram Chi N& véi gia tri Sen’s slope dat -0,348 ddi véi dic trung cudng do mua (Bang 6).

Bing 6. Kiém dinh phi tham s6 Mann-Kendall (MK test) cho SDII giai doan 1990-2019.

Cwong do mua (SDII)

Théng sb

Chi Né Kim Bboi Lac Son Hoa Binh  Mai Chau
MK test value (S) -142 -22 -81 11 -78
VAR (S) 2838 2838 2836 2837 2837
z -0,351 -0,302 -0,201 0,027 -0,193
P-value 0,008 0,023 0,03 0,851 0,148
Sen’ Slope -0,348 -0,24 -0,178 0,008 -0,205

Bang 7. Kiém dinh phi tham sé Mann-Kendall (MK test) R100 giai doan 1990-2019.

$6 ngay mua trén 100 mm (R100)

Thong s0 Chi N& Kim Boi Lac Son HoaBinh  Mai Chau
MK test value (S) -198 -191 -167 33 -91
VAR (S) 2511 2279 2419 2639 2226
z -0,571 -0,594 10,502 0,091 0,284
P_value 0,0001 0,0001 0,001 0,533 0,056
Sen’ Slope -0,083 -0,05 -0,048 0,0 0,0

Bang 8. Kiém dinh phi tham s6 Mann-Kendall (MK test) R50 giai doan 1990-2019.

$6 ngay mwa tir 50-100 mm (R50)

Théng sb

Chi Né Kim Boi Lac Son Hoa Binh Mai Chéu
MK test value (S) -145 -156 -127 -44 -96
VAR (S) 2807 2798 2805 2803 2780
z -0,369 -0,399 -0,324 -0,112 -0,248
P—value 0,007 0,003 0,017 0,417 0,072

Sen’ Slope -0,25 -0,25 -0,200 -0,073 -0,138
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Phén tich dic diém, xu thé luong mua mua mua (Bang 9) cho thdy xu thé gia ting luong
mua mua mua tai cac tram Lac Son, Hoa Binh va Mai Chau. Muc d6 gia tang 16n nhét 13 tai
tram Mai Chau voi gia tri Sen’s slope dat 18,54 va gia tri P-value nhé hon 0,05. Diéu nay
chimg t6 xu thé ting c6 d¢ tin cdy. Trong khi d6 hai tram con lai ¢6 chi sb P-value déu 16n
hon 0,05, chimg t6 xu thé ting khong c6 do tin cdy. Chi Né va Kim Boi 12 hai tram ghi nhan
xu thé giam trong nghi ngd voi cdc gia tri Sen’s slope lan luot 14 -3,04 va -8,62. Nhin chung
c6 thé thay lrong mua mua mua tai bon trong téng s6 nam tram xem xét c6 xu thé ting, giam
nhung déu khong c6 do tin cdy. Trén dia ban tinh, xu thé ting luong mwa mia mua rd nét nhat
va c6 do tin cdy dugc ghi nhan tai tram Mai Chau, noi ¢6 dd cao 16n.

Bang 9. Kiém dinh phi tham s6 Mann-Kendall (MK test) cho lwong mura miia mua giai doan 1990-2019.

Lwong mua mua mua

Thong so Chi Né Kim Boi Lac Son HoaBinh  Mai Chau
MK test value (S) 14 52 54 18 120
VAR (S) 2842 2842 2842 2842 2842
z -0,034 0,128 0,133 0,044 0,296
P-value 0,807 0,339 0,32 0,75 0,026
Sen’ Slope -3,04 8,62 5,84 3,49 18,54

Nhin chung, so v&i cac nghién ctru khac co6 su sai khac nhét dinh, vi du trong nghién ctru
trudc da chi ra xu thé giam luong mua ngay cuc dai tai khu vuc Tay Bic [9]. Su sai khac nay
c6 thé xuét phat tir chudi thoi gian va phuong phap duoc sir dung, trudc d6 nghién ctru da su
dung chudi dir lidu tr 1961-2007 v61 phuwong phap phén tich héi quy tuyén tinh. Ddi vé6i cac
ngudn dit liéu gan day, vé co ban co su tuong dong nhat dinh trén quy mo ving. Trong nghién
ctru nay, nhom tac gia da thu thap va st dung dir liéu mua tir 5 tram da dai (1990-2019) trén
toan tinh. Trong khi d6, ngoai 5 tram khi twong con 3 tram thily van va cac diém do mua trong
mang ludi tram khi tuong thiyy van tinh Hoa Binh. Day 1a diém con han ché ciia nghién ciru.
Trong trudng hop ngudn dir lidu du bao phi v6i mat do day va thoi gian du dai trén toan tinh,
nghién ctru hudng td1 xay dung bd co sé dir licu déng nhét phuc vu céc bai toan khi tugng
thiy van vai viéc img dung cong nghé hoc may.

3.2.2. Puong tan suét 1y luan cac dic trung mua

Pé mo ta dir liéu mua cyc tri mot s ham phéan phdi xac sudt thuong duge sir dung dé
phan tich, nhu cac ham Log-Normal, Gumbel, Pearson dang III, GEV, Pareto, v.v. cdc ham
nay ciing da dugc mdt so tac gia khao sat va st dung [22, 23]. Trong nghién ctru nay, ham
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Hinh 6. Puong tan suat 1y luan cho cac tram dbi v6i mua ngay 16n nhat.



Tap chi Khi twong Thity van 2024, 764, 15-28; doi:10.36335/VNIJHM.2024(764).15-28 24

Pearson loai Il dugc st dung dé phan tich cac dic trung mua bao gdm Rx1day, Rx5day,
SDII va mua 1h 16n nhét cho cac tram tinh Hoa Binh. Ham phén phdi Pearson loai III 1a mot
duong trong sd cac dudng cong trong qua trinh giai phuong trinh bac hai cia ham mat do
dang qua chudng. Dé xac dinh cac tham s khac nhau cta phan bb, phuong phap moment
duogc st dung trong nghién ctru nay. Két qua cho tirng dic trung dugc mo ta qua cac hinh 6 toi
hinh 8.

Can cu luong mua liiy tich trong 24 gio dat cac ngudng 100-200 mm, 200-400 mm, >
400 mm lan luot twong g véi cac cap canh bao cap do rui ro thién tai 1d quét: cip 1, cap 2,
cap 3 theo Quyét dinh s6 18/2021/QD-TTg [24]. Trén co s& do, cac ngudng dugc xem xét tai
gdm ngudng tir nhé hon 2%, tir 2-10%, tir 10 t6i 60% va 16n hon 60% thi nhin chung, lugng
mua mot ngdy 16n nhét pho bién dao dong 16n hon 400 mm, trong khoang tir 200 t6i 400 mm,
dao dong khoang 100 t6i 200 mm va nho hon 100 mm & hau hét cac tram tuong tng (hinh 5).
Pbi voi lwong mua 5 ngay 16n nhat trong ing phd bién 13 16n hon 450 mm, tir 300 téi 450
mm, tr 200 t6i 300 mm va nhé hon 200 mm (Hinh 7). Trong hinh 5 cho thay ¢ cung mot tan
suét trong (mg véi cac ngudng duoc xem xét & trén thi khong co sy chénh 1éch qua 16n giira
cac tram. Trong khi d6, véi gia tri luong mua 5 ngay 16n nhat c6 su chéch 1éch nhat dinh 1én
t6i gan 200 mm (Hinh 7).
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Hinh 7. Buong tan suat Iy luén cho cac tram dbi véi mua 5 ngay 16n nhat.

Dbi voi cuong 46 mua (Hinh 8), gia tri twong tmg véi cac ngudng ké trén 1an luot 13 16n hon
25 mm/ngay mua, tir 22-25 mm/ngay mua, tir 12-22 mm/ngdy mua va nhé hon 12 mm/ngay
mua. Tai cac ngudng duoc xem xét co sy chénh 1éch 1én téi gin 4 mm/ngay mua giita cac tram
do mua duoc st dung. Piéu nay chimg to su phan hoa nht dinh vé cuong d6 mua trong nhimng
ngay mua gitra cac khu vuc trong toan tinh.

Bén canh d6, bai bao cling tinh toan tan suét 1y luan lvong mua lén nhét theo thoi doan 1 gio
d6i v6i timg tram trén dia ban tinh (Bang 10). Ung véi cac ngudng duge xéc dinh tir nhé hon 2%,
tir 2-10%, ttr 10 t61 60% va lon hon 60% thi ngudng mua tuong ung trung binh toan tinh la 16n
hon 84 mm, tir 66 t&1 84 mm, tir 40 t61 66 mm va nho hon 40 mm (Bang 10).
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Hinh 8. Pudng tan suét 1y luan cho cac tram ddi voi cudng do mura.

Bang 10. Bang tan suét ly luan lugng mua 16n nhét thoi doan 1 gid giai doan 1990-2019.

A £ Dro Tram

Tan suat P(%) Kim Bbi Hoa Binh Mai Chau LacSon  ChiNg
0,01 155,47 109,2 1237 149,34 1196
0,10 128,49 97,2 103,9 125,84 104,3
0,20 120,22 93,28 97,86 1185 99,39
0,33 114,18 90,34 93,37 1131 95,73
0,50 109,12 87,82 89,58 108,54 92,6
1,00 100,56 83,43 83,12 100,75 87,18
1,50 95,46 80,73 79,25 96,06 83,87
2,00 91,79 78,75 76,45 92,67 81,44
3,00 86,54 75,84 72,41 87,77 77,9
5,00 79,76 71,96 67,16 81,37 73,19
10,00 70,14 66,14 59,6 72,12 66,22
20,00 59,77 50,37 51,3 61,87 58,21
25,00 56,18 56,88 48,38 58,25 55,28
30,00 53,11 54,67 45,86 55,11 52,71
40,00 47,94 50,78 41,56 49,74 48,21
50,00 43,53 47,25 37,83 45,05 44,17
60,00 39,5 43,81 34,36 40,65 40,26
70,00 35,58 40,23 30,01 36,26 36,23
75,00 33,58 38,29 29,12 33,97 34,07
80,00 31,49 36,17 27,23 31,52 31,72
85,00 29,23 33,75 25,14 28,82 29,06
90,00 26,65 30,77 22,71 25,65 25,81
95,00 23,32 26,51 19,46 21,36 21,24
97,00 21,46 23,84 17,57 18,84 18,41
99,00 18,54 18,99 14,45 14,62 13,36
99,90 15,08 11,28 10,33 8,85 5,56

Nhin chung, tai cac nguong mua dugc xem xét, su thay doi vé luong mua 16n nhét thoi
doan 1 gio trong toan tinh nho hon 20 mm.
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4. Két ludn

Tt s6 lidu lwong mua dugc thu thép tai 5 tram trén dai ban tinh Hoa Binh giai doan
1990-2019 va phuong phap phan tich tinh toan duoc str dung thi hoan toan c6 thé ap dung
dugc cho cac ving nghién ctru khac. Cac két qua nhan duoc cho thiy:

- Luong mua trong cac thang miia mua (tir thang 5 t6i thang 10) chiém t6i hon 85% tong
lwong mwa ca nam. Nhin chung, c6 sy gia ting vé do 16n cua cac dic trung mua theo hudng
Tay bic - Dong nam. Pic biét, sS6 ngay c6 lwong mua 16n hon 100 mm va luong mua tir
50-100 mm c6 sy gia ting kha rd theo hudng Tay Bic Dong Nam. Cac chi s6 mua nay ¢ xu
thé giam tai tram phia Pong nam cta tinh. Xu thé giam 16n nhat dbi véi luong mua 1 ngay 1on
nhit va 5 ngdy 16n nhit duoc ghi nhan tai tram Chi Né vé phia Pong Nam cua tinh.

- D6i v6i mua thang, thang 4, thang 8 va thang 10 dugc ghi nhan c6 xu thé ting & tat ca
cac tram, v6i gid tri 16n nhét tai tram Mai Chau 1a 7,5 mm/thang ddi véi thang 10. Céc thang
9, 11, 12 nhin chung c6 sy gia tang & hau hét cac tram.

- V6i luong mua ngay 16n nhat véi tan suat nho hon 2%, tir 2-10%, tir 10 t6i 60% va 1on
hon 60% thi phé bién dao dong & mirc 16n hon 400 mm, trong khoang tir 200 t61 400 mm, tur
100 t&i 200 mm va nho hon 100 mm & hau hét cac tram. Dbi véi mua gid 16n nhét, tuong tmg
la cac gia tri 16n hon 84 mm, tir 66 t61 84 mm, tir 40 t61 66 mm va nhdé hon 40 mm.

Pong gép cia tac gia: Viét ban thao bai bao N.T.T.; Xir ly s liéu: N.T.T., T.K.T.; Chinh
stra bai bdo: N.T.T., T.K.T.; Chinh stra va hoan thién bai bdo: N.T.T., T.K.T.

Loi cam on: Bai bao nay dugc thuc hién va hoan thién nho sy hd tro tr dé tai: Nghién ctu
xay dung, danh gia tac dong cua cac kich ban mua, 10 cuc han dén ho chaa I6n luu vuc
song da dua trén nén tang tich hop mo hinh khi tuwgng-thuy vén va thuat toan chuyen vi
dong luc cac dieu kign khi quyen, ma so BTDL.CN - 51/22. Nhom tac gia xin chan thanh
cam on Bo Khoa hoc va Cong nghé da tai trg Kinh phi thuc hién dé tai.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhiing nghién ciru trude day;
khong c6 su tranh chap lgi ich trong nhom tac gia va st dung so ligu tir dé tai.
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Analyzing the characteristics and trends of precipitation for Hoa
Binh province

Nguyen Tien Thanh®*, Tran Khac Thac?

! Faculty of Water resources engineering, Thuyloi University; thanhnt@tlu.edu.vn
2 Thuyloi University; thacdt@tlu.edu.vn

Abstract: Precipitation is one of the important input meteorological factors for
hydrometeorological analysis and calculation with a great uncertainty in both space and
time. Therefore, the study focuses on clarifying the charateristics, spatio-temporal
distribution as well as trends of precipitation characteristic for Hoa Binh province based on
Sen’s slope and Mann-Kendall nonparametric test. Precipitation characteristics considered
include the maximum one-hour precipitation, a concentration on maximum one-and
five-day precipitation, monthly-, seasonal- and annual precipitation, simple daily intensity
index, days with rainfall greater than 100 mm, days with rainfall from 50 to 100 mm in the
period 1990-2019 is carefully clearified. In addition, theoretical distribution is also
calculated for the maximum one-hour precipitation, one- and five-day precipitation, and
simple daily intensity. The results showed that during the period 1990-2019, amount of
precipitation in the rainy season (from May to October) occupies more than 85% of the total
yearly precipitation at all stations. The number of days with precipitation greater than 100
mm and from 50-100 mm has significantly increased in the Northwest-Southeast direction.
The considered precipitation indices tend to decrease at the southeastern stations of the
province. In particular, the strongest decreasing trend for maximum one-and five-day
precipitation is observed at Chi Ne station in the southeast of the province.

Keywords: Precipitation characteristics; Precipitation trend; Hoa Binh.
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Tém tat: Trong nhiing nam gan day, Viét Nam thuong xuyén xdy ra cac dot 1a quét gay
thiét hai nghiém trong vé nguoi va tai san. Li quét thudng Xuat hién dot ngdt, kém theo bun
dat, nude 1t 1én nhanh gy khé khan cho viéc khao sat, tiép can hién truong va cong tac
khéc phuc hdu qua. Hién nay, tu li¢u anh vién tham siéu cao tan di va dang dugc tng dung
trong thyc tién dé giam sat, ddnh gia cic anh hudng cta cac khu vuc bi 1ii lut, 1 quét va da
dat duoc hiéu qua cao so vi cic phuong phap truyén théng. Nghién ctru nay trinh bay
phuong phép phét hién 1ii quét tir anh Sentinel-1A. Theo d6, bon anh duoc thu thap & ché
do IW, xir Iy mirc 1 & céc thoi diém trudc va sau khi xay ra 1ii quét. Khu vue nghién ctru
thir nghiém la tinh Lao Cai, noi thuong xuyén xdy ra cic hién tugng 1ii quét gay thiét hai
16n. Phuong phéap dugc dé xuat dé chiét tich ving 1i quét tir anh gom cac budc: (1) Thu
thap tu liéu anh Sentinel-1A va cac dit liéu lién quan; (2) Thyc hién cac budc tién xur Iy anh
va cat anh theo ranh gi¢i ving nghién ciru; (3) Xir 1y va phan tich anh dé chiét tach cac ving
1&i quét va danh gia do chinh xac bang dir liéu diéu tra thuc dja. Két qua nghién ctu 1a dir
liéu dau vao cho viéc xay dung cdc md hinh canh bao i quét ciing nhu cung cap thong tin
cho cac co quan quan Iy nham dwa ra cc giai phap tng pho va giam nhe thién tai.

Tir khéa: Sentinel-1A da thoi gian; Anh SAR; Lii quét.

1. Mé diu

Li Iyt dimg dau trong danh sach nhiing tham hoa thién nhién, bao gom ca sb luong
thuong vong 1an thiét hai vé tai san [1, 2] dac bi¢t 1a tai cac khu vuc thuong xuyén chiu anh
hudng cia bao va ap thap nhiét doi [3, 4]. Trong cac loai hinh 1ii lut, 1& quét 1a hién tuong
thién tai dién hinh va khéc biét so vdi li thuong, do tinh chat dién bién nhanh vé6i cuong do
manh, thuong xdy ra trong khoang thoi gian ngan, chang han dudi 6 gio [5].

Viét Nam hién nam trong s6 cac nudc bi anh huong nang né nhat vé thién tai do bién doi
khi hau gom bao, ap thap nhiét d6i, 1a lut, sat 1o dt va han han [6]. Trong do, 11l quét 1a tham
hoa thién nhién khdc liét gay ra muc do tan pha 16n nhét tai Viét Nam. Lii quét co thé do
nhiéu nguyén nhan gy ra nhung thuong gip nhét 1a do mua 16n, do gidng bio véi cudng dd
cao. Bén canh d6 cac yéu t6 nhu dic diém dia hinh, tham thyc vat, loai dat, ham lugng nude
trong dét... cling déu anh hudng t6i thoi gian va muc do tan pha cua 1u quét [5]. L quet
thuong xay ra tai cac vung nui, noi c6 dia hinh dbc v6i cuong do rat manh va rat nhanh, cac
dong nudc dang cao, chay xiét, kém bun dat gy ra cac thiét hai rat 16n vé nguoi va tai san.

Tap chi Khi twong Thiiy van 2024, 764, 29-37; doi:10.36335/VNIJHM.2024(764).29-37  http://tapchikttv.vn/
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Theo bao cdo ciia Tong cuc Phong chdng thién tai, nim 2018 thién tai xay ra lién tiép trén
cac ving mién trén ca nudc va gy thiét hai vé kinh t& wdc tinh 20.000 ty dong, 1am 218
ngudi chét va mét tich [7]. O Viét Nam, dic biét tai cac tinh mién nui phia Béc, 1ii quét 1a
mot tai bién xay ra thudng xuyén va gy hau qua nghiém trong.

Theo Lién hop qudc [8], phan 16n thiét hai do 1ii lut gdy ra déu c6 thé dugce ngan chin
hodc giam thiéu théng qua cac bién phap thich hop vao cac thoi diém trudce, dang dién ra va
sau tham hoa nhu viée dau tu vao cac hoat dong chun bi co s6 ha téng, xay dung cac kich
ban du bdo lil lut. Hién nay, cong nghé vién tham doéng mat vai trd quan trong trong viéc ing
pho véi timg giai doan cua 1u lut, do kha nang cung cap thong tin kip thoi dé thanh 1ap ban
dé quan trac _giam sat cac khu vuc bi ngép lut [9, 10]. Tuy nhién, khi xay ra It quét thuong
c6 thoi tiét x4u, nhiéu may va mua bio 16n nén anh thu dugc tir cac vé€ tinh quang hoc bi han
ché do bi may che phu. Trong khi d6, tu liéu anh SAR lai khéc phuc dugc nhuogc diém nay,
hon nira c6 thé thu nhan anh ca ngay va dém. Do d6, anh SAR hién dang 13 tu liéu chinh cho
phép xéac dinh céc vung xay ra i quét va ngap lut dua trén sy khac biét vé dic diém tan xa
nguogc cta cac dbi twong trén bé mat Trai dat.

Nhiéu cong trinh nghién ctru trén thé gioi da sir dung tu liéu anh Sentinel-1A dé xac dinh
cac vung ngép lut voi nhiéu phuong phap khéac nhau [11, 12]. Nghién ctru [11] da dé xuat chi
sd x4c dinh ngap lut NDFI (Normalized Difference Flood Index) dé xéac dinh cac ving ngap
nudc tam thoi trén anh Sentinel-1 véi do chinh xac tong thé trén 98%. Nghién ctru [12] da dé
Xuét str dung hé théng Siam-DWENet dé xac dinh cac vung ngép lut trén anh SAR. Két qua
nghién ciru cho thay phurong phap Siam-DWENet cho do chinh xéc 1 89%, trong khi phurong
phéap phan ngudng Otsu cho d§ chinh xac 1a 80% [12]. Tuy nhién, 1ii quét khac bi¢t vdi cac
dang 11 Iut khac, dac biét 1a cac hién tuong Il quét tai cac vung nui ciia Viét Nam. Trong qua
trinh di chuyén, dong nudce 16n s€ kéo theo bun dét va cac doi tuong thuc vat trén duong di,
lam thay ddi dia hinh khu vuc nén dic diém cua ld quét trén anh SAR c6 su khac bi¢t so voi
dang ngép lut thong thuong. Khi dia hinh khu vyc thay dbi sé lam thay do6i gid tri tan xa
nguoc trén anh trude va sau khi xay ra 1i quét. Dya trén dic diém “nay, cac nghién ctru da
dua ra nhidu phuong phap khoanh ving 1ii quét khac nhau. Mot s6 nghién ctru di dé xuat
phuong phap xac dinh 10 quét tir cac anh SAR da thoi gian [13-15]. Nghién ctru [14] da su
dung anh Sentinel-1 phan cuc VV da thoi gian dé chiét tach 1 quét tir 01/2016 dén 01/2021.

Phuong phap xac dinh cac khu vuc 1 quét st dung gia tri tuong quan gitra anh trudc va
sau khi xay ra lii quét. Nghién ciru [15] d str dung bd loc phat hién canh dé khoanh ving cac
vi tri 10 quét trén tu li€u anh Sentinel-1. Tai Viét Nam, nhiéu nghién ctru g dung tu li¢u
anh SAR dé danh gia thiét hai do ngép lut da dugc thyc hién, tuy nhién cac nghién ctru xéac
dinh khu vyc lii quét bang anh SAR da thoi gian van con han ché. Nghién ctru [16] da sir
dung cip anh Sentinel-1 phan cyc VV dé xac dinh dién tich ving ngap lut khu vuc Mién
trung nam 2020. Phuong phap thyc hién dya trén su khac biét cua cac pixel tai cac diém cing
tén ¢ hai thoi diém trude va sau khi ngap, tinh toan sd hoc giita cac anh va xac dinh ngudng
dé chiét tach duoc cic ving ngap lut. Nghién ciru [17] da thir nghiém sir dung tu lidu anh
ALOS PALSAR phén cyc HH va phuong phap phan ngudng dé xac dinh vi tri cac diém 1
quét trén anh SAR khu vyc tinh Yén Bai.

Nghién ctru nay trinh bay két qua nghién ctru xac dinh ving 1ii quét trén anh Sentinel-
1A da thoi gian v6i khu vye thir nghiém thude tinh Lao Cai, noi ¢6 ghi nhén xdy ra mot )
tran 10 quét 16n vao nam 2017.

2. Phwong phap nghién ctru va dir liéu sir dung

2.1. Gioi thiéu khu vwec nghién cuu

~ Lao Cai la mot tinh thudc mién ndi phia Bac c6 toa do dia Iy tir 21°48* dén 22°50° 4o vi
Bac va tir 102°32” dén 104°38” @6 kinh Pong, phia Bac gidp tinh Van Nam - Trung Quoc,
phia nam giap tinh Yén Bai, phia Pong giap tinh Ha Giang va phia Tay gidp tinh Lai Chau.
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Hinh 1. (a) Vi tri khu vyre nghién ctru; (b) Anh Sentinel-1A.

Diéu kién ty nhién tinh Lao Cai ¢ sy da dang, dia hinh c6 mtrc d6 chia cit manh véi hai
day ndi chinh la ddy Hoang Lién Son va ddy Con Voi (Hinh 1). Ngoai ra, khu vuc c6 rat
nhleu nui nhé phan bé rai rac, chia cat va tao ra nhitng tiéu ving khi hau khac nhau. Do vi tri
nam sau trong luc dia va bi chi phdi bai cac yéu t6 dia hinh phirc tap nén Lao Cai ¢ dién
bién thoi tiét khac biét theo cac khu vuc trong tinh. Miia muwa bat dau tir thang 4 dén thang
10 va mua kho ctia khu vuc Lao Cai bat dau tir thang 10 dén thang 3 nim sau. Luong mua
trung binh tir 1.400 mm dén 1.700 m.

Véi tong dién tich tinh khoang 6.383,88 km? gom thanh phd Lao Cai va 8 don vi hanh
chinh cap huyén 1a Sa Pa, Bat Xat, Bao Yén, Bao Thang, Si Ma Cai, Vin Ban, Mudng
Khuong, Bac Ha. Do dic diém vé diéu kién ty nhién va dia hinh phirc tap, c6 46 ddc 16n, Lao
Cai nam trong viing trong diém ctia 1ii quét. Tai ddy, da xay ra nhiéu tran 1d quét trong qua
khir gdy thiét hai 1on. Dién hinh nhu cac tran 1i quét xay ra nim 2012, 2016, 2017 va 2018
gay thiét hai vé nguoi va tai san 1én dén hang nghin ty dong [7].

2.2. Dir lieu su dung

Trong nghién ciru ndy, dit lidu anh Sentinel-1A chup tai thoi diém trude va sau khi xay
ra It quét da dugc st dung. V¢ tinh Sentinel-1A mang bd cam kénh C, phan cuc déi VV va
VH, khong phu thudc vao diéu kién thoi tiét, dugc phong 1én quy dao vao ngay 3 thang 4
nidm 2014 béi Co quan Vil tru Chau Au (ESA) trong chuong trinh Copernicus. Dit liéu phan
cuc VV da dugc Iya chon do ¢6 kha ning cung cép két qua tét hon phan cuc VH trong nghién
ctru vé 1 Iyt [18]. Thong tin vé dit liéu anh duoc thé hién trong Bang 1. Dit liéu anh Sentinel-
1A duoc tai xudng tir trang WEB ¢6 dia chi: https://scihub.copernicus.eu/dhus/#/home.

Bang 1. Dit liéu anh Sentinel-1A st dung cho viéc phat hién 1ii quét.

Ngay chup Ché d¢ chup Phén cuc Mirc xir ly Huéng bay Ghichu
23/07/2017 W \AY Level-1 Nam-Bic Trude 1t quét
30/07/2017 \W VvV Level-1 Nam-Bic Trude i quét
04/08/2017 W \AY Level-1 Nam-Bic Sau I quét

10/10/2017 W \AY Level-1 Nam-Bic Sau Iii quét
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Ngoai ra, cac dir liu )
trg cting dugc st dung nhu div
liéu ban dd nén, cac bao céo,
dwr liéu 1t quét thu thap tir cac
nguén khac nhau dé phuc vu
Xt ly, phan tich anh va thanh
lap ban d6 két qua. Nhém
nghién ctru ciing da tién hanh
01 dot khao sat thuc dia tu
ngdy 9/8/2018 dén 29/8/2018
dé thu thap cac thong tin va vi
tri cac diém da xay ra li quét
theo cac tuyén, diém tai khu
vuc nghién ctru (Hinh 2). Céac
dir liéu khao sat thuc dia la co
s dé danh gia d6 chinh xac
két qua nghién ciru.

2.3. Phuong phap nghién cuu

Quy trinh thyc hién gdm
cac ndi dung chinh nhu sau:

- Thu thap dir li¢u anh vé
tinh Sentinel-1A da thoi gian
va cac co s dir lidu vé dia
hinh, dit liéu vé 1i quét va cac
thong tin lién quan dén khu
vuc nghién cuu.

- Tién hanh tién xtr 1y dix
liéu anh Sentinel-1A da thoi
gian bang phin mém SNAP
Toolbox.

- Sau khi anh da duoc xur
ly, tién hanh tich hop céc
kénh anh trudc va sau khi lu
quét dé phan tich xir 1y va
phat hién va chiét tach cac
vung 1l quét.

- Kiém chung két qua
bang dir liéu khao sat thuc
dia.

- Bién tap, xay dung ban
d6 hién trang 1i quét.

a) Budc tién xir Iy anh

Dir liéu anh Sentinel-1A
duoc thue hién cac budce tién
xt 1y anh trén phan mém
SNAP Toolbox. Cac budc
tién xtr Iy anh bao gdm loc bo
nhiéu nhiét, hiéu chinh buc
xa, loc dit liéu, nan chinh hinh
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Hinh 3. Quy trinh phat hién i quét sit dung anh Sentinel-1 da thoi

Hinh 2. So d6 cac tuyén khao sat thuc dia.

Swe kién trweée khi 1l quét Sw kién sau khi li quet
- Chup ngay 23.07..2017 - Chup ngay 04.08.2017
- Chup ngay 30.07.2017 - Chup ngay 10.10.2017

- Loc bd nhiéu

- Hiéu chinh btre xa

- Loc di¥ lieu

- Nan chinh hinh hoc
- Cat anh theo ranh gidi ving nghién ciru

!

Anh trwée va sau khi xay ra |G quét dwoc tich hop
dé x@ Iy va phan tich anh.

So sanh cac gia tri phan xa trwoc va trong khi cac sw kién 10 quét
xay ra d& xac dinh céc thay ddi trong tin hiéu radar
dua ra cac khu vuc bi anh hudng béi | quét.

Lwu két qua va chuan bj kiém chirng két qua phat hién Id quét

Kiém tra thyc dia
v@i thiét bj GPS cam tay

— 1

gian.
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hoc va cit theo ranh giéi khu vuc nghién ciru. Cac phuong phép trong qua trinh tién xir 1y
anh Sentinel-1A dugc thuc hién gém:

- Viéc loai bo nhiéu nhiét giup giam su gian doan giita cac dai phu cho moi canh trong
cac ché d6 thu nhan nhiéu_vfmg [18].

- Hiéu chinh btic xa dé loai bé d6 1éch burc xa va dam béao gia trj pixel 13 trj tan xa nguoc
ctia bé mit phan xa. Anh SAR thudng duoc nha cung cip xir Iy dén murc 1A nén sai sb bic
xa thuong van con tdn tai. Do vay, hi¢u chuén birc xa 1am tang cuong tinh chinh xac cua dir
liéu SAR [19]. Tu li€u anh tht nghiém s€ dugc hi¢u chuan va dua vé gia tri sigma nought,
str dung céac thong s dugc cung cap trong phian mém SNAP Toolbox [20].

- Loc dir liéu bang phép loc Lee [21, 22] va thuit toan da tim kiém dé loai bo nhiing
nhidu ddm trén anh.

- Hiéu chinh hinh hoc str dung SRTM DEM (Shuttle Radar Topography Mission - Digital
Elevation Model) dé hiéu chinh cic bién dang dia hinh va chuyén vé phép chiéu UTM48N-
WGS84 cua vung nghién ciru [18].

