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CACH TIEP CAN MOI XAY DUNG
PUONG PAC TINH HO CHUA BANG VIEC SU DUNG
ANH VIEN THAM RADAR SENTINEL-1

Nguyén Quéc Hiép', Nguyén Anh Hung!

Tém tit: Puong dic tinh long ho chira (quan hé Z-F-W) dwoc sir dung trong qud trinh diéu tiét
niede trong mia i va phdn phoi nude trong mia kiét. Theo thong ké gan nhdt ciia Tong cuc Thiy
loi thi Viét Nam c6 khodng 6636 ho chira trong dé cé khodng 474 ho chira di dwoc xdc dinh dwong
dac tinh va 6162 ho chira ¢ dwong ddc tinh chua dwoc xac dinh. Pé diéu tiét hodc phan phéi nuwoc
cho céc hé chira chia dwoc xdc dinh duwong dac tinh, hién tai cac don vi quan ly hé dang coi nhu
duwong ddc tinh cia né la tuyén tinh theo mot dwong thang tir myc mede chét dén mue nude ding
binh thwong. Véi cach lam nay, két quad xdc dinh dung tich ho thieong ¢ sai sé twrong doi l6n nhung
van duwoc sir dung dé van hanh hé chira. Ngay ca nhitng hé chira da dwoc xdc dinh duong dac tinh
thi ban thin dwong dic tinh ciing khéng con chinh xdc do hé dwoce xdy ding tir lau, qud trinh boi
ling, x6i 16 lam thay déi dia hinh long ho, nén ching ciing can phdi kiém tra dé hiéu chinh lai. Bai
viét ndy gidi thiéu cach tiép can méi cia Trung tam Cong nghé phan mém Thuy loi trong viéc sir dung
anh Synthetic Aperture Radar (SAR) Sentinel-1 vao viéc xay dung hodc hiéu chinh lai dwong dac tinh
ho chira cho cdc hé ¢é dung tich trén mét triéu m’ trén dia ban tinh Ha Tinh, Viét Nam.

Tir khéa: Vién tham, Sentinel-1, Puwong déc tinh ho chira.

Ban Bién tdp nhan bai: 12/08/2019 Ngay phan bi¢n xong: 05/10/2019 Ngay dang bai:25/10/2019

1. Pit van dé

Vi¢t Nam c6 108 luu vuc song voi khoang
3450 song, sudi twong ddi 16n trong d6 c6 9 hé
théng song 16n c6 dién tich luu vuc 16n hon
10.000 km?, gdbm cac luu vuc séng Hong, Thai
Binh, Bang Giang - Ky Cung, M3, Ca, Vu Gia -
Thu Bon, Ba, Déng Nai va song Ctru Long [1].
Téng lugng nudc mit trung binh hiang nim
khoang 830-840 ty m?, trong d6 hon 60% lugng
nudc duge san sinh tr nude ngoai, chi c6 khoang
310-320 ty m® duoc san sinh trén 1anh thd Viét
Nam [2]. Luong nuéc binh quin ddu nguoi trén
9.000 m*nam. Nudc dudi dét ciing c6 tong trix
luong tiém niang khoang 63 ty m*/nam, phan bd
0 26 don vi chtra nudc 16n, nhung tép trung chu
yéu & Déng béng Béc B9, Nam Bo va khu vuc
Tay Nguyén.

