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1. =3 ##2 p &7 (Research Motive and Purpose)

BEF WP FEF ERBRE FHERRE AT KT (i
B B 2B o B 4505 0 5K 790 2050 £ PR 31i% B AL (net-zero
carbon emissions) » #-3 B 2§ & ST & L T #7(Smith et al., 2022) - B »

P 2022 ERyedad 2 FREFE SRR TSFELR €400 T 4 42050 %
FRTREEE R (R7EFELR ¢ 2022)2 L %2 R ¢4&e0 T 4% 2050
EFEA D RMERERG R E (BELR € 02022) 0 & Rk 0%0 &
HREDEL M > PRFEFRERG P eih A X 278 Ko &
*ﬂ’%ﬁﬁéﬁs%m%%*ﬁﬁéﬁﬁ SR RE S o T0 2030 & A HhE =
BoL IS8 FH LR EI MM EE20R > AEKEES22 B (R ELR

g »2022) - Pﬁﬁ&  pESRART 100% £ 24 i RE T @ T (100% renewable
energy, RE100) » Fr pFs L& p A eend & » 2 REI00 ¢ A 22 3 L4247 5
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HFHRE IR TR TS E AP LRGBS ARE > B R
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2. P31 3 (Research Question)
ARFIRGFANGEHRRETTRE (B RL TRS 2 PR i Fish

HAL s KEF BRI b= 843 o RS S iRAEHRE R B E TR

ARBEATERAR ) PR S AHCB NI ERLY > FBERPN T T F R

B REHRE RS R SR AS  HFHRRAFTREI I ARV 5

HA R E R ies — -

BARS T N 0 - A R - D2 R L A LG R
Wit h 2 o BREVEF L PR LT R R AL 0 (
BAKETREMTREF Z > P AR B REY HEE R4 6L
oo RFATRBIRSID RAFHR T TAHRCEY ZRTAIELT &
J&* (Amador, 2019) > #{ & 58 F B HFHIF R A HE S 0 B 1 FE&
TPELRy RS2 R R AR A1 P REER S BE Y S
e 42 g * it (Amador and Gorres, 2004; Amador, 2019; Al-Ismaily et al.,
2021) °
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3. GRS L F VR RS Ao A REBICERF S R IT 7 &

B2 eI P SRR

TR BT A EY AEFLARENA N T REF
BREF ST 822 B7 0 7 003 S HEHARRE - AT astes
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? feif3t (Literature Review)

HiRp L S PR E R - o HAHRERE R L
RGBT iR SIS HHRPLE £ £ 47 7 #R(Baveye et al., 2006; Havlin et
al., 2010; Bouma, 2014) o Fp ¥ Aethpt iR 480 A 1 4R 5 2 o g,Ji,r‘g:*ﬁ(?J;;r.g;
#3 45> 2008) ~ 74} (Cheng etal, 2013 ; H 5 i % » 2022) ~ 44 (IA 5

) 2014) % 4 34k 0 & 2T B i ok F (Cheng etal., 2016) » > F £ 317 e
ﬁ#ﬁ%ouﬂﬁﬁ%ié’%F%%ﬁﬁAlﬁﬁi—&’ﬁiﬁﬁigﬁ
EE - F b AL A £ & S =2 - (Nowak et al., 2013) o
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386 2w AN E TRk BL Einda ity DAFEERESE oL
1§ WRgE20E A A T HRHRA > RN E EE 2o § RIS e B
NF 258 S Em Ao Bl X HIRSF T Rt 3 1R 386 ooRE( P & Ak
2023) e Mt EIRFFF IR o d A X FHROFIMATZINE S > G E
Bofos § LR T i 9 110.5 3 242.6 (RIS 0 2022) o SR % £ 8
SEWA N HIG AHEL LTS E o RS = S A FR 4 2 2
a1 i% o
LB REM AR 16300 S LA % AR 5§ AR
4 (Cox, 2012; De Villiers et al., 2014; Sharma et al., 2021) » ® pfia>t * & Fedp o
Flevpedt v - FRG REHADEFTH > FHL2012 & 48 FRGHRY F
WREEAT L FRFESERATELRREEA L3 1548 0 385 it
AR B AR FAE R 2 £ < B35 4 b (https:/map.ntu.edu.tw/ntutree/) > & ik ¢
Eh@R* c FLAEFRFAMPAL L FHF 7 ERRIHAL LR TR
2 R FIR A AL 7 £ (carbon storage) £7 £ % (carbon sequestration) 3t 0 12 gt
£ %+ B4 ¢ § i (university social responsibility, USR)2. £ & 45 #%
(https://www.ftis.org.tw/active/download/sp111090510075267b.pdf) - :# & & % »
FHE T R R S A e R RFIM AL S KB kw s W g
P{ATRRE R TN 7 EFAR A B2 B aRF R BT AP H R T
i -
f2012 & o BIAEA 4 A1 HPABEE 1T E2E S B% 72 72 %
WA 0 ¢ MIIF S e oo Atd T FARARLIR KA A 500 — 1000 HR A FlA
Ao HE A EFTEA LS N T BREIEA L LR T REIAA R
Re 4o
REFBF I ABRER>ELE2 T2 552 g0F 0 7 48
l,ﬁwﬁﬁﬁ%ﬁmﬁgﬁﬁ%g’Wpﬂgﬁg%Liﬂﬁﬁxﬁﬁiﬁ
ip H(Vasilescu et al., 2010) » 35 4 2 = pLE O 2G04 grag it Tk
BE A e
2. BEITELEFMAT: B4 LR FU 7 FREFeg EFH R
ii*f'?i;'ﬁ—%@ CERAR S B kB A 1 TR A F B4 R
FER O NE A E LR Ao LD (e MR S 2B I HRR)
DT (cg ATFRRAZR CATAG F)L BT -
3. MEA AR b F LA LATER T BR L G okd p EREIAA 0 L R
S ICE S ﬁmlrﬁ»wﬁwaimﬁaﬁﬁ BATd £ o
4 REFAFEREIREVRE RELFFLERC A D a ko g
B PR URFARSARVIEIE LG IBY TR A
BEREHEFHE R F A MR B A% KAR(Cox, 2012) -
f% ﬁ%?f}’(?éﬁ:fi“ i PER Se 2 T B Y (field practice) 2 F 1T 5 5%
(hands-on experiences) * % R4 ¥ -~ F H{HEE & T 2k (Halvin et al,,
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2010; Field etal., 2011) » 5 Jig 5 = i“ ch § kst » 7§48 4 8 ¥ % 3R40
S L R AT AT BT E L S
A 04FRIRE CNUEEF I RELZ IS REFEHERT S PR
* hH v < B Tk %A% (Andrews and Frey, 2015; Amador 2019; Al-Isamily et
al, 2021) o FIt > i F EE IFT 0 TP a0 F oA L ﬂpﬁfﬁ’%& FHREPN P
EaEYEREMOFERE S FERGEEEARE T EIRERLRE  H
A8V P10t BRFERANS & ED A A RT PR

