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MO DAU

1. TINH CAP THIET CUA LUAN AN

Bién dbi khi hgu dang lam gia tang muc do khoc liét ciia
cac thuy tai, gdy ton that ning né trén toan cau. Trong trot la
nganh chiu anh huéng nghiém trong nhit do phu thudc truc tiép
vao thoi tiét, dién hinh 1a thiét hai 108 ty USD cua nong nghiép
thé gidi giai doan 2008 - 2018.

Tai Viét Nam, nganh tréng trot rat dé bi ton thuong khi co
t61 60% dién tich va 70% dan s6 nam trong ving nguy co thuy
tai [58]. Riéng tai huyén Hoa Vang (TP Pa Nang), tinh nhay cam
cang cao khi khu vuc nay thuong xuyén d6i mat vGingdp lut vao
mua mua va han han vao mua kho, de doa truc tlep dén san xut.

Xuét phat tir thuce tién trén, viéc thyuc hién dé tai "Pdnh gid
tac dong cia thity tai dén nganh trong trot huyén Hoa Vang,
thanh phé Pa Nang” mang ¥ nghia cap thiét. Nghién ctru s& cung
cap co s6 khoa hoc vitng chéc giup dia phuong hoach dinh chinh
sach thich tmg, dam bao phat trién trong trot bén viing.

2. MUC TIEU NGHIEN CUU CUA LUAN AN
2.1.1. Muc tiéu chung

Xac 1ap co so khoa hoc phuc vy danh gia tac dong cua thiy
tai dén nganh trong trot & huyén Hoa Vang, TP ba Nang trén co
sO tmg dung cac cong nghé mdi, lam nén tang dé xuat dinh
hudng phat trién nganh theo huéng thich tmg va bén viing.
2.1.2. Muc tiéu cu thé

- Xay dung h¢ théng ludn ctr khoa hoc cho vi¢c danh gia tac
dong cua thuy tai d6i v6i nganh trong trot tai huyén Hoa Vang.

- Thanh lap ban d6 nguy co thuy tai va danh gia tac dong
ctia n6 dén khong gian san Xudt trong trot (SXTT).

- D¢ xuét cac dinh hudng, giai phap phat trién nganh trong
trot theo hudng bén vimng nham giam thiéu rai ro do thuy tai.
3.POI TUQNG NGHIEN CUU

Déi tugng nghién ctru cta ludn an 1a cac hién tuong thiy
tai chinh, bao gdm ngap lut va han han, ciing v6i khong gian san



xuét ctia nganh tréng trot trén dia ban huyén Hoa Vang.
4.NQI DUNG VA PHAM VI NGHIEN CUU
4.1. Ngi dung nghién ciru

Luan an tong quan 1y ludn vé tac dong cua thiy tai dén
SXTT. Trén co s& phan tich diéu kién tu nhién, kinh té - x3 hoi
Hoa Vang, nghién ctru 1ap ban dd ngap lut, han han nhim danh
gia dinh lugng va nhan dién cac khu vuec, ddi tuong chiu anh
huong truc tiép. Tir két qua phan ving rai ro, luan an dé xuét
dinh huéng phat trién va cic nhom giai phap thich tmg an toan
trong bdi canh bién do6i khi hau.
4.2. Pham vi nghién ciru
4.2.1. Vé khéng gian

Luén 4n nghién ctru trén toan by huyén Hoa Vang, thanh
phé Pa Ning.
4.2.2. Vé thoi gian

Nhitng dit liéu chinh vé thuy tai va nganh trong trot dugc
thu thap trong giai doan 2015 - 2024 & khu vuc nghién cuu.
4.2.3. Vé néi dung

Trong céc loai thuy tai, luan 4n tap trung vao ngap lut va han
han do chiing gay thiét hai nghiém trong nhat cho nganh trong trot
cta huyén. Pham vi nghién ctru gidi han ¢ viée danh gia tdc dong
ctia hai thay tai nay 1én khong gian san xuat, gom ba nhoém dat theo
quy dinh ctia Bo TN&MT [5]: dat trong lua (LUA), dat cdy hing
nam khac (HNK) va dat cdy lau nam (CLN). Ngoai ra, nghién ctru
cing phan tich anh huong cua ngap lut dén giao thong noi dong
(GTND) va lich thoi vu cua cac cay trong hang nam chinh.
5.Y NGHIA KHOA HQC VA THU'C TIEN CUA LUAN AN
5.1. Y nghia khoa hoc

Luan an gop phan hoan thién phuong phép luan danh gia
rti ro thién tai chi tiét qua viéc chirng minh wu thé ctia hoc méy
(Boosting, Stacking) so v&i thong ké hai bién trong 13p ban do
ngap lut. Pong thoi, nghién ctru xdy dung khung phan tich tich
hop méi giira dit liéu vién tham (VHI) va lugng mwa (SPI) nhim
danh gia toan dién han nong nghiép, khi tuong; c6 thé mé rong



ung dung cho cac vung sinh thai tuong dong.
5.2. Y nghia thuc tién

Nghién ctru xay dung bo dir li¢u va hé¢ théng béan dd rui ro
ngap lut, han han cho nganh tréng trot Hoa Vang. Dua trén phan
vung nay, cac giai phap cong trinh va phi cong trinh thyc tién duoc
dé xuat nham dinh huong chuyen dbi co cdu cay trong phu hop.

6. NHUNG PONG GOP MOI CUA LUAN AN

- Luén én tich hop dir liéu khong gian, vién tham va hoc
may tién tién dé 1ap ban dd nguy co ngap lut c6 do chinh xéc cao.

- Ung dung dir lieu CHIRPS tinh SPI gitip khac phuc han
ché tram do. Lan dau tién tich hop SPI va VHI dé phan tich toan
dién han nong nghi¢p va khi tuong tai khu vuc.

- Panh gia téng hop tac dong ngap lut, han han dén san
xudt trong trot theo kich ban BDKH 2030, 1am co s& quy hoach
stir dung dat bén ving.

7. LUAN PIEM BAO VE CUA LUAN AN

Luan diém 1: Viéc tich hop vién tham, GIS va di liéu thuc
dia v6i nén tang GEE cung cac mo hinh hoc may tién tién mang
lai hi€u qua cao trong lap ban dd ngép lut, han han, st dung dat
trong trot va phin ving nguy co thuy tai tai Hoa Vang.

Luén diém 2: Céc thily tai (ngap lut, han han) dang gia ting
manh mé, anh hudng 16n dén SXTT tai Hoa Vang. Do d6, céc giai
phap phat trién bén vimg can dua trén danh gia dinh lugng tong
hop vé tac dong cua thiy tai d6i v6i khong gian san xuat; dong thoi
phai gan két chat ché v6i dinh hudng phat trién KT-XH dia phuong
nham nang cao ning lyc thich img va hidu qua sir dung dat.

8. CO SO TAI LIEU

Luén 4n sir dung nguén dir liéu da dang gom: (1) th(j)ng ké
KT-XH, quy hoach va s6 li¢u nganh trong trot cia Pa Nang va
Hoa Vang; (2) ban d6 nén vé dia hinh, thity vin, tho nhudng tir
co quan TNMT va NN&PTNT; (3) dit liéu vién tham Landsat
5/8 va Sentinel 1; (4) s6 liéu khi tugng thity van nhu mua vé tinh
CHIRPS, CHRS va tram do; (5) cac nghién ctru, bao cao khoa
hoc lién quan; va (6) két qua khao sat thuc dja vé& ngap lut, han
han va hién trang trf‘mg trot.



CHUONG 1: CO SO LY LUAN VA THU'C TIEN VE
CAC TAC PONG CUA THUY TAI PEN NGANH
TRONG TROT

1.1. TONG QUAN TINH HINH NGHIEN CUU TAC
PONG CUA THUY TAI PEN NGANH TRONG TROT
1.1.1. Tinh hinh nghién ciru tic dpng ciia thiy tai dén nganh
trong trot trén thé 8idi
1.1.1.1. Khai quat vé cdc phwong phdp nghién ciru ngdp lut va
tac dong dén nganh trong trot

Nghién ctru ngap lut hién van dung cac phuong phép nhu
mo hinh thuy luc, phan tich da tiéu chi, théng ké va hoc may.
Viéc danh gia tic dong cua thién tai ndy dén ndéng nghiép da
duogc nhiu qudc gia trén thé gidi trién khai rong rai. Muc tiéu Ia
xéac dinh muc d6 thiét hai dé hd tro xay dung chién luoc quan 1y.
1.1.1.2. Khdi qudt vé cac phwong phdp nghién ciru han han va
tac déng dén trong trot

Nghién ciru han hén trén thé gi6i tap trung chu yéu vao tac
dong nong nghiép va tai nguyén nude. Gan day, cac nghién ciru
m& rong sang hé sinh thai va tac dong KT-XH.
1.1.2. Tinh hinh nghién civu tic dong ciia thiiy tai dén nganh
tréng trot 0 Viét Nam

Vé ngap lut, c¢6 cac nghién ctru nhu caa Huynh Thi Thu
Huong (2017) [19], Nguyén Thi Liéu (2017) [20], va Nguyén
Bich Ngoc (2021) [25]. V& han han, BO TNMT di xay dung ban
d6 han han toan qudc (2013 - 2015) [1]. Cac nghién ctru khéac
nhu 14p ban do han tai Pong Nai [14]; danh gia nguy co han tai
Bic Binh (Binh Thuén) [18]; tinh toan chi s6 SPI 14p ban db han
cho Pik Nong [16]; va xay dung ban d6 kho han Ninh Thuin
[36].
1.1.3. Tinh hinh nghién civu tic dong ciia thiiy tai dén nganh
trong trot 6 thanh phé Pa Nang va huyén Hoa Vang

Vvé ngap lut: Nhiéu nghién ctru da duogc trién khai nhu Vién
Khoa hoc Thuy loi Mién Nam (2009) x4y dung ban d6 ngap theo



kich ban BDKH [49]; hay T6 Thuy Nga va Nguyén Thanh Phat
(2020) két hop mé hinh thity lyc (MIKE UHM, MIKE 21) dé danh
gia tac dong do thi hoa dén ngép lut tai luu vuc séng Cu Dé [23].

Vé han han: CARE (2017) phén tich rui ro ngap lut - han
han tai luvu vuc Vu Gia - Thu Bdn [6], va Tran Thi Phuong
(2019) d3 nghién ctu tac dong han dén dat lta Hoa Vang, st
dung SPI két hop GIS va vién tham dé dé xuét giai phap [27].
1.1.4. Xdc dinh khodng trong nghién ciru

Céc phuong phap hoc may tién tién (Boosting, Stacking)
chwa dugc ap dung dé phan ving nguy co ngap lut tai Hoa Vang.
Céc nghién ctru han han trude ddy chi ding chi sé don 1¢. Lun an
ndy tiép can bang cach danh gia tong hop han khi tuong (SPI) va
han néng nghi¢p (VHI).

Luan 4n 1a cong trinh dau tién tai Pa Nang tich hop dong
thot nguy co ngép lut va han han trong mot khung phén tich rui
ro théng nhit & cap huyén, sir dung da ngudn dit liéu (Vlen tham,
mua v¢ tinh, thuc dia) va mo6 hinh hoc may. Viéc nay nham danh
gia toan dién tac dong tong hop cua thuy tai dén SXTT.

1.2. CO SO LY LUAN LIEN QUAN DPEN VAN DE
NGHIEN CUU

1.2.1. Co s6 Iy ludn lién quan dén thiiy tai

1.2.1.1. Khdi niém vé thiy tai

Thuy tai 1a cac hién tuong thién tai lién quan dén nudc, bao
gém cac qua trinh nhu ngép lut, It quét, han han, va cac hién tuong
gay ra su tich ty, di chuyén hodc thiéu hut nude trong moi trudng
tu nhién [126].
1.2.1.2. Céc thiy tai phé bién

- Ngép lut: La hién tuong nudc dang va bao phu bé mit
dat trong mot khoang thoi gian nhét dinh, thuong xuét hién do
mua 16n, 1ii séng, triéu cuong hodc nudc bién dang [10].

- Han han: Han han 13 hién tugng tu nhién tam thoi do
thiéu hut lvong mua kéo dai, gy mat can bang Vé ngudn nude
va anh huong dén néng nghiép, moi truong, kinh té [145].

1.2.2. Co 56 I ludn lién quan dén nganh trong trot



Trong nong nghiép, trong trot gitt vai tro then chét, 1a
nganh san xuét truc t1ep tao ra luong thuc, thyc phdm va sinh ké.
Day la nganh kinh té - k¥ thuat trong nong nghiép c6 lién quan
dén viéc gieo trong cdy noéng nghiép, cdy canh va nim an dé
phuc vu muc dich ctia con nguoi [29].