Vé ho chura, cac luu vue song c6 dung tich ho

Trung tam Cong nghé phan mém Thity loi

chtra 16n gém: séng Hong (khoang 30 ty m?);
song Pong Nai (trén 10 ty m®); song Sé San (gan
3,5 ty m?); song M3, song Ca, song Huong, song
Vu Gia - Thu Bon va song Srépok (c6 tong dung
tich hd chira tir gan 2 ty m® dén 3 ty m?). Vai tro
clia cac cong trinh ho chira dé phan phéi lai dong
chay cua song theo thoi gian va khong gian cho
thich g v&i nhu cau ding nudc cia cac nganh
kinh té, 1am co so cho viéc quy hoach, sir dung
tai nguyén nudc hop 1y, dam bao can dbi gitra
cung va cau va giam nhe 10 cho ha luu la mot
viéc 1am can thiét. Voi téng lugng tai nguyén
nudc phong pht nhu vdy nhung hang nim van
xay ra tinh trang ung lut va han han, thiéu nuéc
sinh hoat, v.v... Mot sb nguyén nhan chu yéu
dan dén tinh trang néu trén goém: (i) hon mot nira
ngudn tai nguyén nudc ciia Viét Nam bat ngudn
tir ngoai bién giGi, ngudn tai nguyén nudc phan
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b6 khong déu theo khong gian va thoi gian; (ii)
Nhu cau nude ngdy cang gia ting phuc vu phat
trién kinh té-xa hoi; (iii) O nhiém ngudn nudc
ngay cang ting ca vé mirc do, quy mé, nhidu noi
¢6 nudc nhung khong thé sir dung do ngudn
nuée bi 6 nhidm; (iv) Bién dbi khi hau va nudc
bién dang, xAm nhap mén, rimg dau ngudn bi suy
giam d3 va dang tac dong tiéu cuc dén ngudn tai
nguyén nudc.

Dé van hanh hd chtra hiéu qua, duong cong
dic tinh hd chira (Z-F-W) dong mot vai trd quan
trong [3]. Pudng dic tinh long hd chira (quan hé
Z-F-W) duoc sir dung trong qua trinh diéu tiét
nuéc trong mua lii va phan phbi nude trong mua
kiét. Theo théng ké gan nhét cua Tong cuc Thiy
loi thi Viét Nam c6 khoang 6636 hd chira trong
d6 co khoang 474 hd chia d3 duoc xac dinh
duong dic tinh va 6162 hd chtra c6 dudong dic
tinh chua dugc xac dinh.

Puong cong Z-F-W ciia cac hd chtra con lai
duoc thiét 1ap bang cach sir dung mdi quan hé
tuyén tinh gitta cac dic diém day cta ho chira.
Tuy nhién, méi quan hé tuyén tinh c6 thé gy ra
mdt 18i rat 16n do diéu kién hinh dang phi tuyén
tinh ciia 16p dia hinh hd chira [4]. Puong cong Z-
F-W ¢6 thé duoc xay dung véi dg chinh xac cao
bang cac phuong phap do truong nhung phuong
phap nay rat tén kém va mat thoi gian tinh toan,
dic biét dbi véi cac hd chira 1on. Cac nha nghién
ctru da phat trién duong cong Z-F-W dua trén
don gian héa tuyén tinh, trong tu nhu méi quan
hé tuyén tinh. Tuy nhién, don gian héa tuyén tinh
c6 thé tao ra cac 13i lén trong hoat dong tbi uu
[5]. Nghién ctru nay gidi thieu mot phuong phap
dé xac dinh dudng cong Z-F-W phi tuyén ciia ho
chtra bang cach sir dung hinh anh radar vién
tham mién phi Sentinel-1. Cach tiép can nay cho
thdy su cai thién trong viéc xac dinh cac duong
cong Z-F-W ciia hd chua.

2. Thu thap dir liéu va Phwong phap
nghién ciru

2.1 Thu thap dir liéu

Pé xac dinh duong dic tinh long hd chira cAn
¢6 sb liéu muce nudce (2), s6 liéu dién tich mat ho
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(F) va dung tich hd chtra (W) tmg véi myc nude
d6. S6 lieu quan tric cao trinh muc nudce ho chira
dugc thu thap tir Tong cuc Thuay loi thude Bo
NN&PTNT trén trang http://thuyloivietnam.vn.
Dién tich bé mat nudc hd chira duge tinh tir két
qua phan tich 4nh vé tinh mién phi Sentinel-1 thu
thap tur European Space Agency (ESA) trén
trang https://search.asf.alaska.edu. Duya trén
dudng quan hé gitia cao trinh myc nude va dién
tich bé mat hd (Z-F) nhiéu nim, mbi quan hé
gifta cao trinh myc nudc va dung tich hd chira
(Z-W) dugc tinh toan theo cong thire hinh chop
cut.

