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Khai thac cat song Mekong & Viét Nam. [Anh: Tugi Tré]

1. Phan gidi thiéu

Nhu cdu cat gia tang dé xay cat va cai tao dat, chdm ngoi bdi dan sé gia tang nhanh chéng va tang
trudng kinh t& 8 A Chau, da gy ra mic do khai thac cat & ddy song chua tiing thay (de Leeuw et al.,
2010; Dan Grariletea, 2017; Torres et al., 2017; UNEP, 2019; Best, 2019) trong nhiing thap nién gan day.
Viéc |8y cat tir ddy song thudng khdng dudc kiém soat trong hdu hét nam va déng nam A Chau va sé
lugng va anh hudng phan 18n van dugc che gidu vi hoat ddng & dudi nudc. Tuy nhién, cat sdng [a mot
tai nguyén c6 gidi han va né phai dugc quan ly thich hgp dé tranh nhiing thay dai tai hai cho thay hoc



ctia séng co6 thé cham ngoi cho nhiing bién doi khong thé dao ngudc clia cac hé théng sinh thai tu
nhién. Nhiing bién d&i nay c thé bao gom sinh ké va gay ra suy thoai dang ké cho cac dich vu hé sinh

thai dia phudng (Kondolf, 1997; Kondolf et al., 2014; Loc et al., 2017; Lamb et al., 2019).

Khai thac cat c6 nhitng hdu qua ngén va dai han. Anh hudng ngén han cla viéc khai thac cat gom c6
sat |3 ba song, duc khoét day song, va diéu chinh muc nudc ngam; trong khi trong dai han, khai thac
cat ¢ thé lam ton thugng ngudn cung cap nudc, tang cudng xam nhdp ctia nudc man, va giam sy néi
két ctia dong lut (Kondolf, 1997; Torres et al., 2017; Beiser, 2018; Park et al., 2020; Park et al., 2021; Loc
etal.,2021). M3c du ¢ nhiing hdu qua dudc biét nay, nghién clfu khai thac cat bi gidi han vi thiéu dif
kién khu vuc d6i v8i ngan sach khai thac phan 18n dudc thic day bdi su vang mat tuyét vong cuia
nhiing hé théng theo doi hitu hiéu (Peduzzi, 2014).

Khai thac cat trai phép hay khong cé kiém soat la mot van dé toan cau (Koehnken and Rintoul, 2018).
Piéu nay dic biét lo ngai & A Chau trong cac quéc gia nhu Viét Nam, Cambodia, va Lao ngi thiéu cac
khuon khé ki€ém soat va gidy phép, cung vdi viéc theo doi kém hiéu qua (Nguyen, 2011; Bravard et al.,
2013; Koehnken and Rintoul, 2018; Koehnken et al., 2020). Vi cac hoat dong dai qui mé bat dau trong
thap nién 1990s, song Mekong & Viét Nam da bi anh hudng nang né bdi viéc nao vét day song dang ké
(Bravard et al., 2013). Khai thic cat trong Mekong phan I8n dudc thuc hién bang mdy xuc trén xa lan
dé [én mot doan tau hay xa lan. Hoat dong nao vét cé khuynh hudng nam bén trong viing chuyén

nhugng tudng tu cho dén khi hét cat hay gidy phép khai thac hét han (Ng and Park, 2021).

J Viét Nam, gidy phép dugc phan quyén trong ndm 2005, thay déi tif cap quéc gia dén cap tinh, giy
nén mot su gia tang llly ti€n trong sé gidy phép khai thac cat dudc cap (Schiappacasse et al., 2019).
Viéc phan quyeén cling han ché nghiém trong kha nang dé xac dinh chinh xac con s6 va kha nang hoat
dong cua doanh nghiép dang hoat déng. Diéu ndy ¢ |€ do nhitng han ché cGia nhan su va kha nang kj
thuat trong chanh quyén tinh, cling nhu phéi hgp han ché giifa cac cd quan lién hé (Schiappacasse et
al., 2019). Chanh phu Viét Nam tién doan nhu cau cat ti ddy song vao khoang 2,1 dén 2,3 triéu m3 tu
2016 dén 2020 va cac tién doan hién nay nam & 1,5 triéu m3 vao ndm 2040 & DBSCL (SIWRP, 2015;
Koehken and Rintoul, 2018; Eslami et al., 2019). Tuy nhién, cac udc tinh chinh xac cta viéc lay cat &
DBSCL van khong biét, va cac tai liéu khoa hoc dé nghi rang khéi lugng cat dugc khai thac c6 |18 khac
biét dang ké vdi théng ké chanh thdic (Jordan et al., 2019). Két qua la, khdng nhitng viéc danh gia anh

hudng maoi trudng do cac hoat dong khai thac cat song phdc tap bdi moi trudng nang dong va bao la,



no cling lam cho phdc tap thém bdi quyén kiém soat gidi han trong cac quéc gia bi anh hudng. Vi thé,
6 su can thiét cap bach dé clu xét cac dudng 16i méi dé€ danh gia dua trén khu vuc viéc khai thac cat &

day song.

HAau qua tiéu cuc clia cdc hoat dong khai théac cét trai phép hay thiéu kiém soat § Pong Nam A d3 bat
dau di vao moi trudng. G DBSCL, cé nhiéu c6 gdng dang chi y trong viéc dinh lugng ngan sach khai
thac gobm c6 Bravard et al. (2013) d& khao sat cac ngugi khai thac va cung cap mot cai nhin vé cudng do
khai thac cat song doc theo song Mekong. Brunier et al. (2014) phan tich mot bo dif kién chiéu sau cla
DBSCL tU ndm 1998 dén 2008 va lam noi bat thém anh hudng cla viéc [dy cat qua muc; Anthony et al.
(2015) di xa hon cac khao sat dé ndi két sat |G bg bién & dong bang véi viéc |ay cat trong song; va
Eslami et al. (2019), phan tich su gia tang clia xdm nhap nudc man mét phan dugc thac day bdi gia

tang khai thac cat song.

Dé lam ngan sach, Jordan et al. (2019) do dac khéi lugng cat dudc ldy doc theo mdt doan ngan (20 km)
cta séng Tién va cung cap nhiing ngan sach lay cat chi tiét trong cac tinh khac nhau ciia DBSCL, mac
dl ngan sach hau hét dudc dua trén cac bdo cdo chanh thic. G Cambodia, Hackney et al. (2020, 2021)
chi trong dén sy mat on dinh bg lién quan dén khai thac cat va do dac mot ngan sach cat phong doan
bang cach dung hinh anh PlanetScope. Tuy nhién, nhiing cd gang dé udc tinh cc con sé cat dugc lay
la udc tinh & dia phudng (Jordan et al., 2019) chi phan anh nhiing thdgi ky riéng biét (Brunier et al.,
2014), hay dya trén bao cao chanh thic khong day di hodc khong chinh xac (Bravard et al., 2013;

Eslami et al., 2019). Thay vao dd, cac udc tinh rat phdc tap vi ban chat nang dong cao cua

thanh phan vi xa lan ¢é thé di chuyén hang ngay, va cac tién trinh séng tu nhién c6 thé xéa dan bat ci

d&u vét cta khai thac cat qua boi lang hay thay déi.

J day, chiing t6i cung cap udc tinh dau tién cia ngan sach khai thac cat trén toan DBSCL (~700 km2
ctia hé théng long lach) bang cach dung do dac tai chd mdi la vugt qua nhitng bat dinh va thién vi cla
cac phuong phap hién hifu va cac tri s6 dugc cong bd. Trudc hét ching téi dém con sé xa lan khai thac
cat bang cach dung hinh anh c6 do phan giai cao (Googla Earth va Planet Scope), ndi chiing tdi xac
dinh loai tau dé€ phan loai. Con s6 dudc kiém chiing tai cho trong ndm 2020-2021. Budc thit hai lién
quan dén viéc phat trién mot su lién hé dinh lugng gilia ban d6 cudng d6 tau cla hinh anh radar theo
thdi gian cua Sentinel-1 va ban d6 khac biét chiéu sau (tUf 2014 dén 2017) doc theo mot doan dai 100

km dugc khai thac manh mé trong song Tién (bao gom ~15% DBSCL). Trong budc cudi clng, lién hé



toan dugc ap dung cho toan thé ~700 km2 clia PBSCL (vung dugc chon trong nghién cliu ndy) dé kién
tao mot ngén sach khai thac cat hang nam va tinh todn muc duc khoét gilta 2015 va 2020. Ngan sach
mdi clia ching t6i dugc so sanh mot cach dia ly va lich st v8i nhiing udc tinh trudc day tif cac an ban

khac nhau.
2. DU kién va phudng phap
2.1.Vung nghién cliu: DBSCL

DBSCL la déng bang I8n thi 3rd trén thé gidi va la mot vung rdng 40.000 km2 nam bén trong bién gidi
cta Viét nam. Vung long lach réng khoang 875 km2 (nhung 700 km2 dudc phan tich trong cong viéc
nay) dugc chia gilta 2 nhanh chanh, Hau (Bassac) va Tién (Mekong), dudc néi v8i nhau bdi long lach
Vam Nao. Luu lugng hang nam & DBSCL & Neal Luong va Koh kel (Cambodia) vao khoang 13.000
m3/sec. 75% cua luu lugng song Mekong phat xuat tir song Tién & thugng luu cia Vam Nao ndi né chia
gan nhu bang nhau giita séng Tién va Hau (Brunier et al., 2014). Ché d6 thuy hoc gdm ¢ 2 mla kho ti
thang 11 dén thang 5 va mua mua ti thang 6 dén thang 10, chiém 80% luu lugng tong cdng hang nam
(MRC, 2019). Cac long lach chanh ctia DBSCL di qua 9 tinh & Viét Nam, mot phan dugc tach rgi bdi long
lach & gitia (Hinh 1).

