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Spatiotemporal Evolution of Forest Carbon Storage under the Impact of Land Use/Land Cover
Dynamics Using Multi-Source Remotely Sensed Data and Hybrid Models in the Central Coastal
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The significant rise in atmospheric carbon dioxide (CO,) from anthropogenic activities has intensified global warming.
Without natural mechanisms for carbon sequestration - primarily through terrestrial ecosystems and oceans - the Earth
would have experienced much more rapid overheating. Among terrestrial ecosystems, tropical forests play a vital role
as carbon sinks. However, rapid land use/land cover (LULC) changes have severely disrupted their carbon storage
capacity, transforming them into carbon sources. In Vietnam, the Doi Moi (Renovation) policy launched in 1986
accelerated economic development, particularly in the central region, under the influence of globalization. This progress
has been accompanied by drastic LULC transitions, most notably the conversion of forests and grasslands into built-up
areas, resulting in significant forest carbon stock losses. In this context, developing accurate carbon accounting
frameworks and understanding the impacts of LULC on forest carbon dynamics in Central Vietnam are crucial for
informing policies aimed at ecosystem conservation, sustainable development, and Vietnam’s commitment to achieving
net-zero emissions by 2050. Taking Danang city as an example of Central Coastal Vietnam, this study investigated the
performance of the hybrid approaches that integrates the predictive power of RF in generating deterministic trends and
the capability of the kriging techniques in handling spatial autocorrelation structure of residuals for estimating
aboveground biomass density (AGBD) and soil organic carbon density (SOCD) using multi-source remotely sensed
data and field measurements from 104 geo-referenced inventory plots in tropical forests. Additionally, this study
assessed LULC changes and analyzed the spatiotemporal evolution of carbon storage from 2023 to 2050 under the
impact of four future LULC change scenarios, including natural trend scenario (NTS), ecological protection scenario
(EPS), economic development scenario (EDS), and cropland protection scenario (CPS), by integrating the support vector
machine-cellular automata-Markov (SVM-CA-Markov) model and the InVEST model. The results show that the hybrid
models of RF and kriging techniques obtained higher accuracy than standalone RF for both AGBD and SOCD
estimation, yet the levels of improvement varied. Specifically, the enhancement was moderate in SOCD estimation while
still limited in AGBD estimation. From 2007 to 2023, Danang city underwent significant and recurrent transformations
in LULC types, with major changes including the conversion of natural forest to acacia plantation forest, and cropland
to settlements, acacia plantations, and other land. Between 2023 and 2050, LULC transformations in Danang city are
anticipated to yield varying degrees of carbon storage levels across different scenarios. Carbon storage in natural forest
is projected to decline under most scenarios, except for EPS, whereas carbon storage in plantation forest is expected to
increase across all scenarios. The thesis demonstrated the robustness of RF-kriging approaches for carbon accounting

and provided insights into the impact of LULC dynamics on forest carbon storage changes.




WXEERROEE

ARFW NI b F LR RS T i a R e L 20 HRICE 2B HEHAIZ KV 1048 TINE L7z
T A= R =2 2, BRI PEE A S S RFBE B O ZM ML 2 HERT T 2T L S
THZELEEZHWICLLTO 3EEI T2 b D TH D,

1) #i EDSA F~ ADZER A = HERH T D F T L OGS
2) MiTFDO NS A~ A (LEEHKRFE) BEOEMOIA 2RI 5E T LV OREE
3) THUFIH BT L OREE L 4 5D F ) FTEES L 20504E BT S RELED T

1) IZoWTiE, ot Ptk amEVE— ey v v 77— & FELEONA TV v RET
NTHDHRFRKET AV EZHWEETLVEMEEL, VE—bRr v 72 0AEDEIZALOS2 &
Sentinel-2 231 Td 5 Z &, REDFEFE A Ordinary Kriging® 7 /L CHIET 5 Z &1 X 0 | K A2R27T0.051H |k
TE, R2=0.80D @G THEFF CEx 52 L AR LT,

2) 2oV ThH, 1) LEKROETVEZMWT, SBIZ# L LTiE, Sentinel-2, ALOS-2, HET—4
REGT — X OFAGDOENRETH 5 Z &, RFOFEZE % Ordinary Kriging®7 LV CHIET 5 Z LI LV | HE
ZR27C0.111) L T&, R2=0.78DE\VVFEE CHEGF C& b Z L &R LTz,

3) 12\ TClE, Support Vector Machine & Cellular Automata FV N T, «=0.940 &\ VG CTHEZE L 7= - HiLF|
M WBENET NV EHNT, 42D F U ARID20504FE-0 R FEERMBEOHEFEZ R LTz,

K X O—EFIEQIY v —F /M 2R SN TR Y, BET HmLHQIY ¥ —F /Ml —EHH ST
Do BRTHHGEE N —FEHRBLELT THY . KX/ AV T 4 —OmEmS EHEBEEOMREFE L LTO
LAV DE S BT T D

U bo@h, KsUIfE@EtEo@m w7 o —V RF—42H0nT, kv o) T— ey vy
T — & L SRER R FIEOMAE DEIZ LY | SVEE COHEGE N WRER A Y TNV RET NV EHE LT
LOTHY ., FCEm <l Tx, Et ) OHIITET 26D ERBDBND,



