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Abstract

This project, executed by National Taiwan University, aims to
establish a carbon sequestration assessment framework for soil and water
conservation and sabo engineering works. It integrates three main
components: Research on Soil Carbon Sequestration in Sabo Structures,
Improvement of the Tree Species Carbon Storage Database, and
Development of Carbon Sequestration Coefficients. Through scientific and
quantitative methods, the project advances both carbon reduction and
carbon enhancement initiatives.

The study first conducted monitoring and analysis of soil carbon
sequestration in sabo dams, establishing standardized survey and
measurement procedures that include dry combustion and wet oxidation
techniques. These analyses verified the positive effects of sabo dams on
carbon sequestration through sediment stabilization, soil accumulation,
and vegetation restoration. Field results demonstrated that the
improvement project at the Jialuxi Sabo Dam could achieve an annual
carbon fixation of up to 7,134 tons of CO:, confirming the contribution of
engineering measures to carbon sink enhancement.

For green carbon, the project expanded biomass parameters for tree
species with a diameter at breast height (DBH) below 5 cm, thereby
improving the existing tree species carbon storage database. In the Jiufen
Ershan demonstration area, afforestation monitoring and carbon reduction
benefit assessments were carried out to establish a practical formula for
vegetation-based carbon sequestration, providing operational guidance for
afforestation maintenance and enhancement. In the Carbon Sequestration
Coefficient Compilation for Soil and Water Conservation Engineering
component, the team compiled domestic and international literature and
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case studies to complete a preliminary database covering soil, vegetation,
and pond (blue carbon) sequestration coefficients. Feasibility, cost-
effectiveness, and environmental impact analyses were also conducted to
lay the groundwork for future institutionalized carbon management.
Furthermore, a Soil and Water Conservation Carbon Sequestration
Guidelines Expert Workshop was convened to consolidate academic
recommendations and develop operational guidelines and an MRV
(Monitoring, Reporting, and Verification) framework, promoting
standardization of carbon sequestration evaluation. Overall, the project
successfully established an integrated technical system for carbon
enhancement and reduction in soil and water conservation engineering,
improved the structure of the carbon sequestration database, and proposed
practical guidelines with strong policy applicability. These outcomes are
expected to support the Soil and Water Conservation Agency’s sustainable
governance goals under climate change adaptation and net-zero emission
policies, strengthening Taiwan’s role in ecological conservation and carbon
neutrality.
Keywords: sabo structures, carbon sequestration coefficient, soil carbon
storage, tree species carbon storage database, soil and water

conservation engineering

oIV



LR

- ~#H3

AFFH P hEWE LY FFIAREE 2 AHTHEFE
B AR ENRERFRE R LD R R s T MpCK R A
RS e AR S EUE SRR Sal VR IR R R R N S
L 5 s it i Ao a L LV Tt i 2 2 B R
BoREIARREF IV AN FFE e 28 AP FRE»N e £ 18
(-) PRy 2 EREFA T THH
(=) BHERAR TR R 2 @RI,

(2) k2 w1 fept e R FE Y
(z) k2 FHFRER SRS RALER -

FHZF PR 22 ppiied 2 Eale2 2012 MRV i s
ZEBHERARTRE 2o e s R R GRS
T35 8 % g RGBT E B A I AR A 2k 1 R ARR
T LA R 2 AR

B EaEE
) PRHRESFIERBFALITHEAA LR

PRI IERBER PFEE S TR A 5 Hok
FAEHMRAFE B8 T Bae ) BRITH RS E s ST
WEER e o LT 0 2 R (SOC) A sk A K b~ id i

B B R A EAR T by | DM o D EHIE B



WE Bk T PR g BT P MR AT AR ST g R
N F RO o S RS R
PHRETABEPOFEOEEARE o bl P R 2 B RY T
FARBREE 1970 £ 2020 # Fit5 5 21.6 + 9.9 TgC o s 4t 5 2
iF 80% H & T iopl 4t ik 5 5 23R p ent B (Fangetal., 2023 ) -
Hig b RdrZ P -2 21 T2 03517 BRI RHET 3 OORE G P
PR F B A 0 RS T kS A > T 4 e 4 (Zahabi et al,,
2022; Addisu et al., 2019; Mongil-Manso et al., 2019) - ¢ ¢t » [ F)i3E
AR R R AR R MR FERM AL B A8 e ) B BT o Rk

FEEFLZ R (Liuetal,2017)

= &
2 M
1 i
Ly i 3
s
Toc i
TN Pt b
@;5)‘/?;55 i Klis s &
‘ A
42 N -
CE
w3
ES

BW- 1R RS 4 2 B2 28
RATRIREHRPHFE L FEEIFLmer G
Fp LB E AT FXARIE S BPRE S LR SIER KT

4

LR A e Fo AP EL T MR LR B PR BRI
FARFR (L4 PN Bl ) BR TR TP HFH
"41@%&"1&&@14‘: R T2 3T ;—:o,gai**ﬁng%q@ﬁﬁ;;,%?%’f

S

KLY

T HRRE P E%Te > FiEYTG A AR 0-10cm £ 10-30 cm 7

$-VI



T‘ﬁ
S
e
(\s

)4
—

o LWL EALEFRRERHEHR RS KR

m > ¢ * Elementar Vario EL III & {7 §z 5% %3 p] 2_
¥ 12 Walkley-Black B354 5 it /2 22 %G a2

P R AT RN TR T IR TR S S RE L ER

Fifie 2 B B H 2 R L0 -

SOC. =TOCxBDxASV xSR

H P SR &HFHFK £ 0.02-0.05 FF it o pt 25 Fhe GIS B+
ZROCET B OKEC RAA G o
TR NREPORE L ER BT DA & Sl T AV DA
BANT BREAFEFHERAIT o FHEBEIZRAT 2L F RIS
FRER > *AF fpe ST AT EFERFRBRITERIER
ERER p%ﬁ?&(ﬂmDk@n)ﬁﬁpﬂﬁ%&ﬁbﬁwz @
% W 8 (TOC,ghkg) - SOCD & 2B R ER chifpd » i A £ &
M BRI S TOC P2 3 B > 7 %%ﬁi&%oﬁﬁW@
Z&d WA %R (bulkdensity) 3 v iFH - R o

2,149 kg/m3
Srif7

o
sl 1.14983

i Wl- Zﬂ‘“i?"‘%’}i%' SREATRSHM T BRIEA R

#-VII



(=) AR T E R 2 g HFERE TR

FHILG R FT BEAEE T XL P AR AL
PSS AN M S BT R FTRENE G RL P HERS
FAF LT ER D AE RRE KD RS A (A0 LA HEA
KEHA A ) A (TR FA)EMAL A (YT T ) o
R Rl E R SR AT
PR B F B AT RRIE T

t lSEE
|

|
N ERERE E |

! AHEE (Chao et al. 2022)
EREEET (FAE - RER)
FEMSEE » Chaveetal 2014 — SteElh FEIEMR — - StEM FERER
[ 4 N
v ;'I \\
HEREERAER B s
ey 2023)1 W= & (Chao et al. 2022) - t, i L R
“mEmE

L IKE SRS SRR

BW-4 2 FRERS Q02587 9)

Fobggbk S B HE AR AR E R R RE R B AR

e gl o LEPRRE S RS- L BAFRERT -
$-VII



%%ﬁi%ﬁ%@%’ﬁﬁé(BM72ﬁ’%ﬁi@ﬁW%#ﬂﬁ

o 2025 # 4 P APy EBEAHERE A 2% B ¢ 9y

BEITAN 1 2AmGALeF2a AL RROED & 9Tk

(13 22 ) 2/ (DBH) 4% (H) 2 &I EFH - 2 7 E

EHRAEALAI P RERAESE AT HY Chaveetal (2014) 73 )

hE A F A AR AN o (7 AGB (# 1 4HE) 238
%%

B AU F-5) 0 17 5 (5 ik RS e

HH-SREEZFB(FEED

) kP FFIERAEREALEE

AELEFLFP RS RS G2 - 28
REAMPLEFTHEE - W EH G e 7-k2 RIFFEEY 7 p R
PR A ER PBELG PR EGERERS BHRF
FOFRAM T RIp 2 Flem ST il AdH o2 - 2 p
LN RS S A ER S8 - T