1.2.3. Co ¢ Iy ludn vé tic dpng ciia thiiy tai dén trong trot

Nhin chung, han han gay hai qua thiéu nudc - ting nhiét;
ngdp ung gy hai qua thiéu oxy ré. Ca hai deu lam suy giam
quang hop va sinh khéi, dan dén giam nang sudt cay trong
1.3. CO SO THU'C TIEN CUA VAN PE NGHIEN CUU
1.3.1. Tinh hinh va tac dpng cvia ngdp lut dén nganh tréng trot
trén thé gigi

Ngap lut 1a mot trong nhitng thién tai gdy thiét hai 16n nhat
dbi v6i nong nghiép. Giai doan 2009 - 2018, trung binh mdi nim
xay ra 149 tran 1ii, gdy thiét hai kinh té khoang 400 ty USD [88].
FAO (2023) cting ghi nhan thién tai lam giam 69 triéu tan ngil
cbc va 40 triéu tan rau mau mdi nam, trong d6 ngap lut 1a tac
nhan chinh [71].

1.3.2. Tinh hinh va tic dpng ciia ngdp lut dén nganh trong trot
o Viét Nam

Céc dong bang ven bién, ving trong trot trong diém
thudng triing thap nén dé ngap sau. Mua 1l phan hoa o rét: Bic
B (thang VI-X), Bic Trung B¢ (thang VII-XI), Trung Trung
B6 dén Ninh Thuan (thang IX-XII), Nam Trung B, Tay Nguyén
va Nam B6 (thang VI-XI). Lii thit thuong vé thoi gian hay
cuong do déu gay thiét hai nghiém trong.

1.3.3. Tinh hinh va tic dong ciia han hdn dén nganh trong trot
trén thé gigi

Han hén 1a tham hoa tu nhién khdc liét, gay ton that toan
cau. Tai cac nudc thu nhap thap va trung binh, né 1am giam 34%
san luong ndng nghi¢p, thiét hai khoang 37 ty USD [70]. Trong
tr6ng trot, han han chiém khoang 18% téng thiét hai [31].

1.3.4. Tinh hinh va tic dong ciia han hdn dén nganh trong trot
o Viét Nam



Khi hau Viét Nam thudc kiéu nhiét d6i gié mua am, v6i mua
mua va mua kho 16 rét. Trong 50 nam (1961 - 2010), han han xay
ra trong 36 nam, voi mic do ngay cang nghiém trong, dac bi¢t 1a
trong trot [34].

1.4. PHUONG PHAP PANH GIA TAC PQNG CUA THUY
TAI PEN NGANH TRONG TROT HUYEN HOA VANG
1.4.1. Phwong phdp nghién ciru hién trang thuy tai 6 huyén
Hoa Vang

1.4.1.1. Phwong phdp ddnh gid hién trang va bién dong ngap lut

Quy trinh nghién ctru gdm céac budc chinh la: Tién xir Iy anh
trén GEE, phan ngudng Otsu, trich xuat ban d6 ngap lut, danh gia
tuong quan gitra dién tich ngdp vdi lugng mua va luu lugng dong
chay; danh gia do chinh x4c ctia ban d6 ngap va phan tich bién dong
khong gian ngap lut.
1.4.1.2. Phuong phap danh gia hién trang han han

a. Danh gia han néng nghiép tai huyén Hoa Vang

Nghién ctru tng dung GEE xtr ly 309 anh Landsat (5 TM
va 8 OLI) mua kho (thang V-VII) giai doan 1995-2024. Quy trinh
tién hanh trich xuat chi s6 NDVI va nhiét d6 bé mat (LST) trén
GEE, 1am co s tinh toan VCI, TCI va VHI (két hop GIS). Gia tri
VHI sau d6 dugc phéan thanh 5 cip d6 han: nghiém trong (<10),
nang (10 - 20), vira (20 - 30), nhe (30 - 40) va khong han (>40).

b. Danh gia han khi twong tai huyén Hoa Vang

Luan 4n tién hanh 4 budc: (1) Tinh toan chi s6 SPI dua trén
dir liéu CHIRPS; (2) Panh gia do tin cdy cta xu thé SPI bang
phuong phap Mann-Kendall (MK); (3) Danh gia d6 chinh xac cua
SPI (tr CHIRPS) so v6i s lidu quan trac va CHRS bang cac chi
s0 thong ké (r, RMSE, MAE, Bias, KGE); va (4) Phan ving nguy
co theo 5 cép do SPI: nghiém trong (< -2,0), nang (-2,0 dén -1,5],
vira (-1,5 dén -1,0], nhe (-1,0 d&én -0,5] va khong han (> -0,5).
1.4.2. Phwong phdp nghién ciru hién trang va bién dong siv
dung dit trong trot & huyén Hoa Vang

Nghién ctru tng dung GEE va thuat toan RF giai doan anh
Landsat 8 (chup nam 2015 va 2024) dé lap ban d6 HTSDD tai Hoa



Vang. D0 tin cdy ctia ban dd dugc danh gia théng qua céc chi sb:
d6 chinh xac nguoi dung, nha san xudt, tong quat va hé sé Kappa.
1.4.3. Phwong phap phdn vang nguy co va danh gia tac dong
ciia thiiy tai dén nganh trong trot 6 huyén Hoa Vang
1.4.3.1. Phuong phdp phdn ving nguy co ngap lut

Nghién ctru so sanh thong ké hai bién (WoE, FR) va hoc
may (Boosting, Stacking) dé 1ap ban dd nguy co ngép. Viéc lua
chon md hinh t6t nhat dya trén diém trung binh chuan hoéa cua
cac chi s6 twong quan thuan (ROC-AUC, Kappa, KGE) va
nghich (RMSE, MAE, Huber Loss). Vé cong cu, nén ting GEE
(JavaScript) dugc dung dé xur Iy anh Sentinel-1, Google Colab
(Python) hd tro xdy dung md hinh va tinh toan danh gid.
1.4.3.2. Phuong phap phan viung nguy co han han

Viéc phan vung nguy co han hén tai huyén Hoa Vang dugc
thuc hién bang cach tich hop han khi twong va han ndng nghiép,
nham phan dnh ddng thoi diéu kién khi hau va muc do cing
thang sinh hoc d6i voi cay trong [179].
1.4.3.3. Phuong phap phan vung nguy co thuy tai va danh gia
tac dong dén nganh trong trot & huyén Hoa Vang

Luan 4n tich hop két qua phan ving ngap va han, ké thira
cach tiép can tir cac nghién ciru trude [114, 120, 182] dé thiét
1ap ma tran phan loai thuy tai (Bang 1.7). Luan an da xay dung
ban db nguy co thuy tai bang phuong phap chong 16p trong GIS.

Bang 1.7. Ma tran phan logi nguy co thuy tai dya vao ngdp lut va
han han

Nguy co han hin (Piém sb)
Nang (4) Vira (3) Nhe (2)

Nguy co ngap lut
(Piém s0)

Cao Cao Trung binh
Cao Cao Trung binh Trung binh
Trung binh (3) Cao Trung binh | Trung binh Thap

Théi izi Cao Trung binh | Trung binh Thap Thij
Trung binh Trung binh Thap Thap
Muc nguy co dugc phan 5 cép rat cao (9 - 10), cao (7 - 8),
trung binh (5 - 6), thap (3 - 4) va rat thip (2). Trén co s6 nay, luan
an danh gia tac dong thuy tai dén cac nhom dat LUA, HNK va CLN
nhim xac dinh muc dé tén thuong va kha nang phuc h01, hd trg bd
tri cay trong thich tmg.




1.5.QUY TRINH NGHIEN CU'U CHUNG CUA LUAN AN
Hinh 1.9 thé hién quy trinh nghién ctru chung cua luan an.

Quy trinh nay duoc thiét ké dya trén cach tiép can tich hop lién

nganh, dam bao tinh hé thong va bam sat dic thu cia KVNC.
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Tinh hinh KTXH
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Thuy viin San lugng cdy trong
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GIS. Google Earth Engine, hoc may l
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Phiin tich dir ligu I huyén Hoa Vang

Khong i(‘hi s0 danh gia

Danh gi 4§ chinh xic l

Co

{ 1

Ban ¢ phin Ban d6 phin Dit li¢u tring trot
vimg nguy co | | viing nguy co
ngip lut han han

Ban db dit m:m trot
Ban db co s ha Iﬁng llﬁng trot

Lich mia vy mgt s6 logi ciy
trong chinh

Ban dé phin
ving nguy co
thuy tai

Pinh gid tic
djng cia thuy
tai dén nganh
trﬁng trot

Dur bdo tic déng cia thiy tai dén

nganh trong trot huyén Hoa Vang

Dinh gia tic ddng eua thay tai téi
nganh (n’)ng trot dén ndm 2030

Dé xuit dinh hudng phat trién nginh tréng trot & huyén Hoa Vang
thich img véi thiy tai trong boi canh bién déi khi hau

Dé xuiit giai phap phat trién nganh Iréng trot & huyén Hoa Vang
thich (g vai thuy tai trong boi canh bién doi khi hju

Hinh 1.9. Quy trinh nghién curu chung cua ludgn dan

Muc tiéu cot 18i 1a danh gia tic dong cua thuy tai dbi véi
nganh trong trot tai huyén Hoa Vang, thanh ph6 Da Ning. Dua
trén cac két qua do, luan an s& dé xuat nhitng dinh hudng phat
trién bén viing trong bdi canh bién doi khi hau.



CHUONG 2: HIEN TRANG THUY TAI VA NGANH
TRONG TRQT O HUYEN HOA VANG, THANH
PHO PA NANG

2.1. CAC YEU TO ANH HUONG DEN THUY TAI VA
NGANH TRONG TROT HUYEN HOA VANG
2.1.1. Cdc yéu t6 tw nhién
2.1.1.1. Vi tri dia ly

Hoa Vang c¢6 di¢n tich 737,004 km?, vi tri dia ly thuan loi
cho két ndi ving va phuc vy SXTT. Nhung dong thoi ciing tao
thach thire khi nhiéu doan cat qua ving triing, 1am ting nguy co
ing ngap cuc bd va anh huong dén SXTT.
2.1.1.2. Dia chdt

Hoa Vang c6 cu triic dia chat phirc tap véi su phan bé cua
nhiéu hé tang tir Paleozoi dén Dé Tt [48]. Su da dang vé dia tang
va thach hoc nay anh hudng truc tiép dén sy phan hoa khong gian
tréng trot va mue d9 rui ro ngdp lut, han héan trén toan huyén.
2.1.1.3. Dia hinh va dia mao

Dja hinh Hoa Vang doc dan tu Tay Bic xubng Pong Nam
qua ba vung. Vung nui déc hop trong rung, cdy cong nghiép
nhung dé sat 10, 1l quét. Vung trung du trong cay lau nam, hay
bi han va ngép cuc b. Vung dong bang triing thap 14 trong diém
san xuat trong trot, song lai rat d& ngdp vao mua mua va thiéu
nudc vao mua kho.
2.1.1.4. Khi hdu

Khi hau Hoa Vang mang dic trung nhiét doi am gidé mua véi
nén nhiét cao (26,7°C) va hai mua dbi lap. Muia mua (thang VIII -
XII, 2.680mm) [12, 13] thuong gdy ngap tng ving dong béng.
Trong khi d6, mua kho (thang I - VII) lai thiéu nuoce twoi, dan dén
han han cuc bd va anh hudng truc tiép dén san xuat trong trot.
2.1.1.5. Thuy van

Mang luéi thiy vin Hoa Vang gom hai séng chinh. Séng
Cu Dé thuong don i gay ngdp ung mua mua, nhung lai can kiét
giy thiéu nudc, min héa trong vu Hé Thu. Trong khi d6, song
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Cam Lé (hop luu Tay Loan - Yén) [41] cung hé théng hd chira
Hoa Trung, Dong Ngh¢ dong vai tr6 then chét trong viée cap
nude va diéu tiét 1i cho trong trot.
2.1.1.6. Thé nhuéng

Thé nhudng Hoa Vang gém hai nhom chinh tac dong
manh dén trong trot. Dat phu sa (ddng bang) hop cay ngan ngay
nhung dé ngap mua mua va thiéu nuéc vu Heé Thu. Dat d6 vang
(d6i nui, trung du) hop ciy cong nghiép nhung dé xo6i mon, gitr
nudc kém, lam tang luu luong 10 vé ha luu.
2.1.1.7. Tham thuc vat

Tham thyc vat Hoa Vang chiém 75,74% dién tich ty nhién
[41], gdm rimg phong hd, déc dung va rung san xuat, dong vai
tro quan trong trong dleu tiét thity van va giam riii ro cho SXTT.
2.1.2. Céc yéu to kinh té - xa hoi
2.1.2.1. Co so ha tang kinh té - xd hi

a. Mang luoi giao thong

He¢ thong giao thong duong bo ctia huyén Hoa Vang co quy
mo 16n vai 49 km qudc 16 (QL1A, 14B, 14G), 86 km tinh 16 (601,
602, 605, duong tranh Nam Hai Van), 54,4 km duong huyén,
185,82 km duong lién xa, 147 km duong lién thon va 478 km
duong kiét, hém [41].

