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Tom tat:

Viing dat ngap nudc la mot trong nhitng hé sinh thai quan trong nhat trén Trdi Pdt, déng vai tro
thiét yéu ‘trong viéc bao ton da dang sinh hoc, loc nwée, hdp thu carbon va san sinh oxy cho khi quyén.
Trong béi canh bién doi khi hdu ngdy cang nghiém trong, viéc gidm sdt va danh gid cac khu viee nay la
V6 ciing can thiét. Vién tham tir lau da dwoc tng dung réng rdi trong theo déi tai nguyén va méi trirong,
dac biét 1a véi sw hé tro tir cdc nguén dir liéu mién phi nhu Landsat va Sentinel. Nghién ciru nay tdp
trung sir dung dit liéu vién tham da phé tir Landsat 8 va Sentinel-2 dé xdc dinh khu viee ring ngdp man
ven bién tai Ca Mau, Viét Nam. Thong qua viéc tinh toan cac chi $6 thue vdt nhuw NDVI, NDWI,... nhém
nghién ciu di wée lwong dwoc sinh khoi trén mat ddt, triv lwong carbon, kha nang hap thu carbon va
nong do oxy. Két qua nghién ciru da ldp dwoc ban d6 phén bé rimg ngdp man, ban do trit heong carbon
va oxy twong ung. Nhitng két qua nay gop phan hé tro viée giam sat, bao ton va quan Iy hiéu qua hé sinh
thai dat ngdp nwée, dong thoi cung cdp dir liéu dau vao quan trong cho cdc nghién cieu khi hdu va méi
truong tai Viét Nam.
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Abstract:

Wetlands are among the most important ecosystems on Earth, playing an essential role in
biodiversity conservation, water purification, carbon sequestration, and oxygen production for the
atmosphere. In the context of increasingly severe climate change, monitoring and assessing these areas
has become critically important. Remote sensing has long been widely applied in the monitoring of
natural resources and the environment, especially with the support of freely available data sources such
as Landsat and Sentinel. This study focuses on the use of multispectral remote sensing data from Landsat
8 and Sentinel-2 to identify coastal mangrove forest areas in Ca Mau, Vietnam. By calculating vegetation
indices such as NDVI, NDWI, etc., the research team estimated above-ground biomass, carbon storage,
carbon sequestration capacity, and oxygen concentration. The results include the generation of spatial
distribution maps of mangrove forests, as well as maps of carbon and oxygen reserves. These findings
contribute to the effective monitoring, conservation, and management of wetland ecosystems, while also
providing essential input data for climate and environmental studies in Vietnam.
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1. Gi6i thi¢u

Diét ngap nudc 1a mot trong nhitng hé sinh thai gidu tai nguyén va c6 vai trd sinh
thai quan trong nhat trén Trai Bat. Chiing dong vai tro nhu “l& phoi xanh”, diéu hoa khi
hau, loc nudce, luu gilr carbon va duy tri da dang sinh hoc cao [1,2]. Cac vung dat ngap
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nudc cung cp noi cu tra cho nhiéu loai dong, thuc vat, ddng thoi hd tro sinh ké cho hang
triéu nguoi thong qua hoat dong ndng nghi€p, danh bét va du lich sinh thai [3]. Bac biét,
hé sinh thai rimg ngdp man con c6 kha ning hip thu va luu trit lwong 16n carbon trong
sinh khéi va dat, dong vai tro then chét trong viéc gidm thiéu bién d6i khi hau [4,5].

Tai Viét Nam, mac du di c6 nhing nd lyc bao ton, khu vuc rimg ngdp min ven
bién. Dic biét 1a tai tinh Ca Mau van chua duoc nghién ctru chuyén sau véi sy hd tro cta
cong nghé hién dai. Vuon Qudc gia Mili Ca Mau duoc cong nhan 1a khu Ramsar thir 2088
trén thé giéi vao ndm 2012 [6], s& hiru hé sinh thai doc ddo v6i ba mit giap bién va chiu
anh huong boi hai ché do thuy triéu khac nhau. Day 13 mot diéu kién 1y tudng dé nghién
clru cdc qua trinh sinh théi va luu trir carbon.

Hién nay, cong tac phan loai va theo ddi dat ngap nude chi yéu dwa vao hai phuong
phép chinh 1a khao sat thuc dia va vién tham. Tuy nhién, phuong phap khao sat thuc dia
gap nhiéu han ché vé chi phi, thoi gian, d§ chinh xac va pham vi khao sat, dic biét tai cac
khu vuc héo 1anh va thay d6i theo mua [7,8]. Trong khi d6, nhu cau hién tai 14 gidm sat &
quy mo rong, lién tuc va co tinh h¢ théng.