#F-IX



1 1 A28 3 R iR 4
Lip-kd wEFEF LIS PR ESF S EA R R
BB R Re T R P BRARE D HHREE L B
Fisag e A E A KRB RE TR TR0 GRS D
W A

2. TR GE HprE?

ERGRE T 2R FIAR R R 2
AEFRH AR EHZRPRR+TOC-BD £ [ PN

FR (D) ~ o # (A) 2B 6] (SR) chig o > A&7 £ % 2

SOC 23 :SOC=TOCxBDxDxAXxSR» #it- #Hirid+4 &

HH8 T 2 ASOC -

(D2 %pt : #9975 (DBH) ~#3% (H) ~ AH %A ~ 7%
BAEFES R R RE S REA SR G# (BEF) »
HTAGMCEAELT A AT LAE PR EHE .

(2) B3/ R BRI L BB R A TR E
BUEEE | TR FR AT U B RGEEER K
ERLECE Ry ) &

3. TR ZH
RSN - AWM AFL R " BB (tCOze/ha
tCOe/m?) » & & M3FEA—f kT #5i2—#) £—TOC | 24 5
@i FREHREF R 12 GISBT  FT SR
PR SR A AT AT RK ok e TR

4. F > MRV & F*E L0
%P FAO £ F# ~ IPCC ~ WP -k 1,7k FiFptdg 51 2 CDM
JARHORE 22 o R (M) 3L (R) ~ &8 (V) 40

#-X



E:F\%:‘P-rr/’l 7?5 ﬂg,‘r'gf%éil %"F{/#}i ’}'@7& > Eéi_‘i

BRRRES =2 AF LY RAESFVRIIL BT FHin

() k2 FRHRERIBES TR EH

AREEFT A R R A BE 2024 £ 80 10 7
Lfﬁﬁi%%Kggi’ﬁ%*fﬁv‘ﬁ%‘i,&.«li‘r’_‘ﬁi?ﬂ—
R84 o B B ELEBRE T SN T o

- B FT

EHRE T mumir a2 TR e AR BB, &
$ TMRV $15 fade ;o Tpeiee (74 ek - b S R4 2

RoRFR1IARREEREA, SR 1 G Y E R DR

FRAR R W L FEE Mp L2 FUERFERES L RIS

ERIFEE L A2 (k2 @ﬁﬁf}i%#ﬂ“ FER)PM F R B AR
FRFFCFTREAREAEFERD > T RGEZ 2R BT o5
E EL%E%'JE.  FE ey - R A R .

ZErRERHEE

(-) PRREEF 2 BB TR
W= BFE LRI BHEEIEFTE S5 ET BRI

BERD THRA R AR o BRELEH T TOC L5

3.6% > BHBHEHE 6% C/Nitd 1093 T 133 M7 afE®

X1



PR AR ERY S THE 2V HE9 1,200-2,500tC0¢ » ¥ -
» A F M (C/N) el £ TR > BRI Scdp X RE R AT 12:1 3

15:1 mspfé%%ﬁflp\ R kT DY Ry 2 g g R DB B

FRAFERZZFIPOFEIAEEAIEIBTRE T - 2R

LG B E o

30
2 /
EI, 20
4 10 ' .
?ii 1 ——E ~10 %>
—— K 10~157> 4
R 15~200 5
0
40 60 80 100 120 140 160

2318 745 3B & (cm)
HW-68- PRt PRELNGE: &7 EH
- R RFEAF R P AR R T AL RN
HEREFTMATRE SR BB PIAARE ~ RiES W )%
Fhetnsts Lot b A Y TOC & 2 4ph (R?2=0.81) » & 23T
w3 BTAHES G

o

<ok

#-X1



TOC (9/kg)

4 - 71231 % = & 4R Rl (a) TOC (b) + ILFF)H

FHRAER R oS o R TR Gl L 0 Y
A p R RE LR o T ERIESE S DEM
¥ Raster T E 222 PR ELZR M R X3 - S EE 2 &
VTR EE S 2 ER® MRV ( Monitoring, Reporting,
Verification ) & st " pg Fpl S & p[EI R0 & — R~ ¥ 3f Rl
KE* ®E - p L 2% R (Monitoring) & & » A& 3 #]37#&%& it
TEAR > AR AT R (BD) 2 345 8 (TOC) #cdp2 #
e A arE R EE (QA/QC) ko > 783 45—
BIE R TOC Rl > S HE ST ~ £4AFERE 22 2R
W R RS TR E - R

4 -XI1II



_ll»UIllIlIﬁ%

%m 8-?6"# Jﬁ‘/*#l’?/ﬁﬁﬁ"%(?‘,p%lﬁl . i—f;“.iﬁf,")

G AR R

SOCD(kg/m?® )» ¥ Jp ot e it B ¥:2%k1iFRl2 2 S 2 ERTRART

J‘lﬁffﬁ- PR RBHAE x S RRREL DEARNI - L &
¥4 22 4 % (Reporting & Verification ) 4 o

“r18 TOC (g/kg) % &m BD (g/em?)

AR Rl
PRCRERLSACRBBYEIP AR X ERRE RO
RATFERT R T REM o 5T

¥4V 3% MRV LRGP RFEREES (L2
#lifbbh’ﬁiﬁflba,éﬁ ,,Er £

BT T A 2 T RAHD
LR SRR 3 E S SULE BRSO

() BHEREATHE RN 2 SRR =

kR A BRI BT o P2 E ARIE

% £ e fk 61
Bk 0 UG 03 24 F 41 24 2

Booe g A ER

-XIV



26 2~ RTHAT ORI 2 SR AP LA kR A R @A DB
o EEF ~ FRIER L 34k &% AW FA 37 e % % I Chave
et al. (2014) Z A& 2 302 o E 2 FVEI SFE S 28 Ty

Lmﬁﬁjﬁﬁ%%%o@ﬁ@ﬁwﬁﬁﬁ%%ﬁﬁRzéOB%aaP
7 <0.001 » ’»‘ilri‘?*ﬁﬁfl’?ﬁiQ 0.898 (4 #£-1) o Flpt A Kk ffe 2 1 48 ¢

BT SOy ABRE AT LT
MAFEONE R L0898 &t » TP REy AR A FE2ZFY
—E_ o

HA-1ZRFPIFRALFEN G ELEFRERErF2 8%
% #c Ty t st P iE
B e -0.016 0.042 -0.383 0.703
Ch?f?etﬁ22014 0.898 0.042 21.310 <0.001
ve B
3 -

-
)
]
N
B
g e Y
= —aly

T T 1

0 0.5 1 1.5 2 2.5 3

2 i L3R i XA RME (kg)

HW-9LEFH IMAPFPFIARFEHRFELRETF

TEHAET AL I29BEFEAHE REELEE BETHR
P e AL ERN 2 BT TSR T 0.6 24 0 A HE TEBE T 042
DR e MAIDATEEZ BEARFLEFINEEZ L L J B

XV



BLEGHAES S RBHFAFTIHE L ETRERIGT AY
ARG i B A B RS (FA-2) AR E
BEHE B YT E G Fowd L E95 0191 o/ - 2

4240 LERYTA LB BHL LS
EALAEY EMAILILT EMBALE AR M2 pE4
(cm/yr) (cm/yr) (m/yr) (kg/yr)

At 1.325 1.396 0.606 1.011

o AR 0.819 0.540 0.402 0411

iv% 2.911 1.755 0.924 1.479

Ay dEs TAPA S LR SHkgy dpsly o nitaeokd waE
Mk k2 AFEE Ao dpil e b T i A S q A iR
W B EARRT R EFEEFEARZ A G e R
EARBRT § B AR A B .