2.2. Khao sat chiéu sau tai cho va ban d6 duc khoét

Khao sat chiéu sdu dugc thuc hién bang cach dung Teledyne RD Instrument Workhorse Rio Grande 600
KHz Acoustic Doppler Current Profiler (ADCP) cho 491 mat cat trong thang 7 ndm 2014 va 380 trong
thang 9 nam 2017 (Supplemetary Text 2) doc theo khiic song Tién dai 100 km (TS). Dién tich ctia TS
dugc udc tinh khoang 120 km2 (Binh et al., 2020), bat dau 15 km ha luu cta bién gidi Viét
Nam-Cambodia va cham ddt khodng 2 km ha luu ctia cau My Thudn, ngay trudc khi long lach phan
thanh nhanh My Tho va C6 Chién. Dién tich bao gom long lach Vam Nao. Chlng t6i tao nén mot ban
d6 khac biét chiéu sau (d6 phan giai 40 m) tu viéc duc khoét va tich lly lién tuc tu 2014 dén 2017. Dé
t6i thiéu héa su méo mé clia cac tri s6 vi cac s6 & ngoai, chiing tdi trung binh dii kién chiéu sdu bang
cach dung théng ké bang mat. Sau dd, ching tdi ap cac khodng tréng trong dii kién bang cach ndi suy

thang 2 chiéu (bilinear) (5x5 window).



Cambodid
=7
Vietnam

10°14'N

9°12N

105°12E 106°14'E

Hinh 1. Ban d6 clia BBSCL cho thay mat d6 va phan phéi ctia xa lan cé can truc va ban d6 ctia luu vuc
Mekong long vao cho thay cac dap (MRC), KK=tram Koh Kehl, NL= tram Neak Luong. Khic séng Tién
(TS) tudng Uing vdi khao sat chiéu sdu dudc cho thay bén trong hinh chil nhat diém tron xanh. Cac
diém den tudng Ung vdi cac thanh pho ven séng. Thugng va ha song Tién, dudc tach rGi & mii tén My
Thuan. AG=An Giang, BL=Bac liéu, BT=Bén Tre, CM=Ca Mau, CT=Can Thdg, DT=Dong Thap, HG=Hau
Giang, KG=Kién Giang, LA=Long An, ST=Séc Trang, TG=Tién Giang, TV=Tra Vinh, VL=Vinh Long (Ngudn:
OpenStreetMap, Humanitarian Data Exchange) (D€ dién dich tham khao mau trong hinh nay, ngugi

doc dudc gidi thiéu dén phién ban trén mang cuia bai nay).

DBSCL chiu anh hudng bdi cac tién trinh song khac nhau. Su hién dién ctia cac dap lam giam ngudn
phu sa, tao nén d6 déc thoai thoai, vi sat |8 va do di chuyén ngang dugc gill tusng déi thap. Su khac
biét chiéu sau thu thap dudc & day tuong Ung véi khoang 15% cua toan thé long lach cia DBSCL (98



km2) gan bang muc duc khoét trung binh hang ndm va tucng ng vdi vai mua nudc cao thap véi ngudn
phu sa nho va boi lang can bang moi nam. Vi thé, su khac biét chiéu sdu dung trong nghién cliu nay

dudc xem la phong chiing ctia chiéu sau duc khoét phan [8n do cac hoat dong khai thac cat.
2.3. Hé thong xép loai tau

Dua trén cudc khao sat tai cho trong ndm 2020-2021 va cac quan sat hinh anh Google Earth
(2019-2020), chling tdi thay rang chiéu dai ctia cac tau hoat ddng doc theo cac séng & DBSCL thay ddi
tu 5 dén 80 m. DGi véi muc dich cla chdng t6i, ching toi chi clfu xét cac tau lién quan dén khai thac cat
c6 thé dugc phan biét dé dang bdi hinh dang, su hién dién cla cat trén tau va hgp thanh doan. Diéu
nay cho phép chiing t6i xac dinh cac diém ndng khai thac cat va udc tinh mat do. Bang cach dung hinh
anh Google Earth ¢ d6 phan giai cao (~0,5 m) trong ndm 2019-2020, ching t6i gia si toan b6 1.150 tau
doc theo khic s6ng dai 130 km doc theo song Tién, va mét phan ctia nhanh C6 chién. Dé kiém ching
hé théng xép loai tau cla ching t6i, ching t6i thuc hién mot cudc khao sat tai ché doc theo mot khic
s6ng dai 80 km cuia s6ng Tién trong 3 ngay (22 thang 12 nam 2020 va 3 va 15 thang 1 nam 2021). Cac
diém néng khai thac cat dugc tham viéng vao nhiing ngay dudc chi dinh vao khoang 5:45 AM dén 6:11
PM, dé phu hgp vdi lic vé tinh hinh anh Sentinel-1A bay ngang. Toa d6 GPS cua tau dudgc ghi nhan, va
hinh anh cta ting tau dugc chup. Dif kién nay doan dugc so sanh vdi cac tau qua hinh anh ctia
Sentinel-1. Do dac tU hinh anh clia Google Erath va cdng tac tai chd cho phép ching téi nhdm dén cac
xa lan khai thac cat c6 hiéu qua. Quan sat cia ching t6i cho thay xa lan dudc trang bi can truc (BC) cd
hinh dang dac biét va thudng dugc bao quanh bdi mét sé tau dé van chuyén cat. Vi tri ngau nhién cla
cac tau 8 chung quanh BC, su lan can, va n6i két tan so cao (chiéu dai cdng don) trong nhu mot ving
sang l8n duy nhat (50% |8n han) trong hinh anh radar. Vi phudng phap phat hién cda chdng t6i khong
thé phan biét loai tau va tach rgi cac tau ca nhan, mét chiéu dai téi thiéu dudc dung lam tiéu chuan

phat hién.
2.4. Udc tinh ngén sach khai thac cat cia DBSCL bang cach dung vién tham

Ching téi khoanh vung nghién cliu 8 PBSCL bang Chi s& Khac biét Nudc Binh thudng hda (normalized
difference water index (NDWI)) ti hinh anh ctia Lansat 8 Operational Land Imager (OLI). D& dugc pham
vi trung binh ctia cac long lach, mét hinh anh dugc thu thdp moi ndm tif 2014 dén 2020 (McFeeters,
1996) (Supplementary Test 1) va gop lai do kho khan trong viéc lay hinh anh khong cé may. Chulng toi
ap dung ngudng 0,1 DN dé€ khoanh vung nudc tu khéi dat. Sau khi loai trif cac viing khéng phai la long



lach ch3ng han nhu kinh dao, rudng lda, nha thuyén, cau va dudng pha, chlng toi loai trir tat ca dién
tich trong khoang 50 m ctia bg long lach dé téi thiéu hda nhiém am tuf cac tau khdng hoat dong (dugc
dung dé khai thac cat hay cadc muc dich khac cling nhu dau doc theo bd), dé loai b bat cif nhiém am
doi lai tU viéc xay cat va phat hién khong phai tau. Dua trén cac hinh anh Google Earth, dién tich chung
quanh cau Vam Cong va My Tho va mét phan nhé clia Can Thao dudc loai ra khoi phan tich vi cé mat do
tau cao khong lién hé dén diém khai thac cat. Chdng téi dung hinh anh ctia Sentinel-1A (L1) c6 d6
phan giai 20 m clia quy dao di xuéng (no18) Synthetic Aperture Radar (SAR) Ground Range Detected
High resolution (GRD-H) trong phan cuc kép (VV+VH) thu dudc trong Interferometric Wide (IW)
(Supplementary Text 3). Toan thé DBSCL dudc bao trum bdi mét bang duy nhat trong cung ngay (vao
lGc 5:45 AM), moi 12 ngay ké ti ngay 6 thang 10 nam 2014, dudi 2 thang sau khao sat chiéu sau thif 1st
ctia ching t6i (Supplementary Hinh 1, Supplementary Bang 1). Uu diém cla SAR ndm trong su chéng
lai may bao phu, hién tugng khi quyén, va goc cao dé mat trsi. SAR cling c6 di do phan giai dé phat
hién tau va cho thay tugng phan cao gitia nudc va cau tric tau. Vi nang lugng radar phan chiéu thay
ddi vdi nhiéu yéu té chang han nhu hinh dang ctia muc tiéu, kich thudc, chiéu hudng, van téc, va vat
liéu, viéc chon lua phan cuc thich hgp rat quan trong (Kurekin et al., 2019; Lanz et al., 2020). Trong khi
tai liéu khoa hoc bo cdo rang phan cuc ngang VH t8i uu dé phat hién tau, két qua clia ching téi cho
thay rang phan cuc VH cho thay mét lién hé tét hon gilia tau dugc phat hién va bd dii kién chiéu sau

khac nhau.