Vién tham dugc xem 1a mot cong cu hitu hi¢u dé giam sat va danh gié cac dac trung
ctia dat ngap nudc véi do phu khong gian 16n, chu ky cap nhat nhanh va chi phi tuong
dbi thap [9, 10]. Dir liéu tir vé tinh Landsat 8 va Sentinel-2 cung cip cac dai phd trong
vung kha kién, can hong ngoai (NIR) va trung hdng ngoai (SWIR), cho phép phén biét
16p phu mat dat, wéc tinh sinh khdi, va danh gia hoat dong quang hop thong qua céc chi
s6 nhu NDVI, EVI, va NDWI [11,12]. Ngoai ra, nghién ctru chu trinh carbon, dic biét 1a
dong CO; giita hé sinh thai dat ngap nudc va khi quyén — dong vai tro thiét yéu trong
danh gia tac dong cia bién doi khi hau [13]. Vién tham hién nay con cho phép uéc tinh
mirc d6 hap thu CO: clia thyc vat théng qua phan xa quang pho, hd trg dinh luong kha
nang luu trir carbon [14,15].

Muc tiéu ctia nghién ctru nay 1a tich hop dit liéu vién tham tir hai ngudn vé tinh
Landsat 8 va Sentinel-2 dé thuc hién ba nhiém vu chinh: (1) phan loai céac vung dat ngap
nudc tai khu vuc nghién ctru; (2) udce tinh sinh khdi trén mat dat cua rung ngap man; va
(3) du doan kha nang luu trit carbon ciing nhu phat thai oxy ctia hé sinh thai ring ngap
man tai tinh Ca Mau, Viét Nam.

Céu tric con lai ctia bai viét dugc to chirc nhu sau: Phan 2 trinh bay khu vuc nghién
ctru, phuong phap thu thép va xu ly dir liéu. Phan 3 trinh bay két qua nghién ctru. Phan 4
thao luén cac van dé lién quan dén két qua dat duoc. Cudi cung, Phan 5 dua ra két luan
va dé xuat mot s6 kién nghi phuc vu cong tac bao ton va quan 1y rimg ngap man.

2. Cac nghién ctru lién quan

Viéc wdc tinh sinh khéi trén mit dat (4boveground Biomass — AGB) cua ring trén
quy mo toan cau 1a mot trong nhing chi s6 thiét yéu dé hd tro quan Iy rung bén vimng,
giam nhe bién d6i khi héu va bao t6n dich vu hé sinh thai do ring cung cap [2,4]. Trong
bbi canh nay, dit liéu vién tham tir cdc cam bién quang hoc va radar cung cap thong tin

da pho, da thoi gian va voi nhiéu mirc d phén giai khong gian khac nhau, rat phi hop dé
mo hinh hoéa va udc lugng AGB trén dién rong [15,16].

AGB dong vai trd nhu mot ngudn tich lity carbon chinh trong hé sinh thai rimg va
1a yéu t6 quan trong dé theo ddi chu trinh carbon toan cau. Do do, viéc theo ddi va do
ludng chinh xac su bién dong cia AGB c6 ¥ nghia 16n trong cac chuong trinh giam sat
carbon va 14p ké hoach mg phé voi bién ddi khi hau [1,2]. Lién Hop Qudc thong qua
Cong ude khung vé bién d6i khi hau di xac dinh viéc uéc luong AGB 1a budc quan trong
dé danh gia dong ning luong, nude va carbon giita bé mat dat va khi quyén [17].
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Céac phuong phép truyén thong ude luong sinh khdi chu yéu dua trén do dac thuc
dia va mo hinh hoéa sinh truéng cy ring tai cac 6 mau, sau d6 ngoai suy dé danh gia cac
khu vuc 16n hon [18]. Tuy nhién, phuong phép nay ton nhiéu thoi gian, chi phi va kho ap
dung & nhitng khu vire kho tiép cin. Trong khi d6, cac phuong phap dwa vao vién tham
ngay cang pho bién do kha ning cung cap dit liéu lién tuc, bao phu dién rong, chi phi thap
va kha nang cap nhat thuong xuyén [16,19].

Dir liéu quang hoc ghi nhén nang lugng phan xa tir mat dat trong cac dai phd kha
klen (VIS), can hdng ngoai va hong ngoai séng ngin , vén phan anh dic diém hinh thai,
sdc t6 va ciu tric tan 1a thuc vat. Vi dy, dai xanh luc (Green) biéu thi cuong do héap thu
nang luong; dai do (Red) lién quan dén qua trinh hip thy diép luc; va dai NIR phan anh
cau triic tan cdy, c6 moi lién h¢ chat ché voi AGB [12,20]. Tuy nhién, mdt nhugce diém
16n ctia cam blen quang hoc 13 phu thudc vao anh sang mit troi va dé bi anh hudng bai
diéu kién thoi tiét, ddc biét 1a may che ph.

Khic phuc diém yéu nay, dit liéu radar, dic biét 1a radar khau d6 tong hop (SAR),
c¢6 kha nang xuyén may, hoat dong ca ngay 1an dém va khong phu thudc vao diéu kién
thoi tiét. SAR do tin hiéu phan xa tir cac vat thé trén mat dat, bao gdm tham thuc vat, véi
do nhay cao ddi véi cAu tric, dd Am va mat do sinh khéi [21]. Tin hi€u phan xa phu thudc
vao nhiéu yéu t6 nhu bude song (P, L, C, X), phan cyc (HH, HV, VV, VH), dia hinh va
dic diém 16p phu dat [22]. Trong dé, radar bude song dai (L, P) duoc chimg minh 13 hiéu
qua hon trong viéc udc luong sinh khdi tai cac khu vyc rimg ram c6 mat do cao [23].