b. Hé thong thiy loi

Hoa Vang ¢6 19 ho chira, trong d6 Pong Nghé va Hoa
Trung gitr vai tro chinh trong tudi va diéu tiét 1i [39]. Hé thong
451,57 km kénh muong chu yéu la kénh dat, lam giam kha nang
cat 1d va gay thiéu nude cuc bd, anh hudng truc tiép dén nang suat
trong trot [39].
2.1.2.2. Dédn s6, lao dong va viéc lam

Theo Nién gidm thong ké 2024, huyén Hoa Vang c6
155.545 nguoi voi mat d6 212 nguoi/km?, nhung phan bd dan
cu khong ddng déu [8].
2.1.2.3. Tinh hinh phat trién nganh nong nghiép

Co cau kinh té huyén chuyén dich manh, ty trong nong -
lam - thay san gidam con 13% (giam 7% so véi 2020) [8].
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2.2. HIEN TRANG VA BIEN PONG NGAP LUT O
HUYEN HOA VANG
2.2.1. Khai quat vé tinh hinh ngdp lut va dnh hwéng dén sin
xudt trong trot 6 huyén Hoa Vang

Theo s liéu thong ké tir 1998 dén 2024, & huyén di xay ra 64
dot ngép lut. Trong d6 c¢6 27 dot ngap gay thi¢t hai cho huyén Hoa
Vang, lam 83 ngudi chét, 100 ngudi bi thwong, nhiéu CSHT va nong
nghiép bi pha hity ning né [13, 46].
2.2.2. Thanh ldp cdc bin do ngdp lut 6 huyén Hoa Vang giai
doan 2015 - 2024 bang dnh vién tham radar

Dua trén ngudng Otsu, nghién ctru trich xuat ban do ngép tir
anh Sentinel 1 va loai b ving nude thuong xuyén. Dién tich ngap
cta 182 anh (2015-2024) dugc tinh toan trén GEE bang JavaScript.
Két qua cho thay bién dong rd rét theo thoi gian. Theo thang, ngap
xuét hién tir thang IX -XII. Theo niam, ngap nghiém trong tap trung
vao 2016, 2020, 2022 va 2023; cac nam khac c6é mirc d thép hon.
2.2.3. Pdnh gid dj chinh xdc ciia cdc két qua ngdp lut

Luén 4n d4nh gia bang hé s6 Pearson (r) cho thiy dién tich
ngap lut ¢ trong quan duong rat manh véi lugng mua (r=0,91) va
luu Iugng dong chay 5 ngay trudce (r=0,90). Pong thoi, ban do ngap
lut chiét xut tir anh Sentinel-1 dat d¢ tin cay cao véi chi sé Kappa
1én dén 0,80.
2.2.4. Két qud ddnh gid bién djng khéong gian ngdp lut & huyén
Hoa Vang, thanh pho Pa Néing trén nén GIS

Str dung GIS va Python trén Google Colab, luan én 1ap ban
dd bién dong ngap lut Hoa Vang (2015-2024). Két qua cho thiy,
dién tich ngap tdng manh 5.401,8 ha (83,5%), tap trung tai Hoa
Khuong, Hoa Lién, Hoa Tién va cac xa vung thép. Trai lai, cac
khu vuc nhu Hoa Béc, Hoa Ninh, Hoa Pht va Hoa Son c¢6 mic
bién dong khong dang ké.
2.3. HIEN TRANG HAN HAN O HUYEN HOA VANG
2.3.1. Khdi quat tinh hinh han han ¢ huyén Hoa Vang, thanh
phé Pa Ning

Han héan tai Hoa Vang chu yéu dién ra tir thang IV - VIII,

12



khéc 1iét nhit vao cac nam 2016, 2018, 2019 [46]. Laa ving
ddng bang va trung du bi tic dong ca hai vy, trong khi ving nui
chju anh hudng chinh vao vu Heé Thu [28]. Chi s6 SPI giam siu
vao thang VI - VII gdy thiéu nudc va sut giam ning suat [28].
Toan huyén hién c6 hon 252 ha nguy co khé han [40], dién hinh
1a x3 Hoa Tién, din dén giam san lugng va gia ting dién tich bo
hoang.
2.3.2. Danh gia han nong nghiép ¢ huyén Hoa Vang

Phén tich TCI, VCI va VHI (1995 - 2024) cho thdy han
nong nghiép gia ting manh vé mic d6 1dn pham vi. Dién tich
khong han gidm sau (TCI: 54,3% con 34,9%; VCI: 50,4% con
18,8%; VHI: 52,3% con 26,9%), trong khi cac ce‘ip d0 han khac
tang nhanh, de doa truc tiép dén nang suét. Lun an sit dung VHI
giai doan 2015 - 2024 d¢ xay dung ban d6 han nong nghiép chinh
thirc.
2.3.3. Danh gia han khi twong tai huyén Hoa Vang

Luan 4n tinh SPI 1 tir CHIRPS trén GEE, ldy trung binh
toan huyén. Kiém dinh MK khang dinh 9/12 thang c6 y nghia
thong ké (p < 0,05). Do tin cay ciia CHIRPS dugc xéac thuc qua
tuong quan tot voi CHRS va tram quan tric (r, RMS, MAE, Bias,
KGE). Do d6, SPI 1 dugc dung lap ban d6 han khi twong thang
V-VII giai doan 2015-2024.
2.4. TINH HINH PHAT TRIEN NGANH TRONG TROT O
HUYEN HOA VANG
2.4.1. Hi¢n trang nganh trong trot huyén Hoa Vang
2.4.1.1. Dién tich va co cdu cdy trong

Giai doan 2015-2024, dat tréng trot Hoa Vang giam tur 8.536
xudng 6.970 ha (-2,23%/nim). Lua ting ty trong 1én 85,5% du dién
tich giam nhe, trong khi cac cdy ngén ngay (ngd, san, lac...) giam
sdu. Cy an qua dat dinh ndm 2018 ri giam con 410,6 ha (2024).
Nhém cdy lau nam suy giam nghiém trong: diéu bién mét tir 2023,
hé tiéu chi con 2-3 ha va ché ciing giam vao cudi ky.
2.4.1.2. Nang sudt va san leong

Ning sudt cdy hang nim (lta, ngd, khoai) ting 6n dinh
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nhung giam séu khi c¢6 thién tai; nhém san, mia, lac va me bién
dong manh do nhay cam thoi tiét. Thuy tai khong chi gy sut giam
ning suit ma con thuc ddy chuyén déi co cau cy tréng thich tmg.
San lugng lua duy tri 26.000 - 30.000 tin trir cac nam 1ii 16n; ngd,
khoai va cdy an qua (xoai, cam quyt) giam do thu hep dién tich.
Vi cay 1au nam, chudi phuc hoi tot sau ngap, hd tiéu gan nhu mat
han, con ché ting manh nhung suy giam vao cac nam han han.
2.4.1.3. Phuong phap canh tac

O huyén Hoa Vang c6 nhiing phuong thirc canh tac nhu:
Canh tac truyén théng, canh tac hiru co, nong nghiép cong nghé
cao va nong nghiép sinh thai.
2.4.1.4. Co s6 ha tang ky thudt phuc vu nganh tréng trot

Hoa Vang giit vai tro then chét trong chuyén d6i nong
nghiép hién dai cia Pa Ning trude ap luc thiéu lao dong va thu
hep dat do DTH. Huyén da day manh nong nghiép CNC, co gidi
hoa va nang cao gia tri nong san.
2.4.2. Phén tich bién djong siv dung dit trong trot giai doan
2015 - 2024 6 huyén Hoa Vang
2.4.2.1. Két qua thanh lgp ban d6 HTSDP trdng trot

Luan an dung GIS danh gia hién trang trong trot (2015-

2024), cho thay sw phan hoa dia hinh 13 rét. Lua tap trung 6 dong
bang nhung dé ngap, vung nii chiém dudi 1,5%. Cay hang nam
phéan bb tai cac xa dong bang, dé bi han, trir Hoa Ninh tang nhe.
Cay lau nim mé rong chi yéu ¢ ving trung du va mién nui.
2.4.2.4. Panh gid bién dong dién tich sir dung dat trong trot &
huyén Hoa Vang giai dogn 2015 - 2024

Luan an dung GIS danh gia bién dong dét trong trot Hoa
Vang (2015-2024), cho thdy dién tich lta giam 319.4 ha (-
10,2%) va cay hang nim giam 1379 ha (-7,4%) do d6 thi hoa
cung thién tai. Nguoc lai, cay 1au nam tang 102 ha (+6,8%) nho
kha ning thich g khi hau tot hon. Tong dién tich dat trong trot
giam 5,5% do chuyén d6i muc dich va anh huéng cia thuy tai.
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CHUONG 3: PANH GIA TAC PONG CUA THUY
TAI PEN NGANH TRONG TROT, BE XUAT PINH
HUONG VA GIAI PHAP PHAT TRIEN BEN VUNG

O HUYEN HOA VANG

3.1. PHAN VUNG TAC PONG CUA THUY TAI O HUYEN
HOA VANG
3.1.1. Thanh Igp bin dé phan viing nguy co ngdp lut
3.1.1.1. Két qua lwa chon cdc yéu t6 dnh huong nhat dén ngdp lut

Dua vao ty 1€ thu nhan thong tin (IGR) va phan tich da cong
tuyén, nghién ctru xac dinh 12 yéu tb khéng c6 twong quan cao va
khong xay ra da cong tuyén, bao gom: LULC, STe, TPI, ELE,
STy, SLO, TWI, RD, DtRo, DtRi, PD va HDR. Cac yéu % nay
duoc str dung dé xay dung ban do nguy co ngap Iut tai KVNC.
3.1.1.2. Két qud danh gid ngdp lut bang théng ké hai bién

Két qua cho thiy NBJ cai tién cho hi¢u suat vuot trdi (FR =
0,264; WoE = 0,524) so voi NBJ truyen thong (0,007 va 0,040).
3.1.1.3. Két qua danh gid ngdp lut bang cdc mé hinh hoc mdy

a. Két qua tir cdc mé hinh Boosting

Luén 4n 4p dung nim mo hinh Boosting dé xay dyung ban d6
nguy co ngap lut. Két qua cho thdy AB dat hi¢u suat cao nhat
(0,813), tiép theo 1a LGB (0,793), CB (0,775) va XGB (0,734),
trong khi d6 GB thap nhét (0,712).

b. Két qua tir cc mé hinh Stacking

Ttr nhém Boosting, nghién ctru chon 3 mé hinh ¢6 hi¢u suét
cao lam mo hinh co s¢ cho Stacking, stir dung LR lam md hinh tong
hop. Viéc két hop nhiéu mo hinh Boosting gip giam sai s ctia timg
mo hinh don 1€ va tang dJ 6 on dinh cua du doan.
3.1.1.4. Panh gid tong thé mé hinh

Hiéu suat mé hinh dugc tham dinh qua tap dir liéu doc lap
(30%). Két qua khang dinh Stacking vuot trdi voi diém chuan
hoéa trung binh 0,885, cao hon Boosting (0,765) va vuot xa WoE
(0,270), FR (0,134). Pic biét, to hop CB_GB_XGB cung LR dat
két qua toi uu (0,966). Trong khi cac phuong phap théng ké don
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gian (WoE, FR) boc 10 han ché trudce dit liéu phuc tap, Stacking
va Boosting cho thdy kha ning xir Iy nhidu va da dang dit liéu
uu viét, mang lai dg chinh xac cao hon 10 rét.
3.1.2. Thanh lgp bin do phén viing nguy co han hdn két hop
gira han khi twong va han nong nghiép

Luan an tich hop han nong nghiép (VHI) va han khi tuong
(SPI) dé xay dung ban dd rui ro toan dién. Két qua cho thiy
tuong quan tuyén tinh rat manh (R = 0,841). Bang cac cong cu
GIS (ndi suy, raster, chong 16p), nghién ctru xac dinh c6 t6i
94,7% dién tich huyén (73.700,4 ha) bi tac dong boi han. Trong
d6, han vira chiém ty 1€ cao nhat (48,9%), tiép dén 1a han nhe
(34,9%), han nang (8,9%) va han nghiém trong (2,0%).
3.1.3. Thanh Igp bin dé phan viing nguy co thiy tai

Luén an tich hop ban d6 ngap va han trén GIS d lap ban do
nguy co thuy tai. Vé dién tich, mirc thap chiém 67 ,5%, trung binh
12,2%, cao 9,6% va rat cao 5,4%. Rii ro cao dén rit cao tap trung
& Hoa Chéau, Hoa Phudc, Hoa Tién (79,6 - 100%), ciing Hoa Lién
va Hoa Nhon. Nhom xa Hoa Phong, Hoa Khuong, Hoa Son chu
yéu ¢ muc trung binh dén cao. Nguoc lai, hon 80% dién tich xa
Hoa Béc, Hoa Phti va Hoa Ninh c¢6 nguy co tir thdp dén rat thép.
3.2. KET QUA PANH GIA TAC PONG THUY TAI POI
VOI NGANH TRONG TROT
3.2.1. Pdnh gid tic dong ciia thiiy tai dén khong gian sin xudt
ciia nganh trong trot 6 huyén Hoa Vang

* Tdc dong tong hop ciia thiy tai dén ddt LUA

Nam 2024, Hoa Vang c6 2.805,5 ha dat LUA, trong d6
86,5% nam trong viing nguy co cao - rat cao. Cac xi rui ro 16n
nhat gdm Hoa Chau, Hoa Phudc (100% rat cao), Hoa Tién
(69,3% rat cao), Hoa Phong va Hoa Lién. Nguoc lai, Hoa Son,
Hoa Phti va Hoa Ninh c6 mirc nguy co thip hon.