Dién tich mat ho chtra duoc x4ac dinh dua véao
két qua giai doan anh v¢ tinh. Trudc khi c6 anh
vé tinh radar mién phi Sentinel-1 thi viéc ing
dung anh vé tinh dé giai doan dién tich mat ho 1a
khong kha thi béi cac anh mién phi c6 do phan
giai trung binh va thip nén sai s6 s& cao. Thém
vao d6 da phan cac anh mién phi 1a anh quang
hoc 1a loai anh bi anh hudng boi may mu che phu
mat hd chira. Néu sir dung anh vién tham thuong
mai d§ phan giai si€u cao thi chi phi lai qué cao
so v6i phuong phap do dac truyén théng. Tir
niam 2015, co quan ESA cua Chau Au bét dau
chia sé mién phi c4c loai anh vé tinh Sentinel voi
d6 phan giai cao giup mo ra cach tiép can méi
xac dinh duong dac tinh hd chira. V@ tinh Sen-
tinel-1A va Sentinel-1B cung cip anh radar v6i
d6 phan giai khong gian mat dat 1a 10m, khong
bi anh hudng bédi may che phu, khong phu thudc
vao thoi tiét, rat nhay cam voi bé mat nude. Vi
vdy, anh Sentinel-1 1a ngudn tu lidu quy bau dé
xéc dinh duong dic tinh hd voi chi phi thap. Doi
voi khu vue Viét Nam, cir 12 ngay s€ c6 mot anh
Sentinel-1 chup cung mot khu vyc va hién nay
da duoc rit ngan lai 13 6 ngay c6 mot anh do 2 vé
tinh S1A va S1B bay chup dan xen nhau 180 d¢.

2.2 Phwong phap nghién ciru

C6 hai phwong phap dé xac dinh dién tich bé
mit hd chira. Phuong phap thir nhit 13 sir dung
cic phin mém chuyén dung nhu ArcGIS,
ENVL... d¢ khoanh vi dién tich bé mit hd chira
trén anh. Phuong phap nay thuc hién kha don
gian vi nguoi sé hoa co thé dé dang xac dinh dau
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13 hd chtra, dau 1a nhidu do bong dia hinh gy ra.
Tuy nhién phuong phap nay kho kha thi vi s6
luong ho chira trén ca nude 1a rat 1on, sb luong
anh cling nhiéu, chi phi nhan cong dé thuc hién
cong viée nay kha 1a tén kém. Phuong phap thu
hai la st dung thuat toan dé tu dong nhan biét
dugc diém anh cia timg hd chtra. Trong nghién
ciru nay phuong phap tuy dong giai dodn anh
duogc sir dung dé xac dinh dién tich mat nudce hd.

Phuong phap nay kha thi cho cac linh vuc nghién
ctru 16n véi chi phi va thoi gian hop 1y. Tuy
nhién, viéc xac dinh dién tich bé mat hd chua
thong qua giai doan hinh anh doi hoi cac thuat
toan tdi wu. Pé xac dinh thuat toan toi wu, can
phai hiéu ban chat cta hinh anh radar ciing nhu
cac k¥ nang 1ap trinh va xtr ly dir liéu 16m. Hinh
1 va hinh 2 cho thiy cach tiép can va quy trinh
xay dung duong cong Z-F-W cua ho chira.

San phim Sentinel-1 L1

Xic dinh Z ~F ~W

Hinh 1. Céc buéc nghién civu xdc dinh dwong déc tinh ho chiva Z-F-W
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Hinh 2. Quy trinh xdy dwng dwong ddc tinh ho chira

2.3 Xay dung dwong dic tinh hé chira Z-
F-w

X ly anh Sentinel-1

Str dung phan mém SNAP Desktop nap danh
sach dir liéu anh vé tinh vao ctra s6 quan 1y tap
tin, cat ving nghién ctru. Néu mic dinh st dung
d6 phan giai anh 1a 10m thi chi cn hiéu chinh
phd phan xa (radiometric calibration) va hiéu
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chinh hinh hoc (geometric calibration) 1a du [6].
Hiéu chinh phé phan xa la dé tao ra mot hinh anh
trong d6 gid tri cua ting pixel lién quan truc tiép
dén tan xa nguoc cua bé mit. Phép hi¢u chinh
nay rat can thiét dé phan tich hinh anh mot cach
dinh lwong. Hiéu chinh hinh hoc 14 dé khic phuc
cac bién dang nghiéng (Slant Range), layover,
bong dia hinh (shadow), foreshortening. Thuét
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toan hi€u chinh hinh hoc st dung dir licu DEM
30m dé chinh sira va hinh anh s& dwoc diéu chinh
theo ding hudng cua nd.