Ngoai ra, LIDAR (Light Detection and Ranging) — mot cong nghé vién tham chu
dong str dung xung laser dé do chiéu cao va céu trac tham thuc vat — dugc xem la cong
cu chinh x4c nhat dé do AGB hién nay [25]. Dit liéu LiDAR c6 thé dugc thu thap tir mat
dat (TLS), tir khong trung (ALS) hodc tr v¢ tinh (GEDI, ICESat-2), cho phép xay dung
mo hinh d6 cao rimg va cdu triic ba chiéu véi do chinh xé4c cao, dic biét & cac khu vuc
rung c6 tan che day dac [25].

Tuy nhién, dé nang cao d¢ chinh xac va do tin cdy trong udc lugng sinh khdi rimg,
xu hudng hién nay 1a tich hop dir liéu da ngudn nhu quang hoc, SAR va LiDAR két hop
vé6i s6 liéu thuc dia dé hiéu chinh va xac thuc mé hinh [15,26]. Céac nghién ctru chi ra
rang, md hinh két hop c6 thé giam déng ké sai s6 va ting kha ning khai quat hoa & cac
khu vyc khac nhau véi diéu kién rimg phirc tap.

3. Mb hinh ly thuyét

3.1. Dic diém dir ligu thu thip

3.1.1. D liéu Landsat 8

Landsat 8 1a vé tinh quan sat Trai Dat duoc phong 1én vao ngay 11 thang 2 nim
2013 tir can ctr khong quan Vandenberg, California [27]. V¢ tinh nay mang theo hai cam
bién chinh 1 Operational Land Imager (OLI) va Thermal Infrared Sensor (TIRS). OLI do
tin hiéu quang phd ¢ vung kha kién, gan hf)ng ngoai va hdng ngoai séng ngin (VNIR,
NIR, SWIR), trong khi TIRS do nhiét do bé mat dat trong hai dai nhiét sir dung cong nghé
tién tién dya trén vat 1y luong tir dé phat hién nhiét.

Anh Landsat 8 c6 do phan giai khong gian da phd 13 30 mét va do phan giai
panchromatic 13 15 mét, véi dai thu anh rong 185 km. Vé tinh nay quy dao dong bé theo
mat troi (sun-synchronous) vdi dd nghiéng 98,2°, bay ¢ dd cao khoang 705 km va hoan
thanh mot vong quay quanh Trai Dat trong 99 phut. Chu ky quay l3p lai ciia Landsat 8 1a
16 ngay, voi thoi gian qua xich dao khoang 10 gio sang (+15 phut). He thong quy dao
WRS-2 cho phép thu nhan khoang 740 canh anh mdi ngay, véi d6 chdong lap bang pho
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thay doi tir 7% tai xich dao dén 85% ¢ vung cyc. Landsat 8 g6m 9 dai phd OLI (trong d6
c6 mot dai panchromatic) va 2 dai pho nhiét TIRS (Bang 1).

Bdng 1. Cdc ddi phé ciia anh Landsat

Bing song | Mo ta Buéc song (um) | P phan gidi (m)
1 Coastal Aerosol | 0.43 —0.45 30
2 Blue 0.45-0.51 30
3 Green 0.53-0.59 30
4 Red 0.64 — 0.67 30
5 Near-Infrared 0.85—-0.88 30
6 SWIR 1 1.57 - 1.65 30
7 SWIR 2 2.11-2.29 30
8 Panchromatic 0.50 - 0.68 15
9 Cirrus 1.36 - 1.38 30
10 Thermal IR 1 10.6 —11.19 100
11 Thermal IR 2 11.5-12.51 100

3.1.2. Dit liéu Sentinel-2

Hé thong Sentinel-2 thuc chuong trinh Copernicus gém hai vé tinh Sentinel-2A va
Sentinel-2B, dugc phong 1én b?mg tén lira VEGA cua chau Au [28]. Mi vé tinh nang
khoang 1.2 tan va hoat dong trén quy dao dong bo mit troi, cach nhau 180° dé dam bao
tan sut chup anh cao. P9 cao quy dao trung binh 14 786 km v&i dai thu anh réng 290 km.
Chu ky quay lap lai la 10 ngay véi mét vé tinh va 5 ngay voi hai v¢ tinh, gitp theo doi
thay d6i bé mat dat véi anh da phd co do phan gidi cao.

Sentinel-2 st dung thiét b cam bién quang hoc MultiSpectral Instrument (MSI), thu
thap anh sédng phan xa tuor Trai Bﬁ:[ theo ché do thu dong. MSI c6 13 dai pho voi cac do
phan giai khong gian khac nhau gom 4 dai 10 m, 6 dai 20 m va 3 dai 60 m (Bang 2).