* Tac dong téng hop cua thiy tai dén dit HNK

Dat HNK rat nhay véi thuy tai, vOi 72,5% dién tich toan
huyén nam trong viing nguy co cao - rat cao, phan anh muc do
t6n thuong 16n cta cay ngan ngay do thiiy tai.
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* Téc dong tong hop cua thiy tai dén dat CLN

DPat CLN cua Hoa Vang 1a 1.606,2 ha, trong dé 41,9%
nguy co thép; 39,9% trung binh; 14,8% cao va 3,3% rét cao. Nhu
vay, 58,1% dién tich c6 nguy co tir trung binh - rat cao.

3.2.2. Pdinh gid tic dong ciia thiiy tai dén ha tdng nganh trong
trot

Ngap lut anh huéng nghiém trong dén GTND tai Hoa
Vang. Tong chiéu dai GTND bi tac dong 1én toi 1.093,8 km,
trong d6 rui ro rat cao chiém 51,7% (565,8 km) va rai ro cao
chiém 24,0% (262,1 km). Mtrc d6 rui ro phan hoa 13 rét:

- Nhém tac dong rit cao: Pién hinh 1a Hoa Chau va Hoa
Tién (trén 98% chiéu dai duong ¢ mirc cao dén rat cao do triing
ven song). Cac xa Hoa Lién, Hoa Phudc va Hoa Phong cling c6
tir 64,6 - 91,5% dudng nam trong nhom rii ro nay.

- Nhém tac dong cao - trung binh: Gom Hoa Khuong, Hoa
Nhon, Hoa Bic, Hoa Phii va Hoa Son, véi 60 - 85% chicu dai
duong bi anh huong tir trung binh dén rat cao.

- Nhom an toan: Hoa Ninh chiu tac dong thap nhat (94,9%
rui ro thép), rat thuan loi dé 6n dinh san xuét tréng trot.

3.2.3. Pdnh gid tic dong ciia thiiy tai dén lich mia vu

Huyén da loai bé vu Xuan He, chi gilt hai vu chinh nham
giam thiéu rti ro ngap lut. Cu thé, vu Péng Xuan (thang XII-1V)
duogc gieo ngay sau khi nudc rat; vu He Thu (thdng V-IX) phai
két thuc trudce dinh 1i. Nhém cy trong can (dau, ngd) dugc canh
tac vao giai doan it mua (thang I-IV va VI-IX).

3.3. DU BAO ANH HUONG CUA THUY TAI PEN PAT
TRONG TRQT G HUYEN HOA VANG

3.3.1. Du bdo dnh hwéng ciia ngdp lut dén dit trong trot
3.3.1.1. Kich ban thay d6i ngdp lut & huyén Hoa Vang

a. Dur bdo bién dong heong miea ngay cao nhdt

Luén an dya vao du bao két qua Rx1day cua RCP4.5 dugc
st dung lam dur liéu dau vao cho mé hinh hoc may, két hop véi
cac yéu td lién quan khac dé du bao nguy co ngép lut cua huyén.

b. Du bdo bién déng sir dung dat/lép phii bé mdt
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Luan an st dung két qua QHSDD dén nam 2030 ctia huyén
Hoa Vang lam dir liéu LULC nam 2030.

¢. Dy bdo bién dong mdt do dan $6

Mat d6 dan s6 nam 2030 dugc trich xuat tir WorldPop, 1am
co sO xay dung ban dd du bao dan sd cua luan an.

d. Du bdo nguy co ngdp lut ¢ huyén dén nam 2030

Dua vao két qua phan vung nguy co ngap lut di duoc trinh
bay ¢ muc 3.1, theo d6 mé hinh hoc may Stacking bao gdm CB,
GB va XGB c¢6 hiéu suét cao nhat. Vi vay, luan an s dung mo
hinh nay dé mé phong nguy co ngap lut dén nam 2030 & KVNC.
3.3.1.2. Dy bdo anh huong cua ngdp lut dén dat tréng trot

Pat LUA chiu anh hudng ning nhat véi 2.255,8 ha bi
ngap, trong d6 muc rat cao chiém 1.958,6 ha (86,8%), tap trung
tai cac xa nhu Hoa Tién, Hoa Chau, Hoa Phudc va Hoa Lién.

Dat HNK bi ngap 1.468,0 ha, v6i 69,5% & miic rat cao va
nhiéu xi chiu ngap cuc doan (Hoa Tién, Hoa Béc, Hoa Phudc,
Hoa Lién, Hoa Chéu, Hoa Phong, Hoa Nhon, Hoa Khuong),
phan anh rai ro mét tring 16n ca cay ngan ngay.

Dit CLN duy bao ngép 14 1.034,9 ha, trong d6 18,0% rat cao
va 21,8% cao, chu yéu o0 Hoa Lién, Hoa Phong, Hoa Nhon va Hoa
Bic. Céc x4 nhu Hoa Ninh va Hoa Phu chiu ngap nhe hon.

3.3.2. Du bdo dnh hwéng ciia han hdn dén dit trong trot
3.3.2.1. Kich ban thay déi han han 6 huyén Hoa Vang

a. Du bao han nong nghiép ¢ huyén Hoa Vang

Dé du béo han néng nghiép Hoa Vang dén nim 2030, luan
an thiét 1ap ban dd VHI thong qua viéc tich hop TCI va VCL.
Trong d6, TCI dugc tinh tir LST, mo phong theo céc kich ban bién
d6i nhiét d6 mua hé RCP4.5 [44]. Chi s6 VCI duogc xay dung tir
NDVI trung binh giai doan 2015-2024, véi gid dinh tham thuc vat
nim 2030 khong bién dong 16n.

b. Dy bao han khi twong ¢ huyén Hoa Vang

Pé du bao han khi tuong tai Hoa Vang, ludn an mo phong
luong mua mua he [44]. Dua trén RCP4.5, nghién ctru da lap
ban dd han tong hop du bao dén nam 2030.
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3.3.2.2. Dy bao anh hwong cua han han dén dat tr&ng trot

Két qua cho thay han hén tiép tuc 12 nguy co 16n, voi toan
bd 4.758,8 ha dat canh tac déu bi anh hudng: 2,1% han nghiém
trong, 36,3% han nang, 32,1% han vira va 29,5% han nhe.

Pat LUA (2.255,8 ha): Chju anh huéng niang nhat (51,6%
han nang, 35,6% han vtra). Tap trung & Hoa Chau, Hoa Phudc
(100% han nang), Hoa Tién (87,3% nang) va Hoa Lién (30,9%
nghiém trong).

Dat HNK (1.468,0 ha): Rui ro phan b kha déu. Hoa
Phudc va Hoa Tién chiu ap luc 1omn (68-100% han ndng); nguoc
lai, Hoa Ninh cha yéu chi bi han nhe (85,2%).

Pit CLN (1.034,9 ha): Nhom an toan nht véi 66,1% dién
tich & muarc han nhe (dién hinh tai Hoa Phti, Hoa Ninh). Tuy nhién,
riéng Hoa Lién van ¢6 ty 16 han niang dén nghiém trong kha cao.
3.3.3. Dw bdo tic dong tong hop ciia thiiy tai dén dat trong trot

Luén an tiép tuc tich hop ban dd du bao ngdp lut va han
han dé thiét 1ap ban dd nguy co thiy tai Hoa Vang. Qua do,
nghién ciu danh gia toan dién tac dong tong hop cua thién tai
dén quy dat trong trot toan huyen den nam 2030 (Hlnh 3 12)
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3.3.3.1. Dy bdo tdc déng tong hop cia thiy tai dén dat LUA

Du béo dén nam 2030, 2.255,8 ha dat LUA cta Hoa Vang
s€ bi anh hudng boi thuy tai, gén nhu toan bo dién tich canh tac,
trong d6 89,3% ndm & murc cao - rat cao. Vé khong gian, cac xi
trling ven song chiu rai ro 16n nhét: Hoa Tién, Hoa Chau, Hoa
Phuéc, cung Hoa Phong va Hoa Khuong, déu ¢ gan nhu 100%
dién tich & muc cao - rit cao. Hoa Lién va Hoa Nhon cling thuoc
nhoém nguy co rat cao v&i hon 70% dién tich & mirc rét cao.

Nguoc lai, cac xa trung du - mién nui nhu Hoa Ninh, Hoa
Phu, Hoa Son ¢6 mure rai ro thap hon, chi yéu ¢ trung binh - thap,
phéan anh kha ning chéng chiu t6t hon nhung van can theo di.
3.3.3.2. Dy bdo tdc déng tong hop cua thiy tai dén dat HNK

Du bao dén nim 2030, 1.468,0 ha dat HNK ciia Hoa Vang
s& chiu tac dong thuy tai, trong d6 74,6% & mirc cao - rat cao,
cho thay mirc d6 d& ton thuong 16n cia nhom dat nay.

Theo khong gian, Hoa Bic, Hoa Nhon va Hoa Tién 1a cac
diém chiu tac dong nédng nhat, v6i 93 - 100% dién tich HNK &
mirc cao - rat cao; Hoa Lién 1a diém nong nghiém trong nhét véi
hon 91% rét cao.

Céc xa nhu Hoa Phu, Hoa Khuong, Hoa Phong c6 mitc
nguy co chii yéu trung binh - cao; trong khi Hoa Ninh chiu tac
dong nhe hon nho dia hinh go doi. Mot s6 x3 ¢ dién tich HNK
nho (Hoa Phudce, Hoa Chau, Hoa Son) du ty 1€ nguy co cao
nhung anh hudéng chung khong 16n.
3.3.3.3. Dy bdo tdc dong tong hop cia thiy tai dén diat CLN

Dy bao dén nam 2030, 1.034,9 ha dét CLN cua Hoa Vang
s¢ chiu tac dong thuy tai, trong do 88,2% nam trong nhom trung
binh trd 1én, phan 4nh mirc ton thuong déng ké du chu yéu ¢ cap
trung binh. Hoa Khuong, Hoa Ninh va Hoa Phu c6 ty I¢ trung binh
cao (72 - 79%), thé hién kha ning chong chiu twong dbi tét. Nguoc
lai, Hoa Lién la diém nong nghiém trong nhét v6i gan nhur toan bo
dién tich & mirc cao - rat cao; Hoa Phong va Hoa Nhon cling chiu
ap luc 16m (trén 50% cao). O cac xd c6 quy md CLN nhé, nguy co
van rat cao: Hoa Chau, Hoa Phudc va Hoa Tién hau nhu toan bo
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dién tich nim trong ving rui ro 16n. Riéng Hoa Son chi yéu trung
binh nhung van c6 ty 1é cao dang ké.
3.4. PE XUAT PINH HUONG PHAT TRIEN NGANH
TRONG TRQT O HUYEN HOA VANG THICH UNG VOI
THUY TAI TRONG BOI CANH BIEN POI KHi HAU
Nhimng co s& d& xuit dinh huéng dua trén: (1) Quan diém
phat trién nganh trong trot thich tmg voi thuy tai va bién d6i khi
hau, (2) Myc tiéu phat trién nganh trong trot, (3) Thuc trang tac
dong cta thuy tai dén nganh trong trot huyén Hoa Vang va (4) Quy
hoach phat trién  nganh trong trot huyén Hoa Vang dén nam 2030.
3.5. PE XUAT GIAI PHAP PHAT TRIEN NGANH
TRONG TRQT O HUYEN HOA VANG THIiCH UNG VOI
THUY TAI TRONG BOI CANH BIEN POI KHI HAU
3.5.1. Gidi phdp cong trinh
3.5.1.1. Giai phdp xdy dung va cdi tao h¢ théng thuy lgi
Can som nang cp va kién c¢d hoa kénh muong va cong
diéu tiét dé ting kha nang tiéu thoat 1ii va trit nuéc cho mua kho.
3.5.1.2. Giai phdp quy hoach phdt trién dé thi va co sé ha tang
Trudce tac dong cua BDKH va DTH nhanh, céc xa tai Hoa
Vang can quy hoach d6 thi theo hudng hai hoa véi hé thong thiy
lgi va bao v¢ vung san xuét 1an can.
3.5.1.3. Gidi phdp tang cuong trong rieng va bao vé ving dat
ngap nuoc
Can khan truong phuc hoi va tréng méi rimg phong hod
bang céc loai ban dia gitr nudc tot, ddng thoi ting cuong bao vé
dién tich rung hién co.
3.5.2. Gidi phdp phi cong trinh
3.5.2.1. Giai phdp vng dung khoa hoc cong nghé, thu hut ddu tw
Viéc xay dung hé théng canh bao som va giam sat rii ro ngap
Iut, han han la giai phap then chdt nham bao vé san xuét trong trot,
6n dinh sinh ké néng dan va bao dam an ninh luong thyc dia phuong.
3.5.2.2. Giai phap vé quy hoach, dat dai va chuyén déi co cdu
cdy trong, mua vu thich tmg véi riii ro thiy tai
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a. Giai phdp quy hoach sir dung ddt va chuyén doi co cdu
cay trong, mua vu thich ung voi rui ro ngap lut

* Khu vuc ngdp rat cao - cao: LUA chi nén b6 tri 2
vu/nam, thoi gian gieo cdy va thu hoach can tranh thoi gian ngap.
HNK c6 thé lam 3 vu nhung phai thu hoach trude 15/IX. CLN
khong phu hop, can chuyén sang cdy ngin ngay dé giam rui ro.