Dbi v6i nhitng hd chira c6 dudong mép nude
tron, khong phuec tap thi chung t6i st dung Mul-
tilooking chuyén d6 phan giai anh vé 20 m nham
giam dung lugng xu ly anh. Ngoai ra ching t6i
chuyén dir liéu kénh anh Sigma0 VH tir tuyén
tinh vé decibel va luu duéi tén Sigma0 VH_db.

Vung lam viéc

Mot vung buffer dugc st dung dé xac dinh
vung giai doan hd chira, cac diém anh nim ngoai
vung buffer s€ dugc xem xét. St dung vung buffer
gitp giam s6 luong cac diém anh phai xtr 1y, ngoai
ra con giup khoanh ving dwoc khu vuc 14 hd
chira. Vi du d6i véi cac song 16m co dap dang xay
chan dé chan dé ngan nudc tao thanh ho chira thi
ving buffer s& 14y ranh gi6i ctia song dén pham vi
cua dép dang (minh hoa trong hinh 4).

Xac dinh nguong phan xa nguoc la nuoc

Dua vao chudi dit liéu anh Sentinel-1 tir mot
nam trd 1€n rng vai gia tri myc nudce do ty dong
tai thoi diém anh duoc chup tai vung nghién ctru,
chung ta xac dinh dugc myc nudce thép nhét va

Mask out areas without elevation
Qutput bands for:
Selected source band

[JoEM

[]Incidence angle from ellipscid [ ] Local incidence angle
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muc nudc cao nhat trong chudi thoi gian dit liéu.
St dung phﬁn mém SNAP Desktop dé xac dinh
ngudng phan xa ngugc cua anh Sentinel-1 chup
tai thoi diém c¢6 muc nuée thép nhét va anh chup
tai thoi diém c6 muc nudce cao nhét. Gia trj tan
xa nguoc tai thoi diém ho chtra c6 muc nudc
thip nhat s& thip hon gia tri tan xa nguoc tai thoi
diém hd chtra c6 muc nudce cao nhit. Do cao cia
muc nude hd s& cb gia tri ty 16 thuin véi ngudng
gia tri tn xa nguoc dé tich nudc hd chira tir anh.
Nghia la chung ta chi xac dinh ngudng tai hai
thoi diém ma hd chira c6 myc nudc thap nhat va
cao nhit. Ngudng gia tri tan xa nguoc Gng voi
muc nude tai cac thoi diém khéac s& dugc ndi suy
duya trén hai gia tri trén.

Loai dia hinh va bong dia hinh

Pé loai bo khu dan cu, nti rimg, dudng x4 thi
chung t6i st dung kénh Sigma0 VH_db c6 gia
tri nho hon hodc bang ngudng loc nudc. Riéng
bong dia hinh do bi mat gia tri nén co gia tri gan
gidng voi bé mit nudc thi chung t6i str dung gia
tri cua kénh projectedLocallncidenceAngle 1a
két qua dau ra trong budc hiéu chinh hinh hoc
va dia hinh d¢ loai bo bong dia hinh.

Qutput complex data

[] Latitude & Longitude

[] Projected local incidence angle

Hinh 3. Sir dung kénh “projected local incidence angle” dé loai bé béng dia hinh

Hinh 4. Minh hoa cac
diém anh duoc loc
theo nguong tan xq

nguoc
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Chita cdc diém danh la nude va nguoc lai

Thudng thi gia tri ngudng tan xa nguoc dé
tach nudc co gia tri nho hon vao thoi diém kho
han khi ma muyc nudc hd chira thap trong nim
so voi cac thoi diém ma myuc nude hd chua &
muc cao hon. Khi st dung churc ndng tao Band
Maths cta phan mém SNAP Desktop dé tach
nudc dya vao gia tri ngudng tan xa ngugc cua
kénh anh VH, vi du Sigma0 VH_db <= -24, s¢
khién cho mét sé diém anh 1a nudc nhung lai bi
loai vi gia tr1 VH_db 16n hon -24 nhu trong vi
du. Hinh 3 bén duéi minh hoa céc diém anh 1a
nude nhung bi loai do 1y ngudng nho.