- Khu vuc nghién ctru duoc cit bang chirc nang Subset trong phan mém SNAP.

b) Xac dinh khu vuc 10 quét trén tu liéu anh SAR

Sau khi thuc hién budc tién xtr Iy anh, tién hanh tich hop cac kénh anh trude va sau khi
xay ra lii dé khoanh vung xéac dinh céc vi tri 1ii quét.

Sentinel-1A 1a tu liéu anh radar cira mé tong hop (SAR). Nguyén 1y hoat dong cta hé
thong SAR dugc dua trén 1y thuyét két hgp pha ciia tat ca cac tin hi¢u phan hoi trong khoang
thoi gian khi vat mang radar di chuyén giita hai xung tin hiéu dugc truyén di. Pic diém gia
tri tdn xa ngugc trén danh SAR phu thude vao tin hi¢u truyén bao gém chiéu dai budc song,
phan cuc cia tin hiéu, goc téi tin hiéu va dic tinh cua ddi twong bao gdm dd nham cia bé
mat, hinh dang va hé s6 dién moi.

D6 nham cua bé mit d6i tuong 13 dic diém dia hinh anh huong manh nhat dén cuong do
song siéu cao tan nhan duoc tai bo cam. Theo dinh luat Snell da chi ra rang goc phan xa s&
bang va ddi xtmg véi goc téi qua mit phang vudng goc. Két qua 1a bé mat phang s& c6 mau
den trén anh. Khi bé mat c6 do thé nham tang lén, céc tia phan xa tai cac vi tri khac nhau s&
theo cac huong khac

nhau va nang luong 0

tan xa trd lai anten

cia v¢ tinh cling s€ o e -

tang 1én. Cang nhiéu e et i

néng hIO’l’lg tan Xa, I 9
-10 + —————————————— v

thi hinh anh trén dnh
SAR cang sang. Do
d0, hinh anh cac khu
vue nude hodc co bé
mit phing trén anh
SAR s€ c6 mau den
va tuong phan véi
cac d6i tuong khac. -25 - T —A

Cac khu vuc
ngap lut trén anh
SAR dugc xdc dinh 1010/2017 30/07/2017 30/07/2017
dua vao su khac biét
vé gid tri tan xa

-15

-20

Gia trj tan xa ngwoc (dB)

Ngay thu nhan anh

nguoc gitra be mat —&—— Liquétt —-—A—--  Nuégc
hi b -------- Qs LG quét 2 — % — DOI twong khac 1
phang va bé mat —— % —— Liquét3 — —0——  Péi twong khéc 2

nham. Tuy nhién,
dac diem lu quét Hinh 4. Gia tri tdn xa ngugc tai cac vi tri khac nhau trén anh Sentinel-1A da thoi gian.
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thudng xay ra dot ngdt, xudt hién trong thoi gian ngin, pham vi hep va 1am thay d6i dia hinh
khu vuc. Phan tich anh to hop mau trudc va sau khi xay ra It quét thi tai nhiing khu vuce co
bé mit thay dbi thi s& lam thay dbi gia tri tin xa nguoc. Hinh 4 biéu dién gia tri tan xa nguoc
tai cac diém tai khu vuc vung 10 quét, ving nudc va nhiing vung ddi tuong 16p phu bé mat
khéc. Dua trén db thi Hinh 4 cho théy gia tri tan xa ngugc tai thoi diém 10/10/2017 cta khu
vuc ving i quét rat thap khoang -16 dB va -18 dB, gan vdi gié tri tan xa ngugc cta nudc.
Do vy, trén anh t6 hop, cac khu vuc i quét xuat hién cac mau sic khac biét so voi nhirng
khu vuc xung quanh (Hinh 5).

Vi tri xay ra I quét

T6 hop mau R:G:B = 30/07/2017:30/07/2017: 10/10/2017

Hinh 5. Phat hién 1ii quét trén anh t6 hop mau Sentinel-1A da thoi gian (phan cuc VV).

103°30'0"E 104°0'0"E 104°30'0"E

CHU GIAI

Ranh gii tinh
¢ Ranh gi¢i huyén - b
“ Vung I quét * 7 5

A

f

22°300'N
22°300°N

QP Hodng Sa
- (Vigt Nam)
THAI LAN e

BIEN DONG

z| Z
s CAM PU CHIA 5
27 2
N N
NEEE Ty o A- £ ¢ oo 57 . L Dy 250 00 ) yuta y L
> 9 QP Truong Sa
Phis Quéc’ (VetHam)
q Con Dao : ‘ /
v V7.1 40 10 20 30
23 Sougcen, £t HERE, Garmin, Iiemag: iarsmant 7 Corp. GEBCO,USGS, FAO/NES
= s AEL, Ban Chs g Korg, (6) OpenSteabigp 2o tors: srel s GIS e} Cormr Sl
T T T
103°30'0"E 104°0'0"E 104°30'0"E

Hinh 6. Ban db hién trang lii quét tinh Lao Cai nim 2017.



Tap chi Khi twong Thity van 2024, 764, 29-37; doi:10.36335/VNIJHM.2024(764).29-37 35
3. Két qua

Céc anh Sentinel-1A dugc xir 1y, tinh toan sb hoc giita cac anh va phan ngudng dé chiét
tach cac ving i quét theo cac bude nhu di trinh bay ¢ trén. Két qua cudi cing duogc kiém
ching bang dir lidu diém i quét thu thap tir khao sat thuc dia, két qua do chinh xéc cua
phuong phap dat 85%. Anh sau phan loai dugc chuyén tir dinh dang raster sang dang vector,
sau d6 16p dir liéu cac vung 1i quét dugc bién tap, chong véi cac 16p dit liéu nén dé thanh 1ap
ban d hién trang 1i quét nam 2017 tinh Lao Cai nhu duoc thé hién trén Hinh 6.

h, v

N
¥

Hinh 7. Mot s6 hinh anh thu thap duoc vung i quét tai thuc dia.

Theo két qua xir 1y thu duoc tir anh Sentinel-1A va dit liéu khao sat thuc dia thi khu vuc
xay ra It quét thuong la cac khu vuc c6 dia hinh dbc, xdy ra mua vua, mua to trén dién rong
khién nudc tai cac subi dang cao dot ngdt, 1d tir thuong ngudn chay vé cudn theo bun dat,
than cdy... gdy ngap lut, lam hu hong nha cira, hoa mau, gay thiét hai nghiém trong vé ngudi
va tai san. Cac vi tri 18 quét duoc phat hién trén anh SAR 13 nhitng khu vuc ¢ nhiing bién
d6i vé bé mat dia hinh trudc va sau li. Dong thoi, cac vi tri cac vu 1l quét chi yéu tap trung
tai cac khu vuc ven cac séng, sudi. Tuy nhién, do phuong phép xac dinh 1i quét trén anh SAR
da thoi gian chu yéu dua vao su thay ddi dac diém tan xa nguoc trén anh nén co tdn tai mot
sO vi tri nhidu, gay nham 1dn. Céc vi tri nham lan chu yéu 1a nhiing khu vuc ¢ nhiing bién
d6i vé dia hinh nhung khong do anh huéng cia lii quét nhu sy thay doi bé mat do con nguoi.
Ngoai ra, do phan xa tai cdc sudn nii trén anh SAR s& anh huong dén két qua giai doan va
khoanh vung cac vi tri [ quét thudc nhitng khu vuc nay.

4. Két luan

Cac tac gia da xay dung duoc hién trang vi tri cac diém L quét khu vuc Lao Cai tr dir
liéu anh SAR Sentinel-1A da thoi gian. Pédc diém cua lii quét xay ra nhanh va thuong 1am
thay doi bé mit dia hinh tai noi ma li di qua. Do d6, cic tac gia da st dung phuong phap
phan tich sy khac biét vé gia tri tan xa ngugc trén anh SAR trude va sau i dé khoanh vung
cac vi tri 1i quét. PO chinh xac cua phuong phap dé xuit trong bai bao duoc danh gia dua
trén céc dir liéu khao sat thuc dia va dat 85%. Tuy nhién, phuong phap con c6 nhitng han ché
do t6n tai nhitng sy thay d6i bé mit dia hinh do con ngudi giy ra ciing lam thay d6i gia tri
tan xa nguoc trén anh. Déng thoi, cac sai s6 trén anh SAR do dac diém thu nhén anh cling
gay kho khan trong qua trinh khoanh vung khu vuec I quét.
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Hién trang viing 1ii quét 1a yéu t6 dau vao quan trong trong cac mé hinh du béo 1ii quét.
Dng thoi, két qua nghién ctru ctia bai bao ciing danh gia dugc kha ning st dung tu liéu anh
SAR da thoi gian trong nghién ctru khoanh ving 1i quét, cung cip cdp nhat, kip thoi cac
thong tin vi tri anh hudng cua 1i quét phuc vu cho cac cong tac tim kiém ciru nan, dua ra cic
canh bao trong tuong lai, giam thiéu cac thiét hai vé ngudi va tai san. Trong thoi gian téi,
nhom nghién ctru sé tiép tuc hoan thién phuong phap xac dinh i quét trén anh SAR da thoi
gian dé ning cao do chinh xac va hiéu qua st dung trong thuc tién.

DPong gop cua tac gia: Xay dung y tuong: N.T.P.T, TA.T., LM.H; Xu ly s6 liéu: N.T.P.T,
N.H.L; Viét ban thao bai bao: N.T.P.T, L.M.H; Chinh stra bai bao: N.T.P.T, L.M.H.

Loi cam on: Bai b4o hoan thanh dua trén két qua cua luan an: “Nghién ctru phat trién mé
hinh tri tué nhan tao trong phan vung nguy co i quét & Viét Nam” va tai trg boi deé tai cap
B ma s6 B2018-MDA-18DT (B¢ Giao duc va Pao tao Viét Nam).

Loi cam doan: Tap thé tac gia cam doan bai bao niy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Using multi-temporal Sentinel-1A images to detect flash floods, a
case study in Lao Cai province.

Ngo Thi Phuong Thao'*, Ngo Hung Long !, Tran Anh Tuan?, Le Minh Hang?

! Faculty of Information Technology, Hanoi University of Mining and Geology;
ngothiphuongthao@humg.edu.vn; ngohunglong@humg.edu.vn

2 Institute of Ecology and Biological resources, Vietnam Academy of Science and
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Abstract: In recent years, Vietnam has frequently experienced severe flash floods that cause
significant damage to both people and property. These flash floods often occur suddenly,
accompanied by mud and rapidly rising floodwaters, making it challenging to conduct field
surveys and access disaster sites and carry out recovery efforts. Currently, microwave
satellite image is being applied in practice to monitor and assess the impacts of flood and
flash flood areas, yielding better results compared to traditional methods. This study
presents a method for detecting flash flood areas using Sentinel-1A imagery. Accordingly,
4 images were collected in IW mode, level 1 at the times before and after the flash flood.
The experimental study area is Lao Cai province, where flash floods often occur causing
heavy damage. The proposed method for extracting flash flood areas from Sentinel-1A
images involves the following steps: (1) Data collection: Gather Sentinel-1A imagery and
relevant data; (2) Image preprocessing: Apply preprocessing steps to the Synthetic Aperture
Radar (SAR) images and crop them based on the study area boundaries; (3) Image analysis
and image classification: compare and analyze the images to extract flash flood regions. The
accuracy of the results was verified against ground-truth data. The research findings serve
as valuable input for developing flash flood warning models and providing information to
relevant authorities for effective disaster response and mitigation.

Keywords: Multi-temporal Sentinel-1A; SAR images; Flash flood.
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Tém tat: Trudc ddy, vién tham duoc tng dung dé nghién clru x01 16 bo sdng chu yéu bang
viéc két hop cac bang anh va hau hét chua duoc kiém dinh bang toa do duong bo thyc té.
Trong nghién ctru nay, x6i 16 bo song Ham Ludng duge danh gia bang viée tich hop cong
nghé hoc may vao vién tham va hé thong phan tich duong by (DSAS). Anh vé tinh Landsat
dugc str dung dé danh gia dién bién x6i 16 tir 1999 dén 2022, ¢6 kiém dinh bang 100 toa do
GPS bo song dugc do dac nam 2022. Két qua trich xuat duong bo la dang tin cay, voi sai
s6 can quan phuong (RMSE) la 15,92 m, nho hon dang ké so voi do phén giai 30m cua
Landsat. Giai doan 1999-2022, xo1 16 chiém wu thé (68% chiéu dai), chii yéu xay ra & bo
phai, voi tong dién tich mat dat 1a 176,7 ha (7,54 ha/nam). X0i 16 bo gia tang theo thoi gian,
ca vé tbc d6 1an pham vi. Bo song chuyén tir boi ty trong giai doan 1999- 2005 (+1,65
m/nidm) sang bi x6i trong giai doan 2005-2022 (-3,71 m/niam). Giai doan chuyén tiép tir boi
tu sang x06i 16 1a 2005-2009, khi cac siéu dap thuy dién trén Iuu vuc song Mé Cong duoc
dua vao van hanh. Do d6, viéc phuc hoi 16p thuc vat ven song can duoc vu tién dé bao vé
bo song dang bi x61 16.

T khéa: Xo6i 16 bo song; Vién tham; Hoc may; GIS; DSAS; bBSCL.

1. Giéi thi¢u

X6i 16 by song hién 12 mot van nan thién tai chung ctia hau hét cac hé thong song ngoi
trén thé gidi [1-4]. Py 1a mot hiém hoa thién tai dai han, ¢6 anh hudng da dang dén kinh té,
xa hoi, sinh ké va co thé dén ca chinh trj [4]. Cu thé, nhiing hé qua tat yéu cia x6i 16 bo song
bao gdm giam chat lugng nudc, mat on dinh cong trinh, de doa dén an toan cua khu déan cu
va thay doi bat lgi cho hé sinh thai [5]. Tuy c6 tbc do anh huong twong ddi chdm nhung X0i
16 b dé lai hau qua dai 1au cho céc dbi tugng trong ving anh huong va kha nang hdi phuc 1a
rat thap [6-8].

Trén thé gidi, nhiéu k¥ thuat hién dai da duoc ung dung trong nghién ciru x6i 16 bd song
& pham vi rong. Dién hinh nhu cac nghién ctru sir dung anh vé tinh, khong anh d6 phan giai
cao (LIDAR), méy quet Laser, va may bay khong nguoi 1ai (UAV/Drone) [9-12]. Trong do,
k¥ thudt vién tham cho thiy uu diém so v0i cac cong cy con lai ca vé mat thoi gian va ngudn
kinh phi nghién ctru, trong khi két qua van c6 do tin cdy cao. Trong cudc dua cong nghé 4.0,
viéc su dung tri tu¢ nhan tao va mé hinh hoc may trong cac nghién ctu vé x0i 16 bo cling
ngdy cang phd bién. Piém manh ctia cdc md hinh nay 1a s6 liéu dau vao c6 thé don gian (ké
ca dir liéu phi tuyén tinh roi rac), d6 tin cdy cao va tiét kiém thoi gian tinh toan [13-15].

Thoi gian gan day, cac nghién ctru x6i 16 bo song bang dir liéu vién tham & Viét Nam da
tuong d6i phod bién. Mic du vay, duong bo chi yéu duoc trich xuét bang cac chi sé don gian
bang cach két hop cac bang anh lai véi nhau. Cu thé, cic nghién ciru da thyc hién thudng sir
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dung céc chi s6 thuc vat khac biét chudn héa NDVI (Normalized Difference Vegetation
Index) hay chi s6 nude khac biét chuan hda NDWI (Normalized Difference Water Index) dé
trich xuét duong bo [16-18]. Cac chi s6 nay thuong cho do sai s6 16n khi khu vyc nghién
ctru c6 nhiéu tau thuyen neo ddu hay do phan xa mat dat cho tin hiéu khong r6 rang. Mot s6
nghién ciru chi don thudn st dung gia tri NDVI 1am can ¢t trich xuit duong bo va khong co
kiém dinh két qua tinh toan so voi dudng bo thuc té. Vi vy, phuong phép trich xuit duong
bo sOng dua vao anh vé tinh can dugc nghién ctru sau hon dé tang do chinh xac, chéng han
nhu tich hop thuit toan hoc may ngay trong cac mé hinh vién tham dé ting d6 chinh xéac cta
viée trich xuét duong bo.

La mot vung kinh té trong diém phia Nam, Dong bang song Ctru Long (DBSCL) khong
chi cung cap ngudn ndéng san cho Viét Nam ma con phuc vu xuat khau ra toan thé gigi. Tuy
nhién, PBSCL hién nay dang chiu tic dong nghiém trong tir thién tai, dién hinh nhu x6i 16
long song, bo song va bo bién, han man, ngdp lut, va sut lin dat. Trong do, x6i 16 bo song
dang ngay mot dién bién nhanh hon, v6i mac d6 ngay cang trim trong. Theo théng ké cua
bd NN&PTNT, s6 vi tri ghi nhan hién tugng sat 10 bo song dang gia ting dang ke tu 100
diém trong nim 2010 1én 680 diém duoc bao céo trong nam 2019. Viéc phat trién cac dap
thuy dién thugng Iuu dugc danh gia 1a nguyén nhan so6 mét cua hién tugng x01 16 trén dién
rong & DBSCL, trong khi khai thac cét 1a tic nhan gay trim trong hoa van dé nay [19-21].
Mic du vay, x6i 16 bd song thuong it duoc quan tim hon cac van dé khac (ngap lut, xAm
nhdp man) do pham vi va mtrc d¢ thiét hai tuong ddi nho hon trong khi dién bién tuong ddi
cham.

Mot dic diém quan trong cia bo song ¢ BPBSCL d6 1a; trude diy doc bo song luon co
mot tham thyc vat ty nhién bao vé by nhu ban, dira nude. Theo thoi gian, 16p thuc vat ndy bi
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x6i 16, va khi doc b song khong con 16p thuc vat bao vé nira thi tbe do xo6i 16 s& dién ra rat
nhanh. Pién hinh 13 doc séng C6 Chién, dic biét 1a trén cac cu lao (tinh Tra Vinh va Vinh
Long). Doc séng Ham Ludng hién nay 16p thyuc vat (ban, dira nudc) con twong ddi day (vai
mét tGi vai chuc mét), nhung da c6 hién tuong x6i 16 16p thuc vat nay. Néu khong co giai
phap bao v€ 16p thuc vat tu nhién trén séng Ham Ludng thi trong vong 10 nam t61 16p thuce
vat nay co thé co nguy co blen mét (nhu di timg dién ra voi sdng Co Chién). Khi do, x6i 1o
bo séng Ham Ludng s& rat tram trong, anh hudng dang ké dén doi song cua cu dan ven song.

Céc nghién ctru x6i 16 & DPBSCL hién nay thudng ding cac chi sé nhu NDVI, NDWI
[16—17] d@é trich xuét bd song, vi vay do chinh xac con kha han ché, nhat 14 nhimng ving chiu
anh huong triéu nhu DPBSCL. Trong khi d6, x6i 16 bo song & PBSCL dang dién bién nhanh
trén di¢n rong nén can duge nghién ctu cép bach nham hiéu duoc hién trang va nguyén nhan,
lam co s& dé ra c4c bién phap toi uu. Do d6, nghién ctru nay dé ra muc tiéu: (1) tich hop thuat
todn hoc méay vao cong nghé vién tham nham tang do tin cdy ctia qua trinh nhan dién duong
bo; (2) sir dung cong nghé DSAS (Digital Shoreline Analysis System) dé phan tich dién bién
x061 16 bo song va (3) phan vung nguy co x06i 16 bo song.

Khu vyc nghién ciu 1a Song Ham Ludng (Hinh 1), va din bién x6i, bdi dwgc phan tich,
danh gia cho thoi gian tir 1999 dén 2022. Pay 1a mot trong cac cong trinh nghién clitu mang
tinh tién phong & DBSCLva Viét Nam trong viée st dung hai ky thuat tién tién (vién tham
va hoc may) dé danh gia bién dong bd song. Bén canh d6, nghién ctru ky vong s& dem lai két
quéa quan trong cho cac bén lién quan dé xem xét dé xuat bién phap hitu hiéu nham bao vé bd
s6ng mot cach kip thoi. Ngoai ra, phuong phéap luan trong nghién ctru ndy c6 thé duoc ap
dung cho cac vung nghién ctru khac trong tuong lai.

2. Dir liéu va phwong phap

Nghién ctru nay tich hop cong nghé hoc may vao k¥ thuat vién tham dé trich xuat duong
bo song qua cac nam, sau d6 danh gia dién bién dudng bo theo khong-thdi gian bang hé
thong phan tich bién dong dudng bd DSAS. Tong quan cic ndi dung va thir ty thyc hién
nghién ctru dugc tom luoc trong Hinh 2 va chi tiét hoa trong cac nodi dung tiép theo.

B1. Thu thap B2. Xi¥ Iy anh B3. Trich xuét B4. Phan tich bién
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Hinh 2. So db ciu trac qua trinh nghién ctru x6i 16 bd song.

2.1. Dt liéu s dung

Dé trich xut dudng b dai han (1999-2022) cho khu vure séng Ham Ludng, anh Landsat
da dugc st dung do v¢ tinh nay co chudi dit liéu dai (tir nhitng ndm 1970s), 1a loai anh vé
tinh duy nhét phii hop vdi thoi doan phan tich trong nghién ctru nay. Dir liéu nay dugc cung
cAp mién phi tir trang web chinh thirc ciia co quan Khao sat Dia chat Hoa Ky tai dja chi
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https://earthexplorer.usgs.gov/. Do cam bién cua vé tinh Landsat 1 loai quang hoc nén chit
lwong anh thudng sé& chiu anh hudng boi su che phii cia may. Can nhic van dé nay, 06 anh
Landsat (déu la Landsat 5 va 8) da dugc lya chon cho cac nam 1999, 2005, 2009, 2014, 2018,
va 2022 (Bang 1). Anh Landsat 7 khong duoc str dung 1a do 1) cac anh trude ndm 2003 ¢
mirc 36 may che phu cao, gy thiéu hyt théng tin dé nghién ctru va 2) cac anh sau ndm 2003
bi 16i & nhiéu diy quét trong viing nghién ctru (scanline error). Anh duoc tai xudng 1a dir liéu
muc 1 (Level 1), da duoc nin chinh toa do dia 1y, nhung trude khi str dung can hiéu chinh
khi quyén. Bén canh d6, dé hd tro qua trinh trich xuat va danh gia do tin cdy cta duong bo
song, 100 vi tri bo song (nam 2022) da dugc thu thap toa d6 GPS, sau day goi 1a cac diém
tham chiéu.

Bang 1. Cac anh v¢ tinh Landsat duoc st dung trong nghién ctru.

STT Vétinh Cam bién Ngay chup D9 che phii ciia may (%)

1 Landsat 5 ™ 06/21/1999 10,00
2 Landsat 5 ™ 08/24/2005 1,00
3 Landsat 5 ™ 12/09/2009 1,00
4 Landsat 8 oLl 02/22/2014 1,80
5 Landsat 8 oLl 10/31/2018 6,42
6 Landsat 8 oLl 12/13/2022 14,26

2.2. Hiéu chinh khi quyén

Qua trinh hiéu chinh khi quyén (atmospheric correction, AC) nham giam thiéu anh
huong tir moi trudng dén gia tri cac diém anh, dong thoi chuyen gia tri s6 (digital number,
DN) thanh gi4 tri phan xa bé mit (surface reflection, SR). Pé thuc hién hiéu chinh khi quyén,
ching toi str dung cong cu ACOLITE, v6i thuat toan “Dark Spectrum Fitting” [22-23]. Cong
cu ma nguon m¢& nay phu hop cho viéc hiéu chinh khi quyén dbi voi anh vé tinh Landsat va
Sentinel nham muc dich phan loai mit nudc véi cac d6i tuong khac. Cac thong sé dau vao
dé hiéu chinh (nhu néng dd ozone, hoi nudc, hi€u chinh khi dung...) c6 thé tuy bién nham
lam ndi bat khu vuc mit nuée. Gia trj cac pixel cua anh Landsat sau khi hi¢u chinh 1a gia tri
phan xa bé mit, pht hop véi dic tinh quang phd phan xa khac nhau cta cac vat thé trén mat
dat.

2.3. Tinh todn cdc chi sé bé sung

Cac bang (band) dnh dugc sur dung dé chiét xuat dudng bd song bao gdbm xanh dwong
(blue), xanh 14 (green), do (red), can hong ngoai (near-infrared, NIR), hong ngoai song ngan
1 (short-wave infrared-1, SWIR1) va hdéng ngoai séng ngan 2 (short-wave infrared-2,
SWIR?2). Bén canh do, 03 chi s6 dugc thiét 1ap dua vao 06 bang co ban, bao gém chi sb trich
xuat mit nudc tu dong (Automated Water Extraction Index, AWEI) [24], chi s6 nudc khéc
biét chuan héa cai thién (Modified Normalized Difference Water Index, MNDWI) [25] va
chi s6 NDVI. Céong thuc tinh nhu sau:

AWEI=4X pg oy -Pswirs — 0,25%pyir T2,75%pgyyir, (1)
MNDWI= (Pareen "Pswir1) @
pGreen +pSWIR1)
NDVI=_(PrirPrea) -
(Pnir TPRed)

Trong do pereen, PRed, PNIR, PSWIRL, va PSWIR2, lan luot 13 cac tri s6 phan xa bé mit cua
cac bang anh xanh 14, do, can hong ngoai, va hong ngoai séng ngan 1 va 2. Cudi cung, 06
bang anh co ban va 03 chi s6 duoc chong xép thanh mot anh da phd, dugc ding cho qua trinh
trich xuat duong bo song.
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2.4. Trich xudt dwong bo song bang ky thudt vién tham két hop hoc may

V& co ban, duong bd séong Haim Ludng qua cac ndm duoc trich xudt bang cach tach 16p
mat nudc tr anh Landsat thong qua cac bude thuc hién nhu dugc chi tiét trong Hinh 3. bé
nang cao do tin cay ctia dudng bo duoc trich xuét, qua trinh phan loai c6 giam sat (supervised
classification) sir dung mé hinh hoc may ring ngiu nhién (Random Forest, RF) di duoc tién
hanh. Pau tién, 90 ving “lay mau huan luyén” (Regions of Interest, ROIs) duoc thiét 1ap doc
theo song bo song Ham Ludng, trong tmg voi 15.103 pixel. Ching bao gdm hai loai, duogc
gan nhan 0 va 1 (target), twong ung dai dién cho cac khu vyc mét nude va khong phai mat
nudce cin cir vao thong tin tir to hop cac bang anh kha kién (Red - Green - Blue) va vi tri cac
diém tham chiéu.

= Ving lay mau Piém tham |
Anh vé tinh E>‘ (ROls) ]¢j chidu
da phd ﬁ
Huén luyén (70%)
Bo dir liéu i | T
Kiém dinh (30%)

X y @ Kiém

_ dinh
Huan luyén mé hinh |, thuc
(Random Forest) té

Khéng
Do chinh xac (A) tot
Do chuén xac (P) Klem dlnh
Chl s6 trung hoa (F1) P S
@ T6t ﬁ :’i

/\ ‘ Phan loai ’Q‘ Pudng b
g mat nwéc chinh thirc

Hinh 3. So d6 quy trinh trich xuat duong bd song bang vién tham tich hop hoc may.

Tiép theo, bo dit liéu ding dé “huan luyén” mo hinh dugc thiét 1ap bang cach chong xép
cac ROIs Ién cac bang anh vé tinh da dugc hiéu chinh khi quyén & cudi Muc 2.3, dé trich
Xuét gia tri phan xa mat dat ctia cac pixel anh tuong Gmg. Két qua, bo dir liéu 1 mot ma tran
¢6 10 cot dir liéu, bao gdbm 09 bién doc 1ap (feaure variables) twong tng v6i 09 bang anh va
01 bién phu thudc (target) chira gia tri cin phan loai (mit nude (0)/khong phai mat nude (1)).
Sau d6, bo dir liéu nay tiép tuc dugce phan chia thanh hai nhém: huan luyén (training set) va
kiém dinh (testing set) mé hinh, 1an luot voi ty 18 12 70% va 30%, mot cach ngau nhién.

St dung 2 nhom di liéu nay, mo hinh hoc may RF duoc huan luyén va kiém dinh thong
qua 04 chi s6 danh gia tiéu chuan, bao gdm: do chinh xac - Accuracy (A), d6 chuin xéc -
Precision (P), do nhay - Recall (R), va chi sb trung hoa - F1-score (F1). Céc chi s nay déu
c6 gia tri trong khoang 0 dén 1, duoc tinh toan tr dir liéu théng ké vé sb luong gia tri thyc té
va du doan ctia mo hinh trong ma tran két qua (confusion matrix) theo cac cong thuc tir (4)
dén (7) nhu sau:

_ TP+TN @)
TP+FP+TN+FN
TP
= ®)
TP+FP
R=_1°__ (6)
TP+FN
TP+TN
(7)

~ TP+FP+TN+FN
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Trong d6 TP la tong sb pixel mit nude duoc du doan dung; FP 1 tong s pixel mét nude
duoc du doan sai; TN 1 tong s pixel khong phai mit nuée duoc du doan dang; va FN 1a
téng s6 pixel khong phai mit nude duge du doan sai. Qua trinh thuc hién viéc huan luyén va
kiém dinh duoc tién hanh cho dén khi ndo cac chi sb kiém tra dat gia tri t6t (16n hon 0,9), lGc
d6 mo hinh 1a déng tin ciy dé phan loai duong bd cho todn bd viing nghién ciru [26]. Két qua
phan loai 1a mot raster v6i 02 gia tri 0 (mit nude) va 1 (khong phai mit nudce). Cudi cung,
|6p mit nudce duoc chuyén thanh dinh dang vector va trich xuét thanh dudng b song.

Ngoai ra, do tin cdy ctia duong bd di trich xudt con dugc danh gia bang cach so sanh
duong bo trich xuét nam 2022 véi cac vi tri tham chiéu thu thap duoc trong dot khao sat thuc
dia. Ung v6i mdi diém tham chiéu, lira chon mot diém gan nhét (khoang cach ngan nhat) trén
duong bo (sau day goi la diém trich xuét) dé so sanh d6 chinh xac. Tai m01 cap diém, chung
t6i tién hanh tinh toan khoang cach tir cic diém nay t6i mot diém gbe ¢b dinh, sau d6 tinh sai
s6 can quan phuong (RMSE) cia cac gia tri nay. O déy sir dung vi tri ctia Dai khi tugng -
thiy van tinh Bén Tre (toa d0 X = 649515,188 m, Y = 1132466,445 m) lam diém gdc so
sénh. Cach thirc xac dinh cc diém danh gia dwoc minh hoa trong Hinh 4, cac khoang cach
va thong s6 dé so sanh dugc tinh theo cac cong thire (8), (9), (10) nhu sau:

L= X, %, + Y,-Y, ° (8)
L2=) X,-X, + Y,-Y, ° )
RMSE= J—Z L2,-L1 (10)

Trong d6 (Xo, Yo), (X1, Y1), va (X2, Y2), theo ding thir tu la toa d6 cua diém gdc, diém
tham chiéu, va diém trich Xuat; L1, L2 Ian luot 1a khoang cach tir diém tham chiéu va diém
trich xuat dén diém géc; va RMSE Ia sai s6 quan phuong.