* Khu viee ngap trung binh: LUA duy tri 2 vy, vu con lai
ludn canh thily san. HNK c6 thé 1am 3 vu nhung két thuc trude
thang X. CLN van trong duge nhung cin mo cao.

* Khu viee ngdp thdp - rat thap: LUA b tri 2 vu va c¢6 thé
tan dung thoi gian con lai tréng rau ngin ngay/thty canh. HNK
c6 thé 1am 3 vy, nhét 13 rau vy dong dé tang san lugng. CLN c¢6
thé phat trién cdy in qua - cong nghiép.

b. Gidi phdp quy hoach sir dung ddt va chuyén doi co cdu
cdy trong, mua vu thich tmg véi riii ro han hdn

* Khu viee han ndng - nghiém trong: LUA can chuyén sang
cdy ngan ngay chiu han (bip, dau nanh, mé, khoai lang). HNK
wu tién lac, mia va cdy cong nghiép ngin ngay. CLN nén phat
trién xoai, mit, diéu, hd tiéu dé tang chiu han.

* Khu viec han vira: LUA van trong dugc nhung dung
gidng lua ngan ngay va chiu han. HNK c6 thé trong rau mau,
ngd va ap dung tudi tiét kiém. CLN c6 thé duy tri nhung chon
gidng c6 nhu cau nudc trung binh, chi y viéc che phil va tia canh
dé giam thoét hoi nudc.

* Khu viee han nhe - khong han: LUA can trong gidng chat
lugng cao, ap dung tham canh tiét kiém nudc. HNK nén b tri
cdy ngin ngdy ning sudt cao va hudng dén san xuat
VietGAP/Global GAP.
3.5.2.3. Gidi phdp chinh sach hé tro dau tw, xdy dung cdc khu
sdn xudt tdp trung

Can ra soat, hoan thién chinh sach hd trg nong nghiép dé
giam rui ro tai chinh cho nong dan.
3.5.2.4. Giai phap huy dong cac nguon lyc, lién két chudi, hop
tdc phdt trién, t6 chirc san xudt trong nganh trong trot
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SXTT nho 1é con roi rac va thiéu lién két. Can phat trién
md hinh chudi gia tri v6i doanh nghiép 1am “hat nhan” lién két
nong ho, hop tac xa, tao chudi khép kin tir san xuét dén tiéu thu.
3.5.2.5. Gidi phdp ndng cao nhdn thire cong dong va ting cueong
nang lwc chinh quyén dia phirong

Naéng cao nhan thirc cong dong va nang luc quan 1y 1a giai
phap then chdt dé Hoa Vang thich tmg trong SXTT. Trong tAm
1a thuc hién Ké hoach 151/KH-UBND theo Dé 4n 5 53/Qb-TTg
ctua Chinh phu.

KET LUAN

Luan an da xac 1ap co sd khoa hoc cho viéc phan tich va
danh gia tac dong cua thuy tai dén nganh trong trot tai huyén
Hoa Vang, thanh pho Pa Nang, thong qua viéc ung dung dir liéu
vién tham da nguon, cong cu GIS va cac mé hinh hoc may hién
dai, cu thé nhu sau:

(1) Luén an da lam 10 co so ly luan va thuce tién vé thay tai va
tac dong cua ching dén nganh trong trot. Pong thoi, ludn an ciing
da hé thong hoa cac cach tlep can, chi s6 va phuong phap danh gia
ngap lut, han han. Pay 1a nén tang khoa hoc cho vi¢c lya chon
phuong phéap nghién ctru phit hop véi diéu kién huyén Hoa Vang.

(2) Trén co so phan tich dac diém ty nhién, KT-XH va
thuc trang phat trién nganh trong trot ctia huyén Hoa Vang, luan
an da chi ra moi quan h¢ chat ché gitra PKTN, co ciu cy trong,
hinh thirc canh tac véi muc d6 tén thuong trudce céac loai hinh
thuy tai, 1am rd bdi canh va tinh cip thiét ciia nghién ctru.

(3) Luén an d3 thanh 14p hé thdng ban do chuyén dé phan
anh dién bién va muac do tac dong cua ngap lut va han han tai
huyén Hoa Vang duya trén dit liéu vién thim da ngudn va phan
tich GIS. Ngap lut dugc xac dinh tr anh radar Sentinel 1, han
khi trong duge danh gia bang chi s6 SPI 1 tir dir liéu CHIRPS,
va han nong nghiép duoc xac dinh tir chudi anh Landsat thong
qua cac chi s6 TCIL, VCI va VHIL

(4) Luan 4n dd danh gia hién trang phat trién nganh trong

23



trot tai huyén Hoa Vang thong qua phan tich chudi s6 liéu thong
ké, xac dinh co cdu cdy trong, loai hinh canh tac va dic diém
phan b6 khong gian. Trén co so d6, ban d6 hién trang va bién
dong sir dung dat trong trot giai doan 2015 - 2024 dugc xy dung
bang anh Landsat 8, xir Iy trén nén tang GEE va phan tich trong
moi truong GIS. Két qua giup nhan dién rd rang su thay doi dat
trong trot theo ca thoi gian va khong gian.

(5) Thong qua so sanh hiéu qua gitta cac mo hinh thong ké
hai bién (FR va WoE), cac m6 hinh hoc may hién dai 13 Boosting
va Stacking. Qua d6 luan an da xac dinh dugc mo hinh Stacking
c6 hiéu suat vuot trdi trong danh gia phan ving nguy co ngap
lut. Két qua nay c6 y nghia quan trong trong viéc lya chon
phuong phap dy bao rti ro thién tai phu hop véi diéu kién dir
liéu va dic diém ving nghién ctu.

(6) Tir mdi twong quan cao gitta SPI va VHI, luan 4n tich
hop han khi tuong va han nong nghiép trong xay dung ban )
phan vung tac dong tong hop cua han han.

(7) Trén co so két qua danh gia tac dong cua thuy tai dén
khong gian SXTT, tac dong cua ngap lut dén hé théng GTND va
lich mua vy cia mot s6 nhom cay trong chu lyc, luan an da dé
xut cac dinh huéng phat trién nganh trong trot theo hudng thich
ung voi nguy co thuy tai.

(8) Dya trén kich ban RCP4.5, luan an du bao thuy tai sé&
tac dong dén 4.758,8 ha dat tréng trot, trong do 70,5% dién tich
thudc nhom nguy co cao va rat cao. Dat trong lta 1a d6i tuong
nhay cam nhét vi 89,3% dién tich chiu rai ro nghiém trong, tap
trung tai cac xa nhu Hoa Tién, Hoa Chau, Hoa Phudc va Hoa
Lién. Tiép dén 1a dat cay hiang nam khac (74,6%) va dat cay lau
nam chii yéu ¢ muc trung binh.

(9) Luan an da dé xuat hé thong giai phap phat trién nganh
trong trot tai huyén Hoa Vang theo hudng tong thé va lién nganh,
bao gom ca giai phap cong trinh va phi cong trinh, ¢6 tinh kha
thi va phu hop v6i didu kién thyc tién dia phuong, nham giam
thiéu rui ro thiy tai va nang cao tinh bén vimng ciia SXTT trong
bdi canh BDKH.
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INTRODUCTION

1. RATIONALE OF THE DISSERTATION

Climate change 1is intensifying hydro-meteorological
disasters, causing severe losses globally. Crop production is among
the most critically affected sectors due to its direct dependence on
weather conditions, as evidenced by USD 108 billion in
agricultural losses worldwide during 2008—-2018.

In Vietnam, the crop production sector is highly vulnerable,
with approximately 60% of the country's land area and 70% of its
population residing in regions exposed to hydro-meteorological
hazards [58]. In Hoa Vang district (Da Nang city), this vulnerability
is particularly acute, as the area regularly contends with flooding
during the rainy season and drought during the dry season, posing
direct threats to agricultural production.

In light of the foregoing, the research entitled "Assessment
of the Impacts of Hydro-meteorological Disasters on Crop
Production in Hoa Vang district, Da Nang city" is of pressing
importance. The study will provide a robust scientific foundation
to assist local authorities in formulating adaptation policies and
ensuring sustainable crop production development.

2. RESEARCH OBJECTIVES
2.1. General objective

To establish a scientific basis, through the application of
advanced technologies, for assessing hydro-meteorological disaster
impacts on crop production in Hoa Vang district, Da Nang city, and
for proposing adaptive and sustainable development orientations
for the sector.

2.2 Specific Objectives

To develop a scientific framework for assessing hydro-
meteorological disaster impacts on crop production in Hoa Vang
District; construct hazard risk maps and evaluate their effects on the
crop production spatial domain; and propose orientations and solutions
for sustainable sectoral development to mitigate disaster risks.

3. RESEARCH SUBJECT
The dissertation's research subjects are the principal hydro-



meteorological phenomena, namely flooding and drought, as well
as the productive spatial domain of the crop production sector in
Hoa Vang district.
4. RESEARCH CONTENT AND SCOPE
4.1. Research content

The dissertation constructs flood and drought maps grounded
in Hoa Vang's natural and socio-economic conditions to
quantitatively identify affected areas and land-use categories, then
proposes development orientations and adaptive solutions for
sustainable crop production under climate change.
4.2. Research scope
4.2.1. Spatial scope

The dissertation covers the entire territory of Hoa Vang district.
4.2.2. Temporal scope

Primary data on hydro-meteorological disasters and crop
production were collected for the period 2015-2024 in the study area.
4.2.3. Thematic scope

The dissertation focuses on flooding and drought, the most
damaging hazards to the District's crop production. The research
assesses their impacts across three land-use categories defined by
the Ministry of Natural Resources and Environment [5]: rice paddy
(LUA), other annual (HNK), and perennial cropland (CLN). It also
examines flooding effects on intra-field transportation and key
annual cropping calendars.
5. SCIENTIFIC AND PRACTICAL SIGNIFICANCE
5.1. Scientific significance

The dissertation refines disaster risk assessment
methodology by demonstrating the superiority of machine learning
models (Boosting, Stacking) over bivariate statistical methods for
flood susceptibility mapping. It develops a novel framework
integrating VHI and SPI data for comprehensive agricultural and
meteorological drought assessment, applicable to ecologically
analogous regions.
5.2. Practical significance

The study constructs a dataset and a risk-mapping system for
flooding and drought in the crop production sector in Hoa Vang.



Based on this zoning, both structural and non-structural practical
solutions are proposed to guide crop structure conversion.
6. NOVEL CONTRIBUTIONS OF THE DISSERTATION

- The dissertation integrates spatial data, remote sensing, and
advanced machine learning to produce high-accuracy flood hazard
susceptibility maps.

- The application of CHIRPS data to compute the SPI
overcomes the limitations of meteorological station networks. For the
first time, SPI and VHI are integrated to comprehensively analyze
both agricultural and meteorological drought in the study area.

- A comprehensive assessment of the combined impacts of
flooding and drought on crop production under the 2030 climate
change scenarios is conducted, serving as a basis for sustainable
land-use planning.

7. RESEARCH PROPOSITIONS

Proposition 1: Integrating remote sensing, GIS, and field data on
the GEE platform with advanced machine learning models proves
highly effective for flood and drought mapping, cropland classification,
and hydro-meteorological hazard risk zoning in Hoa Vang.

Proposition 2: As flooding and drought intensify and
increasingly impact crop production in Hoa Vang, sustainable
development solutions must be grounded in comprehensive
quantitative disaster impact assessments and closely aligned with
local socio-economic orientations to enhance adaptive capacity and
land-use efficiency.