Trong trudng hop ndy chung toi phat trién
mot thuat toan lan truyén dé xac dinh chudi cac
diém khoéng phai 1a nu6e. T danh sach chudi
cac diém anh khong phai 1a nude nay thi ching

t61 chi xét cac chudi co sb luong diém anh nho
hon hodc bang 20 néu d6 phan giai ciia anh 1a
10m hogc nho hon hodc bang 5 néu d6 phan giai
ctia anh 12 20m, di gia tri cta cac diém anh nay
tlr gid tri 0 (khong phai la nudc) vé gia tri 1 (1a
nudce).

Trén hinh 4 c6 thé thiy tuy di loai bo bong
dia hinh nhung van c6 cac diém anh 12 bong dia
hinh nhung lai dugc giai doan 1a nude can phai
loai bo. Chung t6i sir dung thuat toan lan truyén
nhu trén dé xac dinh chudi cac diém anh la nudc.
Tir danh sach chudi cac diém anh 1a nuéc nay thi
chung t6i chi xét cac chudi ¢6 s6 lwong diém anh
nho hon hoic bang 20 néu d6 phan giai ciia anh
Ia 10m hoac nho hon hoac bﬁng 5 néu do phan
giai cia anh 1a 20m, dbi gia tri cua cac diém anh
nay tir gia tri 1 (1a nude) vé gia tri 0 (khong phai

la nudc).

Hinh 5. Két qua gidi dodn anh xdc dinh dién tich hé chita nieée Ngan Trwoi, Ha Tinh, Viét Nam

Xac dinh dwong ddc tinh dién tich mat nuwoc
hé (Z-F)

Dua vao s6 liéu muc nude hd duge do thu
cong hodc do ty dong tir tram quan tric ing voi
ngay giai doan anh duoc thu thap, tién hanh xéac
dinh quan hé Z-F dva vao tip hop cac cap gia tri
muc nude hd va dién tich mat hd duge giai doan
tir anh. Dién tich mit nudce hd tai thoi diém giai
doan anh dugc tinh bang sé diém anh 13 nuéc
nhén véi dién tich ciia mot diém anh. Tuy theo
d6 phéan giai ctuia anh thi dién tich ctia mot diém
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anh ciing khac nhau, d6i v6i do phan giai la 10m
thi dién tich ctia mot diém anh 1a 100m2, ung voi
dd phan giai 20m thi di¢n tich cua mot diém anh
la 400m?>.

Xdc dinh dwong ddc tinh dung tich hé

Trong nghién ctru nay, muc nude thip nhit
duoc goi 1a muc nudc chét (Z0) trong khi muc
nude cao hon muyc nude chét (Zi) duoc goi la
muec nude hitu ich. Thé tich hd chira bi gidi han
gitra myc nudc chét va muc nude hitu ich duoc
goi 1a dung tich hitu ich. Dung tich hitu ich dugc
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xé4c dinh dya trén chudi dit liéu quan hé giira cao
trinh myc nuéce va dién tich bé mit ho chira. No
dugc tinh bang cong thire hinh chép cut (Cong
thie 1).
n (7Z..,—72.
W= 3 Gy RO

i=0

Trong d6 i 1a vi tri thir i trong chudi gia tri cao
trinh myc nude duge sap xép ting dan tir ban ghi
thir 0 dén ban ghi thir n; W; 1a dung tich hiru ich
ctia hd chira tai cao trinh muc nudc tai vi tri thu
i trong chudi dit liéu; Zi 1a cao trinh muc nudc tai
vi tri thir i trong chudi dit liéu; Fila dién tich bé
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mit ho chira ung voi cao trinh myc nudc tai vi tri
thir i trong chudi dir lidu.