Diém gbc so sanh (X0, Y0)

L1
Diém tham chiéu

X1, Y1) @

L2

(X2, Y2)

.- % Mos?
* Diém gbc
Diém tham chiéu |1

Hinh 4. Minh hoa c4ch thtrc so sanh dudng bd dwoc trich xudt v6i cac diém tham chiéu.

2.5. Ddanh gid x6i 16 bo séng bang DSAS

Sau khi trich xuat dugc duong bd sdng qua cac nam, bién dong dudng bo song Ham
Luong duoc phan tich bang cong cu DSAS. Day 1a mot phan mé& rong trong phan mém
ArcGIS cho phép luong héa dién bién ciia dudng bo theo khong - thoi gian [27]. Quy trinh
phan tich bao gdm 3 bude: (i) xac dinh dudng co sd; (ii) V& cac mat cat dé tinh toan (truc
giao voi duong co sO va cac duong bo); va (iii) tinh toan toc do thay do6i cua duong bo tai
cac mat cit nay Trong nghién ctru nay, cac gia tri téc do hoi quy tuyen tinh (linear regression
rate, LRR), toc do thay doi diém cubi (endpoint rate, EPR) va chuyén dong rong cua duong
bo (net shoreline movement, NSM) duoc sir dung dé phan tich su dién bién cta bo song tir
nam 1999 dén 2022. C4c gi4 tri ndy co6 thé duong (bdi tu) hodc 4m (x6i 16) tlly vao xu hudng
thay ddi cua duong bo tai cac vi tri khac nhau. Muc do bién dong duong bo dugc phan loai
thanh 7 nhom dura trén toc d6 bién dong, bao gdm: x4i 16 manh (< -5,0 m/nam), x6i 16 trung
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binh (-5,0 + -1,0 m/ndm), x6i 16 nhe (-1,0 + -0,5 m/nam), 6n dinh (-0,5 + 0,5 m/nam), bdi tu
nhe (0,5 + 1,0 m/ndm), bdi ty trung binh (1,0 + 5,0 m/ndm), va bdi tu cao (> 5,0 m/nam) [17,
28].

Qua trinh hiéu chinh khi quyén va trich xuat duong bd duoc thuc hién biang ngdn ngit
Python trong méi trudng Anaconda thong qua phian mém Visual Studio Code. Thu vién
Scikit-learn trong Python dugc st dung trong viéc phan chia tap di liéu va danh gia hiéu
nang mo hinh phan loai RF. Ngoai ra, cong cu ArcGIS 10.8 dugc stir dung dé thiét 1ap ROls,
so sanh duong bo dugc trich xudt véi diém tham chiéu, 1am viéc véi DSAS, va biéu dién cac
thdng tin dau ra tir nghién ctru.

3. Két qua va thao ludn

3.1. Két qua trich xudt dwong bo séng

Két qua kiém dinh duong bo nam 2022 khing dinh phuong phép trich xuat dat do tin
cdy. Mic du gia tri sai sb cin quan phuong RMSE kha 16n (15,92 m + 3,15 m), nhung so
sanh véi do phan giai ciia anh Landsat (30 m) thi sai s niy nam trong khoang c6 thé chap
nhan dugc. Hon nira, nghién ctru quan tam dén blén dong duong bo dai han nén tinh nhat
quan trong phuong phap trich xuat dudng bo 1a can thlet gilp dam bao do tin cay ctua danh
gid. Ngoai ra, dé giam thiéu sy anh hudng cua sai so d6i v6i két qua danh gia, ching toi
khong tinh todn bién dong duong b hang nim ma tién hanh so sdnh dudng bo trong c4c giai
doan tir 4-6 nam (phu thudc vao cac anh tdt khong bi may che phu). Két qua, bang cach tich
hop cong nghé hoc méy vao k¥ thuat vién tham, duong bo song Ham Ludng cho cac nam
1999, 2005, 2009, 2014, 2018, va 2022 da dugc trich xuat (Hlnh 5).

Hinh 5. Két qua trich xuit duong bd séng Ham Ludng.

3.2. Bién dong dai han ciia dwong bo

Nghién ctru ndy nhiam dinh luong bién dong dudng bo song Ham Ludng, mot nhanh
chinh cua song Ctru Long. Tur cdc dudong bo ctia 6 nam trong qua khir dugc tinh todn, 4.293
mit cat duoc thiét 1ap va phan tich bang DSAS, bao gém 2.104 mit cit thudc bo trai va 2.189
mit cit thudc bo phai (khoang cach trung binh giita cic mit cit 1a 30m). Két qua danh gia
trong giai doan 1999-2022 cho thay, toc d6 bién dong duong bd séng Ham Ludng dao dong
trong khoang -4,29 + 3,75 m/nam, gia tri trung binh 1 -0,35 m/nam. Cy thé, tdc d6 bién dong
duong bo binh quin ctia bd phai va bo trai 1an luot 14 -0,77 va 0,09 m/nim. Pong thoi, gia
tri trung binh chuyén dong rong ciia duong b phai 1 -7,97 m, so va 2,12 m phia bd trai. Nhu
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vay, vé mit tong thé thi bd phai co xu thé bi x6i va bo trai bi boi. Ngoai ra, toc do x6i 16/bdi
tu cao cling dugc ghi nhan ¢ cac doan song uon khuc va vi tri két noi voi song, kénh rach tho
cap. Nhitng dac di€m hinh théi nay mgt phan c6 nguyén nhan tir cac di€u kién thiy dong luc
hoc phure tap & cac vi tri d6 [29].

Téc do bién dong (m/nam)

(0] 10.000 20.000 30.000 40.000 50.000 60.000
a) Bo trai

— EPR
4 — LRR

Téc do bién dong (m/ndm)
o

0 10.000 20.000 30.000 40.000 50.000 60.000
b) B& phai

Chiéu dai b& séng tinh tir thugng luu hudng ra bién(km)

Hinh 6. Téc d6 bién dong dudng b tai cac mit cat doc song Ham Ludng giai doan 1999-2022.

Ghi chu
—— X6i 1& (< -0,5m/n&m)
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&, — Boi tu (> 0,5m/n&m)
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- X6i 1& trung binh (-5,0 + -1,0 m/nam)
X6i 1& nhe (-1,0 +-0,5 m/nam)
On dinh (-0,5 + 0,5 m/n&m)
Bbi tu nhe (0,5 + 1,0 m/nam)
—— Bdi tu trung binh (1,0 + 5,0 m/ndm) ————
—— Bbi tu manh (> 5,0m/nam) 0255 10 km

Hinh 7. Phéan bd cac khu vuc x6i 16/bdi tu (a) va bién dong duong bo (b) song Ham Ludng giai doan
1999-2022.

Hinh 6 biéu dién tbc do boi, x6i cta dudng b doc séng Ham Ludng. Cac gia tri LRR
va EPR phan bd & ca phia trén va dudi cua truc hoanh, twong (mg véi tinh trang x6i 16 va bdi
tu tai cac vi tri khac nhau doc bo song. Pang cht y, gia tri am nhiéu hon ¢ khu vue bo phai
s0 vOi bo trai, thé hién rang x0i 16 xay ra chii yéu & bo phai. Cu thé, tong s6 1.007 (24%) va
1.922 (45%) mit cat 1an lugt dugc ghi nhan 13 x6i 10 ¢ bo trai va bo phai. Trong khi do, sb
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lwong mit cit bdi tu twong Gmg 1an luot 13 1.087 (25%) va 256 (6%) mit cat. Ngoai ra, mic
du gia trj EPR 16n hon (khong nhiéu) so voi LRR, nhung xu thé thay ddi lai rat twong dong.
Muc chénh 1éch trung binh gitra LRR va EPR chi tu 0,157 + 0,178 m/nam. Do d6, chi $6
EPR c6 thé phu hop cho viéc danh gia dién bién bdi, x6i ctia bd song trong cac thoi doan
ngin hon (s6 lugng anh vé tinh c¢6 thé sir dung cho mdi giai doan ngin rat han ché do may
che phu, khong du s6 luong anh dé tinh LRR).

Phan bd khu vuc x6i/bdi doc bd séong Ham Ludng (Hinh 7a) mét lan nira khing dinh
rang bo phai bi x6i 16 nhiéu hon so voi bo trai. Két qua phan loai murc do bién dong cho thiy
bo séng & day bi x6i 16 tir thap dén trung binh, va khong c6 mit cit nao duogc phan loai 13 x6i
16 manh (Hinh 7b). Xét tong thé tir nam 1999 dén 2022, 87,87 km bo song (chiém 68,23%
téng chidu dai dudng bd) da bi x6i 16, 1am mat khoang 176,7ha dat. Trong khi d6, chi co
40km bo song (chiém 31,28%) dugc bdi ty, véi dién tich khoang 72,19ha. Diéu niy nghia la
trong 23 nim qua, bd séng Ham Ludng bi x6i nhidu hon 13 dugc bdi tu. Tuy nhién, xét trong
dai han, muc do thay ddi cua duong bo co thé s& khac nhau trong cac thoi doan cu thé. Do
d6, can phan tich thém cho cac thoi doan ngin hon dé hiéu rd qua trinh x6i 16 theo khong-
thoi gian.

3.3. Dién bien boi, xoi cua dwong bo qua cac giai dogn

Dé chi tiét hoa nhing thay doi ctia bo song Ham Ludng theo thdi gian, nghién ciru nay
da danh gia cho 5 giai doan: 1999-2005, 2005-2009, 2009-2014, 2014-2018, va 2018-2022.
Téc d6 bién d6i cua duong bd séng trong céc thoi doan duge tong hop nhu trong biéu d6 &
Hinh 8. Két qua phan tich chi ra rang giai doan 2018-2022 ¢4 gia tri EPR binh quan nhé nhat
(-4,7 m/nam) déng thoi bién do dao dong 1a 16n nhat. Trong khi d6, 1999-2005 1a giai doan
c6 gia tri EPR binh quan 16n nhat (1,7 m/nam) va bién d6 dao dong nhé nhat roi vao giai
doan 2009-2014. Xu thé bién d6i kha thong nhat & ca bo trai 1dn bo phai. Theo do, x6i 16 bd
c6 dién bién gia ting & ba giai doan dau, EPR trung binh chuyén dan tir gia tri dwong sang
ém Trong giai doan tiép theo (2014- 2018) bo song & day duong nhu dugc bdi tu trd lai véi
toc do trung binh 0,6 va 0,8 m/nam lan luot dbi voi bo tréi va bo phai. Tuy nhién, trong giai
doan cuoi (2018- 2022) duong bo song bi x61 16 manh va phire tap hon, voi toc d6 bién dong
trung binh tir -1,5 dén -4,7 m/nam. Dic biét, toc do bién dong 16n nhét dat -19,3 m/nam duoc
ghi nhén & bo phai.

Bor trai B& phai
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Hinh 8. Téc d6 bién dong duong bo song Ham Ludng trong 05 giai doan.

Két qua danh gia tir nim 1999-2022 cho thdy, x6i 16 bo song Ham Ludng gia ting ca vé
téc d6 1dn pham vi va duoc bdi tu nhe trong giai doan 2014-2018. Néu nhu trong giai doan
dau tién (1999-2005), bd séng & ddy van dugc boi tu tir 10,48 dén 10,74 ha/nam thi trong 02
giai doan tiép theo (2005-2009 va 2009-2014), bd song da bi x6i 16 v6i toe do mat dat 1an
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luot 13 -4,92 + 1,8 ha/ndm va -7,92 + -5,77 ha/nam. Sau do, tir 2014 dén 2018, bo song lai
duogc bdi tu nhe véi tde do trung binh 3,05 + 5,66 ha/ndm, trude khi bi x6i 10 manh vao giai
doan 2018-2022 (-9,89 + -29,76 ha/ndm). Nhu vy, c6 thé thdy giai doan 2005-2009 la giai
doan chuyén tlep tir pha bdi tu sang pha x6i 16 cua bd sdéng Ham Ludng. Xu hudng nay la
nhit quan véi két qua cua cac nghién ctru trude ddy da duoc thue hién 6 PBSCL. Vi dy, bang
cach phan tich anh Landsat trong vong 43 ndm (1973-2015), nghién ctru [30] da két luan rang
2005 la nam chuyen tiép tir boi sang x6i tai DPBSCL. Tuong tu, thong qua phan tich anh v¢
tinh tir ndm 1988 dén 2020, nghién ciru [16] ciing xac nhan raing PBSCL chuyén tir bdi sang
X0i vao nam 2008.

Hinh 9 thé hién su thay d6i mirc d6 bién dong ciia bd séng theo khong gian trong 5 giai
doan. Tir nam 1999 dén 2005, bdi ty dlen ra & ca hai bo song Ham Ludng, véi tée do tir trung
binh dén manh & hau hét cac mit cit duoc phan tich. Giai doan 2005-2009 va 2009-2014,
x6i 1& tr mie dd nhe dén manh xuét hién cha yéu & khu vuc ha luu, mot sb vi tri van duge
bdi tu doc bo song. Tir nam 2014 dén 2018, dién bién bd song & dy kha phirc tap, dic trung
boi su xen k& ctia bdi tu va x6i 16, tir mie d6 nhe dén manh. Dic biét, giai doan 2018-2022,
x6i 16 chiém wu thé hau hét toan bo chiéu dai bo song (Hinh 9e). V& mat nguyén nhan, bén
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Mdrc do bién déong dwong bo

— X&i I& manh Bdi tu nhe
X6i & trung binh — Bdi tu trung binh
Xéi 1& nhe — Boi tu manh
On dinh

Hinh 9. Bién dong duong bo song Ham Ludng theo thoi gian. Céc ving A, B, C va D trong
hinh (e) thé hién vi tri anh chup thuc dia trong Hinh 10.

canh cac dic diém tu nhién va tic dong tir phat trién ndi tai thi anh huéng ciia phat trién dap
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thily dién ¢ thuong luu va ha thap long song ciing 1a nhimg nguyén nhan then chdt can nghién
ctru thém [21, 31].

Cong tac diéu tra thyc dia cho thdy, hién nay 16p thuc vat doc bd séng Ham Ludng con
tuong ddi day (vai mét cho t6i vai chuc mét). Thyc vat & ddy chi yéu la dira nude, dudc, ban,
va cdy tap. Mic du gan nhu khong con 13 rimg ty nhién nhung ching van mang lai mot sb
dich vu sinh théi (ecosystem services) tich cuc [32]. Cu thé, bién dong dudng bd ¢ day co su
lién hé chit ché véi tac dung bao vé cua 16p thuc vat nay. B song van con boi tu khi duge
vanh dai thuc vat day bao vé€ (1999-2005), nhung khi vanh dai nay tré nén mong hon hodc
tham chi bién mét thi bd séng da bi xo6i 16 nhanh chong (2018-2022). Do khong cé 16p thuc
vat doc bo song bao vé, hang loat dat nong nghiép va nudi trong thuy san da bi x6i 10, mic
di cac néng ho da sir dung nhiu cong trinh bao vé don gian (hang rao bang dira va cir tram)
(Hinh 10). Két qua thuc dia cia nhom nghién ctru ciing da xac nhan rang hau hét cac vi tri
duogc danh gia 1a x6i 16 déu khong c6 16p thyuc vt bao vé, hodc co nhung rat thua thét. Nhitng
khu vuc hién dang bi x6i 16 manh (khu viuc mau do trong Hinh 9¢) can duoc nghién ctru bai
ban dé lya chon céc bién phap bao vé bd song hiéu qua. Cac giai phap kha di nhu khoi phuc
tham thuce vat ven song, thay d6i muc dich sur dung dat ven song, hay 1a can thiép bang cong
trinh kién ¢, tiy vao diéu kién cu thé tai mdi khu ‘vuc. Tuy nhién, viéc bao vé va khoi phuc
vanh dai thuc vat nén dugc uu tién hang dau vi ton it chi phi nhung hiéu qua 1au dai trong
bao vé bo séng, ciing nhu gop phan bd sung cac dich vu sinh thai tich cuc ven sdng.

20/5/2022 3:51 PM

Hinh 10. Sat 16 bo séng Ham Ludng uy hiép vuon cdy an trai va ao nudi thuy san (A, B); va mot s6
giai phap khac phuc tam thoi cia ngudi dan dia phuong (C, D). Vi tri hinh anh dugc chup trong
chuyén khao sat thyc dia, twong Gng véi cac vung A, B, C va D trong Hinh 9e.

4. Két luan

Xo0116 bo song Ham Ludng giai doan 1999-2022 da duoc nghién ciru danh gia bang cach
tich hop md hinh hoc méy vao cong ngh¢ vien tham va hé thong phan tich duong bo DSAS.
Dua vao anh vé tinh Landsat, duong bo song 06 nam da dugc trich xuat véi do tin ciy cao.
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Két qua cho thdy, xét trong thoi doan dai han (1999-2022), mic di x6i 1¢ chiém wu thé
nhung dién bién va muac do x6i 16 bo khong qua nghiém trong (trung binh -0,35 m/nam). Tuy
nhién, khi phan tich chi tiét cho cac giai doan ngén hon (1999-2005, 2005-2009, 2009-2014,
2014-2018, va 2018-2022) thi déy lai 1a van dé dang quan tim. Bé&i vi, x6i 16 ¢6 xu hudng
md rong (tur bdi tu 21,22 ha/ndm trong 1999-2005 dén x6i 16 -39,65 ha/nam trong 2018-
2022), voi mire dd ngdy mot nghiém trong hon (tir boi tu +1,65 m/nam trong giai doan 1999-
2005 dén x6i 16 -3,08 m/nam trong giai doan 2018-2022). Giai doan 2005-2009 dwoc nhén
dinh 1a giai doan chuyén tiép tir bdi tu sang x6i 1 tai khu vuc nghién ctru, thong nhit véi xu
hudng chung cua toan DPBSCL. Pac biét, sau khi dugc bdi tu nhe trong giai doan 2014-2018
thi bo song ¢ ddy tiép tuc bi x6i 16 manh hon trong giai doan 2018-2022, véi toc d6 cb noi
Ién t61 -19,3 m/ndm. Trong bbi canh do, cac giai phap bao vé bo song Ham Ludng hiéu qua
1a rat can thiét, dic biét 1a wu tién bao vé va khoi phuc tham thuc vat ven song. Pay 1a nhirng
thdng tin quan trong nén dugc tich hop vao ké hoach phong chdng thién tai cua tinh va cap
viing.

Mic du anh Landsat ¢6 do phan giai thip (30m) khién cho sai s6 ciia duong b dugc
trich xuét con kha 16n, két qua ctia nghién ctru nay cho thay tinh hiéu qua cia viéc tich hop
hoc may vao vién tham va hé thong phén tich dudng bo DSAS dé nghién ciru x6i 16 bd song.
Phuong phap nay c6 tiém ning va nén dugc g dung rong rii cho toan PBSCL, ciing nhu
cac hé thong song khac ciia Viét Nam. Trude mat, chiing t6i dang mé rong phuong phap luan
trong nghién ctru nay cho toan PBSCL. Trong d6, cA¢c m6 hinh hoc may s€ dugc tng dung
dé dy bao viing nguy co x6i 16 bo séng trong khu vue.

Dbong gop cua tac gia: Xay dung y tuong nghién cru: D.V.B., LV.Q.; Xtr ly anh v¢ tinh va
trich xuét duong bo: L.V.Q.; Khdo sat thuc dia: D.V.B., L.V.Q.; Phan tich bien dong dudng
bo: L.V.Q.; Viét ban thao bai bao: L.V.Q.; Chinh stra bai bao: D.V.B.

Loi cam on: Nghién ctru nay duoc tai trg boi Bo Gido duc va Pao tao trong dé tai ma sb B2023-
VGU-01. Pay ciing 1a mot phan ndi dung trong luan vin thac si cia tac gia dau. Nhom tac gia
Xin chan thanh cam on Trung tdm Hop tac Nghién ctru JASTIP-Net va DPRI (20231G-01) thudc
Dai hoc Kyoto déng tai tro mot phén cho nghién ctru; KS. Luc Anh Tuén da tham gia hd tro cong
tac khao sat thuc dia; TS. Ha Nam Thang da hd tro ki thuét trich xuat duong bo.
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Assessing riverbank erosion in the Ham Luong river by
integrating remote sensing with machine learning and digital
shoreline analysis system

Le Van Quyen?!, Doan Van Binh'*
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Abstract: Remote sensing has been widely applied in riverbank erosion research, mostly
by using some simple indicators to extract the riverbank lines. However, most of previous
research did not validate the extracted bank lines against the field measured bank
coordinates. This article examines riverbank erosion of the Ham Luong River, a branch of
the Vietnamese Mekong Delta (VMD), by integrating remote sensing with machine learning
and the digital shoreline analysis system (DSAS). Historical riverbanks from 1999 to 2022
were extracted using Landsat images, and the model accuracy was evaluated based on the
GPS coordination of 100 bank locations recorded during a field trip in 2022. Results show
that the extracted bank lines were reliable, with a root mean square error (RMSE) of 15.92
m, which is significantly smaller compared to the Landsat images' resolution (30m). From
1999 to 2022, riverbank erosion dominated the accretion (68% of the bank’s length eroded)
and dominantly occurred at the right bank, resulting in 176.7 ha of land loss (averaging 7.54
hal/year). Besides, riverbank erosion has increased in both rate and extent over time.
Specifically, riverbanks changed from accretion in 1999-2005 (+1.65 m/year) to notably
eroded in 2005-2022 (-3.71 m/year). The transition phase was 2005-2009, corresponding to
the substantial development period of hydropower dams in the upstream Mekong basin.
Therefore, effective adaptive and/or counter measures to maintain the Ham Luong’s
riverbanks are necessary, especially in protecting, maintaining, and restoring vegetation
layers along the riverbanks.

Keywords: Riverbank erosion; Remote sensing; Machine learning; GIS; DSAS;
Vietnamese Mekong Delta.
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Tém tat: Thanh phd Long Xuyén hién dang day manh viéc quy hoach nham tao ra mot moi
truong than thién véi tu nhién. Dé hd tro céng tac nay, nghién ciru duoc tién hanh nhim
phan tich su phét trién va bién dong khong gian d6 thi cua thanh phd tir nam 2014 dén nam
2022. Bang phuong phap phan loai d6i twong, nghién ciu da lam rd su thay ddi cAu tric
khong gian d6 thi cling nhu sy bién dong cua cac 16p pha bé mit caa thanh phd qua thoi
gian. Két qua giai doan anh vién tham giai doan nam 2014-2022 cho thay db thi hoa da dich
chuyén vé phia Tay Nam cua thanh pho trong nhitng niam gan day, dién tich nha & va céc
cong trinh bé tdng hoa tang 62,67%, dién tich ruong lua giam 50,71%. Dién tich cdy xanh
trén dau nguoi tang tir 15,59m?/ngudi vao nam 2014 1én dén 25,56m?/ngudi vao nam 2022
va dat tiéu chuan do thi loai 1, 1l. C6 hién twong d4o nhiét d6 thi & cac khu vuc c6 mat do
bé tong hoa cao dic biét & vi tri trung tm thanh phd.

Tir khoa: D6 thi hoa; Landsat; Vién tham; Nhiét do bé mat; Thanh phé Long Xuyén.

1. Gi6i thiéu

Su tang trusng nhanh chong cua cac khu vuce d6 thi trén toan thé gisi da duoc quan sat
thiy trong vai thap ky qua[1]. Cac yéu té chinh gop phan vao qua trinh do thi hda la thiéu su
phat trién kinh te va dan s6 ngay cang tdng [2]. Mac du dan s6 toan cau tang truong cham
nhung nguoi ta van du doan so luong ngudi s& tiép tuc tang vao khoang nim 2030 [1]. Theo
wdc tinh, dién tich do thi trén thé gigi du kién s& ting thém hon mét triéu km vao nam 2030
[1, 3-6]. Tir cudi thé ky XVIII dén giira thé ky XIX, nudc Anh ¢6 dan s6 d6 thi tang tir 20%
1én 51% va la nudc cd mic do d6 thi hoa dau tién trén thé gisi. Lan song d6 thi hoa thir hai
bat dau tir nira sau thé ky X1X dién ra tai Chau My va Chau Pai Duong bét dau tir cac nudc
I6n: My, Canada, Oxtraylia. Hién nay Oxtraylia d3 tré thanh qudc gia c6 mic d6 thi hda cao
nhét thé gidi véi ty 18 do thi hoa 93% [7]. Lan séng tht ba cua d6 thi hoa dién ra cha yéu tai
Braxin, Mehico, Nhat Ban, Han Quéc vao nhitng nam 50 cua thé ky XX. Ty 1& d6 thi hoa cua
cac nudc Ndy gan bang cac nudc phét trién, nhung trinh d6 kinh té ciia cac nude nay chi bang
5-10% nuéc Anh, My tham chi thap hon, chat lwong phat trién do thi ciing twong ddi thap
[8]. Lan song do thi hoa thir tw phat trién nhanh chéng vao khoang thé ky XXI, tap trung &
cac qubc gia dang phat trién & Chau A va Chau Phi. N6i bat nhat 12 hai quoc gia dong dan
nhét nhi thé gidi 1a Trung Quédc va An Do. Ngudi ta woc tinh dién tich dat d6 thi caa Trung
Quoc tang truong voi toe do hang nam 13 13,3% [9]. Nam 2019, ty 1& d6 thi hoa cua Trung
Quéc 68,37% [10]. O An D6 ty Ié d6 thi hda & mirc 35%, chu yéu la do ty Ié sinh cua nudc
nay kha cao va 1a nguyén nhan chinh din dén tang dan sé d6 thi cua nude nay [11]. O Viét
Nam do thi da tang tr 30,5% nam 2010 1én gén 40% nam 2020 va hién nay ty 1¢ d6 thi hoa
khoang 42% [12]. D6 thi ho4 1 tat yéu khach quan, 1a mot dong luc quan trong cho phat trién
kinh té - x& hoi nhanh va bén viing trong thoi gian toi. Do d6, muc tiéu dit ra 1a ty 1¢ do thi
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hod & Viét Nam dén nam 2025 dat téi thiéu 45%, ndm 2030 dat trén 50%. TAm nhin dén nim
2045, ty I¢ d6 thi hod ¢ Viét Nam thugc nhdm trung binh cao cta khu vuc ASEAN va Chau
AT13].

Su phat trién d6 thi mang lai nhitng anh huong tich cuc dbi vdi cude song ctia cong dong
dan cu boti vi no tao diéu kién cho ho néng cao chét lugng cudc song, thay d6i phan bd dan
cu, cung cap nguon lao dong d01 dao cho db thi va 1am cho 16i song cta dan cu néng thon
nhich gan 16i s6ng thanh thi vé nhiéu mit [14]. Tuy nhién, sy mé rong cua cac khu d6 thi da
gay ra nhirng hau qua khong chi tich cyc ma con tiéu cuc [15] nhu thiéu viéc 1am, té nan xa
hoi, sut giam ngudn lao dong nong thon, 6 nhiém moi trudng, gia ting khoang cach giau
nghéo gitra thanh thi, ndng thon.

D6 thi hoa la qua trinh phuc tap véi nhiéu yéu té va co ché lién quan dén su phat trién
ctia nd. Dé hiéu rd tac dong cua no, can phai nghién cau k§ ludng cac khia canh khac nhau.
Phén tich thay doi 16p phu sir dung dét 1a mot cach hiéu qua dé du doan dic diém cua khu
vuc d6 thi [16, 17]. Mot mé phong toan dién vé qua trinh phat trién d6 thi I can thiét trong
thé gidi ngay nay [18, 19]. Cac mo hinh d0 thi st dung cac phuong trinh toén hoc dé mo ta
hé théng d6 thi [20, 21]. Su tuong tac gifra cac chién luoc va khia canh khac nhau gitp du
doan thay d6i tuong lai 16p phu sir dung dat. Biéu nay gilp chinh quyén dia phuong trong
viéc xay dung chinh sach va ra quyét dinh.

Long Xuyén duoc coi 1a mot thanh phd kha noi bat & Bong bang song Ctru Long da trai
qua qué trinh d6 thi héa. Qu4 trinh d6 thi hda tai thanh phd da dién ra manh mé tao ra su
chuyén bién dang ké trong kinh té, co so ha ting va van hoa xa hoi theo huéng hién dai va
van minh hon. Viéc nay dugc chinh pha cdng nhan thanh phé Long Xuyén 1a d6 thi loai |
tryc thudc tinh vao nam 2020 theo Quyét dinh sé 1078/QB-TTg. Mic du da co sy dau tu
dang ké vao co s ha ting ky thuat cua d6 thi, nhung van con ton tai nhiéu han ché nhu tinh
trang di cu, nha 6 chudt, khdng gian do thi chat hep, thiéu cay xanh, chét thai, hé théng céng
thoét xudng cap, khai thac qua mirc tai nguyén dat, nude va rimg di gay ra nhitng van dé moi
truong dang lo ngai. Nhitng biéu hién caa van dé nay thé hién qua cac chi s6 nhu ty & dién
tich cay xanh, dién tich mat nuéc, mirc do bé tong hoa va su bién doi nhiét d6 bé mat dat.
Nhiing thach thic nay co thé anh hudng dén su phét trién bén viing cua do thi trong twong
lai. Pé cung cap co sé khoa hoc cho quy hoach thanh phé bén viing, can nghién ctu su bién
dong céc 16p phu bé mat va hién tuong dao nhiét caa do thi theo khdng gian va thoi gian. Co
nhiéu phuong phap khac nhau dé thuc hién nhiém vu nay, trong d6 tng dung vién tham la
mot trong nhimg phuong phép hiéu qua nhit.