8. DATA SOURCES

The dissertation draws upon a diverse range of data,
including: (1) socio-economic statistics, planning documents, and
crop production data for Da Nang and Hoa Vang; (2) base maps
covering topography, hydrology, and soils from the Departments
of Natural Resources and Environment and Agriculture and Rural
Development; (3) Landsat 5/8 and Sentinel-1 remote sensing data;
(4) hydro-meteorological data comprising CHIRPS and CHRS
satellite rainfall and station-recorded data; (5) relevant scientific
research and technical reports; and (6) field survey results on
flooding, drought, and current crop production conditions.



CHAPTER 1: THEORETICAL AND EMPIRICAL
FOUNDATIONS FOR ASSESSING THE IMPACTS OF
HYDRO-METEOROLOGICAL DISASTERS ON
CROP PRODUCTION

1.1. OVERVIEW OF RESEARCH ON THE IMPACTS OF
HYDRO-METEOROLOGICAL DISASTERS ON CROP
PRODUCTION
1.1.1. Global research landscape on the impacts of hydro-
meteorological hazards on crop production
1.1.1.1. Flood research methods and crop impacts

Research on flooding currently employs methods including
hydrodynamic modeling, multi-criteria analysis, statistical
approaches, and machine learning. The assessment of disaster
impacts on agriculture has been extensively implemented across
numerous countries. The objective is to quantify damage levels in
support of management strategy development.
1.1.1.2. Drought research methods and crop impacts

Global drought research has primarily focused on the impacts
on agriculture and water resources. Recent studies have expanded
to encompass ecosystem and socio-economic effects.
1.1.2. Research on the impacts of hydro-meteorological hazards
on crop cultivation in Vietnam

Regarding flooding, notable studies include those by Huynh Thi
Thu Huong (2017) [19], Nguyen Thi Lieu (2017) [20], and Nguyen
Bich Ngoc (2021) [25]. Regarding drought, the Ministry of Natural
Resources and Environment produced a national drought map (2013—
2015) [1]. Other relevant studies include drought mapping in Dong Nai
[14]; drought risk assessment in Bac Binh (Binh Thuan) [18]; SPI-
based drought mapping for Dak Nong [16]; and aridity mapping for
Ninh Thuan [36].
1.1.3. Research on the impacts of hydro-meteorological hazards
on crop cultivation in Da Nang city and Hoa Vang district

Concerning flooding: Multiple studies have been conducted,
including a flood scenario mapping under climate change projections
by the Southern Institute for Water Resources Research (2009) [49];



and a combined hydrodynamic modeling study (MIKE UHM, MIKE
21) by To Thuy Nga and Nguyen Thanh Phat (2020) to assess the
impacts of urbanization on flooding in the Cu De River basin [23].

Concerning drought: CARE (2017) analyzed flood—drought
risks in the Vu Gia—Thu Bon basin [6], while Tran Thi Phuong (2019)
examined drought impacts on rice paddy land in Hoa Vang,
employing SPI in conjunction with GIS and remote sensing to propose
adaptive solutions [27].

1.1.4. Identification of research gaps

Advanced machine learning has not yet been applied for flood
susceptibility zoning in Hoa Vang, and prior drought studies relied on
single indices. This dissertation comprehensively assesses both
meteorological (SPI) and agricultural (VHI) droughts. It represents Da
Nang's first study integrating flood and drought assessments into a
unified district-level risk framework, utilizing multi-source data and
machine learning to evaluate the combined impacts of hydro-
meteorological hazards on crop production.

1.2. THEORETICAL FOUNDATIONS
1.2.1. Theoretical framework on hydro-meteorological disasters
1.2.1.1. Definition of hydro-meteorological disasters

Hydro-meteorological disasters are natural hazard phenomena
related to water, encompassing processes such as flooding, flash
floods, drought, and other events causing the accumulation,
displacement, or deficit of water in the natural environment [126].
1.2.1.2. Major hydro-meteorological disasters

- Flooding: A phenomenon characterized by water rising and
inundating land surfaces for a defined period, typically resulting from
heavy rainfall, riverine flooding, storm surges, or sea level rise [10].

- Drought: A temporary natural phenomenon caused by a
prolonged rainfall deficit, leading to a hydrological imbalance and
adversely affecting agriculture, the environment, and the economy [145].
1.2.2. Theoretical framework on crop production

In agriculture, crop production plays a pivotal role, as the
sector is directly responsible for generating food, sustenance, and
livelihoods. It constitutes an economic-technical sector of
agriculture concerned with the cultivation of agricultural plants,
ornamental plants, and edible fungi for human purposes [29].



1.2.3. Theoretical framework on the impacts of hydro-
meteorological disasters on crop production
In general, drought causes harm through water deficit and
heat stress, while waterlogging causes harm through root oxygen
deprivation. Both stresses impair photosynthesis and biomass
accumulation, ultimately leading to reduced crop yields.
1.3. EMPIRICAL FOUNDATIONS
1.3.1. Global trends in flooding and its impacts on crop production
Flooding is among the most damaging natural disasters for
agriculture. During the period 2009-2018, an average of 149 flood
events occurred annually, causing approximately USD 400 billion
in economic damage [88]. FAO (2023) has also reported that
natural disasters reduce global cereal production by 69 million
tonnes and vegetable yields by 40 million tonnes annually, with
flooding identified as the primary causal agent [71].
1.3.2. Flooding and its impacts on crop production in Vietnam
Low-lying coastal plains and key crop-producing areas are
highly prone to severe inundation. Flood seasons vary regionally:
Red River Delta (June—October), North Central Coast (July—
November), Central Coast to Ninh Thuan (September—December),
and South Central Coast, Central Highlands, and Mekong Delta
(June—November). Irregular flooding consistently causes severe
agricultural damage.
1.3.3. Global trends in drought and its impacts on crop production
Drought is a devastating natural disaster causing substantial
global losses. In low- and middle-income countries, it reduces
agricultural output by 34%, inflicting approximately USD 37
billion in economic damage [70]. In crop production, drought
accounts for approximately 18% of total losses [31].
1.3.4. Drought and its impacts on crop production in Vietnam
Vietnam's climate is characterized by a humid tropical
monsoon, with a pronounced alternation between rainy and dry
seasons. Over 50 years (1961-2010), drought occurred in 36 out of
50 years, with severity escalating progressively, particularly within
the crop production sector [34].



1.4. METHODOLOGY FOR ASSESSING THE IMPACTS
OF HYDRO-METEOROLOGICAL DISASTERS ON CROP
PRODUCTION IN HOA VANG DISTRICT
1.4.1. Methods for investigating the current status of hydro-
meteorological disasters in Hoa Vang district
1.4.1.1. Methods for assessing flood status and dynamics

The research workflow comprises the following key steps:
image preprocessing on GEE, Otsu thresholding, extraction of a
flood extent map, correlation analysis between flooded areas and
rainfall and streamflow, accuracy assessment of flood maps, and
spatial flood dynamics analysis.
1.4.1.2. Methods for assessing drought conditions

a. Agricultural drought assessment in Hoa Vang district

The study applies GEE to process 309 Landsat (5 TM and 8
OLI) images acquired during the dry season (May—July) over the
period 1995-2024. The workflow involves extracting NDVI and
Land Surface Temperature (LST) from GEE, which serve as the
basis for computing VCI, TCI, and VHI (in conjunction with GIS).
VHI values are subsequently classified into five drought severity
levels: severe (<10), heavy (10-20), moderate (20-30), mild (30—
40), and no drought (>40).

b. Meteorological drought assessment in Hoa Vang district

The dissertation follows four procedural steps: (1)
computation of the SPI based on CHIRPS data; (2) assessment of
SPI trend reliability using the Mann-Kendall (MK) test; (3) accuracy
evaluation of SPI (derived from CHIRPS) against observational and
CHRS data using statistical metrics (r, RMSE, MAE, Bias, KGE);
and (4) risk zoning across five SPI-based severity levels: severe (<
—2.0), heavy (—2.0 to —1.5], moderate (—1.5 to —1.0], mild (-1.0 to
—0.5], and no drought (> —0.5).
1.4.2. Methods for investigating the current status and dynamics
of cropland use in Hoa Vang district

The study employs GEE and the Random Forest (RF)
algorithm to classify Landsat 8 imagery (acquired in 2015 and
2024) for current land-use status mapping in Hoa Vang. Map
reliability is assessed through user accuracy, producer accuracy,
overall accuracy, and the Kappa coefficient.



1.4.3. Methods for hydro-meteorological hazard zoning and
impact assessment on crop production in Hoa Vang district
1.4.3.1. Flood susceptibility zoning method

The study compares bivariate statistical methods (WoE, FR)
with machine learning approaches (Boosting, Stacking) for flood
susceptibility mapping. Optimal model selection is based on the
normalized mean scores of positive-correlation metrics (ROC-
AUC, Kappa, KGE) and inverse metrics (RMSE, MAE, Huber
Loss). For tooling, the GEE platform (JavaScript) is used for
Sentinel-1 image processing, while Google Colab (Python)
supports model building and performance evaluation.
1.4.3.2. Drought risk zoning method

Drought risk zoning in Hoa Vang district is achieved by
integrating meteorological and agricultural drought indices, aiming
to simultaneously reflect climatic conditions and the level of
biological water stress on crops [179].
1.4.3.3.  Hydro-meteorological hazard zoning and impact
assessment method

The dissertation integrates the flood and drought zoning
results, drawing upon the methodological approaches of previous
studies [114, 120, 182], to establish a hydro-meteorological hazard
classification matrix (Table 1.7). A composite hazard risk map is
produced using GIS overlay analysis.

Bang 1.7. Hydro-meteorological Hazard Risk Classification Matrix
Based on Flooding and Drought

Drought Hazard (Score)
Moderate (3) Mild (2)

High High Medium
High Medium Medium

Flood Hazard

High
Medium (3) High High Medium Medium Low

Low i2 i High Medium Medium Low Low
Medium Medium Low Low

Risk levels are classified into five categories: very high (9—
10), high (7-8), medium (5-6), low (3—4), and very low (2). On this
basis, the dissertation evaluates the impacts of hydro-
meteorological hazards on the LUA, HNK, and CLN land-use
categories to identify vulnerability levels and recovery capacity,
thereby supporting adaptive crop placement strategies.




1.5. DISSERTATION RESEARCH FRAMEWORK
Figure 1.9 presents the interdisciplinary research framework
tailored to the distinctive characteristics of Hoa Vang District.
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Figure 1.9. General research framework of the dissertation
The central focus of the dissertation is to assess the impacts of
hydrometeorological hazards on the crop cultivation sector in Hoa
Vang District, thereby providing a scientific basis for proposing
sustainable development orientations in the context of climate change.



CHAPTER 2: HYDRO-METEOROLOGICAL
HAZARDS AND CROP PRODUCTION IN HOA VANG
DISTRICT, DA NANG CITY

2.1. FACTORS INFLUENCING HYDRO-
METEOROLOGICAL DISASTERS AND CROP
PRODUCTION IN HOA VANG DISTRICT
2.1.1. Natural factors
2.1.1.1. Geographical location

Covering 737.004 km?, Hoa Vang’s location facilitates
regional connectivity and crop production. However, traversing
low-lying areas poses challenges, increasing localized
waterlogging risks and negatively impacting agricultural output.
2.1.1.2. Geology

Hoa Vang’s complex geological structure spans stratigraphic
units from the Paleozoic to the Quaternary [48]. This stratigraphic
and lithological diversity directly influences crop production zones
and localized flood and drought risk levels.
2.1.1.3. Topography and geomorphology

Hoa Vang's terrain slopes from Northwest to Southeast
across three zones. The steep, mountainous zone is suited to
forestry and industrial crops but faces landslide and flash-flood
risks. The midlands are suited to perennial crops but are susceptible
to drought and localized flooding. The low-lying plains, the
primary crop zone, are highly vulnerable to rainy-season floods and
dry-season water shortages.
2.1.1.4. Climate

Hoa Vang’s humid tropical monsoon climate features high
mean temperatures (26.7°C) and two contrasting seasons. The rainy
season (August-December, 2,680mm) [12, 13] frequently
inundates alluvial plains, while the dry season (January—July)
causes irrigation shortages and localized drought, impacting crop
production.
2.1.1.5. Hydrology

Hoa Vang's hydrological network comprises two main rivers.
The Cu De River frequently causes rainy-season waterlogging, yet
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its severe low flows trigger dry-season water shortages and
saltwater intrusion. Conversely, the Cam Le River (at the Tuy
Loan-Yen confluence) [41], alongside the Hoa Trung and Dong
Nghe reservoirs, is essential for water supply and flood regulation.
2.1.1.6. Soils

Hoa Vang’s soils consist of two primary groups impacting crop
production. Alluvial soils suit short-cycle crops but are vulnerable to
rainy-season flooding and Summer-Autumn water shortages. Red-
yellow soils suit industrial crops but are prone to erosion and poor
water retention, increasing downstream flood discharge.
2.1.1.7. Vegetation