3. Két qué va Thaio luin

Nghién ctru nay thir nghiém phwong phap dé
xuat xdy dung dudng cong Z-F-W cho ba hd
chtra cua tinh Ha Tinh 1a Rac, Ké G va Ngan
Truoi (Hinh 6). Cac hod chira nay co cac tram
quan tric tu dong do myc nudc cua hd chira. Dir
li¢u tham khao quan h¢ Z-F-W cho cac hd chua
Rac, Ké Gd va Ngan Truoi duoc 1dy tir cic quy
trinh van hanh hd chira hién tai d3 dugc UBND
tinh Ha Tinh phé duyét.

Hinh 6. Khu vuc nghién cuu, tinh Ha Tinh, Viét Nam

3.1 Xic dinh dwong dic tinh ho chira Song
Rac

Hb chira nuée Song Rac thudc dia phan xa
Cam Lac, huyén Cdm Xuyén, tinh Ha Tinh,
dugc khoi cong xdy dung nam 1986, dugc ban
giao cho Cong ty trach nhi¢m hiru han mot thanh
vién Thuy lgi Nam Ha Tinh quéan 1y van hanh
khai thac tir nam 1995. Trong giai doan 1991-
1994, hd chira nudc Séng Rac vira duoc tiép tuc
xdy dung, vira dugc van hanh khai thac tung
phéan dé phyc vu san xuit nong nghiép ctia huyén
Cam Xuyén. Nam 2012 ho di nang cip theo
chuong trinh an toan hd chira va xay dung tran
xa i, hinh thic dap tran Oxipherop tran tu do
v6i chiéu rong tran B = 70m.

3.2 Xdc dinh dwong dic tinh ho chiva Ké G6

H6 chira nude Ké GO trén song Rao Céi thude
x4 Cam My, huyén Cam Xuyén, tinh Ha Tinh,
cach thanh phd Ha Tinh khoang 20km vé phia
Tay. Cong trinh dugc khdi cong xay dung ngay
26/3/1976 dén thang 02 nim 1978 bit dau tich
nude dé str dung. Nam 1983, cong trinh hoan
thanh va chinh thuc dua vao khai thac.

3.3 Xdc dinh dwong dic tinh hé chiva Ngan
Truwoi

Hb chira nuéc Ngan Truoi duge Bo Nong
nghiép va Phat trién néng thon va UBND tinh
Ha Tinh cho khéi cong ngay 14/6/2009, phuc vu
tudi khoang 32.334 ha dét canh tac nong nghiép
¢ cac huyén Huong Son, Vii Quang, Buc Tho,
Can Loc, Nghi Xuin va mdt phan phia Bic
huyén Thach Ha va thi xa Héng Linh.
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Bang 1. Xdc dinh ddc tinh hé chita nude tiv két qua gidi dodn anh va so sanh véi sé liéu tir
bang tra ho Song Rac

Muec . F Dién tich bé Dung tich  Sai sb
; Dung tich do So diém <t iae 3 s o a2
nudc a 0° m3) 4nh I3 nuée mat giai doan giai doan dung
(m) (km?) (10°m®)  tich (%)
18.5 61.71 26589 10.6356 61.71 0
19 67.07 29182 11.6728 67.29 0.33
19.5 70.52 29507 11.8028 73.16 3.74
20.5 83.02 32670 13.068 85.59 3.1
21 92.07 33829 13.5316 92.24 0.18
21.5 99.17 34477 13.7908 99.07 0.1
22 106.27 35362 14.1448 106.05 0.21
22.5 113.81 36035 14.414 113.19 0.54
23 121.34 36330 14.532 120.43 0.75
23.5 129.25 37746 15.0984 127.84 1.09
140 .
Dung tich (10° m")
120
100
80 v
* ¢ Dungtichdo
60 —— Dung tich gidi doan
40
20
Muyc nede (m)
0
18.5 19 195 20.5 21 215 22 225 23 235

Hinh 7. D6 thi so sanh dwong Z ~ W giita do thuc té va giai dodn tir anh Sentinel-1
cua ho Song Rac