Véi sy tién bo lién tuc cia cdng nghé vién tham, viéc quan sat Trai DAt tir cac vé tinh
quang hoc da tré nén phd bién hon bao gio hét. Didu nay mang lai nhiéu wu diém, bao gdm
pham vi quan sat mo rong, da dang vé do phan giai khong gian va thoi gian. Cé nhiéu nghién
ctu trén thé gidi lién quan dén d6 thi bang st dung anh vé tinh nhu nghién ctu [22] sir dung
md hinh CA-Markov dé du bao xu hudng twong lai cho sy thay déi 16p phu sir dung dat va
nhiét ¢ bé mit ctia thanh phé Tianjin, Trung Qudc. Két qua nghién ctru cho thay dién tich xay
dung tang tir 2005-2020 chu yéu 13 do dién tich nong nghiép giam 11,90%. Nhiét d6 bé mat
dat trung binh cta khu vire nghién ciru tang tir 23,50 1én 36,51°C, nhiét d6 cao ¢ cac khu vuc
xay dung tang 1,5%, do che phu cua tham thyc vat giam. Ttr nam 2020 dén nam 2050, nhiét
d6 bé mat dat du kién s& ting thém 9, 5°C. Cac khu vue ¢ nhiét do cao chuyén sang phan b6
trén khong. Nghién ctru [23] cho thay rang do6 che phu cta ciy va nhiét do c6 mbi twong quan
dang ké, tirc 1a mirc d6 che phu céy cang cao, hi¢u ing dao nhiét do thi cang thap va nguoc
lai. Nghién ctru cling chi ra rang m6 hinh twong quan gitra nhi¢t do6 va NDVI la dong, co
nghia 14 sy thay d6i cia NDVI c6 thé gdy ra nhiing thay d6i 16n d6i v6i nhiét do. Nghién ctru
[24] thu thap dit liéu nhiét d6 bé mat dat tir anh MODIS véi d6 phan giai 1km/pixel trong
khoang thoi gian 11 nam, tir ndm 2001 dén nim 2011 cing véi dit liéu vé d6 thi hoa tir ban
dd ISTAT. Méi quan hé giira cac bién phu thudc (gié tri trung binh nhiét d6 hang nim ban
ngdy, ban dém va hang ngay) va cac bién doc lap (cac khu vyc db thi hoa) dugc nghién ciu
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thdng qua kiém dinh ANOVA. Két qua cho thiy rang thung liing Po, & Y 14 noi c¢6 khi hau
va hinh thai dong nhét, di cung cip mot truong hop kiém tra 1y twong dé nghién ctru anh
huéng cua cac cum d6 thi. Dic biét, tic gia dd ching minh ring cac miu khong gian ting
truong do thi khac nhau da c6 mét tac dong khéac nhau ddi voi mau nhiét do thi hién co, dic
biét cac mAu tang trudng do thi tap trung c6 mdi quan hé co ¥ nghia thong ké véi cac didu
kién ban ngay, ban dém va hang ngay trong khi cdc mau tang trudng d6 thi phan tan chi co
mdi quan hé voi didu kién ban dém. Két qua nay hiru ich va ¢ ¥y nghia quan trong d6i voi
quy hoach d6 thi, va xac dinh cac linh vuc lanh thd quan trong can €6 cac bién phap giam
nhe nhiét d6 hudéng dén dé thi bén viing [25]. Nghién ctru [26] cho ring cac khu vuc co cy
c6 thuong giam cing thang nhiét d6 cao. Tuy nhién, hiéu tng ndy phu thudc vao kich thuée
va hinh dang cua khong gian xanh. Su két hop cua cdy xanh va mit nudc ¢ thé mang lai
nhiéu loi ich hé sinh thai va trong quy hoach d6 thi c6 thé gitip giam thiéu tac dong tiéu cuc
ctia hiéu tmg ddo nhiét va ting cuong su chdng chiu v4i bién d6i khi hau. O Viét Nam, viéc
ng dung vién tham dé nghién ciru dao nhiét do thi ciing da duoc thuc hién & mot sb thanh
phd nhu nghién ctu [27] d4 chi ra rang tic dong cua cdy xanh di véi giam thiéu hién tuong
dao nhiét bang cach st dung md hinh ENVI-met két hop véi cac kich ban mé phong thay doi
s6 luong cay xanh trong khu vuc thanh phd Ha Noi. Sy anh hudng nay duoc danh gia thong
qua cac chi s6 nhu nhiét do khong khi, do am twong ddi, nhiét do bé mat, va chi sb tién nghi
nhiét. Két qua xac dinh rang viéc ting cuong cay xanh va cai thién ha ting xanh c6 thé giam
nhiét d6 khdng khi trong khu vuc vao thoi diém néng nhat trong ngay tir 1,5 dén 4,36°C.
Ddng thoi, cai thién nay ciling tao ra diéu kién séng thuan logi hon cho con nguoi, dic biét 1a
vao ban ngay [27]. Nghién ctu [28] cho thdy c6 mot xu huéng ting vé bién dong nhiét do
trong thanh phd H6 Chi Minh nam 1995, 2005, 2015 v sy mé rong ciia cac khu vuc ¢6 nhiét
dd cao dang lan rdng ra cac vung ngoai 0. Sy hinh thanh ddo nhi¢t d6 thi bé mat da duoc
quan sat trong giai doan nay véi 4 vi tri dién hinh cho thy c6 sy chénh 1éch 16 rang giira
nhiét ¢ bé mit ctia khu vue d6 thi va khu vyce nong thon. Trong nam 2015, khong gian cua
dao nhiét da mo rong lén gap 4 1an so v&i nam 1995 [28]. Nghién ctru [29] theo doi su bién
d6i cua nhiét d6 bé mat va higu ing dao nhiét bé mat do thi tai thanh phd Can Tho tir nim
2014 dén 2020, nghién ciru str dung anh hong ngoai nhiét ciia Landsat va phuong phép phan
loai huéng ddi twong dé wdc tinh 16p pha bé mat. Két qua cho thay, trong giai doan 5 nam,
dién tich d6 thi tang 1,33% (tuong duwong 1.915 ha) va nhiét do bé mit trung binh ting 1,25°C.
Su bién d6i nhiét bé mit phat trién v6i tdc do nhanh vé ca khong gian va thoi gian, véi nim
2020 ghi nhan ddo nhi¢t tdi da 1a 8,96°C trén dién tich 87,4 ha, so vdi 6,98°C trén dién tich
42,8 ha vao ndm 2014. Cac khu vyc nhu khu cong nghi¢p, nha may nhiét dién va khu dan cu
c6 mat do xay dung cao la cac diém ndi bat cia ddo nhiét. Nghién ctru cling dé xuét céc giai
phap giam thiéu hiéu tng dao nhiét va bao vé méi trudng d6 thi nén duge tich hop trong
chién lugc xay dung do thi bén vimng trong twong lai [29]. Nghién ctru [30] d4 st dung phuong
phap NOR va REF dé tinh toan va tao ban dd nhiét d cho toan bd thanh phd H6 Chi Minh.
Trong khi d6, nghién ctru [31, 32] d4 4p dung k¥ thuat vién tham dé tinh toan nhiét do trén
tirng nhom kiéu thuc phu.

Muc tiéu ctia nghién ctru nay 1a xay dung ban do cac 16p phi va ban do nhiét bé mat ¢
nam 2014, 2018, 2022 cho thanh phd Long Xuyén va phan tich dién bién d6 thi hda, su thay
doi dién tich 16p phu va dién tich bé mat bé tong hoa va chi ra cac khu vyc dao nhiét trong
thanh phd. Tir d6, cung cip co sé khoa hoc cho chinh quyén dia phuong trong cong tac quy
hoach d6 thi huéng téi mot thanh phd xanh, mat mé va phat trién bén vimg.

2. Phwong phap nghién ctiru
2.1. Gioi thiéu khu viec nghién ciru

Thanh phd Long Xuyén ¢6 dién tich 115,65 km?, dan s6 ndm 2022 1a 272.484 ngudi, ¢6
dién tich noi :[hénh la 24,4 km?, chiém khoang 19,08% d@én tich dat tur nhién, c6 13 don vi
hanh chinh cép xa truc thudc dugc chia thanh 96 khém-ap. Thanh phd 1a mot trong nhiing
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trung tdm d6 thi 16n cua ving déng bang séng Ciru Long, ndm bén bd song Hau, phia Dong
giap huyén Lép Vo, tinh Déng Thép qua mdt doan nho song Hau va huyén Chg Mdéi; Phia
Tay giap huyén Thoai Son; Phia Nam giap quan Thét Nét va huyén Vinh Thanh, Thanh
phé Can Tho; Phia Bic giap huyén Chau Thanh.

KIEN GIANG

CAN THO

Hinh 1. Ban d6 thanh phd Long Xuyén.

2.2. Dit liéu anh su dung trong nghién ciru

Anh Landsat dugc str dung trong nghién ciru vi nd cung cap dit liéu anh véi o phan giai
da phd, cac vé tinh Landsat c6 tan sé lay mau thuong xuyén, hoat dong trong nhiéu thap ky,
cho phép theo dbi sy thay doi trong thoi gian thuc va xac dinh xu huéng dai han. Dit liéu anh
vé tinh dugc sir dung trong nghién ciru 1a cac anh LANDSAT 8 OLI di qua xtr Ii ¢ cap do
1A, d6 phan giai 30m, hé quy chiéu UTM (WGS 84), mui 48. Anh dugc thu vao cac ngay
mua kho 26/03/2014 (OLI); 05/03/2018 (OLI); 28/02/2022 (OLI) véi do may phi thép (<
10%), c6 thé phan biét rd cac ddi twong 16p phu bé mit.

Béng 1. Thong tin anh Landsat 8.

Kénh phd Buéc séng (nm) D¢ phin giai
1 0,433-0,453 30m
2 0,450-0,515 30m
3 0,525-0,600 30m
4 0,630-0,680 30m
5 0,845-0,885 30m
6 1,560-1,660 30m
7 2,100-2,300 30m
8 0,500-0,680 15m
9 1,360-1,390 30m
10 10,6-11,2 100 m
11 11,5-125 100 m

2.3. Phuong phap ky thudt
2.3.1 Xir Iy anh vién tham va phan loai 16p phu bé mit

Anh Landsat duoc hiéu chinh dé ting do nét, gop kénh anh; cit anh so bd, nan anh-
chuyén ddi cac anh quét dang ¢ toa do hang cdt cta cac pixel vé toa do thuc. Sau do6 su dung
phan mém ERDAS dé tao anh chi sé thuc vat NDVI. Chi sb thyuc vat duoc xac dinh theo cong
thac sau [33]:

NDVI = (Band NIR-Band RED)/(Band NIR+Band RED) Q)
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Trong d6 NIR 14 biang phd can hong ngoai (Near Infrared); RED 14 bang phd thudc budc
song mau d6. Pdi voi Landsat 8, BLUE 1a Band 2; RED 1a Band 4, NIR 1a Band 5, SWIR la
Band 6 va Band 7.

Chi s6 NDVI nam trong khoang -1 t6i 1 va gié tri 4m thuong am chi su bao phu ctia may,
nudc, tuyét, hodc phan chiéu cao cua anh sang nhin théy; 0-0.1 am chi dén dat da hodc nha
ctra. Gia tri dwong cho thdy c6 su bao phu cdy co va khi mat do cdy co ting 1én, NDVI ciing
s€ tang theo. Thong thuong, khi NDVI < 0,1, cay cd trong khu vuc do it.

2.3.2. Phuong phap udc tinh nhiét d6 bé mat dat (LST)

Phuong phap udc tinh nhiét do bé mit dat (LST) dugc thuc hién qua 5 budc sau:

Budc 1: Chuyén dbi gia tri s6 sang gia tri burc xa (Radiance): Dbi voi bo dir liéu Landsat
cap do 1 (level-1) céc gia tri dugc chudn hoa dudi dang s nguyén (DN). Cac gia tri DN nay
dugc chuyén ddi sang gia tri birc xa phd boi cong thire (2) [34]:

Li. = ML x Qcal + AL — Oj ()

Trong do La la gid tri birc xa phd (Watts/(mxsr<pm); ML (Radiance multiplicative band
10) 14 hé s6 chuyen d6i tuong umg cua kénh anh band 10 1a 0.0003342; AL (Radiance add
band 10) 13 hé s6 chuyén doi twong tng ctia kénh anh dugc cung cip trong tép metadata 1a
0.10000; Qcar 14 gié tri s6 ctia anh band 10 (DN); O; 1a gia tri hiéu chinh cho band 10 13 0,29.

Budc 2: Chuyén doi gia tri birc xa phd sang gia tri nhiét d sang (Brightness Temperature
- BT): Cac bo cam bién hong ngoai nhiét do ludng birc xa & gidi han trén cua khi quyén, do
d6 can chuyén sang gia tri nhiét d6 sang (BT) str dung cong thire (3):

K,

In Ky
L, +1

Trong d6 BT 14 nhiét d6 chiéu sang (°K); K1 va Kz 14 cac hang s nhiét hi¢u chuan cu
thé duoc xac dinh trong tép metadata; Ly 1a gia tri birc xa phd (Watts/(mxsrxpm). Véi Ky 12
774,8853; K> 1a 1321,0789.
Bude 3: Xac dinh chi s thuc vat NDVI theo cong thirc (1) & trén
NDVI = (Band 5 - Band 4)/(Band 5 + Band 4) 4
Budc 4: Tinh d6 phat xa trung binh ctia 16p phu bé mat (LSE - Land Surface Emissivity)
dugc tinh tir gia tri NDVI [35].
PV = ((NDVI- NDVImm)/(NDVImax-NDVImm)) )
Trong do PV 1a ty 1¢ cua thyc vat; NDVI la gia tri s0 tor anh NDVIE; NDVImin la gia tri s
nho nhét tir anh NDVI; NDVImax 1 gia trj s6 10n nhét tir anh NDVL
Do phat xa cta 16p phu dat (LSE - Land Surface Emissivity) duoc tinh theo cong thirc

(6) [36]:

BT = _27315 3

LSE = 0,004xPV + 0,986 (6)
Trong d6 PV la ty 1€ cua thyc vat; 0,986 la gia tri hiéu chinh cua phuong trinh (6).
Budc 5: Nhiét bé mat dat (Land Surface Temperature - LST) tinh theo cong thtrc (7) [37]:

LST = BT (7)

[1+(7“>;?TJx|n(LSE)J

~ Trong do gia tri A ciia Landsat 8 cho band 10 1a 10.8; c2 = hxc/s = 14388 pmK; h 1a hang
s6 Planck (6,626x10734 Js); s 1a hang s6 Boltzman (1,38x102 JK); ¢ 1a van toc 4nh sang
(2,998x108 m/s).

2.3.3. Panh gi4 sai sb

Sai s6 (%) la qua trinh xac dinh mirc 6 chénh léch giita cac gia tri thuc do va gia tri gidi
doan hoac gia tri dy doan. N6 gitp do luong d6 chinh xac cua phuwong phap bang céch tinh
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toan do léch trung binh. Céng thic tinh sai s6 thuong duoc ap dung dé danh gia mirc d6 phu
hop cua phuong phép xac dinh nhiét do nhu sau:
Sai 56 (%) = [(LSTuw thuc do - LSTi tir anh vé tinh)/LSTp thuc do]x100  (8)

3. Két qua thao ludn

3.1. Su m& réng khong gian do thi thanh phé Long Xuyén giai doan 2014-2022

D6 thi duoc thanh 1ap va phat trién thong qua qué trinh d6 thi hoa tic 14 qua trinh phat
trién KTXH, van hoa va khong gian kién trac. Thong thuong phuong, quan 1a don vi hanh
chinh nén tang. Tuy nhién, cac don vi hanh chinh nay c6 ranh gigi ¢ dinh, do d6 khéng phan
anh dugc xu thé bién dong khéng gian thyc sy cia vang trung tam do thi. Vi vay, su gia ting
céc khong gian tap trung véi mat do cao dan cu va cac cong trinh xay dung duoc biéu thi cho
do thij hoa.

Va0 nhitng nim dau thap ky 90, thanh phd Long Xuyén duoc thanh 1ap véi 10 don vi
hanh chinh véi 70% sb nha tam bo. Nam 2000, ti 1& nha tam giam nhanh con 44%. Pén nim
2005, co so ha t?mg cua thanh phé duoc déng bd va tao mdt mat kién trac méi caa do thi.
Phuong Dong Xuyén va phuong My Hoa duoc thanh 1ap. Tir nim 2014 dén nay, thanh phd
dugc mo rong & mire do tap trung cao dan ra cac ving xung quanh. Day ciing 1a thoi ky ting
truong kinh t& manh mé caa thanh phd. Nha ctra moc 1én san sat tao thanh diy, c6 nhiing
phuong & trung tm. Két qua giai doan anh Landsat cho thanh phd Long Xuyén & nhitng nim
2014, 2018, 2022 d3 xac dinh dugc bén loai 16p phu bé miat dya trén chi s6 NDVI: 16p mat
nudc ¢ chi s6 NDVI dao dong tir -0,211-0,049; ké tiép 1a cong trinh xay dung bao gom mat
duong, nha cua, céng ty, xi nghiép,...cé gia tri NDVI la 0,016-0,209; ruéng lda c6 NDVI
dao dong tir 0.173-0.39; cay xanh c6 gi4 tri NDVI cao nhit dao dong 0.301-0.62 (Hinh 2).
Két qué cho thay ¢ sy bién dong rd rét theo khong gian d6 thi véi biéu hién dién tich bé mat
khong thim-nha &, khu céng nghiép ting va véi mat do tap trung cao (Hinh 3-16p mau do)
tai khu vuc trung tdm va kéo dai ra vé phia Tay Nam caa thanh phé Hinh 3c. Tir 6 cho phép
du béo rang qué trinh d6 thi hda s& dién ra manh mé tai cac phuong My Théi, My Thanh
trong thoi gian toi. D6 thi phat trién, cac co s¢ san xuat moc 1én nhiéu, dan cu dong duc han
1€n, cac cho tu phat hinh thanh tai cac nga ba, nga tu, cic khu nha tro cho cong nhan do dé
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Hinh 2. Ban d6 NDVI ndm 2014 (a); nam 2018 (b); nim 2022 (c).

dién tich cac 16p bé mit khong thAm ting manh. Xa ving trung tim hon, tai Phuong Binh
Dic, xd My Khanh, xa My Hoa Hung muc do d6 thi hoa thap, canh quan néng van con kha
phd bién tuy phan nao bi bién d6i. Nhiéu vuon cay, rudng lta, xen 1an nhitng khu dat duoc
phan 16, nhimg ngdi nha hién dai ciing kha ph6 bién Hinh 3. Dién tich dat tréng ciia thanh
phé 13 khong con.
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Hinh 3. Ban db phan bd khong gian cac 16p phu co ban cua TP. Long Xuyén nim 2014 (a), nim
2018 (b), nam 2022 (c).

3.2. Bién déng cac 16p phui lién quan dén hién trang si dung dat

Phan tich dit liéu tir hinh anh vé tinh nam 2022 cho thay thanh phé Long Xuyén cé dién
tich dat1a 11.374,96 ha, dd chinh x4c cta giai doan anh Ién t&i 98,35% so v&i s6 ligu 11.565,6
ha do S¢ Tai nguyén va Méi truong tinh An Giang cong b. Su gia ting dang ké vé dién tich
cong trinh xay dung 1a diém noi bat. Nam 2022, dién tich nay dat 3.648,85 ha, ting 62,67%
S0 v6i nam 2014 khi dién tich cdng trinh xay dung chi la 2.243,1 ha (Hinh 3). Sy mé rong
nay phan anh su phat trién do thi va ting cudng co so ha ting trong thanh phd. Mot xu huéng
tich cuc khac la sy gia tang dién tich cdy xanh. Twr 444,5 ha vao nam 2014, dién tich cay xanh
da ting 1én 542,54 ha vao nam 2018 va dat con s6 697,33 ha vao nim 2022, ting 56,83%
(Hinh 4). Dleu nay c6 thé 1a dau hiéu cho thiy thanh phd dang quan tam dén viéc cai thién
moi truong séng va khong gian xanh cho nguoi dan. Tuy nhién, su thay d6i trong viéc st
dung dat ciing kéo theo mot s6 xu hudng dang chu ¥ khac. Dién tich ruong ltia da giam manh,
tir 3.093,5 ha ndm 2014 xudng con 1.524,76 ha vao nam 2022, giam 50,71%. Su sut giam
nay phan anh quéa trinh chuyén d6i dat ndng nghiép sang muc dich khac nhu xay dung cong
trinh cong cong, khu dan cu, d6 thi, bénh vién, va truong hoc. Trong khi do, dién tich mat
nude khong thay d6i dang ké trong giai doan nay, cho thay yéu té méi trudng thay sinh caa
thanh phé van gii duoc su 6n dinh. Két qua du doan dién tich cac loai 16p phi co ban trong
khu vyc nghién ciru duoc thé hién trong Bang 2.

80
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Hinh 4. Ty ¢ bién dong dién tich cac I6p phu cua thanh phd Long Xuyén nam 2022 so véi nam 2014.
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Bang 2. Két qua giai doan dién tich cac 16p phu bé mit co ban ciia TP. Long Xuyén nam 2014, 2018

va 2022.
Péi trong Dién tich (ha) Dién tich (ha) Dién tich (ha)
: 26/03/2014 05/03/2018 28/22/2022
Nude 5.593,12 5.569,3 5.504,01
Cong trinh xay dung 2.243,1 3.572,3 3.648,85
Ruéng lta 3.093,5 1.690,55 1.524,76
Cay xanh 4445 542,54 697,33
Téng 11.374,23 11.374,41 11.374,96

3.3. Phan bd nhiét @ bé mat do thi

Nghién ctu [38] xac dinh chi sé dién tich cdy xanh trén dau ngudi 1a mot chi s6 quan
trong trong viéc danh gia chat luong méi truong va quy hoach khong gian d6 thi. Két qua
tinh todn cho thay chi s6 dién tich cdy xanh trén dau ngudi nam 2014 1a 15,59 m?/ngudi ting
1én 18,93 m?/ngudi vao nam 2018 va tiép tuc ting 25,56 m?/ngudi vao nam 2022. Theo tiéu
chuan thiét ké quy hoach cdy xanh st dung trong cac d6 thi cua nuéc ta (TCXDVN
9257:2012) [39] thi ty 1é ndy dat muc tiéu chuan cho db thi loai | va I1: 20,4-24,5 m?/ngudi.
Tuy nhién, dién tich dat cay xanh tinh trong tiéu chuan Ia dién tich dat trong cay xanh cong
cong (chi bao gom cdy xanh duong pho, cdy xanh cong vién, vuon hoa) con trong nghién
cau nay dién tich nay dugc tinh bang tong dién tich 16p pha thuc vat trong thanh phd bao
gom ca cAy an trai va cay xanh d6 thi. Nhu vay, dé c6 mot thanh ph mat meé, xanh dep viéc
tinh toan chi tiét cay xanh cho timg phuong dic biét ¢ trung tim do thi 12 rat can thiét va 1a
mot trong nhitng noi dung quan trong trong cong tac quy hoach bao vé méi truong cho thanh
pho.

Thay d6i str dung dat hay thay d6i bé mit 16p phu da lam thay doi nhiét d6 bé mat (LST)
ctia thanh phd Long Xuyén 14 kha 16 rang duoc chirng minh qua két qua phan bd LST tai 3
thoi diém anh (Hinh 5). Néi chung nén nhiét d6 trén anh vé tinh cho cac nam dao dong tir
23,59°C dén 38,39°C. Cac gia tri cao nhat ciia LST thuong tap trung & cac phuong noi thanh
va khu vyc phia Tay ciia thanh phd cling nhu cac khu vuce ¢6 hoat dong san xuét, khu cong
nghi¢p, nha ¢, chg va cac con duong bé mit nhya véi nhiét do dao dong tur 30,47°C dén
38,39°C. Trai lai, 6 khu vyuc c6 cay xanh va mat do dan cu thép thuong c6 LST thép hon, dao
dong trong khoang 23,59°C-28,81°C. O khu vuc c6 mit nude thuong cd LST tir 26,77°C dén
31,01°C trong khi ¢ nhitng noi c¢6 rugng laa, thuong cé LST tir 30,47°C-32,82°C. Trung binh
LST nam 2014, 2018, 2022 tai thoi diém vé tinh chup anh 1a 31,18°C+1,60; 28,51°C+1,75 va
31,33°C#+1,35 tuong mg. Két qua chi thi rang LST nam 2022 cao hon so véi LST nim 2014
la 0,15°C va 2018 la 2,82°C (Hinh 5). Phan bd tan suat cac khoang chia LST qua cac nim
dugc hién thi & Hinh 6. Tuy nhién, cac két qua nay chi phan anh sy phan bd ciia cac dao nhiét
bé mit ddi tugng (SUHI - Surface Urban heat Island) tai thoi diém vé tinh chup anh. O mdi
thoi diém khac nhau, anh cac 16p ddi tuong khac nhau thi SUHI s& khac nhau. SUHI ¢ thé
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Hinh 5. Phan b6 LST trén anh vé tinh ¢ 3 thoi diém chup cta TP. Long Xuyén giai doan 2014-2022.
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thay d6i tly thudc vao cac dleu kién khi tugng cu thé tai tirng thoi diém va c6 thé thay doi
khi chon cac nguong phan cap nhiét d6 khac nhau.
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Hinh 6. Phan bé tan suit cac khoang chia LST ¢ 3 thoi diém chup cia nam 2014 (a), 2018 (b), 2022 (c).

Két qua giai doan nhi¢t do phan bb LST tir anh vé tinh cta thanh phd ciing dugc k1em
chimg bang cach do nhiét cac dbi tuong tai hién trudng (Hinh 7). Két qua cho thay sai sb
giita nhiét do do thuc té va giai doan dao dong tir 1,92% dén 14,32% (Bang 3). Cac nghién
ctru da cho thay rang khi 4p dung hiéu chinh khi quyén day du, sai s6 trong viéc xac dinh
nhiét d tir dnh vé tinh thudng nam trong khoang tir 0,5 dén 2°C, tly thudc vao phuong phap
tinh toan [40]. Nghién ctu [41] cling da dua ra bang ching vé sai sé nay bang cach thiét lap
10 diém quan trac ty dong, cho thdy muc sai $6 +1,95°C s0 v6i phuong phap do nhiét do bé
mit tir vé tinh. Nhirng két qua nay khing dinh rang viéc xac dinh nhiét do bé mat tir vé tinh
la mot phuwong phap dang tin cdy, dac biét hitu ich cho cac nghién ctiru méi trudng va bién
do6i khi hau, nhat 1a trong béi canh thiéu hut cac tram do mat dat. Vi sy 6n dinh va d6 chinh
xac dat dugc, phuong phap nay cd thé dong vai tro quan trong trong viéc thu thap dit liéu
nhiét do trén quy md 1én va hd tro cho viéc phan tich cac xu hudng dai han trong méi truong.

Bang 3. Sai s6 tinh nhiét d6 qua céc vi tri khao sat & TP. Long Xuyén.

Gia tri LST Gia tri LST

Vi tri khdao sat  trung binh  trung binh gii Sai s6 (%)
thue do (°C) doan (°C)
SUHI -1 28,95 29,85 3,11
SUHI -2 37,81 35,61 5,82
SUHI -3 27,92 31,92 14,32
SUHI -4 28,28 26,51 6,26

TP. Long Xuyén -

28/02/2022 30,74 31,33 1,92

Hinh 7. Do nhiét d¢ tai cac 16p phi bé mat ¢ thanh phd Long Xuyén nim 2022.
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4. Két luan

Nghién cttu V& su phat trién khong gian d6 thi va bién dong 16p phu tai thanh phé Long
Xuyén trong 10 ndm qua da st dung cdng ngh¢ giai doan anh Landsat véi d chinh xac cao.
Két qua phan tich cho thiy qua trinh d6 thi hoa tai thanh phé Long Xuyén duoc biéu hién
qua viéc mé rong dién tich nha o, gia ting cac cong trinh bé mat khong thim nuée va sy mo
rong cua khong gian d6 thi. Nghién ciu da xdy dung 03 ban db 16p pha bé mit cho cac nim
2014, 2018, va 2022, ddng thoi xac dinh vi tri va mic do bién dong cua cac 1op phu theo thoi
gian va khong gian. Ngoai ra, nghién ctru cling da tinh toan dién tich cay xanh trén dau nguoi,
danh gia sy phan bé cua cac diém néng nhi¢t do thi (SUHI), va nhan thy sy hinh thanh dao
nhiét tai cac khu vuc trung tdm chu yeu do hoat dong con ngudi trong qua trinh do thi hoa.
Nghién ctru da rat ra cac két luan va dé xuét nhitng van dé quan trong can duoc cha ¥ nhu
Sau:

(1) Dién tich rudng lua dé bi nham 1an véi 16p nude vi do mua, _hoéac do rudng lua bi
ngap trong thoi ky chuan bi dat va gieo xa. Do d6, viéc thu thap anh vién tham nén chon thoi
diém cay lua phat trién va lam dong.

2) Can x4c dinh dién tich cay xanh theo tirng don vi hanh chinh dé xéac dinh bién dong
khong gian do thi trén dau ngudi cho mdi phudng xa. Tir d6 so sanh véi tiéu chuan dé diéu
chinh s6 luong cay xanh cho cac cong vién, toa nha trong thanh ph.

(3) Can 1am giam nhiét d6 & cac 16p phu bé tong héa nhu mai nha, mat duong, bai dd

.. dé tao sy mat meé, thoai mai cho nguoi cu ngu ciing nhu giam nhu cau ning lugng cho
con ngum bang cach son mau sang cho céac 16p ddi tugng nay.

Nhitng thay d6i trén sé c6 thé lam giam dang ké nhiét do khong khi do thi, dic biét 1a
trong mua he noéng buec.

Pong gop ciia tac gia: Xay dung ¥ twong nghién ciu: P.T.K., T.T.H.N; Thu Thap sé
lieu: H.V.T.A., N.D.T; Xir Iy s6 liéu: P.T.K., H.V.T.A., N.D.T; Viét ban thao bai bao: P.T.K,,
T.T.H.N.; Chinh stra bai bao: T.T.H.N., P.T.K.

Loi cam on: Nhom nghién cru chan thanh cam on Ban Giam hiéu; Phong
QLKH&DTSDPH Truong Dai hoc An Giang da tao diéu kién thuan loi va hd tro kinh phi cho
dé tai ma s6 21.02.CN.

Loi cam doan: Tap thé tic gid cam doan bai bao nay 1a cong trinh nghién ctru cla tap
thé tac gia, chua dugc cong bd & dau, khong duoc sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chép lgi ich trong nhom tac gia.
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Urbanization and land surface temperature in Long Xuyen City

Phan Truong Khanh!, Ho Van Tuan Anh!, Nguyen Duc Thang?!, Tran Thi Hong Ngoc*

! Faculty of Engineering, Technology - Environment, An Giang University, National
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Abstract: The city of Long Xuyen is currently accelerating its urban planning efforts to
create a more environmentally friendly setting. To support this initiative, a study was
conducted to analyze the spatial development and changes in the city's urban landscape from
2014 to 2022. Using an object-based classification method, the study examined shifts in the
urban spatial structure and variations in land cover over time. The interpretation of remote
sensing imagery from 2014 to 2022 revealed that urbanization has moved toward the
southwest of the city in recent years, with a 62.67% increase in residential areas and other
concrete structures, and a 50.71% decrease in rice fields. The per capita green space
increased from 15.59m#/person in 2014 to 25.56 m2/person in 2022, reaching the standards
of urban types I and Il. There's also evidence of urban heat islands in high-density concrete
areas, especially in the city center.

Keywords: Urbanization; Landsat; Remote Sensing; Land Surface Temperature; Long
Xuyen city.
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Tém tit: San xut lta hitu co ¢ tinh Tuyén Quang duoc bat dau san xuét tir nam 2019 véi
mot s6 md hinh thi diém nhung dén nay di c¢d su phat trién nhat dinh, gop phan dam bao an
ninh luong thue va x6a doi giam ngheo cho nguoi dan. San xuét Ia hitu co hién con gap
nhiéu khé khan, thach thirc do cac yéu t6 khach quan, chii ‘quan khac nhau, trong d6 yéu to
bién ddi khi hau (BDKH) dugc xem la mot trong nhimg yéu t6 tiém ning c6 thé anh huong
dén viéc san xuat la hiru co trén dia ban tinh Tuyén Quang trong tuong lai. Két ‘qua md
phong ning suat laa hitu co theo cac kich ban BDKH cho thay, nang suét lua cua tat ca cac
huyén/ thanh phd ctia tinh Tuyén Quang trong 02 vu déu c6 xu thé gia ting & tat ca cac thoi
ky cua 02 kich ban RCP 4.5 va RCP 8.5 so v&i thoi ky co so. Theo kich ban RCP 4.5, nang
suét la toan tinh vy Pong Xuan s& ting 23,3 % va ting 29,77 % & vu Mua vao cudi thé ki.
Theo kich ban RCP 8.5, nang suit lta toan tinh vu déng xuan s& ting 38,24 % va ting
30.01% ¢ vu mua vao cudi the ki,

Tir khoa: Ning suit [ta; Bién d6i khi hau; Tuyén Quang; RCP 4.5, RCP 8.5.