Bdng 2. Cdc ddi phé ciia Sentinel-2

Bang song Sentinel-2 | Bwdc song trung tim (nm) | Bing song (nm) | P§ phan gidi (m)
1 — Coastal aerosol 4427 21 60
2 —Blue 4924 66 10
3 — Green 559,8 36 10
4 —Red 664,6 31 10
5 —Red edge 704,1 15 20
6 — Red edge 740,5 15 20
7 — Red edge 782,8 20 20
8 —NIR 832,8 106 10
9 — Water vapour 945,1 20 60
10 — SWIR Cirrus 1373,5 31 60
11 - SWIR 1613,7 91 20
12 - SWIR 22024 175 20

3.2. Cdc céng thire tinh chi sé thwe vit, trit lwong CO: va oxy

3.2.1. Céc chi sé thuc vt tir anh vién tham

Vién tham 1a mot trong nhitng cong cy hidu qua va tién tién nhat hién nay trong viéc
thu thap thong tin khong gian va thoi gian vé cac vung dat ngap nudc, dac biét trong giam
sat tham thyc vat va sinh khoi rimg [29,30]. Céc chi so thuc vat dugc trich xuat tur dir li¢u
v¢ tinh quang hoc gitp phan tich dac diém sinh ly va cdu truc cua tham thuc vat, tir d6 ho
tro phan loai 16p phu, giam sat rung ngap mén va udc tinh sinh khoi.

Chi sb thyc vat NDVI (Normalized Difference Vegetation Index) phan anh d6 xanh
va mat do thuc vat, vdi gia tri cao twong ung voi tham thyc vat phat trién tot [31].
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NDVI NIR — RED 1)
" NIR + RED

Chi sb nu6ec NDWI (Normalized Differencq Water Index) dugc str dung dé Xxdac dinh
vung c6 d§ am cao hodc cac khu vuc c6 nudc, rat hitu ich trong gidm sat viung dat ngap
nuoc [32].

NDWI = GREEN — NIR 2
"~ GREEN + NIR

Chi sb rimg ngap man CMRI (Coastal Mangrove Recognition Index) la mot chi s6
tong hop, dugc phat trién nham ting cudng kha ning phan biét rimg ngap min véi cac
16p phu khéc tai ving ven bién [33].

CMRI = NDVI — NDWI 3)
3.2.2. Ubc lwong sinh khéi va carbon

Dé udc tinh sinh khéi trén mat dat , ham hoi quy tuyén tinh str dung NDVI dugc 4p
dung nhu sau:

GB = —179.1 + 13243.6 X NDVI 4)

Trong d6, AGB dugc tinh bang don vi kg/ha. M6 hinh nay dqqc phat trién dua trén
dir liéu thye nghiém tai cac khu vuc rung ngap man ¢ Pong Nam A [34].

Tu AGB, trir qung carboq trén mat dat (AGC — Aboveground Carbon Stgck) duoc
tinh theo h¢ so chuyén doi. H¢ s6 0.475 1a ty 1€ carbon trung binh trong sinh khoi kho cia
cay [2].

AGC = AGB x 0.475 (5)

Luong CO2 dugc cay hap thu (ACS — Absorbed Carbon Stock) dugc tinh thong qua
ti 1¢ chuyén doi carbon thanh CO2. Trong dd, h¢ s6 3.67 phan anh ti 1¢ khoi lugng gitra
phan t&r CO2 va nguyén tur C (44/12), nhu dé xuat trong cac hudng dan kiém ké khi nha
kinh [2].

ASC = AGC x 3.67 (6)

3.2.3. Udc tinh luong oxy sinh ra

Qué trinh quang hop khong chi hip thy CO2 ma con giai phong O2. Mdi don vi
carbon tich liiy rong (net carbon sequestration) trong cdy dan dén mot lugng oxy tuong
ung dugc sinh ra. Luong oxy sinh ra hang nam dugrc tinh theo cong thurec:

0, =C x 2.67 (7)

C 1a lugng carbon tich lity, va 2.67 1a hé sé khdi lwong phan tir giita oxy (02) va
carbon, v6i gia dinh rang toan bd CO2 c¢b dinh qua quang hop sé& sinh ra O2 theo ti 18
32/12 [35].

4. M0 hinh chirc ning

4.1. So do téng quan

Mo hinh thi nghiém dugc xay dung dua trén quy trinh chinh thé hién trong Hinh 1,
bao g6m sau bude co ban. Pau tién, dit liéu vé tinh duoc thu thap tur cac nguén Sentinel-
2 va Landsat 8. Tiép theo, ving nghién ctru (Region of Interest - ROI) duoc xac dinh
nham giéi han pham vi phan tich. Budc tht ba lién quan dén viéc tinh toan cac chi sb can
thiét dé xac dinh céac vung bi ngép lut. Sau do, cac chi $6 phuc vu cho viéc udc lugng sinh
khéi rimg trén mat dét , trit luong carbon va kha nang hap thu carbon duoc tinh toan. Tiép
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theo, trit lugng oxy (02) dua trén cac chi sb sinh khdi va carbon ciing dugc xac dinh.
Cuoi cung, cac ban do mo ta vung dat ngap nude, trir lugng CO2, O2 cung voi biéu do
phan bo duogc tao ra dé truc quan hoa két qua nghién ctru.

Scihub Glovis
Image correction
Sentinel-2 processing Landsat 8
Identify regions of
interest
'
Extract the necessary
bands
!
Calculate NDVI and
NDWI
|
' .
Calculate AGB, AGC,
ACS Calculate CMRI
v v
Identify the O2 Identify mangrove
concen|t:rati0n reg|ion
!
Map the calculated
metrics

Hinh 1. Cdc budc co ban ciua mé hinh thi nghiém.