EHAERDPBEE L BAERD L KFRLRFE &G
oA R G A (B B Y

=21
7
EHTHEY G S SfE (ol B

4

ST X IR
‘A GEAN o ERHE T H AR, 8T PR, T A
REAF S HRESFBBEERZ F e EH UL BN RF T
BEATFORERSE > WY P RRPERR KT o
EEF RS M REF GRS FRAL R R

w%=duﬁadmﬁoaﬁggé%%x~ﬁw~@ﬁ%W$ﬁ@
B iR E S fﬁ #& %o i& Jp Society for Ecological
Restoration (SER,2019) R R > A3+ F& = 47 4p% (4 ~ ¥
PRSASHE-FR IR ) > TR EEIM L FEABAgE

BEERRLERTERERELL -



é‘i /E!Jbta,{;’i}'\gﬁi’llf' "'K/,,\ )y 3E = ’:,1 = ok gmMRV f#_ » 1) H,g

242 (DBH) &A% = 1 & 2 £ 4pik > FHEHPEEL 1 &R

R MBI R E I F R I AR 5
v B EGE R R AT FF AR 2R MY e E

R e e o A

HW-10 B3 R 2 52025 % 6 3) (a) M (b)) BXRF A (o)
LE 33
(Z) k2FFL1ERERELEEE
kL ARR SRR 2R kit o R RIS M
ST R FAFIARZ G H - B SR F R T
FPWHEF IR RAR S I PRFEE ORI EDI ER AL &
Fhro#i2 SOC ¥ d TagpExj Ak Ax2 R A | Fd k3

TIFEEBEEFNE L ASOC VEREE L IR TR E | 2k

PR MT R D FATRAGE o MEREFE RS 6 H

SOC 2 3% # e » § i8] TOC ~ BD ~ i f # #

EHEHMAE S EEH61C 84 1 Bk RAAR T EF tCOe/E >
2 AR R T A - BAAAMREIRE 27 RBIEF]  BoK

i
FHMBEIERELRE < FF R IR GE F ARG A
#-XVII

BE BT T

\



TERETHFA MBI ER—F R IR ) THRER =
Thr A%PFITRR E KRR A TR B PR E LR PR NE
FlERHITHREELAR S BRI BEREL o

F4-37 PHFMTERE ST
b g% TOC

, ; _y o sk e
: T C/N i 3R
& ) ok ,3,4_ %g TOC K 9 —?y Sy
FAl O BkwREE ¥ (gke) TN (g/kg) N e (ki fept :qui
£ wypr) W
LR LR 6% B AT
i L =520 T 1338 7 I “
gasg  FFCORY (%% (1‘/0& % T(—L‘(J oaE el 10-15gkg P F
o7 AR 5 ) A EaE (£E1%5) 33
;f\;k' ji)fi % i) +120%) . Ba ot R (FE8) 13
THET &
JX01 #8 A ~ & 231- 0366 AR "
A . 4 6 O~ BE g _ o
e K 1 I D97 osag 68 i—! |~ RF B 23 gkg E
NAOL #f SRE  EE
Py By -3 8.73— , AR B~ X
= _ % — — B
(¥4 BEas deoq 0277103 991020 e 1025gke #
o TR
RFO2 463 Babi <o IR R -
(B mss ik 2 0T 043069 4 8-15 EAAF - ®E 520gke .
B b 32.68 , %
x ) :xl -
RRAE U LT
(eagr EFRESWEZTE g ss L mmE Sgke
5w AT B 5 0.2-0.5 £ 1
5 14 )
ok~ AR 3 AER ) iWoF e ”
(2% 37 = ¢ ® v 9 8-12 T 310 gkg ¢ %
ﬁgiﬁ;q) 4 54t 10 03-0.7 g %7 4R ge
BRI
e v PRI -
HFo(ER p REP S I e I , , L .
, i % 9 10-15  wE Rk 10—
SHA O MBE 0 © 1025 04-10 ) Aok 1025 ghke #
. * £
5))
Foh oA SR T AE L L MEH T U4 o Lk
HREETOPERF ST DBH MR E g A d THREF ~ A

HBR A EFHFRI PTG F £ 5 320tC0e PELMEEE
20 # v {2 3 450-500 tCOz¢e » P T 2583512 +Excel ik | eni®
ERnEREE i REHEFAPERT DT RET F 5w

#-XVII



fts s |Hif
BT (i k| a4 |Hits et [eF (B
LUK AE D 4 hE et e (o (%%
¥ ax et #¥ (@2 ey L EP 5 lem2 fon 4% (o |¥2
E R Py nE kK g2 ) g (e (e Bk [g L e |mmeraa [250 [0 S
G (mmx(HA ¥ A% BRI | o s (4% [®e [T Fod . ¥ ek 2ran
m2 1=100%) {(cm) |2/m*2 [(H) 3 (%) (%) ¥ (%) |s L. "4 e |3 2 L R gr]
BEFHR 1929 07 10072 40 0535 5442 15614 S 304 4524 2616194407 334385 27800
SEE-BERLSES ¢ §30E - £20WA
AGB Mis
ok o H e | 8
¥k ok :£ m %
H# ¥ (ke s | EGe
% <g) |BEF# - k| L
'”fl/t #36 |r3sH| A i (kg)_ HE |RILE| s :()'}s § : i .(w)”
bbbl Ll L] e | w8 o0 |+ |eer| ®® | acBe
) | @ |gems '; 3 f A ¥ (% uf,._ ee/yr AGB| ‘)|“
% ¥ 14 & %t ) P8, R
DBH 1.24 ¢ ‘ t
DBH = 124
*H)0 v)
976 ¥
oA % 2400) 30 S 3 0.61| 2.809] 1 47.7| 1.6615| 0.0209| 5.2246/ 3.0902 14181.614368208
JEREER B 14.18161437 1CO2e

3 M- 11 %8 25834 8 Excel §42

e (k2 R R I) ¢ xSRI A Pl
AR AR T R R SR BT 2 2
MEfFd il FEFLIRE T ERR TR IS A% S
BN gk 42350 > 2 T 1 fesg Al —mURag ) —
BFORE s R B ) hE R 4 SEE R
DN AR R R A F R EPID AR R 0 it
AP RETIESTHREZ S RFEDEM L dp5l e jr MRV
B P TEARER TG G AR KRS R e
CENER P S EEN L EE SRS fﬁ*’%‘%‘w *
Apal B ie s pid-Rd iFd mfad el k PR B S
22 AR R BRRS B SCRT Y e

#-XIX




P A 1 [ L] |

I L 1 I 1
. b 3.k R ARASHE 4.7k RS HE ot
P2 [ 1. W% l [ 2R RIS HEMTI AN E l [ WA R ] [!a’.--l.'k'#s':,:':‘ifi] [ Fit ik I
1 1

B 3 [] [] [] [][] [] [} [] [] E ]

FW-12 k2 FEH TR HEIFE
() k2 FFRERIBREE L E R
PR FE Fod koD AN L B BT b s
w oo g RET R <J—L~ﬁg »EF Z o ENE RS SOy 2
CASBRWHN L B R AR ARG R 2 e

2 X ok
kN 20l e °

FHEw i o 3 ,%*;u;,ﬂ:: % 4 3 3 MRV 4] B 82 b 4o 3

%] TG LA S ATH LR 0 Y ’EVEF' HLE B My
Fofd o FZ o PHINERERBEFTRE S FHERE R
A (NbS) w2 » B L& 5% =3 558 3 nT0H N > Jad 4 LR
REE o Bts o B Ro RE LA H RS e v A
AP REBIFFHE 2 F T FEERRET R R Ei