1. Mé dau

Theo IPCC [1] BDKH la sy bién doi trang thai cua h¢ thong khi hau, c6 thé duge nhan
biét qua su bién d6i vé trung binh va sy bién dong ctia cac thude tinh cua nd, duoc duy tri
trong mot thoi gian du dai, dién hinh 1a hang thap ky hodc dai hon. Néi cach khac, néu coi
trang thai can bang cua hé thong khi hau 1a diéu kién thoi tiét trung binh va nhiing bién dong
cta no trong khoang vai thap ky hodc dai hon, thi BDKH la su bién dbi tur trang thai can béng
nay sang trang thai can bang khac cua hé théng khi hau. BDKH hién dai dugc nhan biét thong
qua sy gia tang cta nhiét d trung binh bé mit Trai dat, din dén hién twong néng 1én toan
cau. Biéu hién cua BDKH con duoc thé hién qua sy dang muc nudc bién, hé qua cua su ting
nhiét d6 toan cau.

Luong tiéu thy nudc trong trong lua nudc chiém 24-30% luong tiéu thu nude ngot toan
cau [2]. Do d6, dé dam bao an ninh luong thyc va duy tri tinh toan ven cua tai nguyén nuéc,
ngay cang co nhiéu nhu cau nghién ctru cu thé vé st dung tai nguyén nudc trong noéng nghiép
(yéu cau tudi tiéu va trong trot) ciing nhu phan Ung cua nang suét lua gao dbi véi BDKH dé
xéc dinh cac chién luoc thich tmg hiéu qua va bén viing. BDKH s¢ c6 tac dong dang ké dén
quan ly nudc ndng nghiép [3]. Tuy nhién, cac nghién ctru vé anh hudng cia BbKH dén niang
suét ltia con han ché [4], dac bi¢t 1a & quy md dia phuong. Cac mo hinh cay trong duoc su
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dung rong rai dé tu van va 1ap ké hoach méi trudng trong néng nghiép [5], bao gdm lya chon
cay trong, quan 1y cay trong, danh gia tic dong cia BDKH, thich tmg v6i BPKH va hd tro
quyét dinh chinh sach [6].

Cac mo6 hinh khi hau - thuy vén - cay trong rt quan trong trong viéc tim hiéu va du doan
nhing tuong tac phirc tap gitra cac bién ddi khi hau, cac qua trinh thuy van va tang truong
cdy trong. Tuy nhién, viéc ap dung phuong phap nay con gap nhiéu kho khin ¢ céc nudc
dang phat trién [7]. Su phat trlen cac nghién ciru vé tac dong cua BDKH ddi voi san xudt
noéng nghiép ¢ Viét Nam van t6n tai mot khoang cach 16n so vdi trén thé gidi va can c6 1
cudc khao sat toan qudc vé tinh hinh san xuat nong nghiép ciia cac ho gia dinh va khai thac
hiéu qua dir liéu khi hau va moi truong [8].

Nghién curu dugce thuc hién nham muc dich danh gia hién trang san xuét lta hitu co va
tinh toan niang sudt mo phong cta ciy lta hitu co dya trén niang suat laa thong thuong theo
cac kich ban RCP 4.5 va RCP 8.5 bang mé hinh AquaCrop 7.1, tir d6 str dung phwong phap
thong ké dé danh gia tic dong cua BDKH dén ning suat lua theo cac kich ban BDKH so voi
thoi ky co s¢ 1985-2005.

2. Dir liéu sir dung va phuong phap nghién ciru
2.1. Gidi thiéu vé khu vire nghién cuu

Tuyén Quang l1a tinh mién nui phia Béc, tiép giap voi 07 tinh: Phia Bic va Tay Béc giap
tinh Ha Giang va tinh Cao Bang, phia Nam giap tinh Phi1 Tho va tinh Vinh Phuc, phia Dong
giap tinh Bac Kan va tinh Thai Nguyén, phia Tay giap tinh Yén Bai. Dién tich ty nhién cua
tinh 5.867,9 km?, chiém 1,77% dién tich ca nudc, ding thir 24/63 tinh, thanh phd ca nudc vé
dién tich. Nganh nong, 1am thay san dang chuyén manh theo hudng san xuat hang hoa véi
quy md, nang suit va chat luong ngay cang cao, an toan thuc pham dugc coi trong; gop phan
quan trong xoa doi, giam ngheo, néng cao thu nhap va cai thién doi sdng cho ngudi dan nong
thon. Linh vuc trong trot: Tép trung chuyen dbi co ciu glong theo hudng ning suat, chat
luong, rai vu, da dang san pham theo nhu cau thi truong, Ung dung khoa hoc cong nghg, st
dung gidng ning suit va chat luong cao, thich tmg voi bién d6i khi hau, tng dung co gidi
hoa, thyc hién cac quy trinh ky thuat tién tién ngay cang dugc tang cuong; mo rong san Xuat
theo tiéu chudn; nang cao ning suat gia tri thu nhap cac ciy trong chu lyc. Co cau cay trong
chuyén dich manh sang phét trién nhom cdy an qua 20. Gia tri san xuat binh quan/ha canh
tac dat san xuat néng nghiép dat 97 triéu ddng/ha, ting 1,4 1an so nam 2015; gia tri san xuat
trong trot (theo gia so sanh nam 2010) nam 2020 dat trén 4.340 ty dong, tang binh quén

2,5%/nam. Cay luong thyc (lua, ngd): Chuyén ddi co cau glong, dua 17 giong laa, ngd co
nang suat chat luong vao co ciu giéng cia tinh, loai bo 16 giéng kém hiéu qua ra khoi co
cau giéng; Dién tich lta chat lwong cao 7.800 ha, chiém 18% dién tich gieo cy; dién tich lua
hiru co 5 ha; dién tich trong ngd ngot lién két 50 ha. Pam bao viing chac an ninh lwong thuc
v6i tong san lugng trén 34 van tan/nam. Trong nhimg nim gan diy BDKH di va dang tac
dong manh mé& dén tinh hinh phat trién kinh té x4 hoi trén pham vi toan tinh. Cac hién tuong
thoi tiét cuc doan cé xu hudéng xuat hién nhiéu va manh hon. Dic biét 1a 1ii dng, 1ii quét, sat
16 dat d4 da tro nén thuong xuyén hon trong mua mua. Cac dot rét dam, rét hai, mua da, dong
sét, bang gia, swong mudi xay ra voi tan suat ngay mot nhiéu hon tai cac vung nui cao thude
cac huyén Na Hang, LAm Binh. Tinh trang thiéu nudc cho sinh hoat va san xut vé mua kho
xay ra cuc bd tai mot s6 dia phuong. Bén canh do, su thay ddi vé nhiét d6 va luong mua co
nguy co lam thay d6i dién tich va chét luong rimg, han han va thiéu nudc ciing tao ra nguy
co chay rimg cao trén dia ban toan tinh, khi hau c6 nhiéu bién d6i that thuong,...[9]. Nhan
thirc vé BPKH ctia mot sb can bd quan 1y nhiéu noi con chwa dy du, nhan thirc ctia cong
d6ng con han ché va phién dién, moi chi quan tam nhiéu dén céc tac dong tiéu cuc ma BDKH
gdy ra khi dugc tuyén truyen ma chua quan tdm ding mic d&én viéc hanh dong chuyén doi
16i sbng, md hinh san xuét va tiéu thu theo dinh hudng cac-bon thap, ting truong xanh. Nhiing
thach thirc 6 doi héi tinh Tuyén Quang phai c6 nhitng nd luc hon nita trong cac chinh sach,
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bién phép ting cuong nhan thic va ning luc tmg phéd véi BPKH, song song voi phat trién
kinh t€ nham tang cuong suc canh tranh ctia nén kinh té va vi thé cua mot tinh c6 nén kinh té
manh cua ca nudc [10].
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Hinh 1. Ban d6 khu vuc nghién ctru [11].

2.2. Phuong phap nghién ciru

- Phuong phép ké thira tai li¢u: Phuong phép nay dugc st dung trong nghién ciru ngay
tur giai doan dau cua quy trinh thyc hién, trén co s& cac tai licu thu thap dugc, nhom nghién
ctru da tién hanh phén tich tong hop nhiing déi tuong co thé ké thira va cac dir liéu xem xet
dé bién tap moi. Nhing dir liéu ké thira chu yéu lién quan dén cac yéu t6 khi tuong, thuy van,
cac gia tri sO liéu vé dat, nudc va cdy trong trong cac nghién ctru lién quan st dung dé dam
bao dau vao cho md hinh mé phong.

- Phuong phap dleu tra, khao sat thu thap s6 liéu: Phuong phap nay duoc sir dung dé tlen
hanh thu thap cac s6 liéu, tai liéu tir cac s& ban nganh nham cung cap ngudn co so dir lidu vé
khi tuong, thity van, BDKH, dic diém cay trong. Cac phiéu diéu tra ciing dugc thiét ké rleng
cho 1aa hiru co tai dia ban nghién ctru dé hoi cac thong tin lién quan nhu hién trang san xuat
lta hitu co trén dia ban tinh, nhitng thuan loi va kho khan trong san xuét laa hitu co, hién
trang BPKH va anh huéng cia BPKH dén san xuat lta hiru co cling cac chinh sach phat
trién lta hitu co trong thoi gian toi.

- Phuong phap phan tich, tong hop tai liéu: Cac so liéu, tai liéu sau khi thu thap duoc
nhom nghién ctru phan tich va téng hop lai theo muc dich sir dung dé phuc vu viéc danh gia
tac dong ciia BDKH dén san xuat lta hitu co trén dia ban tinh Tuyén Quang.

- Phuong phép mo hinh toan: Phuong phap md hinh toan dugc sur dung trong nghién ctru
dé danh gia tac dong cia BDKH dén san xuat la hitu co trén dia ban tinh Tuyén Quang. Cu
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thé 1a mé hinh AquaCrop 7.1 duoc sir dung dé tinh toan ning sut cho cay lua & thoi ky co
s& 1986-2005 va cac thoi ky 2016-2035, 2046-2065, 2080-2099 ciia cac kich ban bién d6i
khi hau RCP 4.5 va RCP 8.5 theo kich ban BDKH nam 2020 do bd Tai nguyén va Méi truong
ban hanh nam. Trén co s& d6, nghién ctru s& danh gia tac dong cia BDKH dén ning suét lua
thong qua mirc do thay ddi ning suat giita cac thoi ky cua cac kich ban RCP 4.5 va RCP 8.5
so vdi thoi ky co s¢. Mo hinh AquaCrop duoc gidi thiéu 1a phuong phéap nghién ctru phan
4nh nang suat cay trong [12]. Mé hinh ‘AquaCrop dugc chon lua boi sy don gian va dé s
dung va cho két qua kha chinh xac. Két qua cua AquaCrop cho duoc 1a kha tét, diéu nay
duoc kiém nghiém qua cac nghién ctru trén cay cay lta [13]. Mo hinh nay dd mo phong thanh
cong sy sinh truong va nang sut cta cdy trong trong cac diéu kién quan 1y khi hau, dit dai
va tudi ti€u khac nhau de trong lta [ [14]. M0 hinh AquaCrop da dugc hi¢u chinh va déanh gia
dé mo phong su phat trién va nang suit lua trong diéu kién 1i lut & mot s6 khu vuc trén thé
gidi [15], va trong diéu kién chu ky kho va uét da duge bao cdo [6].

2.3. Dt liéu sw dung

2.3.1. Dir li€u khi tugng

Dir liéu khi twong duoc st dung dé tinh toan trong nghién ciru bao gdm cac dit lidu vé
nhiét d6 trung binh, nhiét do tdi cao, nhiét do tdi thap, lugng mua, bdc thoat hoi nudc tiém
ndng (ETo) cua thoi ky co s¢ 1986 -2005 va cac kich ban RCP 4.5 va RCP 8.5 theo kich ban
Bién d6i khi hau nam 2020 ctua Bo Tai Nguyén va Mai trudng [16]. Can cr vao vi tri ciia cac
huyén/ thanh phd, nhom tac gia sir dung dir liéu khi twong cta thoi ky co so va kich ban
BPKH cua cic tram KTTV, tram do mua gan nhat c6 sb liéu.

Bang 1. Danh sach tram mua va tram khi twong ding cho cac huyén, thanh phd cua tinh Tuyén Quang.

S0 li€éu m6 phéng cia cac kich

STT Thanh phd/huyén S6 lidu mua thoi ky co sé bin BPKH
1 TP. Tuyén Quang Tuyén Quang Tuyén Quang
2 Na Hang Na Hang Chiém Hoéa
3 Chiém Hoéa Chiém Hoéa Chiém Hoa
4 Ham Yén Ham Yén Ham Yén
5 Yén Son Tuyén Quang va Pao Vién Tuyén Quang
6 Son Duong Tuyén Quang Tuyén Quang
7 Lam Binh Na Hang Chiém Hoéa

Dir liéu ndng do khi COz trong khi quyén & thoi ky co s& va kich ban RCP 4.5 va RCP
8.5 dugc stir dung trong nghién ctru theo dir liéu ctua IPCC [17].

2.3.2. Dit liéu vé dat

Tinh Tuyén Quang ¢ tai nguyén dat phong pht vé chung loai, ngoai ra ¢ tinh cling canh
tac lua theo nhiéu hinh thtrc khac nhau nhu laa nuong va trong lta tai cac thung ling va ven
song sudi, vi vay tac gia sir dung cac thong sé chung duoc dua vao hé s6 tham khao ciia FAO
cé trong md hinh AguaCrop.

Bang 2. Dir liu dat du vao ciia mo hinh AquaCrop [18].

TAne dit  Loai gkt PO sdu TAW PWP FC SAT Ksat
8 i (m) (mm/m) (%0) (%) (%) (mm/day)
1 Sét pha 05 180 32,0 50,0 54,0 15,0
2 Sét 1,5 150 39,0 54,0 55,0 2,0

Ghi chl: TAW: tong lugng nude sin c6 trong thé tich dit duoc xem xét; PWP: d6 4m diém héo; FC: 4m
do thuy dung; SAT: d6 4m bdo hoa; Ksat: hé sb thdm béo hoa.
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2.3.3. Dit lidu céy trong

Cac thong sb cay trong dau vao mo hinh dbi véi cay laa nude gdm phuong thic tudi,
mat do céy (sé cay trén mot m?), hidu Suét sir dung nudc, nang suét sinh khéi (WP) (gram/m?),
hé s6 thu hoach HI (%), bdc thoat hoi nuoc cay tré)ng (Tr), 6 mo rong tan la, d6 bao phu tan
14 ban dau (CCo), HE s6 rt nuée vung ré (P), Hé so giam tan la (CDC), d6 sau ré, hé so phan
(mg ning suit Ky, chiéu cao cdy trong. Cac thong s cdy trong dau vao cho mé hinh
AquaCrop duogc trinh bay trong bang 3 dudi day.

Bang 3. Cac thong s6 cdy trong dau vao cho md hinh AquaCrop [19].

Cic thong sé diu vao Vu Pong Xuén Vu miia

Kich thuéc tan khi cdy (cm?/cy) 15 15
Mt do cy (sb cay trén mot m?) 25 25

Ngay cy 14/ 28/VI

Ngay thu hoach 12/V1 30/X

S6 ngay tir cy dén phuc hdi 7 5

Giai Sé ngay tir cdy dén do sau ré t6i da 59 65
d%%rtl S6 ngay tir cy dén thu phan 89 95
triién Sb ngay tir cdy dén ra hoa (trd bong) 76 82
(ngay) S0 ngay cua giai doan ra hoa 13 13
Tong s ngay 119 125

Hiéu chinh mé hinh M6 hinh AquaCrop dugc str dung ¢ dé mo phong anh hudng cia cac
yeu to thoi tiét va sy thay doi luong nude tudi 1én nang suat laa; trong nghién ctru nay, cac
yéu td (khac) tac dong dén nang suét laa & vung nghién ctru (vi du: dich bénh, siu hai va
thién tai) khong duoc xem xét. M6 hinh mé phong ning suét lua duge thiét ké bang cach dwa
vao cac sb liéu thu thap thuc té va gia tri cac hé s6 tham khao theo FAO. Hé sb thu hoach
(Harvest index - HI) s& thay ddi theo tirng mua vu do cac dic tinh vé diéu kién khi hau cta
ting khu vure va ky thuat canh tac s& anh hudng dén sy phat trién va ning suét ciy trong khac
nhau. Do mdi mua vu c¢6 ning suat khac nhau nén trong mé hinh chi sé thu hoach (HI) duoc
hiéu chinh dé niang suat mo phong ctia cac mua vu tuong duong voi ning suat thyc té [20].
Bang 4 va Bang 5 trinh bay hi€u hi¢u chinh h¢ s6 thu hoach cuia 02 vu bong Xuan va vu Mua
theo nang suat thyc thé nim 2019 [21] ciia cac huyén/ thanh phé cia tinh Tuyén Quang.

Béang 4. H¢ ) t'hu hoach (HI) hi¢u chinh vu BDéng Xuan theo ning suét thuc té ndm 2019 cua cac

huyén/thanh phd cia tinh Tuyén Quang.

. Niéng su,z"it H¢ s6 thu Niing sut mo )
STT Huyén/thanh pho thyce té hoach - HI hi¢u héng (tin/ha) Sai s0 (%)
(thn/ha) chinh (%) phong
1 TP. Tuyén Quang 6,0 40 5,98 0,43
2 Na Hang 5,56 38 5,63 1,29
3 Chiém Hda 5,95 40 5,93 0,37
4 Ham Yén 5,94 40 5,96 0,29
5 Yén Son 6,17 41 6,13 0,73
6 Son Duong 6,13 41 6,13 0,03
7 Lam Binh 5,41 37 5,49 1,37

Bang 5. H¢ s6 thu hoach (HI) hiéu chinh vu Mua theo ning suit thuc té ndm 2019 cua céac
huyén/thanh pho cuia tinh Tuyén Quang.

Ning suit  H¢ s6 thu hoach < £, A
N q Nang suat mo

A 5 £ > % .2 B . £ o
STT Huyén/thanh pho (ttgl;ljht:) HI h(l(()e/::)chmh phong (tin/ha) Sai 50 (%)

1 TP. Tuyén Quang 5,6 38 5,67 1,36

2 Na Hang 5,65 38 5,67 0,48

3 Chiém Héa 5,73 38 5,67 1,05

4 Ham Yén 59 40 5,98 1,34

5 Yén Son 5,72 38 5,67 0,91

6 Son Duong 5,78 38 5,67 1,92

7 Lam Binh 5,46 37 5,52 1,23
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Sai s giita nang suat thuc té va nang sudt mo phong & ca 2 vu clia cac huyén/ thanh phd
déu nho hon 5%. Nhu vay, cac h¢ s6 thu hoach - HI nay c6 thé chap nhan dugc dé st dung
lam dir liéu d€ mo6 phdng nang suat lua cho tuong lai.

2.3.4. Dit liéu vé ché d6 quan Iy nudc va quan 1y déng rudng

Phuong phép tudi cua ngudi dan dia phuong 1a khong dong nhat nhau trong mot mua
vu; do vay trong nghién clru nay, phuong phap tudi dugc xay dung dua trén cach quan ly
nude cho lua trén ruong theo TCVN 8641:2011 [22]. Muc nudc trén mat rudng qua cac giai
doan phat trién cua cay lta duoc thé hién ¢ bang 6.

Biang 6. Muc nudc trén mit rudng qua cac giai doan phat trién cia cay lua [22].

Cic giai doan phat trién  1-7ngay  8-15 ngay 16-68 ngay 69-98 ngay 99-128 ngay

Muc nude (mm) 10 30 50 70 0

3. Két qua va thio luin

3.1. Hién trang san xudt lia hitu co trén dia ban tinh Tuyén Quang

Lich st san xuat lGa hitu co tai tinh Tuyén Quang dugc trién khai tir nim 2019 va cho
dén thoi diém hién tai, dién tich san Xuét la hitu co van con han ché. Dén nam 2023, toan
bo tinh chi ¢6 10,7 ha lua duge san xuat theo tiéu chuan hitu co. Trong tong s6 nay, c6 5,7
ha dat du diéu kién san xuat va da nhan duoc gidy chimg nhén theo cac tiéu chuan hiru co
(TVCV 11041-1-2017 va TCVN 11041-5:2018) [23], trong khi 05 ha con lai dang 1a m6 hinh
san xuét lta chat lugng theo hudng hitru co lién két chat ché v6i doanh nghiép tiéu thu san
pham duoc thuc hién tai Huyén Yén Son vao nim 2023 [24] va chua duogc cip ching nhan
san xuét hitu co.

Bang 7. San xuat lta hitu co trén dia ban tinh Tuyén Quang ndm 2021.

2 S6 nong Ning sudt  Nim nhén
ST TenHTX/Mohinh ~ Diadiémsin — ho tham Digntich 2012021  dwge ching
T xuat gia san (ha) X Y
J (tan/ha) nhin
xuat
HTX Nong Lam Huyén Son
1 nghiép Minh Thanh Duong 10 3.2 6.1 2021
HTX D’jchrvu san Huveén Son
2 xuft ché bién nong DYL-m 25 25 6.4 2021
lam nghi¢p Hop Hoa &
Téng/trung binh 35 57 6.2

Dién tich san xuat lta hiru co cua tinh Tuyén Quang chu yeu 0 huyén Son Duong. Trong
nam 2021, Ning suat ltia hitu co gan twong duong v6i nang suét lta san xuét thong thuong
(vudong xuan) ctia huyén nam (la hiru co: 6,2 tin/ha, lta thong tuong 6,245 tan/ha). Nhung
gia gao hitu co trung binh lai cao hon 150-170 % so gia gao thong thuong san xuét tai dia
phuong (gao hiru co 25.000-30.000 dong/kg, gao thong thuong 15.000-18.000 dong/kg).
Diéu nay cho thdy tiém ning vé gia ca ctia gao hitu co cao so v6i gao thong thuong.

3.2. Tinh toan nang sudt lia hitu co theo céc kich ban bién doi khi hdu

Tir cac phuong phap nghién ctru va sé liéu duoc st dung, két qua tinh ton ning suat lta
hitu co theo céc kich ban RCP 4.5 va RCP 8.5 dugc trinh bay trong bang 8.

Ning suit lia vu Pong Xuén toan tinh déu c6 xu hudng ting & tit ca cac thoi ky cua ca
02 kich ban RCP 4.5 va RCP 8.5 so v6i thoi ky co sd. Theo kich ban RCP 4.5, ning suét lta
toan tinh Tuyén Quang tang tir 5,41 tAn/ha vao dau thé ki 1én téi 6.02 tin/ha vao giira thé ki
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va 6.42 tin/ha vao cudi thé ky 21. Theo kich ban RCP 8.5, ning suit laa toan tinh Tuyén
Quang ting tir 5,92 tAn/ha vao dau thé ki 1én t6i 7,03 tin/ha vao gitra thé ki va 7,24 tan/ha
vao cudi thé ky 21. Trong d6, TP. Tuyén Quang, huyén Yén Son va huyén Son Duong c6
murc tang 16n nhat & ca 02 kich ban.

Bing 8. Két qua tinh todn nang suat lta Dong Xuan theo thoi ky co s va theo kich ban bién d6i khi
hau RCP 4.5 va RCP 8.5 ctia cac huyén/ thanh pho cua tinh Tuyén Quang.

Niing sut lda dong xuan (tAn/ha)

. Thoi ky . - . -
STT Huyén/thanh phd o s6 Kich ban RCP 4.5 Kich ban RCP 8.5

1986- 2016- 2046- 2080- 2016- 2046- 2080-
2005 2035 2065 2099 2035 2065 2099

1 TP. Tuyén Quang 4,99 5,61 6,14 6,41 6,17 7,09 7,31
2 Na Hang 5,78 5,33 6,08 6,58 58 7,18 7,21
3 Chiém Héa 5,32 5,33 6,08 6,58 58 7,18 7,21
4 Ham Yén 4,58 5,04 5,44 5,97 5,48 6,43 7,11
5 Yén Son 5,43 5,61 6,14 6,41 6,17 7,09 7,31
6 Son Duong 4,99 5,61 6,14 6,41 6,17 7,09 7,31
7 Lam Binh 5,78 5,33 6,08 6,58 58 7,18 7,21

Toan tinh 5,27 5,41 6,02 6,42 5,92 7,03 7,24

Theo bang 9, Ning suat lta vu Mua toan tinh Tuyén Quang c6 xu hudng ting & tat ca
cac giai doan cua ca 02 kich ban RCP 4.5 va RCP 8.5 so v6i thoi ky co cé. Theo kich ban
RCP 4.5, ning suét la toan tinh Tuyén Quang ting tir 6,01 tin/ha vao dau thé ki 1én toi 6,34
tan/ha vao gitra thé ki va 6,722 tan/ha vao cudi thé ky 21. Theo kich ban RCP 8.5, nang suat
laa toan tinh Tuyén Quang ting tir 6,11 tin/ha vao dau thé ki 1én t&i 6,70 tin/ha vao giira thé
ki va 6,73 tdn/ha vao cudi thé ky 21. Trong d6, huyén Ham Yén c6 muc ting 16n nhét & ca
02 kich ban.

Bang 9. Két qua tinh toan ning suit laa Mua theo céac kich ban bién ddi khi hau RCP 4.5 va RCP 8.5
cua cac thanh pho/huyén cua tinh Tuyén Quang.

Ning suit lia mua (tdn/ha)
Kich ban RCP 4.5 Kich ban RCP 8.5
2016- 2046-  2080- 2016-  2046-  2080-

STT  Huyén/thanh ph§ _ ThOiKy co'sé

1986-2005 2035 2065 2099 2035 2065 2099

1 TP. Tuyén Quang 5,19 6,04 6,42 6,76 6,13 6,83 6,81
2 Na Hang 5,26 5,93 6,22 6,54 6,07 6,51 6,57
3 Chiém Hoa 5,08 5,93 6,22 6,54 6,07 6,51 6,57
4 Ham Yén 5,25 6,14 6,47 7,16 6,17 6,93 6,99
5 Yén Son 5,02 6,04 6,42 6,76 6,13 6,83 6,81
6 Son Duong 5,19 6,04 6,42 6,76 6,13 6,83 6,81
7 Lam Binh 5,26 5,93 6,22 6,54 6,07 6,51 6,57
Toan tinh 5,18 6,01 6,34 6,72 6,11 6,7 6,73

3.3. Pdnh gid tac dong ciia bién déi khi hdu dén thay doi ning sudt lia hitu co theo cac
kich ban bién doi khi hu

Tir két qua tinh toan san luong vu Dong Xuan va vu Mua & thoi ky co s¢ 1986-2005 va
cac thoi ky 2016-2035, 2046-2065, 2080-2099 cua cac kich ban bién doi khi hau RCP 4.5 va
RCP 8.5, Theo d6, nghién ciru s& danh gia tac dong cia BDKH dén ning suat laa hitu co vu
POng Xuan va vu Mua thong qua mirc do thay doi ning suat laa giita cac thoi ky cia cac
kich ban RCP 4.5 va RCP 8.5 so véi thoi ky co sé. Xu thé thay ddi nang xut lta hitu co vu
Pong Xuan cila cac huyén/ thanh phd ciia tinh Tuyén Quang duoc trinh bay trong Bang 10,
Béng 11 va Hinh 2.
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Bang 10. Két qua tinh toan thay ddi ning suit laa Dong Xuan (tdn/ha) theo cac kich ban bién dbi khi

héu ctia cac huyén/ thanh phd cua tinh Tuyén Quang.

73

Thay d6i ning suit lia dong xuin so véi thoi ky co sé (tAn/ha)

o S Kich ban RCP 4.5 Kich ban RCP 8.5
STT  Huyén/thanh pho 2016 2046- 2080- 2016- 2046 2080-
2035 2065 2099 2035 2065 2099
1 TP. Tuyén Quang 0,62 1,15 1,42 1,19 2.1 232
2 NaHang -0,46 0.3 0,79 0,02 1,39 1,43
3 Chiém Hoa 0,01 0,76 1,25 0,48 1,86 1,89
4 Ham Yén 0,46 0,86 1,39 0,9 1,85 2,53
5  YénSon 0,18 0,71 0,98 0,74 1,65 1,88
6  Son Duong 0,62 1,15 1,42 1,19 2.1 232
7 Lam Binh -0,46 0.3 0,79 0,02 1,39 1,43
Toan tinh 0.14 0,75 1,15 0,65 1,76 1,97

Biang 11. Két qua tinh toan thay d6i nang sut laa Pong Xuan (%) theo cac kich ban bién d6i khi hau
ctia cac huyén/ thanh phd cua tinh Tuyén Quang.

Thay déi niing suit lia Pong Xuin so véi Thoi ky co sé' (%)

Kich bian RCP 4.5

Kich ban RCP 8.5

STT Huyén/thanh pho

2016- 2046- 2080- 2016- 2046- 2080-
2035 2065 2099 2035 2065 2099
1 TP. Tuyén Quang 12,49 23,13 28,5 23,78 42,12 46,59
2 Na Hang -7,9 5,13 13,69 0,33 24,11 24,66
3 Chiém Héa 0,09 14,26 23,55 9,04 34,88 35,48
4 Ham Yén 9,99 18,74 30,23 19,61 40,35 55,12
5 YénSon 3,25 13,02 17,95 13,62 30,45 34,56
6  Son Duong 12,49 23,13 28,5 23,78 42,12 46,59
7 Lam Binh -79 513 13,69 0,33 24,11 24,66
Toan tinh 3,22 14,65 22,3 12,93 34,02 38,24
Tinh Tuyén Quang
70.00
38.24
& 60.00 .
= 34.02
= 50.00
2 1000
en
'S 30.00 5330 RCP 8.5
8 2000 12.93 14.65 RCP4.5
é 10.00 3.22
0.00
2016-2035 2046-2065 2080-2099

Cac giai doan theo kich ban

Hinh 2. Xu thé thay d6i nang suit lta déng xuan tinh Tuyén Quang theo cac kich ban BDKH.

Ning suat laa vu Pong Xuén & cac huyén/thanh phd cta tinh Tuyén Quang c6 xu thé
ting & tat ca cac thoi ky cua ca 02 kich ban RCP 4.5 va RCP 8.5. Theo kich ban RCP 4.5,
nang suat lua dong xuan toan tinh Tuyén Quang c6 xu thé ting & tat ca cac thoi ky va ting
t6i 22,3 % vao thoi ky 2080-2099 so véi thoi ky co sd. Theo kich ban RCP 8.5, ning suét lua
vu Pong Xuan ciing c6 xu thé tang & tat ca cac thoi ky cua kich ban va 1én t6i 38,24 % & cudi
thé ky 21. Trong d6, huyén Ham Yén co6 xu thé ting va mirc ting cao nhét 1én téi 30,23 %
theo kich ban RCP 4.5 va 55,12 % & kich ban RCP 8.5 ¢ giai doan 2080-2099.
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Bang 12. Két qua tinh toan thay dbi ning suat lia MUa (tAn/ha) theo cac kich ban bién ddi khi hau
cho céc huyén/ thanh ph ciia tinh Tuyén Quang.