Dung tich(10% m*)

300

200

# Dungtichdo
= Dung tich gidi doin

100

Muyc nwede (m)

165 19 21 215 22 225 23 235 24 245 15 255 26 265 27 275 28 285 19 195 30 305 31 315 32

Hinh 8. Do thi so sanh dwong Z ~ W giita do thuc té va giai dodn tir anh Sentinel-1
cua ho Ke Go
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Bang 2. Xac dinh dac tinh ho chira nuwoc tue két qua giai doan anh va so sanh voi so liéu

tir bang tra ho Ké Go
x‘(‘;cc Dung tichdo S6 diém  Dién tich bé mjt  Dung tich gii duslfg‘ i;’ch
(m) (10° m”) anh la nwée  gidi doan (km”)  doan (10° m’) (%)

16.5 39.5 20386 8.1544 39.5 0
19 65 30574 12.2296 64.81 0.29
21 91 39315 15.726 92.69 1.86
21.5 98 40738 16.2952 100.69 2.74
22 105 40880 16.352 108.85 3.67
22.5 113.75 41635 16.654 117.1 2.95
23 122.5 42480 16.992 125.51 2.46
23.5 131.25 46346 18.5384 134.39 2.39
24 140 45259 18.1036 143.55 2.54
245 150 47049 18.8196 152.78 1.85
25 160 48574 19.4296 162.34 1.46
25.5 170 50050 20.02 172.2 1.29
26 180 50879 20.3516 182.29 1.27
26.5 191.25 51760 20.704 192.55 0.68
27 202.5 52954 21.1816 203.02 0.26
27.5 213.75 54730 21.892 213.79 0.02
28 225 54833 21.9332 224.75 0.11
28.5 237.5 55877 22.3508 235.82 0.71
29 250 57523 23.0092 247.16 1.14
29.5 262.5 57751 23.1004 258.69 1.45
30 275 58628 23.4512 270.33 1.7
30.5 287.5 58616 23.4464 282.05 1.9
31 300 59507 23.8028 293.86 2.05
31.5 312.5 59787 23.9148 305.79 2.15
32 325 59887 23.9548 317.76 2.23

Bdng 3. Xdc dinh ddc tinh hé chita mede tiv két qua gidi dodn anh va so sanh véi
s0 liéu tir bang tra ho Ngan Truoi

So i Ly . A ... Dung Sai s0
MUc  pingtich Diéntich didm  Dignteh Saisogldl i o dodn
nwoc 6. 3 2 - . giai doan doan di¢n :
(m) do (10° m”) do (km") anh’la (kmz) tich (%) d(zans ,dung
nudc (10°m") tich (%)
27.5 103.01 13.4201 127286 12.7286 5.15 103.01 0
28 110.28 14.0318 111067 11.1067 20.85 108.96 1.2
29 124.82 15.2552 121166 12.1166 20.57 120.57 34
30 139.36 16.4786 127294  12.7294 22.75 132.99 4.57
30.5 146.63 17.0903 151344  15.1344 11.44 139.95 4.56
31 153.9 17.702 170663 17.0663 3.59 148 3.83
31.5 163.92 18.1773 151273 15.1273 16.78 156.04 481
32 173.94 18.6526 176464  17.6464 5.39 164.23 5.58
32.5 183.96 19.1279 185212 18.5212 3.17 173.27 5.81
33 193.98 19.6032 192275 19.2275 1.92 182.71 5.81
33.5 204  20.0785 190586 19.0586 5.08 192.28 5.75
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250

Dung tich (10° m?)