#F-XX



%%ﬁﬁﬁﬁ%%@%fﬁ*%%%Q%Fiméﬂf%w
K ! i%%?it‘gﬁ?ﬁ:#}j-,élJ 2R PRES B S o
KL ARG F IR (Tl kAL BT B e

iww%ﬁéﬁéﬁiﬁﬁﬁi
(1) BRrE — 2k TR BEETEH
(2) 2 A — BN ST E R
() %Ek — FZ ARBHEFEEIRERRE -

Y

LR
ARSI A 1ML F L A HE PR SRS R
G2 RACAAD ST S X% fafk i1 e Y fof
B oo R ET PEZE 2 EUR E I S S S
2 om EEFE  E SRR P?E“)*Jckﬁ{xmg A kLA AR

PR S ehi Rk Mo A RAZRM-MRV HIA T 3V~ R IR F E TTRY
2L
P

=1

-

TREIRMEL-FZ S ARERTE PBA R FFIES G
AREFELYNEL 41 o

#-XXI



Abstract

1. Introduction

The purpose of this project is to establish a quantitative framework
and foundational database for carbon sequestration assessment in soil and
water conservation engineering. This framework supports the “Low-
Carbon Soil and Water Conservation Engineering” and ‘“Net-Zero
Emissions” policies promoted by the Soil and Water Conservation Bureau,
Ministry of Agriculture.

In the past, domestic studies on the carbon sequestration potential of
sabo structures and afforestation have primarily focused on qualitative
analysis, lacking a systematic and operational quantitative methodology
and coefficient database. As a result, carbon sink management for
engineering projects in Taiwan remains at an early stage of development.

To address this issue, the project focuses on four main components:
(1) Expansion of research data on soil carbon sequestration in sabo
structures;

(2) Improvement of the tree species carbon storage database and evaluation
of afforestation carbon reduction benefits;

(3) Establishment of a comprehensive database of carbon sequestration
coefficients for soil and water conservation engineering; and

(4) Organization of expert workshops for compiling guidelines on soil and
water conservation carbon sequestration.

The overall goal of the project is to establish measurement and MRV
(Monitoring, Reporting, and Verification) systems for soil carbon
sequestration in sabo structures, refine the tree species carbon storage
database, develop a cross-structural and ecosystem-based carbon

coefficient database, and consolidate technical consensus through expert
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consultation. Ultimately, these efforts aim to build the institutional
foundation for standardized carbon sink management in soil and water

conservation engineering.

2. Research Methods and Materials

(1) Expansion of the Sabo Structure Soil Carbon Sequestration
Database

Sabo dams play a vital role as “carbon sink infrastructures” in the
global soil carbon cycle. Their benefits are primarily reflected in four
aspects: intercepting eroded materials, promoting organic carbon
deposition, reducing carbon emissions, and stabilizing stored carbon.
Studies have shown that soil organic carbon (SOC) is the largest active
carbon pool in the Earth’s surface system, and sabo dams serve as a crucial
mechanism that helps retain erosion-derived carbon “on land.” By trapping
carbon-bearing sediments transported from upstream catchments, sabo
dams sequester organic carbon that would otherwise be lost or oxidized,
thereby forming a stable, non-living carbon reservoir within the sediment
wedge behind the dam.

Empirical research has demonstrated the significant carbon
sequestration benefits of sabo dams. For example, in China’s Loess Plateau,
more than 50,000 sabo dams have sequestered approximately 21.6 + 9.9
Tg C between 1970 and 2020, achieving a carbon retention efficiency of
80%, with an average annual carbon sequestration rate ten times higher
than that of global lakes (Fang et al., 2023). Similar findings have been
reported in Iran, Ethiopia, and Spain, where sabo dams effectively retain
organic carbon and nutrients such as nitrogen and phosphorus, reduce
downstream water pollution, and improve soil fertility (Zahabi et al., 2022;
Addisu et al., 2019; Mongil-Manso et al., 2019). Moreover, the stability of
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carbon in the sediment zones behind sabo dams is influenced by dam age,
topography, and land use, indicating that the carbon sink effects exhibit
spatiotemporal variability (Liu et al., 2017).
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Figure. 1 Physical Mechanisms of Soil Carbon Sequestration
Enhancement by Sabo Structures

Accordingly, this project focuses on expanding and quantifying the
carbon sequestration functions of sabo dams and related soil and water
conservation structures. Representative study areas were selected,
including the Jialuxi, Shimen Reservoir, Lanyangxi, and Dajiaoxi
catchments. Additional soil sampling sites were established at existing
sabo dams, covering different dam types—gravity, rock-filled, and steel-
structured—as well as diverse geological conditions. The study aims to
evaluate the effectiveness of sabo dams in stabilizing sediments and
enhancing soil yellow-carbon sequestration capacity.

Field sampling followed a profile-based design: multiple transects
were established in the sediment accumulation zones upstream of each dam,
with stratified samples collected at 0—10 cm and 10-30 cm depths. Parallel
samples were also collected downstream and in undisturbed control sites.

After natural air-drying, soil samples were sieved through a 2 mm mesh
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and analyzed using an Elementar Vario EL III through the dry combustion
method to determine total carbon and nitrogen contents. The Walkley—
Black wet oxidation method was also applied for cross-validation of
organic carbon concentration to ensure analytical accuracy.

A quantitative assessment method was developed to evaluate the pre-
and post-sedimentation carbon sequestration effects of sabo dams using the
following formula:

SOC. =TOCxBDxASV xSR

where SR (stabilization rate) varies between 0.02 and 0.05 depending
on the dam type. This equation, when integrated with GIS overlay analysis,
enables spatial visualization of carbon distribution at the catchment scale.

Furthermore, key parameters affecting sabo dam soil carbon
sequestration efficiency were identified, and sampling analyses were
conducted across five catchments in northern and eastern Taiwan. To
extend the method nationwide, long-term and large-scale monitoring
would be required, which entails high costs. To improve efficiency, this
project integrates soil organic carbon density (SOCD, kg/m®) data
estimated via remote sensing by the Taiwan Agricultural Research Institute
with total organic carbon (TOC, g/kg) data obtained from this study’s field
sampling. SOCD provides broad spatial coverage but limited accuracy due
to surface variability and model uncertainty, whereas TOC offers high
analytical precision and serves as a calibration reference. To ensure unit
consistency, comparative analyses between SOCD and TOC were

performed through bulk density (BD) conversion.

#-XXV



/\v_\_’_, — 1") e
7

Figure. 2 Comparison Between the Project’s Field Sampling Sites and
the Taiwan Agricultural Research Institute’s Nationwide Hillslope Soil
Organic Carbon Analysis

(2) Optimization of the Tree Species Carbon Storage Database and
Assessment of Afforestation Carbon Reduction Benefits

To address the insufficiency of existing carbon storage data for tree
species used in soil and water conservation projects, this task expanded the
database by adding carbon parameters for tree species with diameters at
breast height (DBH) smaller than 5 cm, thereby correcting the
overestimation bias present in previous datasets. The study area included
the Jiufen Ershan Demonstration Site, where surveyed vegetation
encompassed typical soil and water conservation species—arbor species
such as Acacia confusa, Cinnamomum camphora, Liquidambar formosana,
and Machilus thunbergii; shrubs such as Melastoma candidum and Vitex
negundo; and herbaceous species such as Bidens pilosa and Miscanthus
floridulus.

In the field measurements, biomass of individual trees was estimated
using three key parameters: DBH, tree height, and crown width. Sample
trees were subjected to whole-plant drying to determine dry matter,
followed by analysis with a carbon content analyzer to obtain the average

carbon concentration, which was then used to develop a regression
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equation.
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Figure. 3 On-site Measurement and Analysis Procedure

Figure. 4 Field Analysis Photos

Additionally, baseline carbon storage for soil and water conservation
afforestation projects was determined through on-site measurement. The
surveyed area included two adjacent regions near the Shimen Viewpoint of
Jiufen Ershan—one being a parking lot and the other a low-lying,
unvegetated area, with a total area of 0.3147 hectares, separated by a
distinct slope. In April 2025, the research team conducted a comprehensive
survey of all trees with DBH greater than 1 cm in both Area A and Area B.
Measurement items included diameter at breast height (1.3 m), tree height

(H), and species identification.

