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Abstract
This project aims to develop an integrated Al-powered forest carbon sink estimation
system to address global climate change and carbon neutrality demands. Two carbon
sink estimation models are proposed: the first model uses RGB image recognition
technology to estimate tree diameter at breast height (DBH) and height (H) through
canopy segmentation and plant counting, enabling the calculation of regional total
carbon storage. The second model combines multispectral imagery with the Carnegie-
Ames-Stanford Approach (CASA) model, incorporating remote sensing data and
ground meteorological information to estimate forest Net Primary Production (NPP).
By leveraging image recognition and data analysis, the project achieves automated
canopy identification within multispectral images and integrates ground survey data for
validation and comparison. The system platform adopts a front-end and back-end
separation architecture enhanced by containerization technology, providing high
modularity and scalability. Its features include data cleaning, image processing, carbon
sink calculation, and visual presentation of results. Through an intuitive interface, users
can easily understand the current status of forest carbon storage and NPP, effectively
reducing the labor and costs associated with traditional ground surveys and offering a

feasible solution for large-scale forest carbon sink assessments.
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=& %1 A % 2 % (Light Gradient Boosting, LightGBM) 12 % #g %] 4 A % =
(Categorical Boosting, CatBoost) » ¥ 17 £ LB F 2 WA & L g8 22 = % » &
HEFFVFEZAGE SRR EL - 2T & 277 FHic® S 47 -

== £
DMCZ AR BAR S :|4 NDVI — FPAR

Sentinel 2 Image [

B SDMC % k@B 2§ ~FTHEBRESFY FHE 268 FiHi®

ZENEP R F M ARG LR N 4 £ kR ik
it A fE ez 2 Rk s ki A g s R IEF 2 E A sd LR ER
B et ApREdE o Ao B 6 #7om 0 Tt R R AR L T T ARR L
B4 E 4 %4 A & (Net Primary Production, NPP):4z iz (Chen et al., 2024; Peng et
al., 2022) c F R ZRF -~ TP ABFR A FELL LB F 2 B RE P Camnegie-
Ames-Stanford Approach(CASA) ;% » 7 2 A3tk & 08 % &4 4 #Fl bl 4 i
AA > et H it NPP &1 & NPP 5 B (=5 #f - ¥ f+p.iemﬁ;»gy§%t
e “ﬁi‘»l“ g 7 £ (Wuetal,2022) » FEt 2 4tk ~ B IEHE - § EE%RR
ke R GERESIGE AT A F 0 CASA AR LR * >N % NPP a2t
5 (3847 2, 2014; Yan et al., 2021; Wu et al., 2022) -
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F A% kiR : Lamber et al. (2008)
Bl Ooted i 54 £ § - £E7F »xif b o & (Absorbed Photosynthetically
Active Radiation, APAR)¥ ¥ f& i* i £ 12 2 4p #%(Normalized Difference Vegetation
Index, NDVI)2_ i

- W3 P RETH AN SRR
1 CASA 42 AR G ¥

NPP Z |2 gt Hatic 4 chE & ikdp2 - > 27 & % 22 CASA #3| %d
R RAPEFAT AT FR S ZEF W EF T Y o (Ames Research Center) 14 2 £
2 i % B (Stanford University) » 3% 1993 & L3tk § ke 4 PR R LR
1 # »z & (Light Use Efficiency » LUE) R % 2 g 4= /% 4~ % 2 A& ¥ (Net Primary
Production, NPP)#-3] » » & 7 & B 5 i % 1 % & = ¥)(United Nations Framework
Convention on Climate Change, UNFCC)*’LrL* R FHAZ - o AFE T EAN
Aple RIZ o i BUpl 2 iE R s F DMC § KRGS AH D TR E T AERFR
FRES K B E NPP s SHBEFVEH NS - B ¥&-NPP R &
e e s (1)

NPP = APAR X ¢ (1)

APAR % £ & iv % 5 »uex iz §f % £ (Absorbed Photosynthetically Active
Radiation, APAR) » €5 % it 1 * Z(LUE) - # ¥ APAR 3> & 40T 2 5%(2)

APAR = SOL x 0.5 x FPAR (2)

SOL % ~ B g5t E » 0.5 5 5k & 7 »2if 5445 ] 0.38-0.71 um & & % B 2 k34
ATk 8 s FE g 5 & v B (Potter et al., 1993, Field et al., 1995; Yan et al., 2021; Wu et
al., 2022) » FPAR Z A a4k % & = fc ek & 5 »xdf & ot & (Fraction of the
Photosynthetically Active Radiation Absorbed, FPAR) » 7 B FPAR 3+ 5 2.2 2 » %
% # * Field et al. (1995)#% &1 02 % fi i 2 £ 48 4 35 #% (Normalized Difference
Vegetation Index, NDVI) iz & 2. FPAR » FPAR 3+ & 2 ;% 4r3%(3) (Field et al., 1995;