Thay ddi ning suét hia mua so véi thoi ky co sé (tin/ha)
2016- 2046- 2016- 2046-
2035 2065 2080-2099 2035 2065 2080-2099
1 TP. Tuyén Quang 0,85 1,23 1,56 0,94 1,63 1,62
2 Na Hang 0,67 0,97 1,28 0,81 1,25 1,31
3 Chiém Hoa 0,85 1,15 1,46 0,99 1,43 1,49
4 Ham Yén 0,89 1,22 1,91 0,92 1,68 1,74
5 Yén Son 1,02 14 1,73 1,11 18 1,79
6 Son Duong 0,85 1,23 1,56 0,94 1,63 1,62
7 Lam Binh 0,67 0,97 1,28 0,81 1,25 1,31
Toan tinh 0,83 1,16 1,54 0,93 1,52 1,55

Bang 13. Két qua tinh toan thay ddi nang suit lia MUa (%) theo cac kich ban bién d6i khi hau cho
cac huyén/ thanh pho cua tinh Tuyén Quang.

Thay ddi ning suit lia mua so véi Thoi ky co s6 (%)

STT Huyén/thanh phé Kich ban RCP 4.5 Kich ban RCP 8.5
2016- 2046- 2080- 2016- 2046- 2080-
2035 2065 2099 2035 2065 2099
1 TP. Tuyén Quang 16,32 23,65 30,1 18,05 31,44 31,15
2 Na Hang 12,75 18,39 24,32 15,46 23,74 24,88
3 Chiém Hoa 16,75 22,58 28,72 19,55 28,12 29,3
4 Ham Yén 16,99 23,26 36,37 17,53 32,07 33,19
5 Yén Son 20,23 27,8 34,47 22,02 35,86 35,55
6 Son Duong 16,32 23,65 30,1 18,05 31,44 31,15
7 Lam Binh 12,75 18,39 24,32 15,46 23,74 24,88
Toan tinh 16,02 22,53 29,77 18,02 29,49 30,01
Tinh Tuyén Quang
35.00
29.49 30.01
30,00
< 20.77
= 2500 22.53
E 20,00 18.02
%I 15.00 RCP 4.5
= 16.02 og s
g 1000 RCP 8.5
£ 500
0.00
2016-2035 2046-2065 2080-2099

Cac giai doan theo kich ban

Hinh 3. Xu thé thay d6i nang sut laa mua (%) ctia tinh Tuyén Quang theo cac kich bin BDKH.

Ning sut lia mua ¢ tit ca cac huyén/thanh phd va toan tinh Tuyén Quang ciing c6 Xu
thé tang O tat ca cac thoi ky cua ca 02 kich ban RCP 4.5 va RCP 8.5. Theo kich ban RCP 4.5,
nang suit lia Mua toan tinh Tuyén Quang c6 xu thé ting & tat ca cac thoi ky va ting 29,77%
vao thoi ky 2080-2099 so vai thoi ky co s6. Huyén Ham Yén c¢6 mirc ting cao nhat & kich
ban RCP 4.5 ting 36,37 %. Theo kich ban RCP 8.5, nang sut lia vy mua ciing c6 xu thé
tang va tang t61 30,01 % (tuwong duong vai 1,55 tan/ha) & cudi thé ky 21. Nang suat laa mua
cua Huyén Yén Son c6 xu thé khong 16 rét, tang cao nhét ¢ giai doan giira thé ky 1a 35,86 %
va giam nhe xubng 35,55 % ¢ giai doan cudi thé ky.
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Két qua nghién ctru co sy trong ddng véi két qua nghién ciru [25], sir dung mé hinh
AquaCrop dé danh gia tic dong ciia bién ddi khi hau dén ning suit lua cua tinh Thai Binh.
Theo kich ban RCP 4.5, ning suat lta vu DOng xuan déu ting qua cac thoi ky. Tuy nhién,
v6i kich ban RCP 8.5, ning suét lGa ting cao vao 2 thoi ky cubi va giam nhe ¢ thoi ky dau
so vé6i kich ban co s két qua cua nghién ctru ndy cho thiy ning suit lta gia ting & tat ca cac
thoi ky cua kich ban RCP 8.5.

Trong khi d6, khi sir dung mo hinh DSSAT dé danh gia anh hudng cia BDKH dén ning
suat lta & tinh Quang Nam theo cac kich ban BDKH [26], két qua cta nghién ctru cho thiy
v6i kich ban BPKH RCP 4.5 vao cudi thé ki 21 ning suat lia Dong Xuan co thé giam dén
33% trong khi d6, nang suét laa Hé Thu c6 thé giam dén 49%. Két qua nay c6 su khac nhau
v6i két qua cua nghién ciru cia nhdm tac gia cho thy rang du doan vé tac dong cua BDKH
theo mé trinh cdy trong von khong chic chin [27] va cac mo hinh cdy trong hién nay rat khac
nhau trong du doan vé tac dong cua khi hau [28].

4. Két luan

Ning suét la hitu co cta cac huyén/thanh phé cia tinh Tuyén Quang ¢ vu Pong Xuéin
va vu Mula déu c6 xu thé tang & tat ca cac thoi ky ciia 02 kich ban RCP 4.5 va RCP 8.5 so
v6i thoi ky co so. Theo kich ban RCP 4.5, ning suat la hitu co toan tinh vu Péng Xuan sé&
tang 23,3 % va tang 29,77 % & vu Mua. Theo kich ban RCP 8.5, ning suat lua hitu co toan
tinh vu Pong Xuén sé& ting 38,24 % va tang 30.01 % ¢ vu Mua vao cudi thé ki. Nghién ctru
con mot s6 han ché do cac huyén Na Hang, Yén Son, Son Duong va Lam Binh khong c6 s6
liéu khi trong va mua & thoi ky co so va sb liéu md phong theo céac kich ban BPKH, viéc sir
dung chung s6 liéu dan dén két qua tinh toan con xuét hién su trung 1dp vé s lieu.

Véi nhitng két qua dinh luong duoc tac dong cuia BDKH dén ning suat la hitu co cia
nghién ctru nay da cho thy tiém ning suat ctia lua hiru co ciia cac huyén/ thanh phd va toan
tinh Tuyén Quang. Diéu nay s& gop phan vao viéc gilip cac nha hoach dinh chinh sich dia
phuong dua ra nhimng chinh sach, ké hoach phat trién Itia hitu co phu hop dé phat trién san
xudt lta hitu co tré thanh san pham ndéng nghiép cha chét co chat lugng cao cia dia phuong.

DPong gop cua tac gia: Xay dung y tuong nghién cou: NT.L., H.T.T.N, T.T.C.; Lya chon
phuong phap nghién ciru: N.T.L., T.T.C.; Xt Iy s0 liéu: N.T.L., T.T.C.; Phén tich két qua:
N.T.L., N.-T.C., T.T.C.; Viét ban thao bai bao: N.T.L., N.T.C., T.T.C.; Chinh stra bai bao:
N.T.L.

Loi cam on: Nghién ctru ndy dugc thuc hién dudi sy tai trg cuia dé tai “Nghién ctru co s¢
khoa hoc phuc vu khoanh vung khu vuc trong trot hitu co theo dic trung tai nguyén va moi
truong tai vung Trung du va mién nii Bac by c6 Ma s6: TNMT.885.04.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién clru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Assessing the impact of climate change on organic rice
productivity in Tuyen Quang province
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Abstract: Organic rice production began in Tuyen Quang province in 2019 with several
pilot projects, since then, significant advancements have been made, enhancing food
security and reducing poverty for the locals. However, organic rice production is currently
facing numerous obstacles, including both external and internal factors, of which climate
change stands out as a critical concern that can negatively impact future organic rice yields
in the entire region of Tuyen Quang province. Projections based on climate change scenarios
indicate that, under both RCP 4.5 and RCP 8.5 scenarios, rice yields in all districts/ cities of
Tuyen Quang are expected to rise in both seasons compared to the baseline period.
Specifically, under the RCP 4.5 scenarios, rice yields are predicted to increase by 23.3% in
the Winter-Spring season and 29.77% in the major cropping season by the end of the
century. The RCP 8.5 scenarios forecasts even greater increases of 38.24% in the Winter-
Spring season and 30.01% in the major cropping season by the end of the century.

Keywords: Organic rice productivity; Climate change; Tuyen Quang; RCP 4.5, RCP 8.5.
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Tém tit: Khai thac s dung khong gian bién huéng dén myc tiéu phat trién Con Dao bén
virng. Nghién ciru nay g dung trong s& AHP két hop voi ky thuét tich hop ra quyét dinh
TOPSIS xép hang thr tw cac phuwong an danh gla hd tro lya chon phuong an phu hop nhit.
Dir liéu duoc thu thap tir ¥ kién cac chuyén gia (y kién chuyén gia vé mirc do quan trong
cua cdc tiéu chi va mure d¢ phu hop cua cac phuong an trong dinh hudng khai thac str dung
khong gian bién) va cic tai liéu theo 03 nhém (Bao vé méi truong; Phat trién kinh té va
Cong déng xa hoi). Két qua tinh toan AHP da xé4c dinh dugc bd trong s6 cho céc tiéu chi
cap 1 va cap 2 c6 do tin cay dugc danh gia cao dua vao hé sé nhat quan CR nho hon 0,1.
Tir gia tri trong sd tinh toan dugc, két qua mo hinh tich hop AHP-TOPSIS da Iya chon dugc
phuong an 2, ket hop chat che gitra phat trién cang bién v&i quan 1y bao vé moi truong, bao
dam sy phat trién bén viing, gan lién véi yéu cau bao dam an ninh, qudc phong. Gan két
phat trién cac hinh thtrc du lich v&i sy phat trién ctia cong dong dan cu, tao cong an viée
1am cho ngudi dan dia phurong, nang cao nhan thirc vé bao ton tai nguyén thién nhién. Theo
phuong an dugc chon, huyén Con Dao dugc phan chia thanh 5 vung phat trién dép 1 ing dugc
v6i céc tiéu chi huong den phat trién bén vimg: (1) Vung phat trién du lich va bao t6n thién
nhién; (2) Ving phat trién du lich; (3) Ving khong gian bién sir dung cho bao t6n va nghién
ctru khoa hoc (4) Ving vén tai bién va dich vu cang; (5) Ving phat trién cang ca va khu neo
dau tranh tra bao.

T khoa: AHP; TOPSIS; Khong gian bién; Con Pao; Ba Ria - Viing Tau.

1. Pit van dé

Quy hoach khong gian bién (QHKGB) hay con goi 1a dinh hudng khai thac s dung
khong gian bién, nhim phan tich va phan bd su phan b6 khong gian cua cac hoat dong cua
con nguoi ¢ cac khu vuc bién dé dat duoc cac muc tiéu sinh thai, kinh té va xa hoi, ngay cang
dugc coi 1a mot hoat dong quan trong dé bién viéc quan ly cac vung bién dya trén hé sinh
thai thanh hién thyc [1]. Quy hoach khong gian blen xuat phat cach day khoang 30 nam, tu
hoat dong phan viing chtrc ning & Cong vién bién quc té ran san h6 Great Barrier, dong bac
Australia [2], cho phép cac hoat dong da muc dich, bao gdm duy tri da dang sinh hoc va hé
sinh thai (HST) tao ra dai san ho 16n, quan ly tdc dong cta viéc gia tang hoat dong giai tri,
mo rong du lich va thuong mai,... dong thoi quan 1y cac tac dong rui ro 6 nhidm tir dat lién
va hang hai, bdo v¢ dugc cac khu vuc cu thé. Nhiing ndm sau do, phan vung chirc nang dugc
ap dung rong rii trong cac hoat dong quan 1y hé thdng cac khu bao ton bién (KBTB) toan
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cau, khu vuc va cac quic gia. Cac nha ra quyét dinh xem day 1a cong cu k¥ thuat hiru hiéu
trong qua trinh trién khai ké hoach quan 1y sau khi duoc co quan c6 thim quyén phé duyét.
Dic biét, hau hét cac tmg dung tot vé& phan ving chiic ning duoc ap dung trong quan ly
KBTB va cac khu dy trir tw nhién bién ¢ Hoa Ky [3].

Trong nhiing nam gan day, cac qudc gia khac nhau da bat dau sir dung QHKGB hoac
quy hoach dai dwong dé giam thiéu cac xung dot va st dung tai nguyén blen ven blen bén
virng hon. Tai Bi [3], QHKGB nhim muc dich dat dugc ca hai muc tiéu vé kinh té va sinh
thai, bao gdm phat trién cac “khu vuc phong dién” ngoai khoi, phan dinh cac KBTB, ké
hoach khai thac cat/sdi bén virng, 1ap ban dd cac noi cu tra, bao vé cac gia tri da dang sinh
hoc va quan ly cac hoat dong trén dat lién c6 anh hudng dén moi trudng bién. Tuong tu, tai
Hoa Ky [4], chinh sach qudc gia da xdc dinh QHKGB va vung bo 1a mot trong chin muyc tiéu
uu tién quoc gia va cung cap mot khuén khé linh hoat cho QHKGB va ving bd dé giai quyét
cac van dé vé bao ton, kinh té, xung dot giita nhitng nguoi str dung va sir dung bén ving cac
dai duong, ving bd va hd 16n. Ngoai ra, con co nhiéu sang kién khéac cta Trung Qubc [5],
Pric [6], Anh [7], tai khu bao ton bién Wadden [8] dugc x4c dinh 12 ving bién dic biét nhay
cam (PSSA). PSSA 1a cac qubc gia ven bién cé thé sir dung nang lyc hién c6 dé diéu chinh
hanh trinh cta tau di qua ving lanh hai. Khu vuc phai dap tmg it nhat mot tiéu chi vé sinh
thai, kinh té - xa hoi hodc cac tiéu chi khoa hoc duoc quy dinh trong “hudng dan xac dinh
vung bién dic biét nhay cam” ctia IMO. Hon nita, khu vuc phai 1 ving chiu tac dong rii ro
do hoat dong cua tau bién.

Cac nghién ctru trén thé giéi da dé xuat mot hé thong hd tro quyét dinh nham cai thién
dang ké viéc ra quyét dinh ciia cac bén lién quan trong viéc quy hoach sir dung khong gian
bang mo hinh tich hop quy trinh phan tich tht bac (AHP) cing véi ki thuat vu tién thir ty
theo d¢ twong tu voi giai phap ly tuong (TOPSIS) trong nhiéu nganh khac nhau. Nghién ctru
[0] d& str dung AHP va fuzzy AHP dé tinh toan trong s0 va thir hang cua cac chi s6 nham xac
dinh cac chi s6 quan trong trong quy hoach co s¢ ha tang xanh do bién d6i khi hau cho hé
sinh thai dong suo6i. Tuong tu, nghién ctru [10] cling st dung phuong phép da tiéu chi nay tai
Thuy Dién dé 1ap ké hoach quan 1y rimg dai han. Thd Nhi Ky [11] d tiép can nghién ctu Iya
chon san bay vil tru phtt hop dé phong vé tinh bang cach ing dung AHP-TOPSIS.

M0 hinh tich hop AHP-TOPSIS con dugc tng dung quy hoach str dung khong gian cho
moi truong bién. Cac vi du dién hinh nhu [12] da ung dung m6 hinh AHP-TOPSIS nham
danh gia vi€c lya chon quan ly nuéce dan va tram tich ctia tau theo cong udc qudc té cho tau
budn ban & Hoa Ky, giam thiéu viéc truyén vi sinh vat gdy bénh dén cac khu vyc sinh thai
bién nhay cam, thong qua chin luu cia tau thuyén. Tai Trung Qudc [13] da tmg dung mo
hinh tich hgp AHP-TOPSIS dé dé xuét giai phap an ninh sinh thai hoat dong chan nuéi trén
bién. Tai cong vién hai duong Ningaloo, Tay Uc [14] d4 sir dung AHP-TOPSIS dé danh gia
cac chién luge quan 1y hoat dong cau cé giai tri dya trén tic nhan tich hop dé mé phong hanh
vi cau ca giai tri va dong lyc hé sinh thai ran san ho trong khu vuc. Tuong tu, tai Dai Loan
[15] va Thd Nhi Ky [16] dé tmg dung tich hgp mé hinh dé dua ra quyét dinh vu tién bao v¢
bo bién trén Bo bién va xac dinh vi tri t6i wu cho trung tim tng pho su cb tran dau.

Tai Viét Nam, phan ving chirc ning phuc vu quan 1y khu bao ton bién dau tién dugc
thye hién tai Hon Mun vao nam 2004 [17, 18] va nay la KBTB vinh Nha Trang. Khu vuc
bao ton nay dugc chia thang bbn vung, gobm: Vung bao vé nghiém ngat, vung phuc héi sinh
thai, vung chuyén tiép va ving phat trién. Viéc phan vung nhu vay ban dau chi 1ay muc tiéu
bao ton da dang sinh hoc lam trong tdm, sau d6 da bd sung tiéu chi “cai thi¢n sinh ké cho
nhitng ngudi dan séng trong va lan can KBTB”. Tai TP. Pa Néng, Vinh Ha Long phan ving
khong gian viing bd duge thuc hién dya trén 15 nguyén tic phan viing chirc ning ving bd va
theo cac budc quy dinh trong huéng dan cia PEMSEA, trong d6 chu trong bao ton, du lich
va phat trién cac nganh kinh té dya vao bién [17, 18].

Véi qua trinh phat trién kinh tét - xa hoi (KT-XH), cac tic dong xam hai dén méi trudong
tu nhién trd nén trim trong hon. Céc chét thai sinh hoat va chat thai tir cac hoat dong du lich
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chua duge xu ly da gy 6 nhiém méi truong nghiém trong tai mot s6 vung ven bién. Bén
canh d6, nhitng rui ro tiém tang cta cac hoat dong phat trién chua hop 1y, két hop v6i nhing
tac dong cua thién tai da lam nay sinh va tiém an cac tham hoa, trong d6 c6 sy cb tran dau,
tran hoa chét, cac tai nan giao thong va van dé x6i 16 bo bién. Tir thyc tidn noi trén, viée phan
ving chirc ning khai thac, sir dung khong gian bién huyén Con Dao, tinh Ba Ria - Viing Tau
1a vo ciing can thiét va cap bach, 1am tu liéu cho cac co quan quan 1y dé c6 giai phap va chién
lwgc quan 1y hiéu qua khong gian bién.

2. Tai liéu va phwong phap nghién ciru

2.1. Vung nghién curu

Con Pao 1a mot huyén dao ¢ phia Dong Nam Bién Péng thudc tinh Ba Ria - Viing Tau
v6i 16 hon dao 16n nho nam giita dai duong cach TP. Viing Tau 185 km, c6 dién tich dao
chinh khoing 51,32 km?. Dia hinh Coén Dao chu yéu la doi nbi (chiém 88% dién tich tu
nhién). Do cao thay doi tir 2 m dén 577 m, trung binh 200-300 m. Con Pao c¢6 hé thng tryuc
dudng bao quanh dao tong chiéu dai khoang 70 km. Pudng chinh bit dau tir cang hang khong
Con Pao - Trung tam - cudi tuyén Bén Pam véi tong chiéu dai khoang 30 km. Tai Trung tim
huyén 1a d6 thi méi quy hoach xay dung dudng giao thong di lai thuan tién véi tong chiéu
dai khoang 80 km duong bé tong nhua. Con Pao ¢ ba cau cang chinh la: ciu cang Bén Pam
- Con DPéo; cau tau du lich Cén Péo; cu tau 9147. San bay Con Do c6 duong bang, cat, ha
cénh dai 1.830 m, don cac loai may bay ATR72 va twong duong, san do dat dién tich 13.320
m?. Puong bd bién c6 chidu dai khoang 200 km. Hé thong cong trinh phong thu trén dao da
va dang xay dung theo Quyét dinh ctia Bo Quoc phong va phat trién mot s6 du an tuyén ven
bién. Vuon quéce gia Con Dao co dién tich gan 20.000 ha, trong d6 gan 6.000 ha 1a dién tich
bao ton rimg va khoang 14.000 ha dién tich bao ton bién. Ngoai ra ¢6 ving dém bién bao
quanh cac phan khu khoang 20.500 ha. Tham thyc vat cia vudn qudc gia mang tinh ddc trung
tiéu biéu cho hé sinh thai rung nhi¢t déi, hai ddo va da dang cao vé hé sinh thai va 1a sinh
canh cua nhiéu loai dong thuc vat dac hiru cua Viét Nam noi riéng, khu vue Pong Nam Ava
thé gidi noi chung. Vuon Qudc gia Con Pao duoc cong nhan 1a khu Ramsar thir 2.203 cia
Thé gidi va thur 6 cia Viét Nam, dédc biét vuon quéc gia Con Pdo 1a khu Ramsar bién dau
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Hinh 1. Vi tri ving nghién ctru.
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tién cia nude ta, da tao diéu kién thuén loi cho cong tac bao ton da dang sinh hoc, déng thoi
1a co hoi dé Con Pao phat trién bén virng, nang cao gia tri vuon quéc gia Con Dao theo dinh
hudng cua chinh phu; xay dung Con DBao thanh khu kinh té mang tinh chit du lich vin hoa -
lich str va dich vu chat luong cao cta qudc gia, gin v6i bao ton va ton tao di tich lich str qudc
gia dic biét, tro thanh d6 thi di san trong twong lai. V&i nhitng loi thé vé tiém nang tai nguyén
sinh thai, di tich lich sir, m61 truong hoang so,... Cén Bao héi tu day du cac tiém nang, hiém
dia phuong nao c6 dugc dé khai thac phat trién ben virng dich vu du lich bién, dao chit lugng
cao theo chu truong dinh hudng ctia Thu tuéng Chinh phu [19].

2.2. Tai liéu

Trong nghién ctru ndy, dit liéu duoc thu thap bang phiéu tir 09 chuyén gia bao gom y
kién vé mirc d6 quan trong cia cac tiéu chi (st dung phan tich AHP - Analytic Hierarchy
Process) va y kién vé muc do phu hop ciia cac phuong an (sit dung phan tich TOPSIS -
Technique for order of Preference by Similarity to Ideal Solution) trong dinh huéng khai thac
sir dung khong gian blen) va cac tai liéu (hién trang tai nguyén bién, hién trang sir dung khong

gian bién, cac van dé moi trudng) tir ban quan 1y vudn qubc gia Con Pao, UBND huyén Con
Ddo va cac S¢ ban nganh trong tinh Ba Ria - Viing Tau.

2.3. Phuong phap nghién ciru

2.3.1. Phuong phap xir Iy s6 liéu

S licu thu thép, diéu tra va lay y kién chuyén gia dugc xir Iy bang phan mém EXCEL
thudc bd phan mém Microsoft Office 365.

2.3.2. M0 hinh tich hop AHP - TOPSIS

Dua trén bo tiéu chi dinh hudng khai thac sir dung khong gian bién, nghién ctru nay da
ap dung mo hinh tich hop AHP - TOPSIS lam co s¢ danh gia va dua ra quyét dinh Iya chon
phuong an kha thi nhét, loai bo dugc mot s6 nhugc diém ma cac phuwong phap dem lai. Cach
tiép can nghién ciru va cic budc trong tién trinh thuc hién dugc trinh Dbay trong Hinh 2. Trong
d6, phuong phéap phan tich thirc bac AHP dugc sit dung & budc 2 nhiam xéac dinh trong s6 cua
céc tiéu chi 1am co s¢ cho budc 3 1a danh gia, xép hang thir ty cac phuong an danh gia theo
md hinh ra quyét dinh TOPSIS.

Xac dinh cac tiéu chi danh gia lya chon giai
: :E: £ phap phan vang chirc nang khéng gian bién
] = 2
5 3
8 £ X
Thu thap théng tin danh gia
\
~ N !
(=] a
-g E Xac dinh trong sé cua cac tiéu chi
@ |
N
-4 TOPSIS
o - E
2 21 )
£ o
0 5 ¢
@ Xép hang thir tw cac phwong an danh gia
I
\L,
- T o R Chap nhan phuong an téi wu
w £
P 3
Q Chon phwong an

Hinh 2. So db tién trinh thyc hién mé hinh tich hop AHP-TOPSIS.
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a) Tién trinh phén tich cp bac AHP

AHP duoc dé xuit nhu 1a mot ki thuat phén tich lién hé cac yéu t6 v4i muc tiéu tong thé
va danh gia cac giai phap dé danh gia cac lya chon thay thé da thudc tinh phure tap gilta mot
hodc nhiéu ngudi ra quyét dinh [20]. Cac bude thue hién phan tich trong so6 tiéu chi nhu sau:

Budc 1: Phan tich, nhén dang cac van dé ra quyét dinh va xay dung céy phan cap thu
bac AHP phan tich mét van dé phuc tap, da tiéu chi theo cAu trac tht bac. Xay dung mo hinh
cdy phan cp thir bac gdm ba mirc: Mirc muc tiéu, mirc tiéu chi va mirc cic phuong an lya
chon (Hinh 3).

Muc tiéu
Tiéu chi 1 Tiéu chi 2 Tiéu chi 3
Phuong an 1 Phuong an 2

Hinh 3. So d ciu tric thi bac.

So dd cau tric thir bac bat dau v6i muyc tiéu, dugc phan tich qua cac tiéu chi 16n va cac
tiéu chi thanh phan, cip bac cudi cing thudng bao gom cac phuong an cé the lya chon. Qué
trinh danh gia s dung ma tran so sach cap voi thang diém 9, xdc dinh trong s6 dua trén vector
riéng ng voi gia tri riéng 1on nhat, sau do kiém tra h¢ s6 nhit quan. Cudi cuing, tit ca cac
trong so duoc tong hop lai dé dua ra quyét dinh tét nhat. Qué trinh phan tich, xac dinh cac
trong s theo AHP duoc mb ta chi tiét trong cac tai liéu tham khao [20].

Budc 2: Xay dung ma tran so sanh gitta cac ti€u chi

Trén co s¢ xay dung cay thir bac ¢ bude 1, tién hanh thiét 1ap ma tran tur viéc thuc hién
so sanh gitra cac cdp tiéu chi & cac bac khac nhau theo thang diém 9. Lap ma trin so sanh
cap:

Bang 1. Ma tran so sanh cép cac tiéu chi.

i J Tiéu chi 1 Tiéu chi 2 Tiéu chi 3 Tiéu chi n
Tiéu chi 1 1,00 ap a;s ajn
Tiéu chi 2 1/a12 1,00 as anm
Tiéu chi 3 1/a13 1/a; 1,00 asn
Tiéu chin 1/ain 1/azn 1/a3n 1,00

Murc d6 quan trong twong ddi ctia tiéu chi i so véi j (ting tiéu chi cot i so voi ting tiéu
chi hang j) dugc tinh theo ty 1 a (a tir 1 d&én 9), nguoc lai cua tiéu chi j so v6iila 1/a. Bé
biéu thi so sanh, str dung thuong sb dé chi do quan trong cua ti€u chi nay voi tiéu chi kia. Do
do ai, ais, ain... 1a gia tri so sanh d¢ quan trong cua ti€u chi 1 dbi voi tiéu chi 2, 3,... n. Dé
so sanh muc do quan trong ctia cac tiéu chi v6i nhau ta dung thang diém tir 1-9 [20].

Bang 2. Thang muc d§ quan trong cua cac tiéu chi.

Do manh

£ Dinh nghia Giai thich
trong so
1 Tam quan trong bang nhau Hai tiéu chi dy phan vao muc tiéu bang nhau
3 Quan trong hon mat it Da}n}} gia tiéu chi nay quan trong hon tiéu chi kia
mot it.
5 Cén thiét hay kha quan trong Panh gia ti€u chi ndy manh hon so véi tiéu chi kia
9 Quan trong tuyét dbi Thong ké so liéu chimg t6 mot tiéu chi la tic dong

muc tiéu cao nhat.
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Do manh Dinh nghia Gii thich
trong so
2,468 Céc gid tri trung gian gilta hai mire gid tri 1y 0 4 pai hoa véi cdc wu tién néu trén,

gan nhau

Néu tiéu chi i c6 mot trén cac gia tri trén khi so sdnh
Céc phén s6 voi j, sau d6 ti€u chi j c6 gia tri nghich déao khi so
sanh véi tiéu chi i.

Budc 3: Xac dinh trong sb tim quan trong clia cac tiéu chi va phuong an
Dung phuong phép trung binh hoc theo dong (Row Geometric Mean Method (RGMM))
de tinh trong s6 bang cach nhan cac gia tri trong moi hang véi nhau va tinh can thir n cia cac

gia tri.
W, :,/ Jla (1)

Trong d6 wi (v6i i=1, 2, ... n) 13 trong sb cua ting tiéu chi; a;j: 1 gia tri so sanh cip cua
tung tiéu chi theo hang.
Chuan hoa tap trong s6 W = (w1, w, ..., Wi, ..., Wn) theo cong thurc:

w=| e Wo W ()

W wW W,

Tur tap trong s6 chuin hoa, ta tim dugc trong sb ctia mot tiéu chi.

Budc 4: Kiém tra tinh nhat quan trong cac danh gia

Dé kiém tra tinh nhét quan trong khi danh gia cho timg cép, ta ding ty sé nhit quan cta
dir liéu (Consistency Ratio - CR). Ty s6 nay so sanh muic d6 nhat quan véi tinh khach quan
(ngdu nhién) cta dir lidu. Néu ty s6 nay nho hon hay bang 0,1 nghia 13 sy danh gia ciia ngudi
ra quyét dinh tuong d6i nhat quan. Nguoc lai, ta phai tién hanh danh gia lai & cap tuong tng.

Ty s6 nhat quan:

Cl
CR== )
Trong d6 CI 1a chi s nhéat quan (Consistency Index); RI: chi s6 ngau nhién (Random
Index) dugc xé4c dinh tir Bang 3.
- Tinh chi s6 nhét quan CI:

Bang 3. Cac cong thuc dung tinh CI.

Cong thirc
Ta c6 vecto trong sb w= [Wzl (4)
a11a1281
Tu ma tran so sanh cap A=|ayanay, (%)
431a3243
. a1 W1a1pWaa Wy
Nhén ma tran A véi vecto trong s6 W AW= |2y Wiy Wadr, W) (6)
31 W33 Wd3, W)
Tinh tdng cac gia tri trong mot hang ta dugc vecto = —_ :
§ cac gia fri trong MOt hang fa Guoc v B=A.W- bzl (7
B
b,
by=a; witawyta;,wy
Trong d6: b2=a21w1+a22w2+a2n Wy (®)
—331W1+332W2+33n n
. Xe A o \ A by/w,
Chia moi phan tir ciia vecto B cho thanh t0 tuong = b /ws | 2= )
ung trong vecto trong sO W cho ta vecto moi b2 /w2 <
(10)

Tinh Lambda (Amax: gié trj riéng ma tran so sanh) }‘_Z c
la trung binh cta céc thanh t0 cua vecto ¢ !
mq




Tap chi Khi twong Thuy van 2024, 764, 78-92; doi:10.36335/VNJHM.2024(764).78-92 84

C6 dugc gia tri Lamda ta tinh chi s6 nhét quan:

= Mmax (11)
n-1

Trong d6 CI 1a chi s nhéat quan; n 1a s6 tiéu chi trong ma trén so sanh cip A.

Bing 4. Chi s6 ngau nhién.

n 3 4 5 6 7 8 9 >9
RI 0,58 0,9 1,12 1,24 1,32 1,41 1,45 1,49

Ty s6 nhat quan CR the hién tinh nhat quan khi thyc hién céc so sanh cép. Ty s6 nhat
quan thip c6 nghia la quyét dinh cta nguoi ra quyét dinh c6 tinh nhét quan:

CR < 0,10, quyét dinh cta nha ra quyét dinh cta so sanh cdp twong dbi nhit quan nén
khong can diéu chinh.