Vegetation covers 75.74% of Hoa Vang [41], including
protection, special-use, and production forests. These are vital for
hydrological regulation and mitigating risks to crop production.
2.1.2. Socio-economic factors
2.1.2.1. Socio-economic infrastructure

a. Transportation network

Hoa Vang district possesses an extensive road network
comprising 49 km of national highways (NHI1A, 14B, 14G), 86 km
of provincial roads (601, 602, 605, and the Nam Hai Van bypass),
54.4 km of district roads, 185.82 km of inter-commune roads, 147
km of inter-village roads, and 478 km of alley and lane roads [41].

b. Irrigation system

Hoa Vang has 19 reservoirs, of which Dong Nghe and Hoa
Trung are the principal facilities for irrigation and flood regulation
[39]. The network of 451.57 km of irrigation canals, which are
predominantly earthen, reduces flood-cutting capacity and causes
localized water shortages, directly affecting crop productivity [39].
2.1.2.2. Population, labor, and employment

According to the 2024 Statistical Yearbook, Hoa Vang district
has a population of 155,545 with a density of 212 persons/km?,
though the spatial distribution of residents is highly uneven [8].
2.1.2.3. Agricultural sector development

The District's economic structure has undergone significant
restructuring, with the share of agriculture, forestry, and fisheries
declining to 13% (a 7% reduction from 2020) [8].
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2.2. CURRENT STATUS AND DYNAMICS OF FLOODING
IN HOA VANG DISTRICT
2.2.1. Overview of flooding and its impacts on crop production in
Hoa Vang district

Statistical data for the period 1998-2024 indicate that 64 flood
events occurred in the District. Of these, 27 events caused damage in
Hoa Vang, resulting in 83 fatalities, 100 injuries, and extensive
destruction of infrastructure and agricultural assets [13, 46].
2.2.2. Flood map production for Hoa Vang district (2015-2024)
using radar remote sensing

Using Otsu thresholding and Sentinel-1 imagery, flood maps
were generated on GEE for 182 images (2015-2024) with permanent
water excluded. Results show flooding peaks from September to
December. Major inundation occurred in 2016, 2020, 2022, and 2023,
while other years recorded lower levels.
2.2.3. Accuracy assessment of flood mapping results

The dissertation's accuracy assessment using Pearson's
correlation coefficient (r) shows that the flooded area exhibits
strong positive correlations with both rainfall (r = 0.91) and 5-day
antecedent streamflow (r = 0.90). Additionally, the flood extent
maps derived from Sentinel-1 imagery exhibit high reliability, with
a Kappa coefficient of 0.80.
2.2.4. Results of flood spatial dynamics assessment in Hoa Vang
district, Da Nang city (GIS-based)

Using GIS and Python on Google Colab, a flood dynamics
map was produced for Hoa Vang (2015-2024). Results indicate a
significant increase in the flooded area of 5,401.8 ha (83.5%),
concentrated in Hoa Khuong, Hoa Lien, Hoa Tien, and other low-
lying communes. In contrast, communes such as Hoa Bac, Hoa
Ninh, Hoa Phu, and Hoa Son exhibited negligible variation.
2.3. CURRENT STATUS OF DROUGHT IN HOA VANG
DISTRICT
2.3.1. Overview of Drought in Hoa Vang district

Drought in Hoa Vang occurs from April to August, peaking in
2016, 2018, and 2019 [46]. Rice in plains and foothills is impacted
in both seasons, whereas mountainous areas suffer primarily during
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the Summer-Autumn crop [28]. Low June—July SPI triggers water
shortages and yield losses [28].
2.3.2. Agricultural Drought Assessment in Hoa Vang district

Analysis of TCI, VCI, and VHI for the period 1995-2024
reveals a marked increase in agricultural drought severity and
spatial extent. The proportion of non-drought area has declined
substantially (TCIL: from 54.3% to 34.9%; VCI: from 50.4% to
18.8%; VHI: from 52.3% to 26.9%), while the coverage of various
drought categories has expanded rapidly, posing a direct threat to
crop yields. VHI data for 2015-2024 are used to construct the
official agricultural drought map.
2.3.3. Meteorological Drought Assessment in Hoa Vang district

SPI-1 was computed from CHIRPS data on GEE and averaged
district-wide. The Mann-Kendall test confirmed statistical
significance (p < 0.05) for 9 of 12 months. CHIRPS reliability was
validated against CHRS and station records using multiple metrics
(r, RMSE, MAE, Bias, KGE). Consequently, SPI-1 was used to map
meteorological drought for May—July (2015-2024).
2.4. DEVELOPMENT OF THE CROP PRODUCTION
SECTOR IN HOA VANG DISTRICT
2.4.1. Current Status of Crop Production in Hoa Vang district
2.4.1.1. Crop Area and Structure

During 2015-2024, cropland area in Hoa Vang declined
from 8,536 to 6,970 ha (—2.23%/year). Rice increased its share to
85.5% of total cropland despite a slight reduction in absolute area,
while other short-cycle crops (maize, cassava, groundnut, etc.)
declined substantially. Fruit trees reached their peak extent in 2018
before declining to 410.6 ha by 2024. Perennial crops underwent
severe contraction: cashew disappeared entirely from 2023, black
pepper was reduced to only 2-3 ha, and tea also declined toward
the end of the study period.
2.4.1.2. Yields and Output

Annual crop yields grew steadily under normal conditions
but plummeted during disasters. Cassava, sugarcane, groundnut,
and sesame showed high volatility due to weather sensitivity.
Hazards reduced yields while accelerating adaptive crop
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restructuring. Rice output remained at 26,000-30,000 tonnes,
except during major floods; however, maize, sweet potato, and fruit
trees declined as cultivation areas contracted. For perennials,
bananas recovered after the flood, whereas pepper was nearly
eliminated and tea declined during drought years.

2.4.1.3. Farming practices

Hoa Vang district employs diverse farming practices,
including traditional cultivation, organic farming, high-technology
agriculture, and ecological agriculture.
2.4.1.4. Technical infrastructure for crop production

Hoa Vang leads Da Nang’s agricultural modernization
despite labor shortages and urbanization-driven land loss. The
District actively promotes high-tech farming, mechanization, and
value-added improvements to agricultural products.

2.4.2. Analysis of cropland use change in Hoa Vang district
(2015-2024)
2.4.2.1. Cropland land-use status maps

GIS assessment of Hoa Vang’s cropland (2015-2024)
reveals pronounced topographic differentiation. Rice is
concentrated on flood-prone plains, with less than 1.5% in
mountainous zones. Other annual crops, distributed across
lowlands, remain drought-prone except for a slight increase in Hoa
Ninh. Perennial cropland expansion has occurred primarily in the
foothill and mountainous zones.
2.4.2.2. Assessment of cropland area change in Hoa Vang district
(2015-2024)

GIS analysis of cropland dynamics in Hoa Vang (2015—
2024) reveals that rice paddy area declined by 319.4 ha (—10.2%)
and other annual cropland by 137.9 ha (—=7.4%) due to urbanization
and disaster impacts. Conversely, perennial cropland increased by
102 ha (+6.8%) owing to its superior climate adaptability. Total
cropland area decreased by 5.5% as a result of land-use conversion
and the adverse effects of hydro-meteorological disasters.
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CHAPTER 3: ASSESSING HYDRO-
METEOROLOGICAL IMPACTS ON CROP
PRODUCTION AND SUSTAINABLE DEVELOPMENT
STRATEGIES IN HOA VANG DISTRICT

3.1. HYDRO-METEOROLOGICAL HAZARD RISK
ZONING IN HOA VANG DISTRICT
3.1.1. Flood susceptibility zoning map
3.1.1.1. Selection of key factors influencing flood susceptibility

Using Information Gain Ratio (IGR) and multicollinearity
analysis, 12 independent factors (LULC, STe, TPI, ELE, STy,
SLO, TWI, RD, DtRo, DtRi, PD, HDR) were selected as inputs for
flood susceptibility mapping in the study area..
3.1.1.2. Flood susceptibility assessment using bivariate statistical

The modified NBJ approach achieved superior performance
(FR =0.264; WoE = 0.524) compared to the conventional NBJ (FR
=0.007; WoE = 0.040).
3.1.1.3. Flood susceptibility assessment using machine learning

a. Results from boosting models

The study applies five Boosting models for flood
susceptibility mapping. Results show AdaBoost (AB) achieved the
highest score (0.813), followed by LightGBM (LGB) (0.793),
CatBoost (CB) (0.775), and XGBoost (XGB) (0.734).
GradientBoosting (GB) performed lowest (0.712).

b. Results from stacking models

The three top-performing Boosting models were selected as
base models for Stacking with a logistic regression meta-learner,
reducing individual errors and enhancing prediction stability.
3.1.1.4. Overall model evaluation

Validated on a 30% test set, Stacking (0.885) outperformed
Boosting (0.765), WoE (0.270), and FR (0.134), with the
CB_GB_XGB ensemble peaking at 0.966. Unlike simple statistical
methods, Stacking and Boosting effectively manage noise and
heterogeneity, yielding significantly higher accuracy.
3.1.2. Combined drought risk zoning map

Integrating VHI and SPI, this dissertation constructs a

15



comprehensive risk map. A strong correlation (R*> = 0.841). GIS
analysis reveals 94.7% of the District (73,700.4 ha) is drought-
affected. Moderate drought is dominant (48.9%), followed by mild
(34.9%), heavy (8.9%), and severe (2.0%).

3.1.3. Hydro-meteorological hazard risk zoning map

GIS integration of flood and drought maps generated Hoa
Vang’s hazard risk profile: low (67.5%), medium (12.2%), high
(9.6%), and very high (5.4%). High-to-very-high risk is
concentrated in Hoa Chau, Hoa Phuoc, and Hoa Tien (79.6-100%),
alongside Hoa Lien and Hoa Nhon. Conversely, Hoa Bac, Hoa Phu,
and Hoa Ninh are over 80% low-risk.

3.2. HAZARD IMPACTS ON CROP PRODUCTION
3.2.1. Assessment of disaster impacts on the crop production
spatial domain in Hoa Vang district

* Combined impacts on LUA (rice paddy land)

In 2024, 86.5% of Hoa Vang’s 2,805.5 ha of rice land (LUA) is
in high-to-very-high hazard zones, the most vulnerable category. Risks
peak in Hoa Chau, Hoa Phuoc (100%), and Hoa Tien (69.3%), whereas
Hoa Son, Hoa Phu, and Hoa Ninh face significantly lower hazards.

* Combined impacts on HNK (other annual cropland)

HNK is highly sensitive to hydro-meteorological hazards,
with 72.5% of the District's HNK area located within high-to-very-
high hazard zones, reflecting a high level of vulnerability of short-
cycle crops to these disasters.

* Combined impacts on CLN (perennial cropland)

Of Hoa Vang's 1,606.2 ha of CLN, 41.9% is classified as low
risk, 39.9% as medium risk, 14.8% as high risk, and 3.3% as very
high risk. Thus, 58.1% of the CLN area is subject to medium-to-
very-high hazard levels.

3.2.2. Assessment of disaster impacts on agricultural
infrastructure

Of Hoa Vang’s 1,093.8 km of intra-field roads, 75.7% face
high-to-very-high flood risk. Vulnerability peaks in low-lying Hoa
Chau and Hoa Tien (>98%), followed by Hoa Lien, Hoa Phuoc, and
Hoa Phong (64.6-91.5%). In contrast, Hoa Ninh is least exposed
(94.9% low risk) due to its elevated terrain and superior drainage.

16



3.2.3. Assessment of Disaster Impacts on Cropping Calendars

Flooding forced the elimination of the Spring-Summer
season, leaving two main crops: Winter-Spring (Dec—Apr) and
Summer-Autumn (May—Sep) to avoid peak floods. Upland crops
follow drier windows (Jan—Apr and Jun—Sep), strictly avoiding the
flood-prone October—December period.

3.3. PROJECTED IMPACTS OF HYDRO-
METEOROLOGICAL DISASTERS ON CROPLAND

3.3.1. Projected flood impacts on cropland

3.3.1.1. Flood change scenarios for Hoa Vang district

a. Projected changes in maximum daily rainfall

The dissertation utilizes Rxlday projections under the
RCP4.5 scenario as input data for the machine learning model,
combined with other relevant factors, to project flood susceptibility
in the District by 2030.

b. Projected land-use/land cover changes

The dissertation employs the Hoa Vang district Land-use
Planning document (to 2030) as the LULC dataset for 2030.

c¢. Projected population density changes

Population density for 2030 is extracted from WorldPop and
used as a basis for constructing the population density forecast map.

d. Flood susceptibility projection for the district to 2030

Based on the flood susceptibility zoning results presented in
Section 3.1, the Stacking machine learning model incorporating
CB, GB, and XGB as base models—which demonstrated the
highest performance—is employed to simulate flood susceptibility
in Hoa Vang district to 2030.
3.3.1.2. Projected flood impacts on cropland by land-use category

LUA suffers the most severe impacts, with 2,255.8 ha
projected to be flooded, of which 1,958.6 ha (86.8%) are in very
high risk, concentrated in low-lying communes including Hoa
Tien, Hoa Chau, Hoa Phuoc, Hoa Lien, and Hoa Khuong.