Trudc hét, ching t6i ché bién tat ca hinh anh Sentinel-1A (ca [én [an xudng) c6 san (N=293) § DBSCL
gilia 6 thang 10 nam 2014 va 22 thang 12 ndm 2020 (xem toan thé phuong phap trong Supplementary
Text). Nhiing hinh anh nay dugc ché bién trudc vdi phdng xa, diéu chinh hinh hoc, loai trl nhiém am
nhiét va mat chudn WGS84, bang cach dung ESA Sentinel Application Platform (SNAP). Sau khi loc céc
vét dém, kiém tra bang mat va mé phong, ching téi 4p dung mot ngudng 0,5 véi hé sd rai rac (y0) cho
moi hinh anh dé loai trif cac 6 c6 xua. Sau dd, ching t6i chuyén cac nhém 6 dudc chon thanh khung
s6. N6 dudc lam dé loai nhiém am, tach rgi nhiing tau & gan nhau va dé loai cac tau nhoé hon. Khung
s6 dudc cat bang cach dung vung nghién ciu PBSCL. Sau khi vecto hda cac tau |3y cat (mat tau phan
chiéu), ching t6i tu déng do dac chiéu dai va dién tich. Sau d6, chiing t6i dung trung tdm ctia moi tau

nhu 1 diém.

Chi dung dii kién quy dao xudng, chlng tdi thuc hién nhiéu md phong cung véi dii kién tai ché dé phan

biét tau khai thac cat vdi cac tau khac. Nhiing m6 phdng nay cho thay mét ngudng =70 m clia chiéu



dai tau dugc tdi uu dé phl hdp véi viing duc khoét. Niing tau nay (=70 m) dugc chon méi nam va roi
cho méi thai ky ciia ndm (thi du thang 10 ndm 2014 dén thang 12 nam 2017). Doan ching téi tao nén
mot ban d6 mat dé tau cé do phan giai 10 m va dinh nghia mét vung dém c6 ban kinh 200 m sau khi
mo phdng vdi cac ban kinh khac nhau (100-300 m). Cac ban d6 nhiét cho thdy mat do tau (so tau trong
1 km2) dugc binh thudng hda bang cach chia cac tri s6 ctia khung sé vdi s6 hinh anh trong thai ky (91
hinh anh ti 2014 dén 2017). Cudi cung, ban dé nhiét dugc thi lai v8i 40 m dé phu hgp véi do phan giai
cta ban d6 khac biét chiéu sau va bién thanh diém (N=61.663). Cac tri s6 tudng Uing gilia chiéu sau va
mat d6 tau dugc vé va khac biét chiéu sau trung vi cho moi méat dd tau 0,1 dudc tinh toan. Mét phudng
trinh hoi quy dugc rat ra. Sau d6, ching téi dung mat do tau/ngay (1 hinh anh cho moi 12 ngay), binh
thudng hdéa moi 3 nam dé udc tinh mic duc khoét va khéi lugng cat dudc lay di ti phucng trinh hoi
quy & qui mé DBSCL. Phuadng phap nay dugc dp dung cho mdi nam tif 2015 dén 2020 trong thdi
khoang 3 nam (thi du, cac tri s6 2015-2017, 2016-2018, van van). Sau do, ching toi trung binh cac tri s6
chéng 1én nhau dé& cé mét tri s6 trung binh cho moi nam (cong viéc dudc trinh bay trong Hinh 2). Déi
vdi két qua ctia ching ti cung vdi cac tuyén bo té chic (Supplementary Text 4 and 5, Bang 6 va 7),
chiding t6i tinh todn khéi lugng cat dugc lay di trong cac tinh khac nhau bang cach dung céc ranh gidi

hanh chanh riirac.

DE kiém ching su lién hé gilta mat do tau va cudng do khai thac cat, chiing t6i vé ban d6 cuia tat ca xa
lan dugc trang bi it nhat 1 can truc (BC) trén khap DBSCL tlf ndm 2014 dén 2020 bang cach diing 1 hinh
anh moi ndm trén Google Earth. Khi cdc nam bi thi€u, ching t6i dung +/- 1 nam. Doan, ching t6i do
mét dd tau/km2 (200 m ban kinh) ciia moi tau =70 m trong quy dao xuéng (N=42.054) va khoang cach
clia ching v8i BC gan nhat (N=1.181) 3 BBSCL trong thai ky tir 2014 dén 2020. S6 tau (chiéu dai =70 m)
va sy phat ra hdi nong cla ching cling dudc diéu tra trén qui moé toan DBSCL ti nam 2014 dén 2020
bang cach dung dif kién tir quy dao |én va xuéng. Hai nhanh ndm doc theo TS dudc phan tich. M3t cat
A (7,2 km) dudc chon vi nd nam trén dong chanh cta séng Tién va dugc quan sat cé mat dé tau thap
han (vang hoat dong khai thac cat) trong thdi gian nghién cltu. Trong khi d6, mat cat B (9,4 km) nam &
gan Sa Déc, la mot diém ndng khai thac cat dudc nghién cdu trudc day trong thang 4-5 ndm 2018 bdi
Jordan et al. (2019). Chung t6i lay mau két qua clia ching téi trong cuing doan sdng gitia 2015 va 2020
va so sanh tri s6 clia chiing toi v@i tri s6 ctia ho. cac tri s6 trong cac an ban khac nhau chi trong dén

khic song va thai ky riéng cling dugc so sanh theo thai gian va khong gian & qui mé DBSCL.
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Hinh 2. Luu d6 phudng phap minh hoa viéc tinh todn ngan sach cat va duc khoét ddy song trén
Sentinel-1 SAR va su khac biét chiéu sau. (Copernicus Sentinel data 2020, ché bién bdi ESA).

3. Két qua va thao luan



3.1. Hoat dong cua tau khai thac cat va cac diém néng

Cac quan sat trén hinh anh cla Google Erath trong 2019-2020 cho thay cac xa lan véi cén truc (BC)
dudc dung dé |3y cat chiém 10% tat ca tau lién quan dén viéc khai thac cat (Bang 1, Hinh 3). Cacxa lan
dudc dung riéng dé van chuyén cat (BT) dugc day hay kéo chiém 7%. Cac tau xanh (BB) chiém 40% cla
tat ca cac tau dudc co gidi hda va cé thé dugc dung cho vat liéu khac hay van chuyén lGa. Phan 43%
con lai phan [8n gom cé kéo-day, pha, danh ca va tau chd hanh khach. Cac diém ndng khai thac cat cd
ddc diém la tau tap trung cao. Khoang 82% cac tau trong khiic séng ching toi nghién cdu thi vang vé,
trong khi 18% dudc ndi két vdi 1 hay nhiéu tau. Chd trong dén BC, 76% clia ching dudgc noi két véi tau
khac (BT hay BB) dé chat cat. Ngugc lai, chi c6 25% BB dudc néi két vdi 1 tau, 59% cutia ching dudc néi
v3i mot BC. Tuong tu, BT hau hét don doc hay trong 25% trudng hgp, dudc noi véi mot BC.

Boat type Google Earth image Ground observation Length (m) Area (m?) Frequency (%)
Barges with Crane (BC) M=37 M = 450 10
o STD =6 STD =97
T e
03/01/2021
Barges for Transport (BT) M=47 M =558 7
i STD=2 STD =52
T s
Blue Boats (BB) M =47 M = 376 40
STD=7 STD = 87
030172021
Other Boat and Pusher / Puller M=27 M=168 43
(OB / PP) STD =13 STD = 168

Bang 1. Cac loai tau doc theo khic sdng dugc khao sat véi hinh anh Google Earth (ti 1é bang nhau).

Trung vi va dé léch tiéu chuan cua chiéu dai va dién tich.

TU cac quan sat Google Earth, kich thudc cta tau riéng ré cho thay mot su phan phaoi binh thudng cho
tat cad BC, BT va BB (Hinh 3). Mdc du khdng thé phan biét gitta BB va BT bang cach dung chiéu dai, BC,
tiéu bi€u cho c6t I6i clia hoat dong khai thac cat, rat khac biét. Tuy nhién, moét BC duy nhat chi xay ra
trong 24% cua téng so hoat déng, vi chiing hau hét dugc ndi lién vdi cac tau van chuyén cat khac. Tu
viéc phan tich trén radar Sentinel-1, kich thudc ciia cdc nhém tau gom cé BC dugc tron lan vdi cac
nhém BB. Tuy nhién, ngoai tri lic dau, hau hét cac nhém BB & chung quanh BC dugc dung dé khai
thac cat. So sanh giiia BC dudc quan sat tai cho va kich thudc phat hién trén Sentinel-1 cung ngay cho
thay rang 73% clia BC cé chiéu dai trén 70 m v8i hau hét ti 70 dén 90 m chiéu dai.
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Hinh 3. Kich thudc tau va phan phdi ciia mai loai. a. Chiéu dai va tan sé cia BC, BT, BB va OB trén
Google Earth. Cac tri s6 trung binh di dong (thai ky=3) dugc trinh bay. b. Chiéu dai va tan sé clia tat ca
tau duy nhat va nhom tau, chiéu dai ciia nhém BC va BB tuf Google Earth. Cac tri s6 trung binh di dong
(thgi ky=3) dudc trinh bay. c. Chiéu dai va tan s cua tat ca tau riéng ré va tap trung ti Google Earth,
Tau dudgc do trén hinh anh PlanetScope, Tau dudc phat hién tir Sentinel-1 SAR va chiéu dai tU
Sentinel-1 ctia BC dugc quan sat va xac dinh vi tri tai chd. Cac tri s6 trung binh di déng (thdi ky=3)
dudc trinh bay ngoai trif Sentinel-1. d. Phan phai ctia nhitng loai tau khac nhau trong DBSCL.