4.2. Cdc chwrc nang chinh va gidi thudt

4.1.2. Cac chirc nang chinh

Trong budc dau tién cia quy trinh, dir liéu vién tham duoc thu thap tir hai ngudn
chinh 13 anh vé tinh Sentinel-2 va Landsat 8. Anh Sentinel-2 bao gdm 13 bang pho véi
d6 phan giai khong gian dao dong tir 10m dén 60m, trong d6 dit liéu cap do Level-2A da
dugc hiéu chinh khi quyén sin, bao gém céc hiéu chinh lién quan dén tan xa khi quyén,
hép thu hoi nudc, oxy va aerosol. Song song do, anh Landsat 8 dugc st dung 1a dir li¢u
da phd cdp d6 2, c6 do phan giai 30m va dd dwoc hiéu chinh phan xa bé mit, thich hop
cho céc phan tich theo chudi thoi gian dai han. Ca hai ngudn dir liéu déu duoc chuyén ddi
sang h¢ toa d0 MGRS (Military Grid Reference System). Day 1a mot hé théng toa d6 dua
trén UTM gitip chuan hoa khong gian va chia bé mat Trai Dat thanh cac 6 ludi chuan.

Trong cac nghién ciru vién tham, viéc xac dinh ving nghién ctru (ROT) 12 bude quan
trong nham khoanh viing khu vic cAn phan tich va loai bé cac ving khéng lién quan, qua
d6 giam thiéu nhidu, tiét kiém tai nguyén tinh toan va tang d6 chinh xac ciia két qua. ROI
c6 thé duogc xé4c dinh béng nhiéu hinh dang hinh hoc khac nhau nhu hinh chir nhat, hinh
tron, da gidc hodc tham chi 1a tirng diém anh don 1¢, tuy thudc vao muc dich nghién ctru
va tinh chat dit ligu.
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Dit liéu dau vao 1 anh vé tinh da duoc hiéu chinh va chuan hoa. Nguoi dung hoic
hé thdng c6 thé twong tac dé xac dinh ving quan tAm trén anh bang cong cu cit hodc mit
na (mask) nham chi giir lai khu vuc can thiét cho phan tich tiép theo.

Xac dinh vung dat ngdp nudc va rung ngdp man la mét budc quan trong trong quy
trinh phan tich anh vién tham nham phuc vu giam sat va quan ly hé sinh thai ven bién.
Trong nghién ctru ndy, cac chi sb thuc vat phd bién nhu NDVI (Normalized Difference
Vegetation Index), NDWI (Normalized Difference Water Index) va CMRI (Coastal
Mangrove Recognition Index) duoc st dung dé phén loai chinh x4c ving rimg ngap min,
rimg thudng va ving nude. Anh vé tinh Sentinel-2 cung cép dit liéu & d6 phan giai cao
v6i cac bang phé 8 (NIR), 4 (RED) va 3 (GREEN); trong khi d6, anh Landsat 8 str dung
cac bang twong tmg 1a 5 (NIR), 4 (RED) va 3 (GREEN). Céc chi sb dugc tinh toan nhu
sau: NDVI = (NIR - RED) / (NIR + RED), NDWI = (GREEN - NIR) / (GREEN + NIR),
va CMRI = NDVI - NDWI. Duya trén gia tri CMRI, cac khu vuc dugc phan loai theo
ngudng: CMRI > 0.47 1a ring ngap man; tir -0.25 dén 0.47 1a ring thuong (khong co cay
mam); va < -0.25 1a ving nude. Két qua cho phép xay dung ban dd phan loai ving dat
ngdp nudc mot cach tryc quan, tir d6 phuc vu cac phan tich sinh khéi va danh gia vai tro
clia rimng ngdp min trong hap thu carbon va phat thai oxy. Phuong phéap nay giip néng
cao dg chinh xac trong giam sat rimg ngdp man bang cong nghé vién tham.

Xéc dinh chi s6 sinh khéi va trix luong carbon 1a mot budc quan trong nham lugng
héa tiém ning hap thu carbon va dong gop cia rimg ngdp man vao can bang sinh thai.
Trong nghién ctru ndy, chi s6 NDVI duoc sir dung dé udc tinh sinh khéi trén mat dat cua
tig pixel trong viing rimg ngap man, tir d6 tinh tiép trir lugng carbon trén mit dat (AGC)
va luong CO2 hap thy (ACS). Cac hé sb chuyén ddi sinh khéi thanh carbon va CO2 duoc
tham khao tir cac nghién ciru trudc, nham dam bao tinh khoa hoc va nhat quan trong
phuong phap tinh toan. Két qua phan tich dugc trinh bay dudi dang ban d6 khong gian,
thé hién su phan b6 AGB, AGC va ACS theo ting khu vuc. Pay 1a co s¢ dit liéu quan
trong gitip danh gia vai tro cua rung ngép man trong viéc hap thy khi nha kinh, dong thoi
hd tro 1ap ké hoach quan 1y va bao ton hiéu qua.