CR > 0,10, nha ra quyét dinh nén nghiém tic xem xét, danh gia va phan tich lai so sanh
cap.

b) KJ thuat TOPSIS

Phuong phap ding dé danh gia xép hang céac phuong an da dé xuat nham dua ra sy lua
chon hiéu qua hop li nhat phi hop véi cac tiéu chi dé ra mot cach khoa hoc, khach quan va
han ché nhiing yeu t6 mang tinh chat chu quan, duoc phat trién boi [21]. Phuong an tot nhat
néu lya chon c6 gia tri gin nhét so voi cac 101 giai 1y tuong tich cuc va nguoc lai. Cac budc
thuc hién ky thuét nay nhu sau:

Budc 1: Xay dung ma tran chuan héa. Gi4 tri chuan héa rij duoc tinh toan nhu sau:

Khi c6 gia tri diém s6 danh gia cac phuong an trong tung ti€u chi. Cac danh gia tuy thudce
vao timg thang diém d4nh gi ctia nguoi ra quyét dinh.

Béang 5. Danh gia cac phuong an trong tung ti€u chi.

Phwong an 1 Phwong an 2 Phwong 4an 3 Phwong an J Trong s6
Tiéu chi 1 fi1 12 fi3 fuy Wi
Tiéu chi 2 o1 2 23 ) w2
Tiéu chi 3 f3| f32 f33 f3J W3
Tiéu chin fal i fu3 fur Wn
Tién hanh xay dung ma tran chuan hoa, bang cach tinh gia tri chuan hoa rj:
ro= —f”
i T g2 (12)
=11
Trong do j 1a cac phuong an tur 1,2,...j; 1la cac iéu chitur 1, 2, .....n; fij 1a gia tri cua

tiéu chi thir i, img véi phuong an thit j; wi 1a trong s6 cua céc tiéu ch1 the hién tAm quan trong
cua cac tiéu chi ), w;=1.
Budc 2: Xay dung ma tran trong s6 chuan hoa. Gia tri trong s6 vij dugce tinh nhu sau:
Vij = Wi X Tjj (13)
Trong d6 wi 1a trong s6 cta tiéu chi thir i, ¥, w;=1; r;; 1 gié tri chuan hoa.
Ma tran trong s6 chuén hoa nhu sau:

Vil oo Vijeee Vg Wil ... er]j--- Wil
V= Vj] Vji--- Vir |= Wirjl--' Wirj,‘w- Wir]‘J (14)
Vol -+ Vpj-- VnJ wnrnl... Wnrnj... WnrnJ

Budc 3: Xac dinh giai phap ly tuong tich cuc va giai phap ly tuong tiéu cuc
- Giai phap ly tudng tich cyc nhat:
A*={v}....vi}, v6i vi' = {max (v =1, 2, omij=1,2, ] }

- Giai phép 1y tudng tiéu cyc nhat:



Tap chi Khi twong Thuy van 2024, 764, 78-92; doi:10.36335/VNJHM.2024(764).78-92 85

A-={vi.va voi vy = {min (v 1i=1,2, omij=1,2, ]
1

Budc 4: Tinh cac khoang céch dén giai phap 1y tudng ,
- Khoang cach ctia moi giai phap dén giai phap 1y tuong tich cuc nhat:

Dj" = /2?71 (Vij-V~*)2 (15)

Trong d6 vj; la gia tri trong s6 chuan hoa ctia phwong 4n trong timg tiéu chi; vi* 1a cac
gié tri trong s6 chuan hoa lon nhit.
- Khoang cach ctia mdi giai phap dén giai phap 1y tudng tiéu cuc nhat:

Dy = ,f n(viv) (16)

Trong d6 vij 1a gié tri trong sd chuan hoa ctia phuong an trong timg tiéu chi; vi 1a cac gia
trj trong s6 chudn héa nho nhat.

Budc 5: Tinh toan d6 twong tu dén phuong an 1y tudng tich cuc

- Do tuwong tu 1a gid tri khoang cach ciia phuong an d6 dén phuong an 1y tudng tich cuc
nhit.

C: D,
"D, +D (17)

Trong d6 Cj* 1a d6 tuong tu ctia phuong an thir j; Dy 1a khoang cach dén phuong 4n tiéu
cuc nhat ciia phuong an tht j; Dj* 1 khoang cach dén phuong an tich cuc nhét cia phuong
an thu j.

Budc 6: Xép hang cac phuong an theo th tu nho dan

Phuong an c6 Cj* max la giai phap co chi s6 xép hang t6t nhat.

Nhu vay, phuong an c6 chi s0 x€p hang (Cj*) cao nhat 1a phuong phap tt nhat trong
phuong phap TOPSIS. Tuy nhién, diéu nay khong c6 nghia 1a giai phap d6 luon ludn gan
nhat véi phuong 4n 1y tudng tich cuc.

3. Két qua nghién ctru va thio luin

3.1. Bé tiéu chi dinh hwéng khai thdc sir dung khéng gian bién

Dua vao du thao “B¢ Tiéu chi phan vung va tiéu chi, chi ti€éu quy hoach trong quy hoach
khong gian bién qudc gia va quy hoach tong thé khai thac, sir dung bén viing tai nguyén vung
bo thoi ky 2021-2030” cua Bo Tai nguyén va Mo61 truong va hién trang tai nguyén bién, hién
trang st dung khong gian bién, cdc van dé moi truong huyén Coén Pao, nhém nghién ciru da
lya chon bd ti€u chi dinh hudng khai thac st dung khong gian bién huyén Con Pao, tinh Ba
Ria - Viing Tau duogc thiét lap va thé hién tai bang sau.

Bang 6. Bo tiéu chi dinh hudng khai thac sir dung khong gian bién.

Yéu tb

STT p Cic tiéu chi Dién giai
cap 1
1 Baové méi  Bao vé rung Bao vé nguyén ven toan bd dién tich rung va cac sinh canh
truong rung.
) Bao vé hé sinh thai bién Bao tdn sy da dang cia h¢ sinh thai bién & Cén Pao, nhat 1a
ran san ho va tham co bién.
Béo v€é mdi truong nude Céc hinh thtrc khai thac sir dung khong gian bién cho muc
3 dich phat trién bén cang va du lich s& khong gy 6 nhiém
moi trudng nude.
4 Xur 1y rac thai Thuc hién cac bién phap xfl: 1y rac thai tir hoat dong du lich,
xtr ly dau cuia céc tau, thuyén du lich, danh ca.
Phat trién Bén cang, khu neo dau tra Nham phuc vu cho céc tau thuyén, ca nd c6 noi cap va neo

kinh té bio dau an toan, thuan loi.




Tap chi Khi twong Thuy van 2024, 764, 78-92; doi:10.36335/VNJHM.2024(764).78-92 86
sTT Youto Cic tiéu chi Dién giai
cap 1
6 Nudi trong thiy san Nuoi tréng céc loai thity san phtt hop véi diéu kién cia ving
sinh thai
7 Du lich Phat trién cac loai hinh du lich (du lich sinh thai, bién déo
va van hoa - lich st - tdm linh).
g Sinh ké nguoi dan Cac hinh thic khai thac sir dung khong gian bién gop phan
cai thién sinh k&, nang cao thu nhap cua nguoi dan
Cong ddng  Giao théng C6 diéu kién thuan lgi vé& giao thong (cau dudng, tau
x4 hoi thuyén,...)
Y thiic cong dong Y thirc vé bao vé tai nguyén thién nhién cta cong dong dia
10 phuong, khach du lich dugc ning cao thong qua cong viéc
khoén bao vé rimg, phat trién du lich sinh thai
An toan x4 hoi Pam bao trit tyr, an toan xa hoi gop phan 6n dinh chinh tri,
11 giit vimng qudc phong, an ninh dic biét ddi voi ving bién va
ven bién
2 Doi sdng dan cu Ngudi dan duoc tiép can dén cac dich vu y té, cung cé’p dién,

nudc sach, cai tao canh quan, nha ctra, moi truong song,...

3.2. Két qua phan tich trong sé theo phwong phdp AHP

Sau khi tién hanh tham khao y kién ctia cic chuyén gia, thuc hién so sanh cac tiéu chi
dinh hudng khai thac sir dung khong gian bién huyén Con Dao, tinh Ba Ria - Viing Tau va
theo d6 ma tran A cho bg ti€u chi dugc trinh bay nhu sau.

Bang 7. Bang tong hop trong s6 twong tmg cac yéu té cip 1.

STT Ciac yéu td cap 1 Trong s6 Wi
1 Béo vé moi truong 0,64
2 Phat trién kinh té 0,26
3 Cong ddng xa hoi 0,10

3.2.1. Céc tiéu chi tmg voi yéu td bao vé moi truong

Dé kiém tra tinh nhat quan cua trong s6, dua trén ty s6 CR = CI/RI. Néu CR < 0,1, két
qua la dang tin cdy. Vi CR = 0,0568 < 0,1 nén viéc tinh todn trong so cac ti€u chi la phu hop
nhat quan dé két qua c6 thé dugc sir dung dinh hudng khai thac sir dung khong gian bién.

Biang 8. Ma tran kiém tra tinh nhat quan va trong s tinh toan ciia cac tiéu chi cip 2 ing v6i bao vé

moi trudng.
Bio vé rirn Bio v¢ h¢ sinh Bao vé moi Xir ly Trong so
: g thai bi€én tredng nwéc rac thai Wi
Bao vé rung i 0,13 0,17 0,10 0,13 0,13
Bao v¢ hé sinh thai bién 0,13 0,17 0,30 0,13 0,17
Bao v¢ moi truong nudc 0,39 0,17 0,30 0,39 0,30
Xu 1y rac thai 0,39 0,52 0,30 0,39 0,40
Trong sb W, ciia céc tiéu chi irng voéi yéu t6 bao vé méi trudomg
X I ric thii _ 0.40
Bio vé hé sinh théi bién [ 0.17
Béo vé rung — 0.13 B Trong s6 Wi
- 0.10 0.20 0.30 0.40 0.50

Hinh 4. Trong s W; cta céc ti€u chi tng vdi yeu td bao vé mdi trudng.
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Duya vao két qua tinh toan theo phuong phap AHP, tiéu chi quan trong nhét ciia bo yéu
to cap 1 bao v¢€ moi truong la xir 1y rac thai (Hinh 4).

3.2.2. Céc tiéu chi Gmg vai yéu td phat trién kinh té

Két qua so sanh cap cac tiéu chi ing voi yeu t6 phat trlen kinh té duoc thé hién trong
bang 9. Dé kiém tra tinh nhat quan ciia trong s, dua trén ty s6 CR = CIRL Néu CR<0, 1, két
qua 1a dang tin cdy. Vi CR=0,0425 <0,1 nén viéc tinh toan trong sd céc tiéu chi 1 phu hop
nhit quan dé két qua co thé duoc sir dung dé phan ving chirc ning va dinh huéng khai thac
str dung khong gian bién.

Trong sb W, céc tiéu chi irng véi yéu t6 phat trién kinh té

I

Sinh k& ngudi dan 0.28

Nubi tréng thuy san - 0.08

Bén cang, khu neo dau trt bao 0.22

B Trong s6 Wi

|

- 0.10 0.20 0.30 0.40 0.50

Hinh 5. Trong s6 W; clia cic tiéu chi img v6i yéu td phat trién kinh té.

~ Dvyavao kég qua tinh toan theo phuong phap AHP, tiéu chi quan trong nhat ctia bo yéu
to cap 1 phat trién kinh té€ 1a tiéu chi du lich (Hinh 5).

Bang 9. Ma tran kiém tra tinh nhit quan va trong sé tinh toan ctia cac tidu chi cip 2 ing véi phat trién kinh té.

Bén cang, khu Nubi trong Du lich Sinh ké Trong so
neo diu tru bio thily sdn : ngudi din Wi
Bén cang, khu neo déu tra bao 0,21 0,25 0,14 0,28 0,22
Nuoi trong thity san 0,07 0,08 0,08 0,09 0,08
Du lich 0,64 0,41 0,42 0,28 0,42
Sinh ké ngudi dan 0,21 0,25 0,42 0,28 0,28

3.2.3. Cac tiéu chi (mg v6i yéu to cong dong xa hoi

Két qua so sanh cdp céc tiéu chi Gmg véi yéu td cong dong xi hoi dugc thé hién trong
bang 10.

Béang 10. Ma trén kiém tra tinh nhat quan va trong so tinh todn cua céc ti€u chi cap 2 ing v6i cdng

ddng xa hoi.
Giao thong AY thq:c An. tOAa n DO} song Trong s6 Wi
cong dong xa hoi dan cw
Giao thong 0,12 0,18 0,06 0,16 0,12
Y thirc cong dong 0,36 0,54 0,92 0,47 0,54
An toan xa héi 0,36 0,11 0,18 0,16 0,18
Doi séng dan cu 0,12 0,18 0,18 0,16 0,16

Ma tran kiém tra tinh nhat quan va trong so ciia cac tiéu chi mg vé&i cong dong xa hoi
dugc tinh toan va trinh bay trong bang sau.

Dé kiém tra tinh nhét quan cua trong s6, dya trén ty sé CR = CI/RL Néu CR < 0,1, két
qua 13 dang tin cay. Vi CR = 0,0965 < 0,1 nén viéc tinh toan trong sb cac tiéu chi 1a phu hop
nhit quan dé két qua c6 thé duogc sir dung dinh hudéng khai thac sir dung khong gian bién.
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Trong so W; céc tiéu chi trng v6i yeéu to cong dong xa hoi

Doi song dan cu — 0.16

Giao théng _ 0.12 B Trong s6 Wi

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Hinh 6. Trong s6 W; clia cic tiéu chi img v6i yéu td cong dong xa hoi.

Dua vao két qua tinh toan theo phuong phap AHP, tiéu chi quan trong nhit cta bd yéu
t6 cap 1 cong dong xa hoi 1a tiéu chi y thirc cong dong 13 y thirc vé bao vé tai nguyén thién
nhién cta cong dong dia phuong, khach du lich dugc nang cao théng qua cong viéc khoan
bao vé rig, phat trién du lich sinh théi.

3.3. Cdc phwong dn khai thdc sir dung khéng gian bién huyén Cén Pdo

Phuong 4n 1: Phat trién hudng dén day manh nén kinh té: Pay manh phat trién cac cang
bién, tan dung t6i da lgi thé vé vi tri dia 1y va diéu kién ty nhién dé phat trién toan dién hé
théng cac cang bién. Pau tu xay dung két cu ha téng khach san va cac cong trinh dich vu du
lich, nang cap phat trién hé thong ha tang giao théng nham tao diéu kién thuan loi dé phat
trién du lich sinh théi, du lich van hoa, du lich bién, ..

Phuong 4n 2: Phét trién hudng dén bén vimg: Ket hop chat ché gitra phat trién cang bién
vOi quan ly bao vé moi truong, bao dam sy phat trién bén vitng, gan lién véi yéu cau bao
dam an ninh, qudc phong. Gan két phat trién cac hinh thirc du lich v6i sy phat trién cua cong
ddng dén cu, tao cong dn viéc 1am cho nguoi dan dia phuong, nang cao nhan thirc vé bao ton
tai nguyén thién nhién.

Dua vao két qua tir cac phiéu tham van y kién chuyén gia, diém sd cua ting phuong an
phan ving chtic ning @ng véi cac tidu chi theo mirc do wu tién dugc thé hién trong bang 11.

Bang 11. Diém s cua cac phuong 4n dinh hudng khai thac sir dung khong gian bién.

TT Yéu to cap 1 Tiéu chi PA1 PA2
Béo vé rung 2,0 8,0
o Bao vé hé sinh thai bién 3,0 7,0

1 Bédo v€ moi truong L ]
Bédo v€ moi truong nude 3,0 8,0
X ly rac thai 4,0 8,0
Bén cang, khu neo dau tra bio 7,0 6,0
5 Phat tridn kinh té Nubi tr(k)ng. thity san 6,0 6,0
Du lich 8,0 5,0
Sinh ké ngudi dan 8,0 5,0
Giao thong 7,0 7,0
n N g A Y thtic cdng dong 5,0 8,0
3 Cong dong xa hot An toan x4 hoi 5,0 6.0
Doi séng dan cu 6,0 8,0

Két qua tinh toan trong s wu tién duoc thé hién trong bang 12.
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Bing 12. Két qua tinh toan trong s6 wu tién bang phuong phap AHP-TOPSIS.

A% X Trong s6 ciia o . Trongs6  Trong sb uu
TT Yeutocapl * Tiéu chi :

yéu to cip 1 tiéu chi tién
Bao vé rung 0,13 0,08
,  Baovémoi 0.64 Bao vé hé sinh thai bién 0,17 0,11
truong ’ Bao vé moi trudong nudc 0,30 0,19
X 1y rac thai 0,39 0,25
Bén cang, khu neo dau tra bio 0,21 0,06
) Phit trién 0.26 Nubi trdng thity san 0,08 0,02
kinh té ’ Du lich 0,42 0,11
Sinh ké nguoi dan 0,28 0,07
Giao thong 0,12 0,01
;  Cong ddng 0.10 Y thirc cong ddng 0,54 0,06
x4 hoi ’ An toan x3 hoi 0,18 0,02
Doi séng dan cu 0,16 0,02
CHU THICH
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Hinh 7. Phuong an khai thac sir dung khong gian bién phii hop trén dia ban huyén Con Pao, tinh Ba
Ria - Viing Tau.

Duya vao két qua tinh todn trong s6 wu tién va diém sb cac phuong an tmg vdi timg tiéu
chi, két hop voi cac cong thure da néu ¢ ndi dung 2, do tuong tu da dugce tinh toan (Hinh 7).
Tur do, thir hang 1y tudng cua tirng phuong 4n da dugc xac dinh (Bang 13).

Bang 13. Két qua tinh toan xép hang phuong 4n 1y twong.

PAIl PA2
Dj+ 0,1805 0,0421
Dj- 0,0421 0,1805
Gj 0,1890 0,8110

Xép hang 2 1
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Phuong 4n 2: Phat trién hudng dén bén vimng 13 phuong an ly tuong nhét cho vung huyén
dao Con Dao. Cac hé théng xtr Iy nude thai va rac thai can dugc dau tu xay dung nhim bao
v€ moi truong song thién nhién, canh quan, can phat huy gia tri cua khu bao t6n thién nhién
Con Dao, dau tu phat trién ha tang k¥ thuat, ha ting do thi, ha ting méi trudng. Ket hop chat
ché gitra phat trlen cang bién v6i quan 1y bao v€ mdi trudng, bao dam sy phat trién bén virng,
gin lién voi yéu cau bao dam an ninh, qudc phong.

4. Két luan

Nghién ctru di Iyra chon duoc phuong an khai thac sir dung khong gian bién phu hop trén
dia ban huyén Con Dao, tinh Ba Ria - Viing Tau. Theo phuong an dugc chon, huyén Con
bao dugc phén chia thanh 5 vang phat trién dap ing dugc voi cac tiéu chi hudong dén phat
trién bén vimg: (1) Viing phat trién du lich va bao ton thién nhién duge khoanh dinh bao gom
toan bd dién tich Vuon quoc gia Con Dao (dién tich 19.883 ha), ving nudc nong ven dao
cling 13 noi phan b nhiéu loai dong vat quy nhu rua bién, ca heo, bo bién (dugong)..., khu
vuc Bén Pam tap trung cang ca va khu neo dau tranh tri bio va khu bén cang Con Dao vai
chtic nang chinh 1a bén tong hop va hanh khach phuc vu cho Con Pao, b tri bén dich vu
hang hai va dau khi. (2) Ving phat trién du lich bao gdbm cac trung tm thi train Coén Son, khu
pho Phép tai thi trdn Con Son, khu vuc lich sir - van hoa - tdm linh, cang Bén Dam, vuon
quoc gia, vung nui Cén Dao va hé thong cac dao nho. (3) Ving khéng gian bién sir dung cho
bdo ton va nghién ciru khoa hoc bao gdm 3 phan khu (Phan khu bao vé nghiém ngit c6 dién
tich 14 2.292,1 ha, chiém 16,37% téng dién tich hop phﬁn béo ton bién); Phan khu phuc hoi
sinh thai c6 dién tich 14 2.062,2 ha, chiém 14,73% tong dién tich hop phan bao ton bién; Phan
khu dich vy - hanh chinh c6 dién tich 14 9.645,7 ha, chiém 68,90% tong dién tich hgp phan
béo ton bién. (4) Viing van tdi bién va dich vu cang gdm ving dat va ving nude khu vuc Bén
Dam. (5) Viing phdt trién cing cd va khu neo ddu tranh trii bio gdbm cang ca Bén Dam va
khu neo ddu tranh trii bio cho tau c4 Vinh Bén Pam, huyén Con Pao: quy mo khoang 1.200
tau ca neo dau.

Dong gop cua cac tac gia: Xay dung y tuong nghién ctru va xu ly s6 lidu: N.H.A.; Diéu tra
thuc dia va lay y kién chuyén gia: N.T.D.; Viét ban thao bai bao va chinh sura bai bao: N.H.A.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.

Loi caAm on: Nghién cf}u duoc tai tro boi Bai hoc Quéc gia Thanh phé H6 Chi Minh (PHQG-
HCM) trong khuon kho nhiém vu thuong xuyén theo chirc ndng ma s6 TX2024-24-01.
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Application the AHP-TOPSIS integrated model to select
appropriate plans for exploiting and using marine space in Con
Dao district, Ba Ria - Vung Tau province

Nguyen Hai Au'*, Nguyen Thanh Dien?

!nstitute for Environment and Resources - Vietham National University Ho Chi Minh
City; haiauvtn@gmail.com

2 Department of Natural Resources and Environment of Ba Ria - Vung Tau Province;
dienbhd@gmail.com

Abstract: Exploiting and using marine space towards the goal of sustainable development
in Con Dao district. This study applies AHP weights combined with the TOPSIS integrated
decision-making technique to rank the order of evaluation options to support the selection
of the most suitable option. Data is collected from expert opinions (expert opinions on the
importance of criteria and suitability of options in the orientation of exploitation and use of
marine space) and documents classified into three categories (environmental protection,
economic development, and social community). Based on the AHP calculation results, a set
of weights for level 1 and level 2 criteria were identified with high reliability (CR
consistency coefficient less than 0.1). From the calculated weight value, the results of the
AHP-TOPSIS integrated model have selected option 2, which closely integrates port
development with environmental protection management to ensure sustainable
development, and combines it with the requirements of security and national defense.
Linking tourist growth to community development, offering job opportunities for locals,
and promoting awareness about natural resource protection. According to the chosen plan,
Con Dao is divided into five development zones, which meet the sustainable development
standards: (1) Tourism development zones and environment reserves; (2) Tourism
development zones; (3) Marine space areas for conservation and scientific study; (4)
Transportation and port service areas; (5) Fishing Port Development Zone and Typhoon
Shelter Anchorage.

Keywords: AHP; TOPSIS; Marine space; Con Dao district; Ba Ria - Vung Tau province.
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Ban Bién tdp nhan bai: 22/3/2024; Ngay phan bién xong: 30/4/2024; Ngay dang bai:
25/8/2024

Tém tit: San xuat ndong nghiép toan cau dang phai d6i mat véi ap luc ngay cang ting bao
gdm: gia ting dan sb, nhu céu dinh dudng, va diéu kién khi hau khac nghiét. Bé dbi pho véi
nhimg thac thirc nay, yéu cau cap thiét 1a phai giam sat lia mot cach chinh xéc, trén quy mo
rong 16, voi tin suat déu dan. Nghién ctiu nay dé xuit mot phuong phap méi dé uée tinh
céc chi s6 hoa sinh dic trung cho su phat trién cua ciy laa, tir dir liéu anh vé tinh da pho va
bd xtr 1y hoa sinh thyc vat PROSAIL. Két quéa ciia nghién ciru da thanh 1ap ban do chi s6
hoa sinh theo cac giai doan phat trién cta cay lta & tinh Pong Thap dua trén chudi anh vé
tinh Sentinel-2 tir thang 10/2022 dén thang 12/2023. Nghién ctru d4 sir dung thudt toan phan
loai hoc may Random Forest va 994 diém thyc dia di phan anh chinh xac vé diéu kién canh
tac l0a thuc té & tinh Pong Théap. Tir d6 cho phép giam sat theo thoi gian cac mé hinh trong
lGa trén quy mo khong gian d6i véi cac khu vure ¢6 lich canh tac riéng biét. Pinh luong céc
bién s6 hoa sinh va ap dung dé quan st trén chudi dit liéu vé tinh da thoi gian cho phép hiéu
biét sdu sic trong canh tac lta tai ddng bang song Ctru Long cua lanh tho Viét Nam.

Tir khéa: Sy phat trién cua cay lta; Sentinel-2; M6 hinh PROSAIL; Dong Thép.

1. Giéi thi¢u

Lua 13 thiue pham chinh cho hon mét nira dan sé trén thé gidi - v6i 90% san luong trong
va tiéu thy trén thé giéi duoc san xudt tai chau A [1, 2]. Ving dong bang séng Ctru Long
(PBSCL), dugc biét dén 1a khu vuc cung cip san luong laa phuc vu nhu cau an ninh luong
thyc khong nhiing cho qubc gia, ma con cho khu vure va qubc té [3, 4]. San xuét lta  PBSCL
no6i chung va ctia Bong Thap néi riéng dong vai tro quan trong trong san xuat nong nghiép
cua Viét Nam, do do viéc giam sat duoc cac giai doan sinh truong va phat trién cua cdy laa
dwa vao cac chi s6 sinh hoc s& gitp cho viéc quan 1y san xuat noéng nghiép dugc kip thoi,
giip cho néng ho cling nhu nha quan 1y c6 ke hoach cu thé cho san xuat. Tuy nhién, viéc diéu
tra thuc t& vé sinh trudng cua cdy laa ton rat nhiéu thoi gian cling nhu chi phi. Do do, cac
bién phdp giam sat lta mot cach chinh xac, trén quy mo khu vuce rong lon, voi tan suét déu
din 1a rat can th1et dé dam bao van dé 6n dinh va gia ting lwong thyc toan cau [5].

Céc tham s6 cla qua trinh sinh truéng cia céy lua (chiéu cao, khdi luong kho, chi 5O
dién tich 14, v.v.) chu yéu dugc giam sat thong qua hai phuong phéap, bao gom: phuong phap
do luong truc tiép boi nhitng nguoi néng dan va thu thap thong tin tir dit liéu vién tham [5—
7]. Trong khi vi¢c do luong trén thuc dia mat thoi gian, vién tham c6 thé thuc hién viée do
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ludng cac tham s6 cua laa trén quy m6 16n ma khong can tiép xuc truc tiép voi cay trong [8,
9]. Phuong phap nghién ctru vé ddc tinh hoa sinh cua thyc vat bang dir liéu vién tham da
dugc nhidu nghién ctru trén thé gidi chimg minh c6 tinh hiéu qua trong theo doi qua trinh
sinh truéng cua laa [10-22]. Stir dung dir li€u vién thdm nhdm nghién ctru vé dic tinh hoa
sinh cua thyc vat c6 thé chia ra 3 phuong phép khac nhau [5]: (1) M0 hinh dya trén thuc
nghiém (empirical based model) str dung chi s6 thuc vat, phuong phap danh gia twong quan
hodc cac thudt toan hoc may (machine learning) dé nghién ctiru mbi quan hé giita cac tham
s6 do dac thuc té va gia tri tinh toan trén anh vién tham; (2) M6 hinh dya trén vat ly (phy5|ca|
based model) dua trén cac quy ludt vat Iy nhu dic tinh phd phan xa dé ude tinh cac chi s0 va
dic tinh sinh hoa cua thyuc vat; (3) Phuong phap két hop ca cach thic tiép can dua trén 1y
thuyét va thyc nghiém. Hudng tng dung dua trén cac mo hinh vét ly trong nhiéu nim trd lai
day dang ngay cang phd bién khi sd luong co so dir liéu vé déc tinh thyc vat ngay cang nhiéu
hon cling nhu nham giam thiéu viéc diéu tra thyc dia chi tiét trén ting khu vye nghién ctru
cu thé ma van dam bao do chinh xac [12]. Cung véi sy phat trién cua vién tham, nhiéu mo
hinh tinh toan da st dung nguén $6 liéu vé blre xa thu nhan tir dir liéu vé tinh dé tinh toan
truy xuat cac dic tinh sinh hoa cua tung loai thyc vat cu thé mot cach chinh xac [12, 13].

Bit dau tir nhitng nghién ctru dau tién nhitng nam 80 cho tdi nay, di c6 mot sd luong 16n
cac nghién ctlru, véi da dang dir liéu sir dung nhu da phé, siéu phé, cho dén ap dung cac thuat
toan mo hinh.khac nhau nhu. M6t s6 mé hinh chuyén d6i birc xa duoc ap dung phd bién nhu
PROSPECT, Scattering by Arbitrary Inclined Leaves - SAIL, Fast Canopy Reflectance -
FCR, SAIL-2, 4SAIL2, Soil Canopy Observation Photochemistry and Energy fluxes - SCOPE,
hodc GEOSAIL [19]. Trong s0 cac mo hinh ndy, mo hinh chuyén dbi bic xa PROSPECT
(cAp do 14) va SAIL (cap d6 tan) duoc sir dung nhleu nhat [18, 22]. PROSAIL ciing dugc sir
dung dé phat trién cac phuong phap méi nham 13y vé dic tinh sinh hoc cua thuc vat [20]. N6
lién két sy thay doi pho phan xa & cip do tan toi ham lugng sinh hoa ciia 14 va céu tric tan
cdy ciling nhu twong tac giira d6i trong dat va thuc phu. Lién két nay 1a chia khoa dé udce tinh
mo phong cac tham s sinh hoa va cdu tric tan cay ung dung trong ndng nghiép, sinh hoa
thuc vat, hodc sinh thai, véi cdc quy mod khéac nhau.

Trong pham vi nghién clru nay, tai Viét Nam moi c6 mot s6 nghién ciru dién hinh tai
ddng bang song Ciru Long c6 thé ké dén nghién ctru [26] da sir dung anh do phan giai trung
binh MODIS 250 m x 250 m, chu ky 8 ngay cho nghién ctru theo di cac tién do xudng giéng,
cac giai doan phat trién va hién trang sau bénh cay lua khu vuc dong bang song Ctru Long.
Hoang Phi Phung da dé xuét quy trinh xac dinh tudi cua cay lda, ngay gieo trong, ngay thu
hoach bang cach sir dung chudi anh Sentinel 1 trén toan b ving dong bang séng Ciru Long
[27].

Nghién ctru [23] d4 tién hanh danh gia vé hién trang canh tic san xuat ndng nghiép tai
khu vue Dong Thap Muoi, trong d6 ¢6 tinh Dong Thap giai doan 30 nam tro lai day (1990-
2020). Két qua nghién ctru cho thay trong giai doan 30 nam, dién tich dét trong lua ting manh
trd thanh cdy trong chi luc chiém 45,1% tong dién tich toan ving Dong Thap Mudi nim
2020, chtrng minh uu thé cua cay lua tai khu vuc nghién ctru. Nhu vay, tai Viét Nam, cac
cong trinh cong bd vé viéc mo hinh héa khong gian cac dic tinh sinh 1y cia cdy trong nong
nghiép hién nay gan nhu chua dugc thuc hién [23]. Cac nghién ciru chu yéu tip trung vao
viéc str dung cac chi s6 thuc vat nhu NDVI dé thanh 1ap ban dd va phan tich sy sinh truong
phat trién cua cdy trong, thanh l4p cac ban d6 hién trang dé danh gia vé su phan bd khong
gian cac loai hinh nong nghiép chu yéu, hodc phan tich bién dong sy thay doi dién tich dat
nong nghiép theo thoi gian [23-25].