#-XXVII



To estimate the biomass and carbon storage of each tree, the study
adopted the pantropical allometric equation proposed by Chave et al. (2014)
for calculating aboveground biomass (AGB). Using these data, the baseline
carbon sink value of the area was assessed (Figure. 5), serving as a
foundation for evaluating future afforestation performance and carbon

enhancement potential.

Figure. 5 Survey Project Sites (Produced by This Project)

(3) Compilation of Carbon Sequestration Coefficients for Soil and
Water Conservation Engineering

This task integrates both domestic and international datasets on
carbon sequestration coefficients of soil and water conservation structures
to establish a comprehensive and representative parameter database. The
collected data encompass various natural carbon sinks within the domain
of soil and water conservation, including sabo dams, vegetated slopes, and
farm ponds. The resulting carbon enhancement coefficient database will
serve as a key reference for the Soil and Water Conservation Agency’s
future carbon reduction and enhancement initiatives, and as a foundation
for developing technical guidelines for carbon sequestration enhancement.

A top-down framework for coefficient collection and methodological
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design was developed, consisting of the following steps:
1. Classification of Engineering Types and Carbon Source Categories

The project first categorized common soil and water conservation
works into sabo structures, afforestation/vegetated slopes, and farm
ponds or detention wetlands. These correspond respectively to the
three major natural carbon pools:

Green carbon — forest and vegetation;

Yellow carbon — sediment accumulation behind dams and on
hillslopes;

Blue carbon — water bodies and wetlands.

This classification forms the structural basis for subsequent
coefficient development.

2. Selection of Measurement and Estimation Techniques

Different carbon sources were analyzed using measurement
methods tailored to their mechanisms:

Soil / Sediment behind dams: Stratified sampling combined with
TOC (Total Organic Carbon) and BD (Bulk Density) measurements.
Corrections were made for depth (D), area (A), and sieving ratio (SR)
to produce a standard SOC estimation formula:

SOC=TOCx BDxDxAx SR

The change in soil organic carbon (ASOC) between pre- and post-

dam conditions was further derived.

Vegetation (Green carbon): Parameters including DBH (Diameter
at Breast Height), tree height (H), wood density, carbon content ratio,
and growth rate were applied in allometric equations and biomass
expansion factors (BEF). Tree species were categorized as arbor, shrub,
or herbaceous, and a spreadsheet-based estimation module was

developed.
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Farm ponds / Blue carbon: Based on a water—sediment—
vegetation interaction model, carbon was divided into stored carbon
and flux carbon. When instrumentation was limited, simplified
coefficient methods were used to estimate contributions from
phytoplankton, aquatic plants, and sediment carbon.

3. Construction of the Carbon Sequestration Coefficient Database

All measurements were standardized into area- or volume-based

carbon coefficients (tCOze/ha or tCO.e/m ?). A multi-dimensional

matrix was constructed according to dam type, catchment
characteristics, sediment volume, and TOC content, and integrated
with the Soil and Water Conservation Agency’s engineering and GIS
datasets.

The framework also allows for automated field-sampling
calibration, forming a dynamic, updatable national carbon
sequestration coefficient database for soil and water conservation
projects.

4. Integration of MRV Principles and International Standards

The methodology incorporates the Monitoring—Reporting—
Verification (MRV) framework, referencing standards from FAO re-
carbonization guidelines, IPCC, domestic hydraulic and soil
conservation carbon reduction manuals, and CDM small-scale wetland
methodologies.

The process defines project boundaries, sampling depths, data
retention procedures, uncertainty sources, and third-party verification
criteria to ensure policy and carbon market compatibility.

5. Contextual and Localized Adjustments

Considering Taiwan’s heterogeneous hill slope soils, variable

dam sediment characteristics, small and dispersed farm ponds, and

mixed-species afforestation, adjustment factors and regional
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parameters were added to the formulas. The framework allows
estimations based on engineering quantities, land area, or ecological
baselines, thereby reducing practical implementation barriers while

maintaining methodological consistency.

(4) Expert Workshops on the Compilation of Soil and Water

Conservation Carbon Sequestration Guidelines

To ensure the policy applicability of the research outcomes, the
project team convened two expert meetings in August and October 2024,
inviting 18 experts specializing in soil and water conservation, forestry,
ecological engineering, carbon management, and environmental policy.
The meetings were conducted in the form of focus group discussions (FGD)
to gather interdisciplinary perspectives and build consensus.

The discussions centered on the “Operational Framework for Carbon
Enhancement in Engineering Projects” and the “Standardization of Carbon
Sequestration Coefficient Applications,” with additional emphasis on the
institutionalization of the MRV (Monitoring, Reporting, and Verification)
system and the technical feasibility of implementation.

The experts concluded that future carbon management for soil and
water conservation engineering should be structured across three stages:

Design Stage — Conduct carbon estimation and establish baseline
assessments;

Construction Stage — Incorporate low-carbon construction methods
and material selection;

Operation Stage — Implement long-term monitoring and verification
mechanisms to track carbon performance.

Following the integration of meeting results, a draft version of the

“Soil and Water Conservation Carbon Sequestration Guidelines” was
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developed. The draft includes the carbon inventory procedure, evaluation
scope, data sources, and verification principles, while also proposing the
establishment of a nationwide data submission platform and a third-party
verification system to ensure data consistency, transparency, and

traceability.

3. Results and Discussion

(1) Expansion of the Sabo Structure Soil Carbon Sequestration
Database

Field analyses conducted at five sampling sites across three
catchments revealed that sabo structures significantly enhance the organic
carbon content in downstream sedimentation zones. At the Sule Creek dam,
the average total organic carbon (TOC) concentration reached 3.6%,
representing a 6% increase compared to the control area. The C/N ratio
increased from 10.9 to 13.3, indicating a clear trend toward carbon
stabilization. Based on carbon mass conversion, the annual carbon
sequestration of the sediments was estimated to be approximately 1,200—
2,500 tCOze. Furthermore, the overall C/N ratio ranged between 12:1 and
15:1, reflecting a strong correlation between soil carbon and nitrogen and
indirectly verifying that sabo dam construction contributes positively to the

stabilization of soil organic matter.
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Figure. 6 Graph of the Relationship Between Sampling Distance from
the Sabo Dam and Physical Parameters: (a) Carbon Content Ratio

A comparative analysis of different dam types showed that rock-filled
dams, under conditions allowing seepage, promote vigorous vegetation
growth and thus achieve the highest combined green and yellow carbon
sequestration benefits. In contrast, steel-structured dams have lower carbon
sequestration potential due to exposed foundations and sparse vegetation
cover. A strong positive correlation (R? = 0.81) was observed between
sediment thickness and TOC, and finer soil textures were found to

correspond to higher organic matter accumulation rates.
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Figure. 7 1231 Sampling Locations and Analytical Data: (a) TOC (b)
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Dajiaoxi Sabo Dam

In addition to proposing a quantitative evaluation formula, this study
introduced the concept of a carbon reduction coefficient to adjust for
natural sedimentary carbon not directly controlled by the dam, thereby
preventing overestimation. The research also recommends integrating
digital elevation models (DEM) and raster-based datasets to develop a
nationwide spatial estimation model for sabo dam carbon sequestration.

To ensure the consistency, traceability, and policy relevance of carbon
monitoring and assessment, the project established an operational MRV
(Monitoring, Reporting, and Verification) system specifically for sabo
structures:

Monitoring: A standardized workflow was developed to ensure the
accuracy of bulk density (BD) and total organic carbon (TOC)
measurements.