Xéc dinh trir lugng oxy (02) 1a budc tiép theo trong chudi phan tich nham danh gia
vai tro sinh théi ctia rimg ngap mén trong viéc cung cép khi oxy, 1a mot san pham ctia quéa
trinh quang hop. Dua trén gi4 tri trlt lugng carbon tich lily (AGC) da tinh tir bude trude,
luong oxy duoc udce tinh bang cach nhan AGC véi hé sé chuyén doi phu hop, phan anh
ti 18 gitra khéi lugng nguyén tir oxy va carbon. Viéc ndy cho phép xac dinh lugng oxy
rong dugc tao ra do tich liiy carbon trong céy, sau khi trir di lugng oxy tiéu thu do ho hép.
Két qua duoc biéu dién dudi dang ban dd trir luong oxy (02), qua d6 gitp truc quan hoa
su phan b khong gian cua oxy trong hé sinh thai rimg ngap man tai khu vuc nghién cu.
Pay 1a mot chi s6 co y nghia quan trong trong viéc danh gia dong gop ciia rimg ngap min
d6i v6i chat lugng khong khi va can bang khi hau.

Sau khi tinh toan cac chi s6 sinh thai quan trong nhw CMRI (Chi sb phan xa t6 hop),
AGB (sinh khdi trén mit dat), CO2 hip thu va O2 sinh ra, budc tiép theo 1 truc quan hoa
két qua nham hd tro phén tich va ra quyét dinh. Cu thé, cac chi s6 nay dugc chuyén doi
thanh ban d6 mau thé hién khong gian phan b theo ving nghién ctru thong qua phan
mém GIS. Pong thoi, biéu dd phén ph01 (histogram) cua timg chi s6 cling duoc xay dung
nham minh hoa sy bién dong vé mit s6 luong va tan suat. Viéc hién thi di liéu dudi dang
ban d6 va biéu d6 khong chi gitp xac dinh cac khu vuc c6 gid tri sinh thai cao ma con hd
trg theo ddi xu hudng bién d6i theo thoi gian hodc khong gian. Két qua dau ra bao gobm
cac ban d6 chuyén dé va biéu dd mo ta phan bd céc chi sd, 13 co s& dé phén tich chi tiét
hon vé tinh trang va tiém nang sinh thai cta rimg ngap min.
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4.2.2. Thudt toan
Thuat toan: Estimate AGB_Carbon_Oxygen

Dau vao (Input):

- Anh vé tinh (Landsat 8, Sentinel-2)

Vung nghién ctru (ROI)

Dau ra (Output):

- Ban d0 ving rimg ngdp min

- Ban d6 va dit lidu: AGB, AGC, CO, O

- Biéu db va théng ké theo khu vuc

Céc budc:

1. Téi anh v¢ tinh (Landsat 8 hodc Sentinel-2) cho ving ROI

2. Hi€u chinh anh:

- Thyc hién hiéu chinh khi quyén
- Chuan héa céc dai pho can thiét (NIR, RED, GREEN)

3. Cat anh theo ving nghién ctru (ROI)

4. Tinh toan céc chi s6 thyc vat: NDVI, NDWI, CMRI

5. Phén loai vung rirng ngdp man:

- Ap dung ngudng pht hop 1én NDVI, NDWI, CMRI
- Tao madt na (mask) rung ngap man

6. Tinh sinh kh6i (AGB)

7. Tinh tr& lugng carbon (AGC)

8. Tinh lwong CO2 hap thu (ASC)

9. Tinh lugng oxy sinh ra (O2)

10. Truc quan hoa két qua:

- Tao ban do phan bdé AGB, AGC, ASC, 02
- Tao biéu do thong ké theo ving
5. Thwe nghiém

5.1. D liéu sw dung (Data used)

Khu vye nghién ctru ndm tai tinh Ca Mau, toa do dia Iy trai dai tr vi do 8°34” dén
9°33’ Bac va kjnh do 104°43° @én 105°25” Bong. Ca Mau c6 dac diém dia 1y doc ddo voi
ba mat giap bién, s6 hitu duong bo bién dai 107 km phia Dong va 147 km phia Tay. He
thong song ngoi, kénh rach day dac cung vung rung ngdp man rong 16n da tao nén mot
hé sinh thai ven bién phong pht va c6 gia tri sinh thai cao. Rimg ngép man Ca Mau dugc
ghi nhan 1a khu rimg ngép mén 16n thir hai trén thé gidi, chi sau ring Amazon ¢ Nam
My. He thyc vat tai day rat da dang, voi nhi€u loai dac trung nhu Avigennia geminans,
mam, cha 1a,... trong d6 loai mam chiém uu thé vé di¢n tich va phan bo rong khap.