D&i v8i cac ndm 2014, 2016, 2017, 2018 va 2020, hinh anh Google Earth bao trum khoang 55% DBSCL.
Trong ndam 2015 va 2019, DBSCL dugc bao trim hoan toan bdi Google Earth. Trong s6 vung khong
dudc bao pht, ~75% nam & ha luu ngi hoat dong khai thac cat tuang déi thap. Hoat déng BC trong
DBSCL dac biét cao trong nam 2014 v&i khoang 215 tau. N6 gidm xudng 42% trong ndm 2015 con 125
BCE trudc khi tang dan dén 185 BCE trong ndm 2020 (Hinh 4). Con s6 BC giam dugc quan sat gilia nam
2014 va 2015 hau hét nam & cac nhanh M§ Tho, Ham Ludng va C8 Chién. Trong vung ndy ctia PBSCL,
con s6 BC tut giam (R=0,40) gilta nam 2015 va 2020 trong khi & thugng luu ctia song Tién, gia tang
(R=0,77) tUr 69 dén 100. Con sb BC trong song Hau, thay dai it, v8i thay d6i nho sau 2016. Con so tong



cong cua BC trong long lach giong nhau trong nam 2015 va 2016, nhung su khac biét nay gia tang tu 12
dén 22 gilia nam 2017 va 2020. 7% cutia BC trong DBSCL dudc quan sat giiia 2014 va 2020 khéng nam
trong vung nghién cltu, nhung doc theo ba song; diéu ndy cd nghia la ching cé thé dau hay dugc dung

vao ban dém.
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Hinh 4. S6 xa lan v3i can truc, phan phéi va khoang cach véi cc tau dudc phat hién bang Sentinel-1 tu
2014 dén 2020. a. Tién trién cta con s BC trong thai ky 2014-2020 trong DBSCL va trong long lach cla
vung nghién clu, séng Tién: thugng va ha luu, séng Hau. Biéu d6 trinh bay phan clia Google Earh bao
trum DBSCL cho m6i nam va khung den [a vi tri trong DBSCL. B. M4t d6 tau trung vi (x) va su khac biét
chiéu sau trung vi chung quanh ban kinh 200 m ctia moi BC trong TS. c. Biéu d6 cho thay trong x |a
khoang cach gila tat ca cac tau (=70m) v8i BC gan nhat (khoang cach téi da 4.500 m). Trongy la mat
do clia tau chung quanh maéi tau ndy. Pudng mau cam tuong (ing vdi tan s6 khoang cach BC-Tau (m).
Hai dudng do tudng (ng vdi trung vi x vay. Budng dgn sdng gitfa 1.000 va 3.000 m tudng Ung véi hau
hét long lach nai BC ¢ thé hién dién, nhung hinh anh Google Earth thi€u sét. (Dién dich mau sac trong

hinh nay, ngugi doc c6 thé xem phién ban trén mang cta bai viét.)

75% clia 224 BCE ndm doc khic séng Tién (TS) ti ndm 2014 dén 2017 nam trong vung duc khoét (trung
vi clia viing ban kinh 200 m). 93% ctia BC vdi mat dé tau & chung quanh = 3 tdu/km2 ciing ndm trong
vung duc khoét (R2=0,13, d6 d6c=-0,76). Trung vi clia cac tri s6 khac biét chiéu sau dugc rdt ra ti moi 6
cho thady mét su gia tang lién tuc cla duc khoét véi su gia tang song hanh clia mat dé tau. Bang cach
do dac khoang cach gilta BC va tat ca tau dugc phat hién (N=42.054) 8 DBSCL, 50% tau c6 mat do trén
1,7 tau/km2 (Hinh 4). Khodng 50% tau nam cach BC dudi 224 m, va 50% tau nay ¢ mat dé cao han 2,8
tau/km2. Dién tich bao trum bdi ban kinh 224 m ctia viing dém BC chi chiém 11% dién tich cua toan

thé DBSCL.



Ban d6 mat do tau khai thac cat ctia ching t6i trén DBSCL cho thdy nhiing bién doi khong gian 1n.
Chung t6i xac dinh mot vai diém ndéng khai thac cat quan trong doc theo bién gigi Cambodia trén song
Tién (Supplementary Hinh 2 va 3). Cac vi tri ldy cat manh mé cling dudc tim thay chung quanh cu lao
Long Khanh, long lach di dén Vam Nao, cu lao Thudn Dong va chung quanh Sa béc. Ha luu clia My
Thuan, diém ndéng quan trong dudc phat hién chung quanh hgp luu ctia nhanh My Tho va Cé Chién.
Trén sdng Hau, néng dd cua tau khai thac cat cé vé thap hon vdi cac diém néng ndam gan Can Thg, Binh
Hoa, va Cai Dau. Khai thac cat cling xay ra gan Dinh An, vai km tU bé bién; diéu ndy dudc kiém ching
bdi quan sat BC trén Google Earth. Trong nam 2015, 59 diém néng dudc phat hién trong DBSCL vdi tri
sO trung binh la 0,29 km2. Trong nam 2020, c6 khoang 70 vung nhu thé vdi tri s6 trung binh cao han
0,34 km2. TU ndm 2015 dén 2020, khodng 69% cac diém ndng nam trén sdng Tién, véi dién tich diém
néng trung binh khoang 0,44 km2. Céc diém ndng nam & ha luu My Thudn va trong séng Hau chiém tu

11% dén 20% cac diém ndng, theo th{ tu, v8i mét dién tich trung binh nhd hon 0,08 km2.
3.2. Ngan sach khai thac cat ddy song cia DBSCL

Khac biét chiéu sau gilfa 2014 va 2017 trén TS cho thay chiéu sdu duc khoét trung binh [a 1,02 m (STD -
2,6 m). Doc theo khiic sdng dudc khao sat, 60% cla dién tich bi sat 8, trong khi 27% dudc bdi lang, va
vung con lai thay d6i gidi han giiia 0,5 va -0,5 m (Hinh 5). M3t d0 tau trung vi ciia khic séng dugc khao
sat khoang 0,35 tau/km2 vdi 6% dién tich vung cho thay cé trén 3 tau/km2. 73,4% khic song dudc
khao sat c6 mat do tau dudi 1 tau/km2.



Long Khanh
\  Island

Boat density 2014-2017 (km*day)
Bathymetry difference 2014-2017 (m)

Tan Thuan
Dong Island

Bathymetry difference 2014-2017 (m)

A5 N=61,663 R*<0.88 y=-0.7143x+0.0179

01 2 345 6 7 8 9 1
Boat density 2014-2017 (km?/day)

Hinh 5. Khac biét chiéu sdu va mat dé tau doc theo TS. a, d, f: Mat d6 tau/km2 2014-2017. b, c, e: khac
biét chiéu sdu 2014-2017. g: Mat d6 tau 2014-2017 vs khac biét chiéu sdu 2014-2017 vé & do phan giai

40 m. Cac dudng xanh tuong Ung véi Q1 va Q3, dudng do la trung vi ctia khac biét chiéu sdu 8 m6i 0,1
mat dd tau. (Dién dich mau sac trong hinh nay, ngudi doc cé thé xem phién ban trén mang cuia bai

viét.)

Bang cach v& muic do duc khoét vs mat dé tau cho méi 6, chling téi cé dugc R2=0,88 clia khac biét
chiéu sau trung vi (y =-0,7143x + 0,0179) tuang Ung v8i khac biét chiéu sau trung vi khoang - 1 m cho
nhifng viing v8i mat do tau gilta 0 va 3 (Hinh 5). D6 déc clia md hinh hdi quy thang rit ra gitfa duc
khoét day song va mat d6 tau thi dang ké thong ké & 95% (tri s6 p dudi 0,001). Ngoai ngudng 3
tau/km2, khac biét trung vi trong chiéu siu gia tdng 1 m (thi du, gia tang duc khoét 1 m) cho moi
tau/km2 thém. Bang cach so sdnh thgi ky 2014-2017 v&i 2018-2020 trong vung khao sat, ching toi
quan sat su gia tang trong mat do tau ~ 32% so vdi trung binh (tu 0,85 dén 1,13 tau/km?2). Tuy nhién,
47% khu vuc vé8i 3 hay nhiéu tau hdn trong nam 2014-2017 da giam may do (dudi 2 tau/km?2) trong thai



ky 2018-2020. Su sut giam mat d6 tau nay co |& do cat can kiét trong nhiing ngi ndy hay gidy phép hét

han.

Chiing téi tinh rang téng s khai lugng 253,58 triéu m3 cat dudc khai thac trong DBSCL trong thdi ky
2015-2020, v&i khéi lugng trung binh la 42,26 triéu m3/nam (Hinh 6, Supplementary Bang 2 va 5). Vung
dudc khai thac nhiéu nhat ndam & thugng luu ctia My Thudn trén sdng Tién va cd khéi lugng khai thac
tong cong la 167,17 triéu m3 hay ~66% tong s6 khadi lugng dugc khai thac 8 DPBSCL. Cac diém nong &
ha luu My Thudn c6 ngan sach |3y cat thap han & 42,19 triéu m3 (~17% téng s8). Ngudc véGi song Tién,

sOng Hau c6 ngan sach lay cat thap han [a 44,22 triéu m3 (~17%).

Khoi lugng khai thac gilta 2015 va 2020 gia tang lién tuc 8 BBSCL vdi muc gia tang trung binh hang nam
[a 1,9 triéu m3, hay tong s6 gia tang 25% (9,5 triéu m3) (Hinh 6). Dang chdy, nam 2017-2018 gia tang
trén gap doi cadc nam trudc (3,17 triéu m3) trong khi 2015-2016 va 2016-2017 gia tang it hdn & miic 1,3
triéu m3 va 1,38 triéu m3, theo th( ty. Thdi ky 2018-2019 va 2019-2020 cho thdy mot gia tang 1,62 triéu
m3 va 2,03 triéu m3, theo thi tu (Supplementary Bang 2). Chiéu hudng gia tang nay phan én la do
viéc khai thac & thugng luu song Tién, dudc quan sat c6 su gia tang déu dan (34% tu 2015 dén 2020)
trong khai lugng cat dugc khai thac. Viéc khai thac cat dat cao diém trong nam 2017-2018, chiém 2,71

trieu m3 (khac biét lién nam trung binh 1,62 triéu m3).