Nghién ctru nay dé xuat quy trinh tich hop dif liéu vé tinh quan sat trai dat da thoi gian
theo chu ky tirg thang va mé hinh PROSAIL trong giam sat sy phat trién cta cy lda tai tinh
Dong Thap thudc vung dong bang séng Ciru  Long, Viét Nam. Viéc dinh lugng dugc cac bién
s0 hoa sinh va ap dung dé quan sat trén chudi dir liéu vé tinh da thoi gian cho phép hiéu biét
sdu sdc trong canh tac lGa tai dong bang song Ctru Long.
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2. S6 liéu sir dung va phwong phép nghién ciru
2.1. Gidi thiéu vé khu vuee thuc nghiém

DPdng Thap 12 mot trong 13 tinh thudc ving ddéng bang song Ciru Long va 1a tinh duy
nhét c6 dia ban ¢ ca hai bd séng Tién, ¢ dién tich ty nhién 1a 3375,4 km?. Péng Thap nam
& toa d6 10°07°-10°58” vi 6 Béc va 105°12°-105°56° kinh d6 Pong, phia bic giap tinh Pray
Veng (Cam pu chia) trén chiéu dai bién gi6i 48,7 km véi 4 cira khau: Thong Binh, Dinh Ba,
M3 Can va Thuong Phudc, phia nam giap Vinh Long va thanh ph Can Tho, phia tiy giap
An Giang, phia déng giap Long An va Tién Giang (Hinh 1). Tinh ly cua Péng Thap hién nay
1a thanh phb Cao Lanh, cach thanh phé Ho Chi Minh 165 km vé phia Tay Nam [28].
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Hinh 1. Khu vuc nghién ctu.

DPoéng Thap ndm trong ving khi hau nhiét d6i v6i 2 mua rd rét mua (thang 5 dén thang
11 hang nam) va kho (thang 12 dén thang 4 nam sau). Cac dac diém khi hau dién hinh bao
gém do am trung binh nam 82,5%, s6 gio nang trung binh 6,8 gid/ngay, lrong mua trung
binh 1.170-1.520 mm v&i 90-95% luong mua tap trung vao mua mua, tao diéu kién thuén loi
cho canh tac san xuat nong nghiép. Pong Thap c6 4 nhom dét chinh: (1) dat phu sa (dién tich
khoang 191.769 ha, chiém 59,06% dién tich dat ty nhién); (2) dat phén (84.382 ha, 25,99%);
(3) dét xam (28.150 ha, 8,67%); va (4) nhom dat cat (120 ha, 0,04%). Dat dai cia Pong Thap
c6 két chu mit bang kem bén viing lai tuong dbi thap, nén lam mat bang xdy dyng doi hoi
kinh phi cao, nhung rat phu ‘hop cho san xut lwong thuc. Véi lgi thé 1a ngudn nudc ngot va
ngudn lao dong doi dao, Pong Thap 1a mot trong nhiing dia phuong san xuét laa 16n nhat
Viét Nam. Dong Thap ciing la tinh co téng so canh dong mau 16n, 10n nhat ca nude. Cay lua
van la cay trong chiém uu thé trong san xuat néng nghiép cua tinh, chiém ty trong l6n va c6
gia tri san xuat toan nganh néng nghiép. Tuy vay, nang suat laa cua tinh Pong Thép trong
giai doan 10 nam trd lai day cho thdy cac déu hiéu blen dong that thuong. Trong do, giai
doan 2014 dén 2017 ching kién su suy giam ning suit lta tr 62,42 ta/ha xudng thap nhat
59,57 ta/ha [23]. Mic du so véi 10 ndm trudc ddy, ning suat lua da tang 1én gan 5 ta/ha, tuy
véy viéc theo dbi su sinh trudng va phat trién cua cdy lua, dam bao san lwong va ning sut
van 1a mot cong tic quan trong dbi véi mot dia phuong cé dién tich trong lta 16n nhu Bong
Thép.



Tap chi Khi tiwong Thaty van 2024, 764, 93-108; doi:10.36335/VNJHM.2024(764).93-108 96
2.2. Quy trinh nghién curu

So db quy trinh nghién ctru tong thé cta nghién ctru ndy duoc thuc hién dya trén ngudn
dir liéu anh vé tinh Sentinel-2, ngudn di lidu thyc dia, ngudn dit liéu nén dia 1y tinh Dong
Thap. Anh vé tinh thong qua cac budc tién xtr Iy duwoc dwa vao mé hinh wdc tinh cac dic tinh
hoa Iy thuc vat dé tinh toan cac chi sé dién tich 14 (Leaf Area Index - LAI) va ham lugng diép
luc (Chlorophylla+s - Cab). Ban d6 hién trang 16p phu tinh DPong Thap ciing dugc thanh lap
tir ngudn dir liéu vé tinh nay. Cac san pham dugc danh gia do chinh xac, sau do tinh toan cho
toan bd tép dir li€u anh, tai cAu trac dir liéu dé hoan chinh bd san pham. Cac san pham nay
dugc trinh bay ban d6 va st dung dé phan tich thong ké trén quy mo khong gian. Chi tiét cac
bude dugc trinh bay dudi day (Hinh 2).
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Hinh 2. So db quy trinh tong thé cia nghién cu.

2.3. 86 liéu sir dung

a) Dit liéu 4nh vién tham

Chum vé tinh Sentinel-2 (2A va 2B) bao gom hinh anh quang hoc hai dai khong gian
rong, d6 phén giai trung binh - cao (10, 20 va 60 m), tan suat quan sat 5-10 ngay. Toan bd
280 canh anh giai doan thang 10/2022 dén thang 12/2023 trén khu vyc nghién ctru dugc thu
thap. Vi tri cia khu vue nghién ciru nam trong khu vyc can nhiét doi am cua Nam B¢ voi
dieu kién c6 nhiéu may kéo dai hang nam. Trong s6 13 band v4i do phan giai khac nhau tur
10-60 m, 10 band dé duoc chon. Trong nghién ctru nay, band véi d phén giai 60 m dugc
loai khoi phan tich. Mudi band con lai dugc tai chia mau vé cung d§ phan gidi thanh 10 m.

Bang 1. Thong sb anh vé tinh Sentinel-2.

Kénh Min Max Buwdéc sdng trung tam FWHM SNR
2 4575 5225 490 65 154
3 5425 5775 560 35 168
4 650 680 665 30 142
5 6975 7125 705 15 117
6 7325 7475 740 15 89
7 773 793 783 20 105
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Kénh Min Max Buéc song trung tam FWHM SNR
8 7845 8995 842 115 174
8a 855 875 865 20 72
11 1565 1655 1610 90 100
12 2100 2280 2190 180 100

FWHM (Full width at half maximum) 1a d6 rong toan phén tai nira cuc dai. SNR (Signal-to-noise ratio) la
ty s6 tin hiéu cyc dai trén nhidu.

Trong nghién ctru nay, toan b cac canh anh Sentinel-2 trong giai doan tur 1/10/2022 dén
31/12/2023 dugce thu thap phu tram khu vyc nghién ctru tinh Bong Thap, voi ly do cac mua
canh tac s€ bat dau tur thang 10 hoac 11 nam trudc.

b) Ngudn dit liéu khac

Ngoai ra, cac dir liéu bd tro ciing dugc st dung nhu dir liéu thuc dia, dit liéu nén dia ly
va cac s6 liéu khac bao gdm: dit lidu vé nén dia 1y, dia hinh, sb liéu thong ké kinh té xa hoi,
s6 liéu khi tuong thuy van dugc st dung dé danh gia diéu kién ty nhién cua khu vuc nghién
ctru, cling nhu hd tro cho viée thanh 1ap cac ban d6 chuyén dé cho tinh Pong Thap.

Co s¢ dit liéu dugc luu trir dudi dinh dang geodatabase (*.gdb). Cac 16p thong tin trong
CSDL dugc thiét ké trong hé quy chiéu va hé toa d6 chuan Qudc gia VN-2000. Trong qué
trinh thuc nghiém, dé phu hop cac 16p thong tin co thé dugc chuyén doi vé hé toa d6 WGS84
phuc vu chong xép véi két qua phan tich tir anh vién tham.

2.4. Phuong phap nghién ciru
a) Phan loai 16p phu

Khu vyc nghién ctru trén dia ban tinh Pong Thap bao gém nhiéu loai hinh 16p phii khac
nhau nhu thyce vat (néng nghiép, rimg), cong trinh xay dyng, mat nudc...Trong khi do dé
tién hanh giam sat laa trén quy md khong gian, mét trong nhiing véan dé tién quyet la phai
xac dinh dugc cac khu vire trong laa mot cach chinh xac. Chinh vi vady ma ban d6 hién trang
16p phu tinh Pong Thap dugc thanh 1ap. Tir d6 6 thé triét tach va thanh 1ap ban dd hién trang
canh tac lta tinh Pong Thap phuc vu cho cac phan tich tiép theo. Theo dé, anh Sentinel-2
tinh trung binh nam 2023 toan tinh Déng Thap s€ dugc st dung dé phan loai thanh lap ban
d6 hién trang 16p phil.

Dit ligu thyc dia bao gdm 994 diém thé hién cho 7 loai hinh 16p phu chu yéu dugc diéu
tra trén toan tinh Dong Thap bao goém: (1) lua, (2) dan cu, (3) thuy h¢, (4) rung, (5) cay an
trai, (6) hoa mau, (7) dat tréng cay bui. Trong sé diém dir liéu thyc dia nay, 70% (696 diém)
s& duoc ding dé huin luyén mé hinh va thyc hién phan loai va 30% (298 diém) con lai dugc
ding dé danh gia do chinh xac sau phén loai. Phuong phap phén loai str dung thuét toan hoc
méy Random Forest trén nén tang Google Earth Engine.

Phuong phap ma tran sai sé d6 chinh x4c nha san xuét (DCXsx) do chinh xac nguoi
ding (BCXng), d6 chinh xac tong the (DCXt), duge st dung dé danh gia do chinh xéc sau
phan loai. P chinh xac nha san xuét 1 xac sudt ma mot loai 16p phii nhat dinh trén anh vé
tinh dugc phan loai ding véi loai hinh 16p phu d6 ¢ ngoai thuc dia, con do chinh xac nguoi
ding 1 x4c sudt ma mot loai hinh 16p phu nhét dinh trén thyuc té dugc xac dinh tring khép
v6i chinh n6 trén két qua phan loai anh vé tinh.

PCXgy =~ PCXpg = 2 PCXy = 1)
Nt nyj’

Trong do k: s s6 16p (k = 7); n: tong s6 diém thyc dia duoc dung dé danh gia do chinh xéc;
nij: tong sé diém thudc 16p i (i=1, 2, ..., k) trén anh dugc phan loai vao 16pj (=1, 2, .

k
Yz Djj

k) ngoai thyuc té, day 1a nhimng diém du’(_)’c phan loai ding; n,, = ZT N la tong s6 mau tir

két qua phan loai anh vé tinh; n = Z:llnij 13 tong s6 mau ¢ dugc tir dit liéu tham khao.
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b) Udc tinh cac dic tinh hoa sinh

Mo hinh chuyén d6i burc xa (Radiative Transfer Model-RTM) di duoc biét dén rong rii,
trong d6 cd PROSAIL [20], 14 sy két hop ctia mo hinh dic tinh quang hoc ctia 14 PROSPECT
va mo hinh phan xa hai chiéu cua tan 14 SAIL va da duoc sir dung dé nghién ctru quang phd
va phan xa dinh hudng cua tan ciy trong mién mit trdi. Sentinel cung cap mot giai phap cho
phép tinh toan cac chi sb sinh hoa ctia thuc vat & cAp do tan cy théng qua anh vé tinh, chinh
1a phan mém ESA SNAP (Sentinel Application Platform). SNAP 1a cong cu dwoc phat trién
boi ESA nham xir Iy va phan tich chuyén biét cho anh Sentinel level 2 tirc 14 anh d3 duoc
hiéu chinh khi quyén. SNAP cung cap mot kién trac chung cho tat ca cac Toolbox cua
Sentinel, cting nhu cac toolbox dé xir 1y dit liéu tir cac ngudn vé tinh khac nham hiéu chinh
khi quyén dé tao ra anh véi mutrc xtr 1y level 2. Trong cac cong cu xtt 1y ciia SNAP, c6 bd
cong cu tinh toan va xtr ly sinh héa (Biophysical Processor) duoc st dung dé tinh toan cac
chi s6 bao gdm chi s6 dién tich 14 LAI va sic t6 diép Cab thong qua phd phan xa cia anh vé
tinh Sentinel.

LAI (Leaf area index): Chi s6 dién tich 14 1a ti 1¢ giira téng di¢n tich 14 con xanh (tinh
bang mz) trén tong dién tich dat rudng (tinh bang mz) Chi s6 dién tich la thay d6i theo loai
va giéng cay trong, mua vu trong va trinh d6 thdm canh. Chi s6 nay tang dan trong qua trinh
sinh trudng cia cay, dat dén dinh cao roi giam déan khi sap thu hoach. Ddi véi laa, chi sb dién
tich 14 thuong cao nhat khi laa sap trd. Chi s dién tich 14 n6i 1én mirc do hap thu chat dinh
dudng trong dat canh tac nham tao ra san pham sinh hoc trong cay trong [17, 18].

Cab (leaf chlorophyll content): Ham Iuong chat diép luc trong la Chlorophyll.
Chlorophyll ¢6 y nghia v6 cting quan trong ddi véi su séng trén Trai Pat. Nho ¢o chlorophyll,
qua trinh quang hop dugc thyuc hién, tao ra nang lugng nudi song tat ca sinh vat trén Trai Dat
bu dép lai nhimng chat hitu co da tiéu hao trong qué trinh song; can bang khi CO, va 02 trong
khong khi; quang hop lién quan dén moi hoat dong song kinh té ctia con ngudi. Ham luong
chét di€p luc 1a mét chi sb danh gia rat tt cho tinh trang strc khoe cua thyce vat [15, 18].

¢) Thuat toan tai cau trac dir liéu khong gian

Mot trong nhitng van dé dan dén viéc that bai trong cac nghién ctru vién tham sir dung
anh v¢ tinh quang hoc la sy anh huong boi may che phu. Trong diéu kién khi hau dién hinh
nhiét o1 gi6 mua tai Viét Nam, méy thuong xuét hién v6i tan suat cao. Dicu nay dan dén cac
san pham ban d6 thuong khong day du trén quy mé khong gian. Vi vdy, can ap dung cac
thudt toan tai cau tric dir liéu dé phuc hoi ddy du thong tin khong gian trén timg pixel cho
cac san pham vién tham trén khu vuc nghién ctru. Trong nghién ctru ndy, thudt toan tai ciu
trac chudi dir liéu Whittaker duoc ap dung cho chudi ban d6 dic tinh hoa sinh LAI va Cab.
Whittake st dung hé s6 lambda ) dé xéac dinh murc d6 1am muot sau qua trinh tai cau trac
dir liéu. Trong nghién ctru ndy thir nghiém A 1an luot 13 0,1; 1; va 10 va so sanh voi chudi dir
lidu gbc dé tién hanh chon gia tri A phu hop [29, 30].

3. Két qua nghién ctru va thao luin

3.1. Két qua xay dung bdn do hién trang 16p phai tinh Pong Thap

Mo hinh phan loai dya trén thuat toan hoc may RF duogc thyc hién ty dong trén nén tang
dién toan dam may GEE nham muc dich xir 1y cc dit liéu vién thim mot cach nhanh chéng.
Toan b cac budce xu ly s€ duge 1ap trinh chay tir dong va cho ra két qua tirc thoi. Panh gia
d6 chinh xac voi tp so liu kiém dinh thyc dia (298 diém) dai dién cho 7 loai hinh 16p phu
chu yéu tai Pong Thap, 246 diém dugc phéan loai vao ding vé6i 16p phu caa néd. Ddi véi do
chinh x4c nha san xuat, loai hinh dat d6 chinh cao nht 1a rung (92,86%), theo sau 1a lua
(88,51%), trong khi loai hinh dat do chinh xac thip nhat 1a rau mau (76,92%) va dat trong
(76,47%). Trong khi d6, d chinh xac nguoi dung dat dugc cao nhét 13 lua (86,52%), trong
khi thap nhat lai 14 rimg (74,29%). D6 chinh xac theo cic hang muc déu trén 74%, cho thy
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muc do tin cay C}ia mo hinh phan loai. Lua, dbi tugng nghién c(}’u chir;h, 1a loai hinh c6 d6
chinh xac cao nhat. M6 hinh phan loai hoc may dat do chinh xac tong thé cao (82,55%) (Bang
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Hinh 1. Ban d6 hién trang I6p phi tinh Dong Thap nam 2023.

Bang Error! No text of specified style in document.. B¢ chinh xac ctia phuong phap phén loai hién trang l6p

phu tinh Dong Thap nam 2023.

Dan Mat Cay an Rau

Pit  Tong

Loai hinh Luda : Rirn .. . A P PCXnd
: cw nudc tral mau trong 50
Lda 77 1 0 1 3 3 2 87 88,51
Dan cu 1 28 1 1 2 2 1 36 77,78
Mit nude 1 2 19 1 1 0 0 24 79,17
Rimg 0 0 1 26 1 0 0 28 92,86
Cay an trai 5 0 0 3 40 0 2 50 80,00
Rau mau 3 1 0 2 2 30 1 39 76,92
Pit trong 2 2 2 1 0 1 26 34 76,47
Tong s6 89 34 23 35 49 36 32 298
DCXsx 86,52 8235 8261 7429 8163 8333 81,25

Do chinh xic tong thé DCXxn): 82,55%

Vi két qua danh gia do chinh xac nhu trén, san phém dugc tao ra tir dit liéu vién tham

hoan toan dap ung do chinh xac theo yéu cau. Ban d6 hién trang 16p phu tinh DPong Thap
nam 2023 cho thay phan l6n hién trang dién tich cua tinh Bong Thap tép trung vao canh tac

lta, voi phan bb hau hét toan tinh (Hinh 3). Cac loai hinh 16p phu con lai méac du ¢6 dién tich

khong nhiéu nhung dugc phan biét kha rd rang, bao gom rimg, khu déan cu, mat nudc va hé

thng séng sudi. Hai loai hinh canh tac nong nghiép con lai cia Dong Thap bao gém ciy an

trai va rau mau cting dugc phan biét kha rd rang doi vdi dién tich trong laa.
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3.2. Két quda mé hinh wéc tinh dac tinh hda sinh thuc vdt PROSAIL

Cac két qua ctia m6 hinh udc tinh dic tinh hoa sinh thuc vat PROSAIL trén cong cu
SNAP bao gém chi s6 dién tich 14 LAI va ham lugng dié€p luc td Cab. Céc san phém duoc
wéc tinh cho toan bo dit liéu anh Sentinel-2 tir thang 10/2022 dén thang 12/2023. Theo cac
két qua cho ngay 16/03/2023 va 13/08/2023 c6 thé nhan thiy cac khu vuc c6 chi sb LAI cao
tap trung tai cac huyén Thap Mudi va Cao Lanh, trong khi thap hon ¢ cac khu vuc khac (Hinh
4).
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Hinh 3. Két qua uéce tinh ham lwong diép luc té Cab tinh Bdng Thap.

Tuong tu cac san pham ude tinh ham lugng diép luc t& Cab ciing cho két qua tuong tir
(Hinh 5). C6 thé nhan thay rang, du 1a mua kho (vi du ngay 16/03/2023) hay mua mua (vi du
13/08/2023) toan bd cac san pham déu bi khuyét dir lidu. Diéu nay 1a do trong qué trinh tién
xtt 1y, anh Sentinel-2 can phai loai bo cac pixel anh hudng boi may do diéu kién khi hau nhiét
d6i gio mua khién tan suat may che phu xuat hién ¢ hau hét cac khoang thoi gian trong nam,
dic biét 1a trong muia muwa. Trong diéu kién khi hau dién hinh nhiét d6i gié mua tai Viét Nam,
may thuong xuat hién véi tan sudt cao. Didu nay din dén cac san pham ban dd thuong khong
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day du trén quy mo khong gian. Vi vay, can ap dung cac thuat toan tai cau trac dir lidu dé
phuc hoi day da thong tin khong gian trén tung pixel cho cac san pham vién tham trén khu
vuc nghién curu.

3.3. Tai cdu trdc di liéu

Quy trinh tai cdu trac dit liéu dugc thir nghiém véi cac mirc hé s 1an lwot 13 0,1, 1 va
10. Muc dich ctia viéc nay 1a hoan thanh cc san pham vién tham bi anh huéng bi may che
phu. Biéu db cho thiy gia tri trung binh cta dit lidu raster LAI va Cab khi so sanh giira gia
tri ban dau trude khi tai ciu trac va cac san pham tai cdu trac twong g voi cac mirc hé s6
(Hinh 6, Hinh 7). Nhin chung khi tai cAu truc dit liéu khi st dung cai hé so6 Lamda khéac nhau
thi dir liéu cling c6 muc d sai khac 16n dan so voi dit lidu géc. Dir liéu géc cling xuét hién
nhitng gia tri bat thuong ¢ thé do anh hudng ciia chat lugng anh vé tinh va mé hinh wéc
tinh.
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Hinh 7. Két qua tai cAu trdc dit liéu Cab toan tinh Bong Thap.

bé phuc vu cho viéc phéan tich ddc tinh vu mua tinh Déng Thép theo cac giai doan va
phan bd khong gian khac nhau, nghién ctru lya chon ngudng A = 10 dé ap dung cho chudi dix
lidu dac tinh hoa sinh tinh Dong Thap. Ngudng nay dam bao cho chudi dir liéu dugc hai hoa
loai bd cac gia tri nhiéu ciling nhu gitr nguyén duoc xu thé thay doi cta dic tinh héa sinh thuc
vat. Sau qué trinh tinh toan, cac ban do trung binh thang tur 10/2022 dén thang 12/2023 duoc
xay dung (Hinh 8, Hinh 9). Ngoai viéc tai ciu truc dir liéu, thuat toan Whittaker ciing cho
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phép 1am muot chudi dir liéu dé khic phuc mot s6 gia tri ude tinh cao hodc thap bat thuong.
Nham muc dich 12 tai cdu trac dir liéu va gitr lai cac gia tri sau tai cAu tric dit liéu it bi thay
d6i nhét, nghién ctru lya chon bd dir li€u sau tai cAu tric voi hé s6 10 phuc vu muc dich thanh
1ap ban d6 va phan tich khong gian.
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Hinh 8. Ban d trung binh thang LAI tinh Dong Thap giai doan 10/2022 - 12/2023.
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Hinh 9. Ban d trung binh thang Cab tinh Ddng Thap giai doan 10/2022 - 12/2023.
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3.4. Phan tich dac tinh canh tac vu mua tinh Bong Thap

Cac dac tinh hoéa sinh udc tinh

trong nghién ctru nay kha dung cho
loai hinh 16p phu la cay lua, tuy nhién
khong kha dung cho loai hinh 16p phu
khac nhu thuy hé, dan cu, tham chi la
dbi twong rimg (do dic tinh phin bd
ctia ring 13 tan cay khong dong nhét).
Vi vdy, can tién hanh loai bo cac khu
vuc dugc nhan dién khong phai 1a khu
vuc trong lta. Trong nghién clru nay,
két qua hién trang 16p pht va hién
trang trong lGa tinh Pong Thap da
duoc xay dung nham muc dich tao mt
na chong xép 1én cac ban dd dic tinh
hoa sinh cta cay lta. Tir d6, cac ban d6
dac tinh hoéa sinh danh riéng cho cay
laa tinh Bong Thap duoc thanh 1ap.
Chi tiét hon, tai mdi ving, nghién
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cuiu lua chon mot khu vuc nhé hon
phuc vu phan tich. O vung trén dai dién
la huyén Tam Nong va vung dudi la

Hinh 10. Hién trang phan b6 ving trdng lua tinh Dong
Thap nam 2023.

huyén Thap Muoi. S¢ di lya chon 2 huyén nay lam dai dién cho vi¢c tinh toan la do Tam
Nong la khu vuc canh tac lua 3 vu va Thap Mudi 1a huyén canh tac 1Ga 2 vu. B§ 1éch chuan
so vOi gia tri quan sat cling da duogc tinh toan, tr d6 danh gia dugc mic y nghia cia gia tri

quan sat so voi do 1éch chuan cua gia tri

LAI va Cab cua hai huyén 1a Thap Muoi va Tam

NOng.
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Hinh 11. Chudi dit liéu LAI va Cab vyc huyén Tam Nong tinh Bong Thap.
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Hinh 12. Chudi dit liéu LAI va Cab vuc huyén Thap Mudi tinh Bong Thap.

Dbi v6i huyén Tam Nong, do anh hudng bai mua li viing thugng ngudn d6 vé hang nam,
nén dia phuong chi canh tac 2 vu ltia. Hai vu ltia 1a Pong Xuan va Hé Thu théng thuong bat
dau tir cudi thang 11 dau thang 12 nam trude dén hét thang 7 ndm sau. Lich thoi vu ciing co
thé bi diéu chinh dé phu hop vai thoi gian mua 1i ¢6 vé hang ndm. Phan tich chudi dir liéu
giai doan 10/2022 - 12/2023 tai huyén Tam Néng (Hinh 11) cho thay LAI dat dinh mua vu
vao céc thoi diém 9/2 va 4/6, trong khi Cab dat dinh mua vu ngay 4/2 va 30/5. Nguoc lai,
huyén Thap Mudi thudc ving dudi cua tinh Pong Thap, it bi anh huéng boi 1ii hon nén
thuong canh tac 3 vu lia hang nam, bao gdm vu Pong Xuan, Heé Thu, va Thu Déng Cac két
qua phan tich chudi dit liéu theo thdi gian (Hinh 12) da cho thay gia tri cao nhat theo mua vu
cua LAI va Cab déu roi vao thang 12, ‘thang 3 va thang 7. Két hop phén tich chudi dir liéu
trén anh vién tham va kién thire thye té trong qua trinh thuc dia tai dia phuong, co thé nhan
thiy viéc str dung cac bién sd hoa sinh ctia cay lta cho phép quan sat duoc dién bién ciia mua
vu theo quy m6 khdng gian va thoi gian.

Cac thach thire trong nghién ctru nay bao gdém phuong phap wdc tinh va diéu kién cy thé
cua khu vue nghién ctru. Lién quan dén phuong phap, moé hinh PROSAIL két hop véi dir lidu
vién tham di dugc chimg minh c6 thé st dung cho muc dich giam sat néng nghiép trén quy
mo khdng gian - thoi gian. Trong khi do, déc tinh canh tac khong dong nhat tai Dong Thap
noi riéng va dong bang song Ciru Long noi chung 1a mot thach thirc dang ké. Diéu nay lién
quan ca dén cac tic dong ctia tu nhién (mua li hang nam, han min) va con nguoi (lich thoi
vu khac nhau), dan téi kho khin hon khi so snh véi viée giam sat trén cac canh dong 16n ap
dung dong bo quy trinh canh tac. Tir d, cac nghién ctru trong twong lai can phat trién mé
hinh wdc tinh riéng c6 kiém dinh d6 chinh xac cho ting khu vic nghién ctru cu thé, huéng
t6i viéc giam sat chinh x4c toan bo dién tich laa ving dong bang song Ctru Long.

4. Két luan

Nghién ciru da 4p dung md hinh PROSAIL trén phan mém SNAP d¢ truy xuat chi s
sinh hoa cua lba tai khu vuc nghién ctru, cu thé ¢ day la chi so6 dién tich 1a - LAl va ham
lugng chat di€p luc trong 14 - Cab. Viéc udce tinh thanh cong chi so sinh hoa diép luc to mo
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ra cac nghién ciru tiép theo trong viéc xem xét dinh luong cac yéu té sinh hoa khac nhu ham
luong nude, ham lugng kho, 46 xam, mic d6 dinh dudng cia 14 dya trén tu liéu vién tham.

Nghién cttu dd 4p dung mo hinh wée tinh cho tong s6 hon 280 canh anh vé tinh quang
hoc Sentinel-2 quan sat phu tram toan tinh Dong Thap. Két hop véi ban d6 hién trang lua da
duogc thanh 1ap st dung str dung thuat toan Whittaker phuc vu cho viéc téi cAu trac dir liéu
cho thoi véi cac gia tri Lambda khac nhau. Tir d6 chon ra gia tri Lambda pht hop nhat, tir d6
chudi ban d6 di duoc thanh 1ap trong giai doan tir thang 10/2022 dén thang 12/2023.

Céc két qua phan tich cho phép nang cao hiéu biét vé su khac nhau trén quy mé khong
gian ciing nhu thoi gian, cing véi d6 cho phép nhin nhan sy thay déi theo timg mua vu trong
nam. Viéc nghién ctru theo chudi thoi gian cta dit liéu anh vé tinh sé cho phép theo dOI theo
thot gian cac khu vuc trong laa trén quy mo 16n dé nang cao kién thuc, su hleu biét vé cac
thoi diém gieo trdng cu thé dé phuc vu cho muc dich nang cao hi¢u qua, nang sut cay trong.
Cac su thay d6i theo thoi gian c6 thé hd trg viée ra quyét dinh ddi voi cac giai phap quan ly
toan dién ddi vé6i cay lta, 1a mot loai cdy lwong thuc quan trong dbi voi sy phat trién kinh té
ctia dat nude.

DPong gop cua tac gia: Xay dung y tuong nghién ctu: L.T.T.H.,, G.T.P.T.; Xt ly sd lidu:
G.T.P.T.; Viet ban thao bai bao: L.T.T.H.; Chinh sua bai bao: G.T.P.T.

Loi cam on: Bai bdo hoan thanh nho véao két qua ciia dé tai thudc cac huéng KHCN wu tién
cap Vién Han 1am KHCNVN do Vién Han 1am KHCNVN 14 co quan chil quan va Vién Dia
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Integration of satellite earth observation data and PROSAIL
model in monitoring the growth of rice in the Mekong Delta: A
case study in Dong Thap province
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2 Geomatics in Earth Sciences; lethithuha@humg.edu.vn
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Abstract: Global agricultural production has been facing mounting pressure due to a
confluence of factors, including dynamic population growth, nutritional demands, and
severe climate conditions. In response to these challenges, there is an urgent requirement
for accurate, large-scale, and regular monitoring of rice paddies. Such an approach is crucial
for ensuring the stability and augmentation of the global food supply. This study proposes
a novel approach for modeling and estimating biochemical variables representative of rice
growth, Leveraging multispectral satellite imagery and the radiative transfer model
PROSALIL. The results successfully generated spatiotemporal maps depicting biochemical
variables corresponding to various rice development stages within Dong Thap province
following time series of Sentinel-2 satellite images captured between October 2022 and
December 2023. Furthermore, a classification model was developed utilizing the Random
Forest machine learning algorithm and incorporating a comprehensive dataset of nearly 700
field points, resulting in accurate characterizations of the prevailing rice cultivation
conditions in Dong Thap province. This enabled the identification of temporal dynamics
and cultivation patterns among areas with distinct crop calendars. Quantifying biochemical
variables based on multi-temporal satellite series fosters a deeper understanding of rice
cultivation over the Mekong Delta. This knowledge can serve the purpose of improving
farming methods as well as optimizing productivity of this key crop.

Keywords: Rice Growth Map; Sentinel-2 satellite image; PROSAIL model; Dong Thap
Province.
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