Dit liéu vién thérr} duoc st dung trong nghién ctru 1a anh v¢ tinh Sentinel-2,, thu thap
trong nam 2023. Cu the, anh dugc cung cap boi vé tinh Sentinel-2A véi cam bién M’SI o
cap do xu 1y 2A (L2A), thude baseline xtr Iy N0509 va 6 ludi T48PYV. Cac thong s6 chi
tiét cua dir liéu duoc trinh bay tai Bang 3.
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Bang 3. Dir liéu Sentinel-2 dwoc sit dung cho mé hinh thuc nghiém.
ID Image codes Date Spa.tlal Remarks
resolution (m)
1 S2A MSIL2A 20230311T031521 | 11/03/2023 | 10, 20, 60 T48PVQ
2 S2A MSIL2A 20230828T031521 | 28/08/2023 | 10, 20, 60 T48PVQ

Dt li€u dugc thu thap trong nam 2023, st dung cam blen OLI (Operational Land
Imager) va TIRS (Thermal Infrared Sensor). Dt li¢u dd duoc tién xtr Iy dé hiéu chinh do
phan xa va nhiét do bé mit (Surface Reflectance va Surface Temperature), thudc loai Tier
1 — nhém dit liéu c6 chét lwong cao nhat, d dugc hi¢u chinh dia hinh va dam bao do
chinh xé4c cao vé mat hinh hoc. Chi tiét dix liéu duogc trinh bay tai Bang 4.

Bang 4. Dir liéu Landsat 8 dwoc sir dung cho mé hinh thuc nghiém.

ID Image codes Correction Date f’f Collection Tier
level collection number
1 LCO08_L2TP_126054 20230206 06/02/2023
20230209 02 T1 Lop ) T1
) LCO8_LITP_126054 20230326 26/03/2023
20230404 02 T1

5.2. Cong cu sw dung (Tool used)

Hé thong vé tinh Sentinel-2 va Landsat 8 13 hai nguon dit liéu vién tham pho bién,
cung cap anh da pho c6 do phan giai cao, da duoc hiéu chinh khi quyén dé dam bao tinh
chinh xéc cho céc phan tich sinh thai va moi truong [36,37]. Dit li¢u tir cac v¢€ tinh nay
dac biét phu hop cho viéc nghién clru rirng ngap man nho kha nang quan sat lién tuc trén
dién rong va ¢ nhiéu dai phd khac nhau, bao gdm ca dai hong ngoai gan rat quan trong
dé danh gia tinh trang tham thyc vat.

Trong qué trinh xir 1y va phan tich dit liéu, cac phan mém chuyén dung vé hé théng
thong tin dia 1y (GIS) nhu QGIS hodc ArcGIS duoc sir dung dé cit 10p ving nghién ctru
(Region of Interest — ROI), ciling nhu dé tinh toan cac chi s6 thuc vat phd bién nhu NDVI
(Normalized Difference Vegetation Index), NDWI (Normalized Difference Water Index),
va CMRI (Coastal Mangrove Recognition Index). Céc chi s6 nay sau dé dugc tich hop
vao cac md hinh wdc tinh sinh khi trén mat dit (AGB — Above Ground Biomass), trit
lugng carbon (AGC — Above Ground Carbon), va lugng oxy duogc tao ra (O2), nham danh
gid vai tro sinh thai va hip thy CO: cua ring ngép man.

Cac cong thirc tinh toan dugc sir dung trong nghién ctru déu dua trén cac cong trinh
khoa hoc da dugc cong b trude dé, dién hinh nhu cac nghién ctru [31] vé NDVI, [32] Ve
NDWI, va cac m6 hinh u6c lugng sinh khéi rimg [19] va cac tac gia khac phat trién.
Nhiing cong thirc nay gitp chuan héa phuong phap luan va dam bao tinh so sanh voi cac
nghién ctru trong va ngoai nudc.

5.3. Danh gia (Evaluating)

Trong nghién ctru nay, chi s6 CMRI duoc sir dung dé phan loai ving rimg ngap
man dya trén anh Sentinel-2A v6i d6 phan giai 10m x 10m. Cu thé, cac ngudng phan loai
dugc xac dinh nhu sau: CMRI > 0.47 dai dién cho vung rimg ngap man, -0.25 <CMRI <
0.47 14 khu vuc rimng khong ¢ loai mam, va CMRI < -0.25 twong tmg voi ving nudc.
Két qua danh gia do chinh xac tong thé ctia ban 6 CMRI nam 2023 cho thay chi s6 CMRI
1a cong cu phu hop va hiéu qua trong viéc giam sat sy thay doi va phan bd rimg ngap man
tai khu vuc Ca Mau.

5.4. Chia dir liéu (Data splitting)

Vung nghién ctru (ROI) dugc xac dinh dudi dang hinh chir nhat, dya trén toa do x,
y trén anh v¢ tinh. Trudc khi cit vung ROI, anh ¢6 pham vi toa do ttr xmin = 399,960 dén
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xmax = 509,760 va ymin = 890,220 dén ymax = 1,000,020. Sau khi thyc hién cat ving
ROI, pham vi tga d§ dugc dicu chinh lai thanh xmin = 465,000, xmax = 509,760 va ymir}
= 945,000, ymax = 1,000,020, giup tap trung phan tich vao khu vuc nghién ctru cu thé
hon.