Ha luu ctia My Thudn (khac biét lién ndm trung binh 160.000 m3) c6 mot sy gia tang nhe trong hoat
dong khai thac cat, va sut giam sau ndm 2019. S6ng Hau cling cho thay mét su sut giam viia phai gilia

2015 va 2017 va gia tang nhe tu tu trong nhitng nam sau (khac biét lién nam trung binh 110.000 m3).
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Hinh 6. Khai lugng khai thac, miic duc khoét va hoat déng cua tau. a,b: Ban d6 cho thay cac diém
nong khai thac cat va duc khoét trung binh 8 BPBSCL. Tinh rai rac tU HDX va ngan sach khai thac cat
trung binh ciia mai tinh dudc trinh bay trong khung mau xam. Ba khic séng dudc nghién cliu 8 PBSCL
(thugng va ha [uu sdng Tién, song Hau) dugc phan biét bdi dudng mau dé & Vam Nao va My Thuan.
Khic A va B, dugc thao ludn trong Hinh 7, dudgc phan chia bdi cac khung mau den. c: Khéi lugng khai
thac moi ndm & thugng luu séng Tién (mau nau), My Tho, Ham Ludng va C6 Chién (mau cam), sdng
Hau, (mau vang) va téng cdng cia DBSCL (mau xam dam & bén trén). d: Duc khoét cong don trong
cung thgi gian va cac khic song c6 cung mau nhu c. e: Nam tinh hang dau vdi ngan sach khai thac cat
hang nam cao nhat (trung binh = 2 triéu m3/nam), tudng duong vai 93% ngan sach (Supplementary
Test 5, Bang 7). f: S6 tau dugc phat hién (=70 m) trong moi hinh anh tif thang 10 ndm 2014 dén thang
12 ndm 2020 cho quy dao lén va xudng trong DBSCL, tri s6 thap ~70 tau, dugc quan sat hang nam
tuang (ng véi thdi ky Tét Am lich (~ thang 2). (Dién dich mau sic trong hinh ndy, ngudi doc c6 thé xem

phién ban trén mang cla bai viét.)
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Hinh 7. Hoat dong khai thac cat doc theo khiic séng A va B gén Sa Déc. a: S6 tau =70 m/km2 dugc phat
hién gilta thang 10 nam 2014 dén thang 12 nam 2020 vao luc 5:45 AM (quy dao xudng) trén khic song A
va B. S6 BC quan sat dudc doc theo khiic séng ndy moi ndm (mau dd) trén Google Earth. Cac hinh anh
thiéu trong nam 2018 tudng Ung vdi trung binh 2017-2019. b: Khéi lugng dugc khai thac tif nam 2015
dén 2020 trong khuc séng B va khoi lugng dudc do dac bdi Jordan et al. (2019) trong ndm 2018 trong
cung ndi (xam nhat). Duc khoét cong don doc theo khiic song B mau xanh. c: Ban do6 cho thay duc
khoét trong nam 2019 doc theo khiic song B (gitia km 6 va km 15 trong Jordan et al. (2019). (Dién dich

mau sac trong hinh nay, ngudi doc c6 thé xem phién ban trén mang cua bai viét.)

V& to ra, chiing téi ham y rang toan thé DBSCL c6 duc khoét tdng cdng khoang 0,34 m trong 6 ndm vdi
van téc 0,06 m/nam. Trong s6 3 khic song dudc nghién cliu (sdng Hau, thugng va ha séng Tién), ha
luu song Tién ¢ duc khoét it nhat véi mic ha thap khoang 0,09 m trong 6 nam tudng dudng vdi muc
trung binh [a 0,02 m/nam. Ngudc lai, thugng luu s6ng Tién, nhanh sdng dén tan bién gidi Cambodia,
c6 duc khoét sau nhat khoang 1,48 m trong 6 nam véi muc trung binh hang ndm [a 0,25 m. Trong song

Hau, ching t6i suy doan mot muc duc khoét 0,16 m trong 6 nam, hay 0,03 m/nam.

MUc duc khoét & DBSCL dudc udc tinh khoang 0,13 m/nam bdi Brunier et al. (2014) trong thgi ky
1998-2008. Tri s6 nay trén 2 [an cao hdn mic duc khoét trung binh do chlng t6i tinh toan (0,06
m/nam) cho th@i ky 2015 dén 2020. Gan day, Binh et al. (2021) tinh m{c duc khoét trung binh khoang
0,16 m/ndm trén song Tién va Hau cho thai ky 1998-2014 va 0,5 m/nam cho thdi ky 2014-2017. Chlng
t6i dat dudc muc duc khoét 0,67 m/nam cho thgi ky 2015-2017, thi du, 0,22 m/ndm trong phan nay cla

song Tién va dén bién gidi.



TU 2015 dén 2020, mat d6 tau =70 m chiéu dai d& gia tang 68% tU 0,21 tau/km2 dén 0,35 tau/km?2.
Thugng luu sdng Tién co su gia tang dang ké nhat trong s6 tau lGn tu 0,72 dén 1,54 tau/km2. Nguac lai,
ha luu s6ng Tién cho thady mat do tau gia tang vifa phai khoang 20% va chi c6 5% trén séng Hau. Sau
khi loai dii kién bat thudng trong thdi ky Tét Am lich, con s tau dudc phat hién trén khdp DBSCL d3 gia
tang déu dadn (R=0,71 va d6 do6c=0,06) vdi tri s6 trung binh 202 trong nam 2015, dén khoang 325 trong
nam 2020 (gia tang 61%). Trong khiic sdng A, ching téi quan sat mét hoat dong on dinh giifta 2014 va
2020, vdi tri s6 trung binh khoang 0,2 tau/km2 vao ldc 5:45 AM (budi sang) va 0,5 tau/km2 vao lic 6:10
PM (budi chiéu) (Hinh 6 va 7). Trong khiic song B, tuy nhién, su khac biét gilia quy dao budi sangva
chiéu it dang ké han, vdi su khac biét vao khoang 0,1 tau/kmz2.

3.3. Ngan sach va phan tich so sanh duc khoét

Cac ngan sach khai thac cat dugc cong bo cho BDBSCL, phan 8n chi trong dén vi tri dia du cia dong
bang (Jordan et al., 2019) hay dua trén théng ké chanh thdic (Eslami et al., 2019; Jordan et al., 2019).
Ngan sach khai thac cat khu vyc ciia DBSCL dugc udc tinh bdi Bravard et al. (2031), dé nghi mét ngan
sach 7,75 triéu m3 cho ndm 2012, dua trén cac bao cao ctia cac nha khai thac doc theo mét phan cla
DBSCL (Bang2). Cctinh todn cua Bravard et al. (2013) bang khoang ~8,5 triéu m3 trong téng s6 néu
ching ta ngoai suy tri s6 ctia ho vdi toan thé vung nghién cliu clia ching téi. Sau d6, Brunier et al.
(2014), dua trén sy khac biét chiéu sau gilta 1998 va 2008 doc theo méot phan clia song Hau va Tién, da
ndi rang tri s6 trung binh 20 triéu m3/nam, thi du, 35,5 triéu m3/nam dugc khai thac trong toan thé
DBSCL. Gan day han, Eslami et al. (2019) va Jordan et al. (2019) udc tinh ngan sach 28 triéu m3 (2015)
va 17,77 triéu m3 (2018), tuU cac gidy phép dugc cap bdi cac cs quan chanh phu. Mac du ho néi dén 2
nam khac nhau, hai tham khao cudi cung ndy ngoai suy dén 28 triéu m3/nam va 22 triéu m3/nam & qui
mo DBSCL (Bang 2). Ching téi tinh toan khai lugng khai thac la 37,8 triéum3 cho nam 2015. Con s
nay ti 35% nhiéu hdn tri s6 ctia Eslami et al. (2019). Dang ké haon, udc tinh ctia ching toi [a 43,6 triéu
m3 trong nam 2018 thi 2,5 [an cao hdn cac tri s6 ctia Jordan et al. (2019). DGi vdi thai ky 1998-2008,
Brunier et al. (2014) tudng trinh khai thac cat trong séng Hau nhiéu hon séng Tién (55%). Tuy nhién,

tinh todn cta ching t6i cho thay chi cé 17% cac diém ndng tif nam 2015 dén 2020.



Budget Period Studied covered Volume Annual budget Data sources References
measured (Years) reach (km?) Mm®/ Extrapolated at the and methods
(Mm®) km?/yr)  VMD scale (710 km®)
7.75 1 613 0.012 85 Field survey based on individual questionary for each Bravard et al,
(2012) VMD Main stem of extraction site. (2013)
Hau and Tidn Loeation, granulometry, staff capacity, number of
vehicle and equipment, number of years in operation,
seasonal calendar, quantity extracted.
200 10 400 0.05 35.5 Bed volume change loss measured with bathymetry Brunier et al
(90 Tin -  (1998-2008) 205 km on the Tiln data from MRC (2014)
110 Hau) 143 km on the Hiu
28 1 710 0.0394 28 Issued mining licenses Eslami et al
(2015) VMD (2019)
17.77 1 572 0.031 22 Data collected from Institutions: Jordan et al.
(2018) VMD of Natural and i (2019)
without Bén Tre and (DONRES), the Southern Mineral Control Department
Tién Giang provinces {SMCD), Ministry of Natural Resources and
Environment (MONRE)
4.64 (+/- 1 N/A N/A N/A Bathymetric survey in April-May 2018 along 20 km of  Jordan et al
03D Mm®  (2018) Tidn R reach with MBES (2019)
2100-2300 4 N/A N/A N/A Governmental declarations Koehnken and
(2016-2020)  Whole Vietnam projections Rintoul (2018)
253.58 6 710 0.059 42.26 Bathymetry survey in 2014 and 2017 This study
(2015-2020)  VMD without bridge, Field Survey in 2020 and 2021
ferry, houseboats, Remote sensing using Sentinel-1 in 2014-2020
buffer -50 m

Bang 2. So sanh mot s6 ngan sach khai thac cat chon loc 8 DBSCL.