Quality Assurance (QA/QC): TOC analyses were conducted using the
high-temperature combustion method, with calibration against certified

standards, repeated measurements, and inter-method validation to ensure

precision and reproducibility.
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Figure. 8 Dry Combustion Method Operating Procedure (Source:
Produced by This Project)

The obtained TOC (g/kg) values were combined with field-measured
BD (g/cm?) to calculate soil organic carbon density (SOCD, kg/m?). These
results were then used to calibrate the Taiwan Agricultural Research
Institute’s remote-sensing-based national soil carbon density map, forming
a dual-benchmark framework that combines high-resolution accuracy at
small scales with broad coverage at large scales.

Finally, under the Reporting & Verification components, the MRV
system incorporated sampling design maps, instrument calibration curves,
field photos, and geospatial coordinates. Resampling procedures and
uncertainty analyses were applied to ensure data verifiability.

In conclusion, the MRV system established in this project
institutionalizes and standardizes the quantification of sabo dam carbon
sequestration, providing an operational foundation characterized by being
measurable, comparable, and verifiable. This framework supports the
future nationwide monitoring and management of soil carbon sinks,
contributing to scientific governance and sustainable carbon accounting.
(2) Optimization of the Tree Species Carbon Storage Database and

Afforestation Assessment
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Monitoring results of vegetation in soil and water conservation areas
showed that, based on the aforementioned individual tree measurements, a
total of 61 saplings were recorded, with diameters at breast height (DBH)
ranging from 0.3 cm to 4.1 cm. The sampled trees included 4 camphor trees
(Cinnamomum camphora), 26 chinaberry trees (Melia azedarach), 10
white cheesewood trees (Wrightia arborea), and 3 individuals each of
Taiwanese beech (Fagus hayatae), Formosan acacia (Acacia confusa),
goldenrain tree (Koelreuteria elegans), pistache (Pistacia chinensis),
Taiwan incense cedar (Calocedrus formosana), soapberry (Sapindus
mukorossi), and Pasania (Pasania harlandii).

Using linear regression analysis, it was found that the pantropical
aboveground biomass (AGB) equation proposed by Chave et al. (2014)
slightly overestimated biomass for Taiwanese saplings with DBH less than
5 cm. The regression analysis yielded R* = 0.885, P < 0.001, and a
regression coefficient of 0.898 (Table. 1). Therefore, in future vegetation
engineering projects, when estimating aboveground biomass for trees with
DBH below 5 cm, it is recommended to apply the Chave et al. (2014)
equation multiplied by 0.898 as a correction factor to obtain more accurate
AGB estimates.

Table. 1 Results of Linear Regression Between Estimated and Observed
Values Using the Pantropical Aboveground Biomass Equation

i i i t szt P&
255 0.016 0.042 0383 0.703
Chav Zelafl.; 2014 0.898 0.042 21310 <0.001
NN AR
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Figure. 9 Linear Regression Between Estimated and Observed
Aboveground Biomass Values Using the Pantropical Equation

A total of 129 newly planted saplings were also re-measured to assess
growth performance. Results indicated that within six months, the average
DBH increased by 0.6 cm, and average tree height increased by 0.42 m. By
subtracting the first and second survey values and multiplying by two, the
annual absolute growth rate was calculated and averaged by species. The
findings showed that Bischofia javanica (bishop wood) exhibited the
fastest growth, followed by camphor trees, and then Taiwanese beech
(Table. 2). Overall, the carbon accumulation rate in Area B was
approximately 0.191 tons of carbon per hectare per year, equivalent to
0.699 tons of CO: per hectare per year.

Table. 2 Absolute Growth Rates of Different Tree Species in the Jiufen
Ershan Sample Area

ERAEAEY EMAIIEALE EMALLES BRI NApELLS

(cm/yr) (cm/yr) (m/yr) (kg/yr)
A 1.325 1.396 0.606 1.011
oA 0819 0.540 0.402 0.411
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vk 2911 1.755 0.924 1.479

This project also developed the “Tree Growth Monitoring and Forest
Management Guidelines” to promote the sustainability and effectiveness
of carbon sink projects in soil and water conservation. The guidelines are
based on the principles of “suitable site, suitable species, suitable people,
suitable regulations, and suitable timing”, integrating ecological
restoration, community participation, and climate adaptation into a
sustainable vegetation model with ecological, economic, and educational
value.

For site selection and species configuration, the project prioritizes
bare or low-lying lands with favorable growth conditions, focusing on
native species (e.g., Mallotus japonicus, Ilex rotunda, Melastoma
candidum, Hibiscus taiwanensis) and supplemented by local species with
educational or medicinal value (e.g., Symplocos morrisonicola,
Trichosanthes kirilowii, Citrus tachibana). The planting strategy combines
assisted natural regeneration with multi-purpose planting, ensuring
biodiversity, landscape aesthetics, and climate resilience. Native species
are gradually used to replace alien species, while community and school
participation is encouraged to strengthen local identity and environmental
education.

In terms of management, planting operations are scheduled according
to seasonal rainfall patterns, with drainage and protection designs to
improve survival rates. Follow-up management includes weeding,
fertilization, pest control, and thinning to maintain forest health and
structural stability. Following the principles of the Society for Ecological
Restoration (SER, 2019), the project established restoration indicators
covering threat, habitat, species, structure, function, and interaction

dimensions, incorporating stakeholder participation and interdisciplinary
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knowledge integration to ensure ecological and social benefits.

For monitoring and carbon sink assessment, an MRV framework was
established, using DBH and tree height as key indicators to continuously
track changes in carbon storage, construct carbon accumulation curves, and
develop scenario-based simulation models. Carbon pool management
encompasses aboveground biomass, deadwood, and emission reduction,
achieving dual goals of carbon sequestration and biodiversity enhancement
through natural regeneration, deadwood habitat conservation, and

reduction of management-related emissions.

Figure. 10 Native Tree Seedlings in the Field: (a) Broussonetia
papyrifera (Paper Mulberry) (b) Rhus succedanea (Wax Tree) (c)
Zanthoxylum ailanthoides (Japanese Prickly Ash)
(3) Compilation of Carbon Sequestration Coefficients for Soil and
Water Conservation Engineering

Soil and water conservation projects possess multi-source carbon sink
potential that must be evaluated by category. Field observations and
literature comparisons indicate that such projects cannot be represented by
a single coefficient, as the mechanisms and spatiotemporal dynamics of
green, yellow, and blue carbon differ significantly. In sediment-type
projects such as sabo dams, soil carbon is typically the dominant

contributor. The post-dam soil organic carbon (SOC) can be quickly
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estimated using the formula:

Sediment Volume x Organic Carbon Concentration x Soil Bulk
Density,

while the difference between with-dam and without-dam scenarios
(ASOC) directly quantifies the project’s carbon enhancement effect,
providing strong policy interpretability.

Moreover, yellow carbon behind dams is quantifiable but requires
reduction adjustments. Taking the Sule Dam as an example, the modified
SOC formula incorporating measured TOC, BD, sediment volume, and
sieving ratio yielded an actual sequestration of about 6 tC per dam. When
extrapolated to the catchment scale, this equates to hundreds of tCO-¢ per
year, confirming that sabo dams represent an often underestimated carbon
pool within soil and water conservation systems.