HNK is projected to experience 1,468.0 ha of flooding, with
69.5% at very high risk levels, and numerous communes facing
extreme inundation (Hoa Tien, Hoa Bac, Hoa Phuoc, Hoa Lien,
Hoa Chau, Hoa Phong, Hoa Nhon, Hoa Khuong), reflecting
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substantial total crop loss risks for short-cycle crops.

CLN is projected to be flooded over 1,034.9 ha, with 18.0%
at very high risk and 21.8% at high risk, primarily in Hoa Lien, Hoa
Phong, Hoa Nhon, and Hoa Bac, while communes such as Hoa
Ninh, Hoa Phu, and Hoa Son face lower levels of inundation.
3.3.2. Projected drought impacts on cropland
3.3.2.1. Drought change scenarios for Hoa Vang district

a. Agricultural drought projection for Hoa Vang district

To project agricultural drought in Hoa Vang to 2030, the
dissertation constructs a VHI map by integrating TCI and VCI. TCI
is computed from Land Surface Temperature (LST), simulated in
accordance with summer temperature change scenarios under
RCP4.5 and RCP8.5 [44] for 2025. VCI is derived from the mean
NDVI for 2015-2024 (extracted from Landsat imagery), assuming
that vegetation cover in 2030 will not change significantly. These
integrated results serve as the core foundation for projecting
drought risk in the study area.

b. Meteorological drought projection for Hoa Vang district

To project meteorological drought in Hoa Vang, the
dissertation simulates summer season rainfall [44]. The two
scenarios exhibit substantial divergence: RCP4.5 projects a slight
increase in rainfall (+2.2%) during 2016-2035, followed by a
gradual decline to —0.1% and —2.5% by the end of the century. In
contrast, RCP8.5 shows a continuous increase in rainfall (from 5.2%
to 7.7%) but with an extreme range of variation (—15.7% to +31.2%)),
intensifying extreme weather events. Based on the RCP4.5 scenario,
a composite drought forecast map is constructed for 2030.
3.3.2.2. Projected drought impacts on cropland by land-use category

Drawing on the projected drought map and the 2030 Land-
use Plan, GIS is used to assess drought impacts on cropland in Hoa
Vang. Results indicate that drought continues to pose a major
threat, with the entire 4,758.8 ha of cultivated land affected: 2.1%
under severe drought, 36.3% under heavy drought, 32.1% under
moderate drought, and 29.5% under mild drought.

Rice paddy land (2,255.8 ha): Most severely affected (51.6%
heavy drought, 35.6% moderate). Critical hotspots include Hoa
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Chau and Hoa Phuoc (100% heavy drought), Hoa Tien (87.3%
heavy), and Hoa Lien (30.9% severe).

HNK (1,468.0 ha): Risk is fairly evenly distributed. Hoa
Phuoc and Hoa Tien face considerable pressure (68—100% heavy
drought); in contrast, Hoa Ninh is predominantly only mildly
affected (85.2%)).

CLN (1,034.9 ha): The safest category, with 66.1% of the
area classified as mildly drought-affected (typically Hoa Phu and
Hoa Ninh). However, Hoa Lien records a notably high proportion
of heavy-to-severe drought.

3.3.3. Projected combined impacts of hydro-meteorological
disasters on cropland

The dissertation further integrates the projected flood and
drought maps to construct a composite hydro-meteorological
hazard risk map for Hoa Vang. This enables a comprehensive
assessment of the combined disaster impacts on total cropland
across the District to 2030 (Figure 3.12).
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Figure 3.12. Projected hydro-meteorological disaster impact map on
cropland in Hoa Vang district to 2030 (derived from 1:50,000 scale)
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3.3.3.1. Projected combined impacts on rice paddy land (LUA)

By 2030, virtually all 2,255.8 ha of LUA in Hoa Vang are
projected to be affected by hydro-meteorological disasters, with
89.3% falling within high-to-very-high risk categories. Spatially,
low-lying riverine communes face the greatest risks: Hoa Tien, Hoa
Chau, Hoa Phuoc, Hoa Phong, and Hoa Khuong all have nearly
100% of their LUA area at high-to-very-high risk. Hoa Lien and
Hoa Nhon also fall within the very high-risk group, with over 70%
of their area at the highest level.

By contrast, mid-elevation and mountainous communes such
as Hoa Ninh, Hoa Phu, and Hoa Son exhibit lower risk levels,
predominantly medium to low, reflecting greater resilience, though
continued monitoring remains necessary.
3.3.3.2. Projected Combined impacts on other annual cropland (HNK)

By 2030, the 1,468.0 ha of HNK in Hoa Vang is projected to
be affected by disasters, with 74.6% at high-to-very-high risk,
indicating considerable vulnerability within this land-use category.

Spatially, Hoa Bac, Hoa Nhon, and Hoa Tien are the most
severely affected, with 93—100% of their HNK area at high-to-
very-high risk; Hoa Lien is the most critical hotspot with over 91%
at very high risk.

Communes such as Hoa Phu, Hoa Khuong, and Hoa Phong are
predominantly at medium-to-high risk, while Hoa Ninh is less
severely affected owing to its hilly terrain. Several communes with
small HNK areas (Hoa Phuoc, Hoa Chau, Hoa Son), despite their high
risk proportions, do not contribute substantially to the overall impact.
3.3.3.3. Projected combined impacts on perennial cropland (CLN)

By 2030, the 1,034.9 ha of CLLN in Hoa Vang is projected to
be affected by disasters, with 88.2% falling into the medium-and-
above risk categories, reflecting significant vulnerability
predominantly at medium severity. Hoa Khuong, Hoa Ninh, and
Hoa Phu exhibit high proportions in the medium category (72—
79%), indicating relatively good resilience. In contrast, Hoa Lien is
the most critical hotspot, with nearly all of its CLN area at high-to-
very high risk; Hoa Phong and Hoa Nhon also face considerable
pressure (over 50% of their CLN areas at high risk). In communes
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with small CLN areas, risk remains very high: Hoa Chau, Hoa
Phuoc, and Hoa Tien have almost all of their CLN within high-risk
zones. Hoa Son is predominantly at medium risk, but also records
a notable proportion at high risk.
3.4. PROPOSED DEVELOPMENT ORIENTATIONS FOR
CROP PRODUCTION IN HOA VANG DISTRICT IN
ADAPTATION TO HYDRO-METEOROLOGICAL
DISASTERS UNDER CLIMATE CHANGE

Proposed orientations are based on: (1) climate and disaster
adaptation perspectives, (2) sectoral development goals, (3) current
disaster impacts in Hoa Vang, and (4) the district’s 2030 crop
development plan.
3.5. PROPOSED SOLUTIONS FOR SUSTAINABLE CROP
PRODUCTION IN HOA VANG IN ADAPTATION TO
HYDRO-METEOROLOGICAL  DISASTERS UNDER
CLIMATE CHANGE
3.5.1. Structural solutions
3.5.1.1. Irrigation system construction and improvement

Urgent upgrading and hardening of irrigation canals and
control structures are required to enhance flood drainage capacity
and water storage for the dry season.
3.5.1.2. Rational urban development and infrastructure planning

In the context of climate change and rapid urbanization,
communes in Hoa Vang must adopt urban planning approaches that
harmonize with the irrigation system and protect adjacent
production zones.
3.5.1.3. Reforestation and wetland protection

Urgent restoration and new planting of protection forests
using indigenous water-retaining species is necessary, alongside
strengthened protection of existing forest areas.
3.5.2. Non-structural Solutions
3.5.2.1. Application of science and technology and investment
attraction

The development of an early warning and risk monitoring
system for flooding and drought constitutes a key solution for
protecting crop production, stabilizing farmers' livelihoods, and
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ensuring local food security.
3.5.2.2.  Land-use planning and crop/season  structure
transformation in adaptation to hydro-meteorological disaster risks

a. Land-use planning and crop/season conversion in
adaptation to flood risk

Very high-to-high flood risk zones: LUA should be limited
to 2 cropping seasons per year, with sowing and harvesting
scheduled to avoid flood periods. HNK may support 3 seasons, but
must be harvested before September 15. CLN is unsuitable and
should be converted to short-cycle crops to reduce risk.

Medium flood risk zones: LUA should maintain 2 seasons,
with the remaining period used for aquaculture rotation. HNK may
support 3 seasons, but the season must be concluded before October.
CLN can still be cultivated, but requires raised-bed planting.

Low-to-very-low flood risk zones: LUA should support 2
seasons, with the remaining time used for short-cycle vegetable or
hydroponic cultivation. HNK may support 3 seasons, particularly
winter vegetables, to increase output. CLN may develop fruit trees
and industrial crops.

b. Land-use planning and crop/season conversion in
adaptation to drought risk

Heavy-to-severe drought zones: LUA should be converted to
drought-tolerant short-cycle crops (maize, soybean, sesame, sweet
potato). HNK should prioritize groundnut, sugarcane, and short-
cycle industrial crops. CLN should develop mango, jackfruit,
cashew, and black pepper varieties with enhanced drought tolerance.

Moderate drought zones: LUA can still be cultivated, but should
use short-cycle, drought-tolerant rice varieties. HNK may grow
vegetables and maize and use water-efficient irrigation. CLN can be
maintained by selecting varieties with moderate water demand and
emphasizing mulching and pruning to reduce evapotranspiration.

Mild-to-no drought zones: LUA should plant high-quality
varieties and apply water-saving intensive cultivation. HNK should
be assigned to high-yield, short-cycle crops aligned with
VietGAP/Global GAP production standards.
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3.5.2.3. Investment support policies and development of
concentrated production zones

Agricultural support policies require review and
improvement to reduce farmers' financial risks.
3.5.2.4. Resource mobilization, value chain integration,
cooperative development, and production organization

Addressing fragmented, small-scale production requires
enterprise-led value chains. These "nuclei" link households and
cooperatives, ensuring an integrated production-to-marketing flow.
3.5.2.5. Community awareness enhancement and local governance
capacity building

Enhancing community awareness and management capacity
is a key solution for Hoa Vang's adaptation in crop production.
Priority should be placed on implementing Plan 151/KH-UBND in
accordance with Government Resolution 553/QD-TTg.

CONCLUSIONS

The dissertation has established a scientific basis for the
analysis and assessment of the impacts of hydro-meteorological
disasters on crop production in Hoa Vang district, Da Nang city,
through the application of multi-source remote sensing data, GIS
tools, and modern machine learning models, as summarized below:

(1) The dissertation has elucidated the theoretical and empirical
foundations relating to hydro-meteorological disasters and their
impacts on crop production. It has also systematized the analytical
approaches, indices, and assessment methods for flooding and
drought. These constitute the scientific foundation for selecting
research methods appropriate to the conditions of Hoa Vang district.

(2) Analyzing Hoa Vang's natural and socio-economic
characteristics alongside current crop production, the study
highlights the close relationship between natural conditions, crop
structures, farming practices, and hazard vulnerability, thereby
clarifying the research context and its urgency.

(3) The research produces thematic maps detailing flood and
drought dynamics and intensity using multi-source remote sensing
and GIS. Flood extents are derived from Sentinel-1 imagery;
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meteorological drought via SPI-1 from CHIRPS data; and
agricultural drought from Landsat time-series using TCI, VCI, and
VHI indices.

(4) The dissertation has assessed the current status of crop
production development in Hoa Vang district through statistical
data series analysis, identifying crop structure, farming practices,
and spatial distribution patterns. On this basis, current land-use and
change maps for the period 2015-2024 were constructed from
Landsat 8 imagery, processed on the GEE platform, and analyzed
within a GIS environment. The results enable the clear
identification of changes in cropland across both temporal and
spatial dimensions.

(5) Through a comparative evaluation of bivariate statistical
models (FR, WoE) and machine learning approaches (Boosting,
Stacking), the study determines that the Stacking model achieves
superior performance in flood susceptibility zoning. This validates an
optimal disaster risk prediction methodology tailored to the study area.

(6) Drawing on the strong correlation between SPI and VHI,
the dissertation integrates meteorological and agricultural drought
in constructing the composite drought impact zoning map.

(7) Based on disaster impact assessments regarding the crop
production spatial domain, intra-field infrastructure, and cropping
calendars, the thesis proposes strategic development orientations for
the agricultural sector to adapt to hydro-meteorological risks.

(8) Under the RCP4.5 scenario, water-related disasters are
projected to affect 4,758.8 ha of agricultural land, with 70.5%
classified as highly or very highly vulnerable. Rice paddies are the
most susceptible (89.3% facing severe risks, primarily in Hoa Tien,
Hoa Chau, Hoa Phuoc, and Hoa Lien). Other annual cropland follows
at 74.6%, while perennial cropland predominantly experiences
moderate risk.

(9) The dissertation proposes a comprehensive, intersectoral
framework of structural and non-structural solutions for crop
production development in Hoa Vang. These locally feasible
measures aim to mitigate hydro-meteorological risks and enhance
agricultural sustainability amidst climate change.
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