Theo Jordan et al. (2019), cat dudc khai thac trong tinh Tién Giang trong ndm 2018 la 510.000 m3 mac
du trai phép. Tudng tu, trong khi khai thac cat bi cdm trong tinh Bén Tre, cac tac gia ndy khong thé
kiém chiling néu hoat déng khai thac cat that sy vang mat. So sanh vdi Jordan et al. (2019), phan tich
clia ching t6i déi véi 2 tinh nady cho thay viéc [y cat it nhung déu dan trong cung thai ky vdi cac tri s6
trung binh tugng Ung la 2,38 triéu m3/nam va 1,51 triéu m3/ndam & Tién Giang va Bén Tre
(Supplementary Table 7). Cling nén luu y rang Jordan et al. (2019) cho thdy rang muc udc tinh clia ho
cho Tién Giang trong nam 2018 c6 |& bi udc tinh thap, phu hgp véi tri s6 dudc udc tinh lai la 2,42 triéu
m3/ndam trong nghién clfu nay. Tuong tu, ching ti udc tinh mic 1,51 triéu m3/nam cho Bén Tre (1,57

triéu m3 trong ndm 2018), vi m&t vai BCs dudc thay r6 rang trén hinh anh Google Earth.

TU thang 4 va 5 nam 2018, Jordan et al. (2019) udc tinh mot khéi lugng khai thac la 3,59 triéu m3 doc
theo khic séng 10 km (km 6 dén km 15 trong Jordan et al. (2019), gan Sa Béc. Cac quan sat theo thai
gian cac BC tif Google Earth, ciing véi su phat hién clia Sentinel-1, cho thdy rang khai thac cat doc theo
khiic séng nay c6 thé bat dau sau nam 2015 (Hinh 7a). Hoat ddng trd nén thudng thay hon va thay rd
sau thang 9 ndm 2016 véi sy gia tadng gap 4 [an dén ndm 2020. Diéu ndy dm chi rang nai ndy da dudc
dao manh mé trong 1,5 nam trudc khi dugc khao sat bdi Jordan et al. (2019). S6 BC dugc phat hién
trong ving nay gitfa 2015 va 2020 chua bao gid vugt qua 8 cho dén 2018 va khoang 14 trong nam 2019
va 2020. T 2014 dén 2020, con s6 gia tang dang ké dén tong s6 60 dudc quan sat, chiém 5,8% cula tat
ca cac BCs dudc quan sat trén khap DBSCL. Téng sé cat khai thac do dugc trong khiic séng B trong
cung thgi gian la 18,87 triéu m3, tuong Ung vGi khoang 7,4% ngan sach cla toan thé DBSCL cho thai ky



2015 dén 2020. Gilta 5 nam nay, khai lugng cat dudc khai thac gia tang trén 2 [an. Trong nam 2018,
khoi lugng dudc khai thac khoang 3,56 triéu m3 dua trén udc tinh ctia ching toi. Trong cung nam, do
dac tai ché cta Jordan et al (2019) cho thay 3,59 triéu m3 cat dugc lay di trong 8 hé ¢6 dién tich 22.500
m2. Doc theo khic s6ng nay, ching t6i do dac tong s6 duc khoét 2,44 m trong 6 nam hay trung binh

0,4 m/ndam. Trong nam 2018, duc khoét do khai thac cat dudgc thay la 0,46 m.
3.4. Khai thac cat trai phép va bao cao chanh thic

Ngan sach khai thac cat trong nghién clfu nay thi 35% va 146% cao hon ngan sach dugc bao cao bdi
Eslami et al. (2019) va Jordan et al. (2019), theo th{f ty. Phan tich so sanh trong cac tinh khac nhau véi
cac két qua ki€ém dugc bdi cac tac gia khac nhau [am noi bat su bat dong dang ké clia cac bao cao
chanh thic. Chingtdi cling ghi nhan rang nhiing udc tinh nay cé 1é dudc udc tinh thap so sanh vdi cac
tri sO tU cac ngudn chanh thic. Ngoai ra, nhiéu tai liéu (tap chi, bai viét khoa hoc) da bao cdo y tang
cudng gan day cuia cac hoat dong khai thac cat trai phép (Beiser, 2018; Bendixen et al., 2019; Duan et
al., 2019). Trong bai viét nay, con s6 BC gia tdng dudc quan sét ti Google Earth ndm doc theo bd vao
ban ngay sau 2017, la mot chi sé ctia khai thac mg am tiém tang. Cac tin tdc mau thuan khac cling
hién hiiu, thi du, Koehken and Rintoul (2018) ghi nhan mot cong ty duy nhat (ban trén internet) noi
rang ho cé thé cung cap ti 500.000 dén 1 triéu m3 cat ti PBSCL moi thang, dé a 12 triéu m3/nam.
Nhung trong cung nam, cac cd quan chanh phu cung cdp mét ngan sach khai thac tong cong la 17,7
triéu m3 cho Jordan et al. (2019). Vi Bravard et al. (2013) bdo cdo rang cé khoang 39 céng ty khai thac
cat § DBSCL trong ndm 2012 va néu con s6 nha khai thac khdng giam trong 6 nam tdi, chiing ta c6 thé

mong dgi rang khai lugng dugc tuyén bé cho khu vuc thi rat thap.

Jordan et al. (2019) bao cdo rang khai thac cat (it nhat cho ndm 2018) bi cdm trong 2 tinh Tién Giang va
Bén Tre, tuy nhién, 510.000 m3 cat dugc lay trong viing dugc khao sat nho trong tinh Tién Giang
(Jordan et al., 2019). Nhiing nghién cliu nhu thé ham y rang khai thac cat trai phép [a mot van dé kéo
dai trong khu vuc. Tudng tuy, quan sat cac BCs tU Google Earth cho thay mot su sut giam dang ké hoat
dong trong 2 tinh ndy tU nam 2015 dén 2020. Vi ranh gidi tinh hau hét la gitta long lach, ranh gidi khong
dudc dinh nghta r& rang va chuyén dich cta BC trong nhiing vung nay tao nhiing diéu kién thuan lgi

cho nhitng ngudi khai thac trai phép hoat dong qua cac 16 hong trong luat &, nhat [a vao ban dém.

4, Két ludn



Mac du DBSCL la mot vung khai thac cat nhiéu nhat trén thé gidi, ngan sach khai thac cat hién nay bi
gidi han b&i mdt s6 chudng ngai ki thuat va té chitc. G day, chling tdi cho thdy mét dudng 16i mdi la,
dua trén su lién hé clia cac do dac vat chat (khao sat chiéu sau) va dii kién vién tham dugc kiém ching
tai cho dé dinh lugng viéc khai thac cat trong qua khi va hién tai trén toan thé DBSCL. Két qua cua
chiling t6i cho thay rang, 42 triéu m3/ndm cét dudc ldy hang ndm va diéu nay gy duc khoét ~0.34 m
(0,06 m/nam) trén toan thé DBSCL ti nam 2015 dén 2020. Trong thagi gian ndy, mic khai thac cat da
gia tang ~5% moi nam. Su khac biét trong cac tri s6 dugc bao cdo tU cac cd quan dia phudng thay déi
tu 35% dén 146%. Song Tién (kEé ca cac phu luu) rong 65% vung DBSCL, chiém 83% ngan sach cta
DBSCL, mac du chi ¢6 45% trong ndm 1998-2008. Chuing tdi suy doan rang udc tinh thap hién nay cua
ngan sach khai thac cat trudc hét la do cac phuong phap gidi han, dé la, chd trong dén nhiing vung dia
du nho va thd nhi, 1€ thudc vao théng ké dugc cdng bd, hau nhu 16i thdi hay khéng chinh xac. Mdc du
ly do th(f nhat lién quan dén chudng ngai dung cu clia cac nghién clfu hién hifu, cac han ché khac dugc
noi két v3i su thi€u kha nang dé tuan tra nhiing viing rong [8n va su thinh hanh cta cac hoat dong khai
thac cat trai phép lan tran khién chanh quyén dia phudng khdng thé quan ly va theo d&i hoan toan cac
hoat dong khai thac. Budng [6i clia chiing t6i vugt qua tat ca cac gidi han & trén vdi chi phi rat thap.
Ngan sach mdi ctia chling toi cling c6 thé gitp thuc hién cac khudn kho phap ly dugc cai thién trong
viéc khai thac cat dé bao ton su can bang kha chap gitta ngudn cung cap tu nhién va khai thac. Cudi
cung, mdc du DBSCL la thi nghiém clia ching toi, dudng |6i clia ching toi ¢ thé dugc thuc hién dé
dang & nhiing ndi khai thac cat xay ra manh mé hay & ngi hoat dong nay khong dugc dinh nghia ro
rang hay dugc kiém soat.