However, substantial differences exist across dam types, catchments,
and sediment control efficiencies. Without applying a reduction coefficient,
results may be overestimated. Therefore, this study recommends including
parameters such as “dam type — sediment control degree — post-event
carbon variation” in the database as sensitivity indicators for verification.
Consequently, this project compiled coefficient tables across various
catchments and dam types to support subsequent sabo dam soil carbon
assessments.Table 4-2. Reference Parameters for Carbon Sequestration
Evaluation of Different Dam Types

Table. 3 Reference Parameters for Carbon Sequestration Evaluation of

Different Dam Types
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Additionally, green carbon from vegetation can be organized into
tabular formats, making it practical for frontline implementation. A case
simulation from the Jiufen Ershan afforestation site demonstrated that,
once DBH, tree height, and tree count are recorded in the field and
combined with database parameters (wood density, growth rate, carbon
content), the potential first-year carbon stock can be estimated at
approximately 320 tCO:e, increasing to 450—-500 tCOze over 20 years. This
demonstrates that the “formula decomposition + Excel module” approach
enables soil and water conservation units to generate verifiable carbon

estimates even without full forestry inventories.
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Figure. 11 Excel Calculation Process for Green Carbon Formula

The subsequently developed “Soil and Water Conservation Carbon
Enhancement Guidelines” have completed a comprehensive design
process from conceptual framework to technical implementation. The
guidelines successfully systematize the three major carbon sink domains:

® Yellow carbon (sabo dams),

® (Green carbon (afforestation and vegetation), and

® Blue carbon (farm ponds).

These are translated into practical estimation and verification tools for
operational agencies. The guidelines inventory existing soil and water
conservation project types and establish a logical structure linking
“engineering type — carbon source type — measurement method —
coefficient database — policy application”.

Through field sampling, formula simplification, and reduction
coefficient design, long-term natural carbon sequestration processes are
streamlined into form-based, calculable, and third-party verifiable
quantities.

Furthermore, the guidelines incorporate the MRV (Monitoring,
Reporting, Verification) framework, specifying sampling depth, data
retention, uncertainty sources, and additionality requirements, ensuring
alignment with existing engineering carbon reduction standards and

international soil re-carbonization practices.
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Overall, the results indicate that these guidelines provide a policy-
ready and scalable technical foundation for future soil and water
conservation carbon enhancement projects, supporting branch-level carbon

inventories and applications for voluntary emission reduction projects.
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Figure. 12 Preliminary Framework of the Soil and Water
Conservation Carbon Enhancement Guidelines
(4) Expert Workshops on the Compilation of Soil and Water
Conservation Carbon Sequestration Guidelines

Through expert recommendations, the overall direction for promoting
carbon sequestration research and applications within the agency was
established. The meeting gathered around ten participants, including four
academic experts and several representatives from government agencies
and third-party verification organizations, to exchange views on carbon
enhancement strategies, carbon coefticient development, and management
mechanisms.

Several scholars emphasized the importance of establishing a unified
carbon sequestration coefficient database encompassing the three major
categories — green carbon, yellow carbon, and blue carbon — grounded

in empirical data and standardized methodologies to ensure scientific
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validity and traceability. Secondly, experts stressed the need to strengthen
soil carbon MRV systems and additionality verification mechanisms,
preventing existing engineering projects from being mistakenly counted as
new carbon sinks, thereby maintaining data authenticity and the credibility
of carbon credit issuance.

For afforestation (green carbon) and farm pond (blue carbon) projects,
experts recommended incorporating Nature-based Solutions (NbS)
strategies and integrating third-party verification with local governance
models to achieve both ecological and carbon reduction co-benefits.
Finally, experts endorsed the project’s preliminary design for carbon credit
allocation and benefit-sharing mechanisms, suggesting the continued
matching of landowners with corporate carbon credit demands to promote
carbon value circulation and local participation.

The experts’ discussions not only shaped the long-term roadmap for
carbon enhancement research in the soil and water conservation sector but
also provided clear institutional and technical guidance for formalizing the
“Soil and Water Conservation Carbon Enhancement Guidelines.” This
initiative advances the systematization and policy implementation of
carbon management in soil and water conservation engineering.

The recommended MRV (Monitoring, Reporting, Verification)
framework consists of three levels:

® Monitoring layer — Regular sampling, data uploading, and

quality review.

® Reporting layer — Standardized report templates and traceable

coding systems.

® Verification layer — Review and random re-evaluation by

accredited third-party verification bodies.

4. Conclusion
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Through the integration of four major work components, this project
successfully established the technical foundation for evaluating carbon
sequestration in sabo structures and afforestation projects, while
developing both a database and a draft guideline to advance soil and water
conservation engineering toward carbon neutrality.

Results confirmed that sabo structures provide significant benefits in
stabilizing sediment, promoting vegetation growth, and enhancing soil
organic carbon content. Meanwhile, afforestation (green carbon)
contributes to long-term carbon storage. The combination of these two
mechanisms forms a multi-layered carbon enhancement system.

For future development, it is recommended that the MRV (Monitoring,
Reporting, Verification) framework be formally integrated into the Soil and
Water Conservation Agency’s management system, alongside engineering
carbon inventories, third-party verification, and carbon trading
mechanisms, thereby positioning soil and water conservation projects as a

key pillar in Taiwan’s net-zero transition.
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(1) IN Potassium dichromate (K2Cr207 & 4% /& 47): B~ € 45 ik
gt 105°CH35 = o PR 1S o F2B~ 49.09 i3 FAk Y
R

(2)4p 7+ A o-phenanthroline-ferrous: #= 1.485 35 o-
phenanthroline % 0.973 3 ¢7 ferrous ammonium sulfate
R [ ] I ##L 100ml -
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Fiiwessd RIEAF 23 A3
(4)# % (424~ 100mL 2 33 k2 10mL JEEEFA 7% o
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GRS REE PPEE e B RILER LRSS P
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2 [2E] | ia‘s = EH-I V TBBREERARKLRIR
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.Q *EEII‘% E’W+ K;-i ’% B9 - 2K - WX
THEREES — ] THRBKESS
(A) SEEE 1037036 el o : I ; ——
+ (C) S=tixTiKEE 230824.14

TKEEARE 103703.6+230824.14

i B 5 78 48 A1)

m) i£334.5271co, RELDHRE - BREBHEERENS CHE

> ARBIKERE334527kgCO,e - BAFIELE ZBHKR103703kgCOse - (HEASTKE3L% ; HEBEZ TIRFR
B4 EKR230824kgC0,e - 1HEEASHREGSY% - BEDEESHKUR RESHAWETZMAM -
KEE gt rREEREAEEAREEAETAE  RENEEEENA - thiENBIGER HEE -
M FIBERIMIEEEEE  RTREMBERLE  REHRBEERYE BN LEETRKE - BINVIREE
MEEZEHK - AREIEBELWERNS T ERBJERR -
rMlREFEMEEUREEERNE - EFRARSHR - RTHMINVEIRE  hRILHKEREHSETN
R 488 i EEE -

W 2-64mippifiscd 1 2 Sy B2 %2 I BRATER
oA FE Y
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s N

BEEABEFSE 2 SBEAES 5 EAMSEE

(1)%% S ﬁgﬁﬁﬁfmﬁ J:i ﬁﬁ%@ﬁfl&@ EHZ HIEERRESRRE

POERray ==

@ gty & - BRafhittEzs WEERAIEES b
MEARKEEE
B RESHEREE | toppeg
2 ﬁéEﬁLZiii%F*f
(Z);_Eﬁﬁ ﬂ:ﬁ:ﬁ% ' i%ﬁ[lf’l’ﬁ%?if C=90000(m*)x2700(kg/m*)x
(3) Bﬁ {,E*HQ *ﬁa EE /El\ﬁ ﬁﬁ%i 2%5&: 0.02936(kgC/keg)= (ton)

BREEENSHRE e .
nEne 3 HiEENTESHUZURERTIERTFIRME
| HAEREHEMRERAZ BBV iR 2=

W2-7T4REPRFERF1LE PHBFRAAIREL 2RB(FHX
AP HERT)
(=) B &b
4 35 4 (Soil Organic Carbon, SOC) % 5 3= 3 4 & &~ (g i
R B IS XTIR ML R iR g RCEFLH ¢
(IPCC) # 37/ & » 23k 100 2 4 2 & 7 SOC i€ iE 1,417 Pg C