Wu et al., 2022) :

(NDVI, — NDVI,,,;,) X (FPAR,,,, — FPAR ,;1,)

FPARGgje1qa = FPARvn; 3
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AFMF 2RI F (7 E 2 F @R 0 3 Wopress 5 KA RS FF
(Water Stress Factor) » Teq X 2 5B ~ B MGE bk £ (8% i3 22 33 @ T,
RIS A ROT il 2 IR R IR & FUR R 1 PREP RS R 01T 5 R i
o ey s A PRSI 2 B BRI F o

€= Wstress X Tsl X TsZ X €max (4)

23 A) Wopress2 78 2553 & 34 W0 22 F S N2 T 6 4
FoHLATR B2 %2 0 3 e Sentinel 2 2 4p B R 3 TR A3 0 R E 25 e
2 7%(5) (Xiao et al., 2004; Zhang et al., 2016; Ma et al., 2018; Huang et al., 2022; Shi
et al., 2023) :

1+ (B b
1+ (ZNL:r ; pSWIfT) (5)
Nir Pswir max

Wstress =

AR T BT 235 5 2 8 e 2 58 (6) 8 2 58(7) 7 7% ¥ Tope i % NDVI i
BoF ) A2t g TR AR GAp L ) 30 -

Tyy = 0.8 + 0.08 X Tope — 0.0005 X (Tope)” ©)
. 1.1814
€2 = [1 N eO_ZX(Topt—lo—T)] x [1 + eo.3><(—Topt—10—T)] (7)
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Emax & A PP I8 BT 2 fo4 Ky 1 F(gCMIY > *FE g r 2
Emax e T £ 1 777 (42 A% > 2007 3% 5% 5 2019) -

201 L AHEE < kAl F

ﬁﬂﬁfﬂ] €max

FHE R 0.389

¥ERE 0.985

FREREAR 0.768

R 0.542

¥4 0.542

F# 0.542

ZE4E AR 0.542

# 3+ CASA ﬁf’" AL SR HFR J?ﬁi”'“rﬂf“ B2ZHA D AL AR
TreL @ o R FHR BT E o A% CASA #.3 i * 2L47k SR 47
BIFHER2Z S5 BmR > 277 AR FAD FFAURZ IS A E LY
i o T A { M2 & 4 % (Unmanned Aerial Vehicle, UAV) % & 3 8 ifag (7
CASA #7412 NPP iz & » F $pes & BB T AL 973 8 2 NPP & (7 {3 % & > &
o LR T A2 NPP 3+ 5 2 3% & iz J5 Lamber et al. (2008)#74% 41 » 4e(8)#77% :

NPP = Biomass X Relative Growth Rate (8)

2 3%(8)¢ 2. Biomass % {24~ 4 # & (kg) > Relative Growth Rate 3 {8 7 »+ 4% 2_
PR AR Y S £ B0 287 7 2 Biomass 3+ 5 402 34 (9)#r7 (AL B % % > 2022; Chave
etal., 2014; IPCC 2006) :

Biomass = 0.0673 X (p x DBH? x H)%976¢ x C(1 + SR) 9)
270 pEatES R AR DBH S AA2 998 2 A(ecm)  H Z 48 (m) > C &

FAOCF SR FIE > B p g CES YRR RQ022) 2 B 2 TRE
AEEY ATié 2. SRECE 5 0.24 -

13



LS

AATHHABRFHF DR A # A FRLPIERE A E
Feo T 2 5N(8)2(9)3 B m BRI NPP & (70 4 o B % kg7 CASA #
kA dp AT B 0 NPP g2 6 BLipl o B 2 NPPo & ¢ B 2 2]
AR T AT

ey

¥
& UAV %

..:E
224 2 -
% #(RY)a8 >+ 0.75
120°12'45"E 120°13'0"E 120°13'15"E 120°13'30"E 120°13'45"E
L 3 k Y % "_hi\,uuluqK‘,g\m.yLd gvl |
23°0'15"N4 § 2 i F23°0'15"N
&
2300/0"'NA = ayunn [23°0'0"N
22°59'45" N+ -22°59'45"N
3\‘“ D""ﬂmnv “d.
2 H
22°59'30"N+ gguang €S & § [F22°59'30"N
120912457 eI 0E 120°13'15"E 120°13'30"E 120°13'45"E
| R MAE(gC/m*/Month) MAPE(%)
NPP(FPARpotter) 0.831 52.655 78.6 (Underestimate)
NPP(FPARFiea) 0.758 47.281 70.8 (Overestimate)
0.776 2.044 3.1

NPP(FPARLOS)
B 7Rz $7 A F L3 REFT CASARIRFHRES *
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