200

+ Dungtichdo

= Dung tich gidi doan
100

Mure nrde (m)

275 28 29 30 305 31 315 32 315 33 335

Hinh 9. Do thi so sanh dwong Z ~ W giita do thuc té va gidi dodn tir anh Sentinel-1
cua ho Ngan Truoi

3.4 Thdo lugn sai sO trong viéc xac dinh dién tich bé méat cia ho

Trong nghién ctru ndy, ciac mdi quan hé Z ~
W duoc xéac dinh cho ba hd chira va mbi quan hé
Z ~F duoc xéac dinh cho ho chira Ngan Truoi cé
dién tich bé mat tham chiéu. Nguoi ta thiy rang
hau hét cac thé tich hd chira duoc tinh toan hop
Iy v6i khdi luong thuc té. Cac hé sb twong quan
giita dung tich tinh toan va dung tich thuc té gan
béng nhau, nhu duoc théy trong hinh 7, 8 & 9.
Vé sai s6 tuong quan cua dung tich tinh toan, sai

chtra ¢6 xu hudng 16n hon cac sai s6 thé tich.
Tuy nhién, thong tin vé thé tich hd chtra quan
trong hon dién tich bé mat dé xay dung quy trinh
van hanh hé chra.

4. Két luin

Nghién ctru nay trinh bay phuong phép va cac
két qua xac dinh duong dic tinh ho chira dya vao
két qua giai doan anh vé tinh Sentinel-1 va dit
lidu quan trac. Két qua giai doan xac dinh quan

s6 trung binh dat dugc 1%, 1,5% va 4,1% dbi vai
hd chira song Rac, Ké Go, va hd chira Ngan
Truoi twong tmg. Cac phén tich bb sung vé dién

hé Z~W cho céc hd chira c6 d6 chinh xé4c trén
95%. Trén co s& nay c6 thé xac dinh nhanh
chong duong dic tinh cho cac ho chira chwa xac
dinh duong dic tinh 10ng hd chtra. Puong cong
quan hé Z-F-W duoc xac dinh co thé nang cao
hidu qua quan 1y va van hanh cac ho chira.

tich bé mat dugce tinh toan sau d6 dugce thuc hién
cho Ngan Truoi. Két qua cho thiy hé s twong
quan dat dugc 1 0,93 va sai s6 twong dbi trung
binh 1a khoang 10,6%. Diéu nay chi ra rang cac

Léi cam on: Bai bdo nay la san pham cia dé tai “Nghién ciru tmg dung cdc cong nghé méi
(vién tham, WEBGIS va Tuw dong héa) xdy dung hé thong thong tin quan 1y, sir dung hiéu qua tdi
nguyén nuée (mia khé) theo thoi gian thire nham g phé véi bién doi khi hdu, dp dung cho tinh
Ha Tinh”, ma s6 BDKH.17/16-20 thuéc Chwong trinh Khoa hoc va cong nghé iing phd véi bién
déi khi hdu, quan Iy tai nguyén va méi truong giai doan 2016 — 2020. Tép thé tac gia chdn thanh
cam on Chwong trinh da tao diéu kién dé nhém tdc gia hoan thanh bdi bdo nay.
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A METHOD FOR CONSTRUCTING RESERVOIR AREA-STORAGE-ELEVATION
CURVE USING SENTINEL-1 RADAR REMOTE SENSING IMAGE

Nguyen Quoc Hiep', Nguyen Anh Hung!

ICenter for Water Resources Software

Abstract: Reservoir elevation-area-storage (Z-F-W) curves are used for regulating discharge
during the flood season and allocating water supply in the dry season. According to the latest sta-
tistics of the Directorate of Water Resources, Vietnam has about 6636 reservoirs, of which the Z-F-
W curves of 474 reservoirs have been already identified and the remaining 6162 reservoirs have no
information on the Z-F-W relationship. In order to regulate or allocate water in these reservoirs, op-
erators assume a linear relationship between the area or storage and elevation, varying from the
dead to normal water level. By mean of this method, calculated area and storage are subject to large
errors but they are still used to operate the reservoirs. In fact, even the reservoirs attributed with the
Z-F-W relationships, but the relationships may not be stationary as the reservoirs were built a long
time ago with continuous sediment deposition and erosion processes that altered the reservoir ba-
thymetry, as a result, these relationships also require corrections. This paper introduces a method
for constructing the Z-F-W curves of the reservoir with the capacity larger than one million cubic
meters in Ha Tinh province of Vietnam using Synthetic Aperture Radar (SAR) Sentinel-1 remote
sensing image.

Keywords: Remote Sensing, Sentinel-1, Reservoir elevation-area-storage curve.
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