WMENAFREESNZ B 5S4 £ 03 2 (Sinitambirivoutin et al.,
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2024) o B L FpEa % ﬁ',%ﬁ'.%‘« (FAO,2021) i&- iﬁa‘ﬂ A iRV I
FAREAE 2P FETHFTHOS6PEC HERLENFETF
REE g e 34% o ST B AP > 2 A WA DIRABEERY A2T) 8
B o LTS F B R L
275 48 B B (nonliving carbon pools) sz b = 1 A & # ¥pl 4
#1322 - Bar-Onetal. (2025) i 23R ¢ B A 478 R > 1992 3 2019
EF > rIEr AR E (35£14PgC) 7 > 95%RE T 2t G AL -
et T E A qoim it A £ 2L A AL E ¢ (Bar-On et al., 2025) » ig—
ARPR T LM TCO o | A & SRl R LB A £ chiBK 0 AR
TRTTERBERAZEIFREALF T GEET RS { A OREHE

SR ERE- HEHA T TR A 2R SE R

2.0 -
i
/[;% 1.5 -
=
1.0
0.5 -

0.0 ]-
€ 1

_0_5 -

NEE O e 2 b
(GLC yr1)

1 ] I
iR GERIN) FAMME (o LHBEHT
HEE S LRAR
%%)

W 2-8 }-“ﬁ:f’ti"ﬁii* FeP it £ AERe mfﬂﬁ{if"mk\ﬁ‘"liz‘/
B2 2L AL R chE & |4£(Bar-On et al., 2025)
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MREIREZBAGE > CHBEFHFS NS 2 AR F R RS
#1757 8% o Zahabi et al. (2022) 12 # % Nehzatabad & K % 5 & > #
P IERET B30 ZARE ST E o a 2bE Bl <
F ok Mo BRI P EETAHIBMEEAL ERL AT .

PRFIERDAANP A I I ERAHGRET £ & DY
7% k5 o Fangetal. (2023 ) ¥ 50,226 A EE 2 7 (7R L7 3
B bRl A 47 0 IR 1970 T 2020 & FF > ipdt B GFE K 102+ 0.6
Pg ehizs it - 2 ¢ 5 aat s £ 21.6 £ 9.9 Tg > s at 5525 4
80% B ¥ B 2P p B KR AT RE T Y o BRI GwEt
T X5 468+204gCm2yrt o (i 2P pTIBEa B (Fang
etal,2023) o PR AP FRY v T o B H T
w RS SRR o

Yaoetal. (2022) iF» #7317 BRIFRICHE S ¢ B F RE Rk
AEFEME TR GFALRET RSB TE S D

PE DR PR AR BT P e S Ty Y TN

\zE\

A R R ¢ SRR RN ] 1 E i 3 g

\.
NH

AR AR el BT SN E LRI it B g o

TEREHICH S Y R RRDD FRFT R SeETR 2 E A
R R AT ER A F oA AT R BRI R
ﬁ%ﬂﬁﬁiﬁi%ﬂMﬁﬁﬁww P B B b
LHEFZ -EHPHF ALY MOFGEERTUFS 2 P BRI
Mep M4 2P TREF VIR aGRIH oL LAREREET LR
%%ﬁ%@*ﬁﬁwﬁwmwwpz’ﬁ“?%iﬁﬁﬁﬁi%ﬁu

2R AR R ET (T (A0B] 2-9 f7om) e

2-16



¥ % PRSI BRRE T TR

RME # B F

A& 3% P&

821k — o ' % FEALAE A

AR T #HHAE

2]

HAE #6.he

BEPEREA AT
E A FREE J

W2-9F GRBBET 2 RP P EESHRED B TH
P T 1 B Benfr & 122 (Yao et al., 2022)
Mongil-Manso et al. (2019) 7 A& it 23t d 5179 ¢ NP AP 4 [P
AL - JER Y B EARIBAR AR BRI IR TR T e
7 WA (SOC)~2 3% (SN) m 2 2 3gh (SP)ez247 7 B p 30 &
FRFR R BRI EES TR 30t B2 ERREHR

Ao ETARAHTT 2 REA RFIREFTE T EF pH &
REZEF 2RO B R ER AT AL P T U5 0 Har

Ca E".Fﬁl/ﬂ%’b’“ri%‘é{’év’ﬂiﬁ;f FHACEARGERSDRTHF AL
M2 TR A BRI R PRSP REET P
FiFeI B WIR I REFEIEROFT e oI FEFINLR
SE* o g0 G ARfF b iR S FTR A R T AR N L R TR IRE

LFEFDOL G LAGCR 2-10 #7)  2EEF LA > L HERL

BEBRE D %2 - > a BRFDITH

T
o
RN
g
o+
i
s
EX
M
&
T
\3;

EETARFAHAPADTHEF FIRERE PFLERTH
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5>
. REEKELE
CHE2ENIETPA0H et t A
, L <V < ’__ Q{J%}\
~ “"
SUARHR S
TE22% o
TIVL.40 Mg ha "
» r * .
B 5} }gﬂ' ok |
C73640 g "y
N2l gha'yr
PLAG o Syt |
L= -

BHEEAT
o7 )| £ K R
B 2- 10 B #) 35 B oK % ’.*«5‘}%':‘4; 1+ 2_ 1 * (Mongil-Manso et al., 2019)

PR)FR T T 2 A s S T 2E - 3k o Liuetal. (2017) “?7}%:" i AP
BALIAFHEFR BE 12 S FEN e A0 B 3G e
B % % B % (enrichmentratio, ER) T35 5 0.56 £2 0.65 > &1 5 19%
FWAE 10%% F e ink o gt AR £ sy dle
ZA U A EETF]F OHRF B3 F Ly EFRE ARTRRE
TELEETREM

Zhangetal. (2016) ¥ FFinfFf 2+ Rk ihaf it BFE

-

EHEF Y - HERES ERY B RO e M T 8 AL
RAah 4 FEREERETZRAML -

PR PR R 1999 EAz o B NEad T G R KRR D < e
BAERTFE TR LA T AP - 2 20 TRZIARR
FHET 2 G 7 F RO FRRE APM AT T B AR vk Y R
FWREGR U E s A RERTRCEEFENATEER TR
SR BT SEREESIREFETHE O EFG A
20.6Tg(Teragram, 7 § #f)e5 8 (0C)im % (4o 2-11 #7577 ) o 224 e
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B—k}’q]—l éﬁ.h’{—%ifzﬁj gﬁl‘}#ﬁ"l\&ﬁ*?‘ ’ﬁ;iﬂ&?%‘f“ i\%ﬁ"u
JEaE fLenE & 8TgC "% X 1 P # ¢ 5.3TgC(Lishan Ran et al., 2018; Fang
et al., 2023) -

- 3500
B fazes
" B icaasnass | 3000
N rmen s
- 2500 —~
20 4 —
P 2000 =
; - =
15 4 -
> +
g - 1500 2
= o 1z
L 1000
7 £
E;-J}i 5 - 500
N -0
1950-1970 2000-2015
Year

W2-1 R kR F 52 (v (Fang et al, 2023)

Addisu et al. (2019) 442 %1t I & Wy ®oe ™ B 6L TR
(SSDs) {71 ErchP B ATy » A7 3 2 mEMEFERER - Hiw
PENEFHREANE SRS ECR 2-12 R) T RER T B
BT A 4 B2 T 4 (SSDs) 3 2k B ET 4 60.97x103 HE AR 0 @ i
Bt P g WA R A 14 1 8Tgkg-l 2 o B2yt pE s Y ¢
45 R (CDs) cnEpscsy > %% 5T o w/;ﬁwq;w 9 7.81
MRS 0 B4 ¢ e s (SOC) £ £ R A3 20 1 290gke-1
2B BT ERE BRI PREHR LR o FEN T Y
BEMT o BT RN IR S5 (SSDs) 2 E)HE (CDs) &
PE T H 44.68x105 o T ey a1 2 K) 68.8x106 T AR A o
@ % 2 > Addisuetal. 2019) % 3 P Fidn &) > TP GBS P E)
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k2 EHAHEE RN A TR TR G
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