Hinh 2. Anh trueée khi xdc dinh ving nghién Hinh 3. Anh sau khi xdc dinh viing nghién
cuu (ROI) curu (ROI)

5.5. Kich ban 1: Ung dung thuc tién trong gidm sdt rirng ngdp mdn

Muc tiéu giam sat hién trang rimg ngap man doc theo bd bién Ca Mau nham xac
dinh chinh xac vi tri va dién tich cua cac khu rung nay. Ket qua giam sat s& hd tro cac co
quan quan 1y trong viéc 1ap ké hoach béo t6n va phat trién rimg ngap man, gop phan bao
vé da dang sinh hoc ciing nhu ting cudng kha ning tmg phé véi bién d6i khi hau.
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02 CO2 Sequestration
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Hinh 6. Ban dé luu trit CO: va O:

5.6. Kich bdn 2: U’ng dung tinh todn dy trir carbon va oxy

Viéc udc lugng sinh khéi rimg , trit lugng carbon, kha nang hap thu carbon va trit
luong oxy duoc thuc hién duya trén cac chi sb thu thap tir anh vé tinh. Két qua nay gitp
danh gi4 chinh xac vai tro ciia rimg ngap man trong qua trinh hap thy khi CO: va san xuat
02, tir 46 dong gop quan trong vao cac ké hoach giam phét thai khi nha kinh va ting
cudng kha nang thich ing véi bién d6i khi hau.

5.7. Kich bin 3: Dy bdo va phan tich phin bé khéng gian

Céc chi sb do duoc tir anh vé tinh dugc sir dung dé phan tich quy luat phan bd oxy
va carbon dioxide trong rimg ngap min, phuc vu cho nghién ctru khong gian diém (spatial
point pattern). Trén co s& d6, nghién ctru hudng t6i viée du bao sy thay doi cua rimg
ngap min theo chudi thoi gian khi c6 thém dit liéu lién tuc, gitip ning cao hiéu qua quan
Iy va bao ton h¢ sinh thai nay.

5.8. Thao ludn

Cong nghé vién tham da ching minh 1a cong cu hidu qua trong viéc quan sat bao
phu dat ven bién va rimg ngap min, cho phép phan biét rd rang giita ving rimg ngap man,
rimg thudng va ving nude. Mic du cac két qua tinh toan trix luong sinh khéi, carbon va
oxy chua dugc ap dung trén chudi thoi gian dai de danh gia sy bién dong, nhung ching
da cung cp mot cai nhin twong ddi chinh xac vé& phan bd khong gian va tiém nang hap
thu khi nha kinh cta rimg ngdp min tai Ca Mau. Tuy nhién, do thiéu dir liéu lién tuc va
cac khao nghiém thyc dia dé kiém chung, két qua hién tai chi yéu mang tinh tryc quan
va chi mang tinh tham khao dya trén cac ban dd dia phuong hi¢n cd. Viéc stir dung dir li¢u
vé tinh mién phi nhu Landsat 8 va Sentinel-2 gitip tiét kiém chi phi nghién ctru, nhung
van con ton tai nhitng han ché vé tinh lién tuc va d6 chinh xéac cao hon. Nghién ctru trong
twong lai s& dua trén cac két qua hién c6 dé phan tich mo hinh phan bd khong gian va
phat trién cac du bao chinh xac hon vé sy thay d6i cua ring ngap min, tir d6 gép phan hd
trg cong tac quan 1y va bao ton bén vimng.
6. Két luan

Nghién ctru d xay dung thanh cong ban d6 phan b rimg ngap min doc bo bién Ca
Mau vé6i d6 chinh x4c cao, dua trén chi s6 CMRI tir anh vé tinh Sentinel-2A. Két qua udc
tinh cho thdy pham vi sinh khéi rimg dao dong tir -4000 dén 8000, trit lvong carbon tir -
2000 dén 4000, kha ning hip thu carbon tir -5000 dén 10000, va trit lugng oxy tir -20000
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dén 30000. Vung rung ngap man chu yéu duoc xac dinh tap trung ven bién, dic biét 1a
phia Tay miii Ca Mau, phan anh dting thyc trang sinh thai ctia khu vuc. Ngoai ra, ban d6
va biéu dd phan bd cac chi sd sinh thai nay da giup truc quan hoa rd nét cac dic tinh sinh
thai quan trong ciia rimg ngap man, hd trg hidu qua cho viéc quan Iy va bao ton.

Céc hudng nghién ciru tiép theo bao gdm: ap dung phan tich chudi thoi gian nham
danh gia bién doi rimg ngdp min qua cac nam, tién hanh khao nghiém thyc dia dé kiém
chung két qua vién tham va nang cao d6 chinh xac ciia mé hinh; nghién ctru mé hinh phan
bd khong gian chi tiét hon cia khi CO: va O trong hé sinh thai rimg ngap mian; phat trién
cac cong cu tu dong hoa gitp giam sat nhanh chong va hiéu qué hon dién tich cling nhu
chét luong sinh théi cia ring ngap min; dong thdi mé rong pham vi nghién clru sang cac
vung ven bién khac dé xay dung ban d6 phan b toan dién cho khu vuc DPdng bing song
Cuu Long.

Lo1i cam on:

Chung t61 xin chan thanh cdm on nhoém nghién ctru CTU-AIMED thudc Truong
bai hoc Céan Tho dé ho trg nhiét tinh trong qua trinh thyc hién nghién ctru, da tu van
chuyén moén va ho trg k¥ thudt lién quan dén xtr Iy anh vién tham va mé hinh héa khong
gian.

Cam ket cuia cac tac gia

Tat ca cac tac gia co tén trong bai bao cam két sy dong thuén va khong c6 xung dot

loi ich trong cong bo khoa hoc tai bai bao nay.
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