Camta
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1. Supplementary text
1.1. Supplementary text 1: Pong bang séng Cliu Long va khiic séng Tién

Céc phan tich ngan sach khai thac cat dugc dua trén bd dii kién Sentinel-1 bat dau tif thang 10 nam
2014 dén thang 12 nam 2020 (Supplementary Hinh 1). Trong thgi gian nay, long lach bi sat |3 va cai tao
dat. DEé cliu xét su di dong ctia sdng va loai trif nhieém am tU vat khac, trudc hét chdng toi rat ra pham
vi t8i thiéu lién ndm clia long lach Pdng bang sdng Cliu Long & Viét Nam (PBSCL) trong mua khé
2014-2020. Chung t6i dung hinh anh Landsat 8 Operational Land Imager (OLI) (d6 phan giai 30 m)

dudgc tai xuéng tir U.S. Geological Survey (USGS) (https://earthexplorer.usgs.gov). Chlng t6i dp dung
Normalized Difference Water Index (NDWI) nhu sau:

Green — Near infrared
NDWI =

Green + Near infrared

Chung toi ap dung mot ngudng Digital Number (DN) 0,1 dé phan biét nudc va dat. Hé thong long lach
chanh dugc chon va céc viing nudc nhu rudng lda va kinh dao dudc loai ra. Pham vi long lach dudc cat
tu bién gidi Cambodia dén ctfa song. Sau do, ching toi xac dinh va loai bd cac dudng pha cling nhu
cac cau va nha ndi. DE tdi thiéu héa nhiém am tUf viéc xay cat va cac tau neo, ching téi ap dung mot
vung dém 50 m dé loai bo tat ca cac vung bén trong [& 50 m. Diéu nay dua trén nguyén tac khai thac

cat khong xay ra gan bdg cling nhu cau, dudng pha. Vung nghién cltu sau cung dai dién 710 km2 tuong


https://earthexplorer.usgs.gov

Ung v3i 80% vung long lach ban dau. Cubi cung, cac két qua dau tién cho thdy mot mat do tau dang ké
dé budn ban chung quanh cac thanh phé My Thanh (dai 7 km), My Tho (7 km) va Can Thg (1 km).
Chung t6i loai bo nhiing viing nay vi khdng c6 khai thac cat xay ra & nhitng nai nay. Mot khdc song dai
120 km cta vung nghién cfiu DBSCL nay, khic séng Tién (TS), bat dau tif 15 km cach bién gidi

Cambodia va chdm ddt 2 km ha luu cau My Thuén va long lach Vam Nao dugc phan tich riéng.
1.2. Supplementary text 2: Khao sat chiéu siu tai ch6 va ban do duc khoét

Day sdng doc theo TS dugc do dac bdi mot nhom tu Dai hoc Kyoto. Nhém dung Teledyne RD
Instrument Workhorse Rio Grande 600 KHz Acoustic Doppler Current Profiler (ADCP) dudc két hgp vdi
Trimble GPS dudc gan trén sao dé dinh vi. Téng cdng ¢ 491 va 380 mat cat cach nhau tir 200 dén 1.000
m dugc do dac trong thang 7 nam 2014 va thang 9 nam 2017. Chiéu sau ddy song do dac dudc sUa lai
v8i muc nudc bang cach dung hé théng do dac muc nudc doc theo sdng (SRHMC). Céc diém chiéu sau
dudc ndi suy bang Isotropic universal Kriging theo sau bdi phudng phap lily thita vi phuang trinh
kernel. Sau dd, cac diém dudc hoi tu thanh raster. Raster nay dudc rat ra & do phan giai 40 m. Khac
biét chiéu sdu dudc tinh toan bang cach khiu trif cao dd day song giifa 2014 va 2017. Bang cach dung
dung cu thong ké trong tdm cho ctia s6 5 pixels, cac khoang trong trong su khac biét chiéu sau cua
raster dugc dién khuyét va cac tri sé dudc trung binh bang cach ndi suy dé téi thi€u hda nhiing méo mé
trong cac tri s6 do nhitng tri s6 ngoai bién. Vibo dif kién gom cé dif kién lién tuc theo khong gian (d6 la
ban chat cta chiéu sau long lach). Bd dif kién dudc tai thif nghiém bang ndi suy hai chiéu & d6 phan
giai 10 m trudc khi dugc cat dé phu hgp vdi TS. Sau cling, raster dudc tai thif nghiém trd lai dé phan

giai ban dau (40 m).
1.3. Supplementary text 3: Ngan sach khai thac cat va duc khoét dung Sentinel-1

V@ tinh Sentinel-1A va Sentinel-1B tif C quan Khéng gian Au Chau (European Space Agency (ESA))
(https://scihub.copernicus.eu), cd d6 phan giai thdi gian 6 ngay. DBSCL dugc bao phu bdi Sentinel-1A

trong quy dao xuéng (vao ldc 5:45 AM) ké tir 6 thang 10 nam 2014 trong lic quy dao lén (vao lic 6:10
PM cung ngay) sau 13 thang 3 ndm 2017 (Supplementary Hinh 2). Vé tinh Sentinel-1B chi cé sau thang
10 nam 2016. D& c6 bo dif kién phu hgp vdi tan sé va khoi lugng gilta cac thai ky 2014-2015 va
2016-2020, ching tdi khdng dung Sentinel-1B. Phan tich sau day dudc thuc hién dau tién bang cach

dung cac tau tu quy dao [én va xudng (v8i thai diém khac nhau) nhung két qua cho ching t6i mot lién


https://scihub.copernicus.eu

hé thap han véi su khac biét chiéu sau chi dung hinh anh cta quy dao xuéng. Ching t6i dung ESA
Sentinel Applications Platform (SNAP)

(https://step.esa.int/main/toolboxes/snap) dé ché bién 178 anh (Supplementary Bang 1). Cac hinh
anh Sentinel-1A trong cap 1, quy dao xudng (no18) Synthetic Aperture Radar (SAR) Ground Range

Detected High resolution (GRDH) dual polarization (VW+VH) dugc thu thap trong Interferometric Wide
(IW). Ching tdi diéu chinh cac hinh anh va ching t6i loai trif cac nhiém dm nhiét. Sau d6, ching t6i
lam phang va stfa lai dia hinh trong ndi suy 2 chiéu bang cach diing SRTM 1 sec va chiéu hinh anh [&n
WGS84 48N. Trong khi tai liéu khoa hoc bdo cdo rang xuyén phan cuc VH t6i uu dé phat hién tau, két
qua clia chiing ti cho thdy rang phan cuc VV cho mét su lién hé tét hon nhiéu gitfa tau dugc phat hién

va dudc nham dén (cac diém ndng khai thac cat) va bé dif kién khac biét chiéu sau.

Dua trén khao sat tai chd clia chiing téi trong 2020-2021 va quan sat hinh anh Google Earth
(2019-2020), chling t6i thay rang cac tau hoat ddng doc theo cac séng & DBSCL hau hét dai tir 5 dén 80
m, va do phan gidi hinh 13 20 m (khoang pixel 10 m). G cac diém néng khai thac cat, khoang cach gitta
cac tau c¢é khuynh hudng nhap nhiéu tau thanh 1 cum. Diéu nay dua dén viéc udc tinh thap con s6 va
mat db tau. Sau khi thir vdi cac s DN tif 0 dén 1, ching tdi xac dinh rang 4p dung ngudng DN >0,5 dua
dén két qua t6i uu. Sau dd, ching téi doi cac hinh anh thanh cac tri s6 nhi phéan, loai bé cac tri sé
khéng nhdm dén va ap dung viing nghién cliu PBSCL. Céc pixels con lai tudng Ung véi cac tau dudc
vector hda va thuyc thé dugc tach ra thanh 1 phan duy nhat. Ching téi tinh thong ké dinh lugng clia cac
d3c tinh chanh chang han nhu chiéu dai, rong, dién tich. Trung tdm cua tau (da gidc) dugc ra thanh
diém. Cac mo phdng theo ngudng dién tich va chiéu dai dugc thi va tiéu chuan chiéu dai dai dién két
qua tot hon. Khac biét chiéu dai ngudng va thay déi chiéu dai dugc thif (=50m, 260m, =70m, =80m,
=90m, =250m&<90m, 260m&<90m, =70m&<90m, 280m%<90m, =50m&<100m, 260m&<100m,
>70m&<100m va =80m&<100m). Cac tau co chiéu dai =70m, dai dién 24% tong s6 tau dudc chon cho
su lién hé cao va dai dién thong ké tot clia toan thé tau dudc phat hién. Ngoai ra, cong tac thuc hién
trong ndm 2020 va 2021 cho thay rang cac xa lan dudc trang bi can truc dé khai thac trong 93% tinh
huéng (N=40) dudc phat hién vdi chiéu dai =70m trén hinh anh Sentinel-1.

Cac tau =70m dugc phat hién trong thdi gian thang 10 nam 2014 dén thang 12 nam 2017 dudc chon va

phan tich trong TS dé phu hdp véi thdi ky khac biét chiéu sau. Bang cach dung nhiing tau nay nhu


https://step.esa.int/main/toolboxes/snap

diém, ching toi tao nén mot ban do6 nhiét véi do phan giai 10 m. Cac vong tron [an can khac nhau véi
ban kinh thay dai 100, 150, 200, 250 va 300 m dudc thi. Ban kinh 200 m cho mét lién hé tot nhat véi
khac biét chiéu sdu. Dan sé tai ché dung chiéu dai lam tiéu chuan cling dudc thir trudc ngudng chiéu
dai 70 m nhung lién hé thap hon nhiéu vdi thong s6 nay. Ban dd nhiét dugc binh thudng héa bang
cach chia cac tri s6 véi s6 hinh cta thgi ky 2014-2017 (91) dé ¢ mat dd tau cho moi km2 moi ngay.
Ching tdi lai cat raster mot [an nifa bang cach dung TS va thif lai véi pixel 10 m vdi d phan gidi 40 m

dé phu hgp vdi bé dir kién khac biét chiéu sau.

Cudi cling, chling t6i rit ra cac tri sé cla raster thanh diém va dung nhiing diém nay dé rit ra cac tri s6
khac biét chiéu sdu chong lén nhau. Bo dii kién ndy c6 61.663 pixels. Ching t6i vé thay d&i chiéu sau
vs mat do tau, roi rut ra mat do tau trung vi dudc tinh sau cung cho mai 0,1 mat do tau va phuong trinh

hoi quy dugc rit ra tir dudng cong nay.

Ching t6i ap dung tién trinh mat d6 tau ndy cho toan thé DBSCL vao moi thdi gian 3 ndm ti 2015 dén
2020 ngoai trir 2014 chi ¢6 7 hinh anh. C6 87 hinh anh trong 3 ndm nghién cfu, ngoai tri 2015-2017 chi
€6 84 hinh anh (Supplementary Bang 1). Phudng trinh hoi quy rit ra ti TS dugc dp dung cho 4 thdi
gian mat do tau va ban do duc khoét dudc tao ra va thif lai 8 d6 phan gidi 20 m cho s6 tri s6 giam.
Chung toi tach rgi phan thugng va ha luu cta song Tién & cau My Thuan, va tach rdi song Hau khoi
song Tién & Vam Nao. Cac tri s6 dudgc rdt ra nhu cac diém va roi 1 bang dé tinh duc khoét va ngan sach
cat. Cac tri sd dudc tinh cho tiing ndm bang céch chia cho 3, tudng Ung vdi thdi gian 3 nam. Sau dé,
ching t6i trung binh cac tri s6 chéng [én nhau dé tim tri sé trung binh cho méi nam. Thi du, ¢é 3 tri sé
chondm 2017 (2015-2017,2016-2018 va 2017-2019); 3 tri s6 nay la trung binh dé dugc tri s6 duy nhat
cho ndm 2017 (Supplementary Bang 2 va 5). Tién trinh nay & khic séng cling dudc ap dung & tinh dé
so0 sanh véi cac bdo cdo clia cd quan bang cdch dung ranh gidi hanh chanh dudc cung cap bdi

Humanitarian Data Exchange (HDX) (https://data.humdata.org).

1.4. Supplementary text 4: Xa lan véi can truc & ti [& tinh

Dé bd sung cho chudng 2.1 clia bai. Hoat dong clia tau khai thac cat va cac diém néng. Gtilé tinh,
Dong Thap, An Giang va Vinh Long dai dién 75% s6 xa lan véi can truc (BC) dugc phat hién d DBSCL
(Supplementary Bang 6). Hau Giang va Soc Trang chi ¢ 1%. Cling can luu y rang trong ndm 2018 (it

nhat), khai thac cat bi cdm chanh thdc trong cac tinh Bén Tre va Tién Giang, nhung ndi nay chiing kién


https://data.humdata.org

mot su sut giam lién tuc, nhung sau do gia tang trong nam 2020, 9 BCs dudc phat hién trong tinh Tién

Giang.
1.5. Supplementary text 5: Ngan sach cat g ti [é tinh

DE bo sung cho chuong 2.2 cua bai. Ngan sach khai thac cat ctia DBSCL. Tinh Déng Thap bao gom
song Tién va mot phan song Hau c6 muc khai thac cat cao nhat vdi trung binh 21,85 triéu m3/ndm
chiém khodng 52% (131 triéu m3 trong 6 nam) cla téng sé ngan sach cat (Hinh 3, Supplementary Bang
7). An Giang, gdm c6 mot phan song Tién va Hau, la vung khai thac nhiéu th( nhi véi trung binh 8,14
triéu m3/nam (48,48 triéu m3 trong 6 nam). Cac tinh khac cé mdc khai thac hang nam dudi 4 triéu m3.
Ddc biét, S6c Trang va Hau Giang ndm trén hiiu ngan clia séng Hau cé muc khai thac thap nhat la

400.000 m3/ndam va 180.000 m3/nam, theo th( tu.

Ba tinh hang dau vé ngan sach khai thac hang nam: bong Thap, An Giang va Vinh Long cling ¢ m(c
khai thac gia tang déu dan trong thai ky phan tich. Badc biét, Dong Thap gia tang 39,5% (tUf 18,5 triéu
m3 dén 25,7 triéu m3) tU ndm 2015 dén 2020, theo sau [a An Giang va Vinh Long v8i muic gia tang
11,7% (tU 7,8 triéu m3 dén 8,7 triéu m3) va 30,8% (tU 3,3 triéu m3 dén 4,3 triéu m3). Ngudc lai, mlc
khai thac & tinh Bén Tre tang lién tuc cho dén 2017, sau d6 giam dan 13%. Doi vdi Can Tha, mic khai
thac giam tu 2015 va 2016 va 6n dinh cho dén ndm 2020 (2,8 triéu m3/nam).

2. Supplementary figures
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Hinh 1. Thgi di€ém Sentinel-1 trong quy dao [&én xuéng theo lic mat trGi moc va [dn trong nam.
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Hinh 2. Ban d6 duc khoét trong DBSCL cho m6i 3 ndm (trén xudng) trung binh hang nam tu thugng

dén ha luu (trdi sang phai).
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Hinh 3. Ban d6 duc khoét trong DBSCL cho moi 3 ndm (trén xudng) trung binh hang nam tu thugng
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3. Supplementary tables
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2018 29 29
2019 29 31
2020 29 30
2014-2017 91
2015-2017 84
2016-2018 87
2017-2019 87
2018-2020 87

Bang 1. Hinh anh Sentinel-1 GRD-H c¢6 san va dugc ché bién theo quy dao [&én xudng (cung ngay). 10

hinh anh thiéu trong quy dao xuéng va 1 trong quy dao én.

Period Volume

of 3 per period 2015 2016 2017 2018 2019 2020
years (Mm3)
2015-20

113.39 37.80 37.80 37.80
17
2016-20

121.19 40.40 40.40 40.40
18 Volume per

year

2017-20

129.71 (Mm3/yr) 4324 4324 4324
19
2018-20

141.89 47.30 47.30 47.30
20




Volume

averaged per

37.80 39.10 40.48 43.64  45.27 47.30
year
(Mm3/yr)
Bang 2. Tinh toan ngan sach khai thac cat 6 DPBSCL.
Period Volume
of 3 per period 2015 2016 2017 2018 2019 2020
years (Mm3)
2015-20
72.25 24.08 24.08 24.08
17
2016-20
78.81 26.27 26.27 26.27
18 Volume per
year
2017-20
85.70 (Mm3/yr) 2857 28.57 28.57
19
2018-20
96.62 32.21 32.21 32.21
20
Volume
averaged
24.08 25.18 26.31 29.01 30.39 32.21
per year
(Mm3/yr)

Bang 3. Tinh toan ngan sach khai thac cat trong séng Tién thugng luu ctia My Thudn




Period Volume per
of 3 period 2015 2016 2017 2018 2019 2020
years (Mm3)
2015-20
19.20 6.40 6.40 6.40
17
2016-20
21.79 7.26 7.26 7.26
18 Volume per
year
2017-20
22.56 (Mm3/yr) 752 152 152
19
2018-20
21.62 7.21 7.21 7.21
20
Volume
averaged per
6.40 6.83 7.06 7.33 7.36 7.21
year
(Mm3/yr)
Bang 4. Tinh toan ngan sach khai thac cat trong song Tién ha luu ctia My Thuén
Period of 3 Volume per
2015 2016 2017 2018 2019 2020
years period (Mm3)
2015-2017 21.94 7.31 7.31 7.31
2016-2018  20.60 Volume per year 6.87 687  6.87
(Mm3/yr)
2017-2019 21.45 7.15 7.15 7.15




2018-2020  23.65 7.88 7.88 7.88

Volume averaged
7.31 7.09 7.11 7.30 7.52 7.88

per year (Mm3/yr)

Bang 5. Tinh toan khai thac cat trong song Hau

Provinces 2014 2015 2016 2017 2018 2019 2020 Total

Pdng Thap 58 62 62 73 63 70 87 475

Vinh Long 35 14 40 12 42 45 29 217

An Giang 35 23 14 23 27 35 41 198

Tra Vinh 25 4 8 12 16 11 5 81

Can Tho 18 10 9 11 9 9 12 78

Bén Tre 26 1 14 10 5 7 0 63

Tién Giang 17 11 7 4 2 2 9 52

Hau Giang 0 0 0 0 7 4 2 13

Séc Trang 1 0 0 0 2 1 0 4

Bang 6. S6 BC quan sat dugc trén Google Earth tiing ndm trong mai tinh

Provinces 2015 2016 2017 2018 2019 2020 Total Mean

Dang Thap 18.45 19.42 20.47 22.89 24.15 25.74 131.11 21.85

An Giang 7.79 7.87 7.91 8.21 8.34 8.71 48.84 8.14




Vinh Long
can Tho
Tién Giang
Bén Tre
Tra Vinh
S6c Trang

Hau Giang

Bang 7. Ngan sach khai thac cat tiing tinh moi ndm (m3/nam)
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