4. k¥ &R &2 41| (Teaching Planning)
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5. FERPEHE? 2 (Research Methodology)
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B AR D Kfﬁf‘% R xb#75]99 B /T (diameter at breast height,
DBH) ~ % ] ~ #5-5 ff SR R R0 b EERAA 2 5 2 R R e 2 &
W“fa%#ﬁ’_“%§w6¢*ﬁ*4£§ﬁﬁ’~¢ S AT R

TEREA A2 R IR A R AR R AR T R R
gi’}-@-i’ PR

ﬁ%%ﬁ%’%uZ%%%4éﬂm’ﬂ«éiﬂm,_«ﬁ%ﬁﬁ
*‘it%f’*ﬁﬁﬁ D F - Kzekre BRIBAL  BETASH > KPS

Rtz 8 > TGRS T E'Jﬂ} | * iTree Tool software
(https://www.1treetools.0rg/, Novak et al., 2013) ~ SigmaPlot ~ QGIS % #it#8:& {7 -
RELZH

AP FE R REF L4558 GPS T ik ~ Leica K FRIIER(7 PG L &
R)Eftsas4i ks > ERIEHAG 108 ZRHE ~ A0~ 2t s 5o

A pis s c Bl B BEIFREEHVRERY > TR o
1 BA T e 2k AT

BAARLERBE 0 BRSNS EN TR F R R TR
ToRE RHERRE LFL PN AARERB AT HRE N B S
AMBBREE T E NHY AN F L o
BAr= 24 RiPR

NAREB 2012 E2E2023 EF > REMAS FHFEE = F
PE AR 0 A R AR AR F AR EARAPFERT 0 B
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2012 8 FALY o X R EH AR TR E 0 A E R 2012 & R
ARG RG> AR EEERL LT M REAL F BTG R -
Tree Tool Software o pt *F » ZJER AfFA S 2 2 AR EH e F - 8- Kl
2023 = RFIMAREGE » $30E 2012 & 3 2023 & B REIMAE M EE (R
R o AR E A BT
(B F-) 5D Ak 2012 £ 22 2023 & [ chpt BH 4ot 5
BABAMER LS (%) =(2023 FB AMAREEL012 EB AHAREE)

x 100% — 1
(% F =) 2012 & f B AR GE 5 £

2012 # e FMA 4 A5 A2 Ria s 0 ki DBH - 3 S 8tA A M B A
£ TR 27 H A 4 3 £ 48 & (i-Tree Tool software; Chave et al., 2014; 4%
fe» 2022) A4 A 0 T @ 5] 2012 & R FIRA G E R o
(HZ=) B HF— b GIM GeH I % B 2023 & RFMAAESE
BrEaRed
2023 Bl A BLRE F & =2012 RFIBA M T E x (1+ 3 A A~ s 4ot

i-$:
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6. %5 ¥ % + % (Teaching and Research Outcomes)
[%- 4] 28+ FRFAMADE> %
KP4 47

R ARE R TR 2012 & 5 S RFIATABE £ 3 12,863 % 0 R
Rle 7 84 4% ~ 234 J ~ 368 #&4~ fé(Table 1) LB 4 fEe =+ > #b ke
B 200460 AR A 1580 kR 9 5 5T% o REAAF A
FElR 5 3254 AP EEE L 43460 B ABHEHRE (B 9 5 88% o gt ¢
L7 RARFMEAFER A F R WA 23 MR F 48 (Table
1) > ikt 2wl L 8.4%2 59%  REFIAFA N EF ~ HiefE & faf Ak B
BR o0 A E G 2048 - 24 fa2r 23 fé(Table 2) o

EAFIA A EEE ¢ o RFIRA v R fEA AR 5 6,320 0 A
AT AR 5 6,534 1% > kP fEATARE B 5 50.7% o o B BN
P RAATAEE A B G 5632 1,314 4% 0 bt 5 43%E 102% c g w - L Lan
¥ LKA > ¢ 7 &+ (Ficus microcarpa) ~ & B (Liquidamber formosana) ~ 3 4p
(Juniperus chinensis) ~ H-A#(Camphora officinarum)£ & + k& (Melaleuca cajuputi)
F o HAFAEE A B 5 672667 ~ 589 ~ 559 &2 529 4% 0w = L fAATAATA BT



) b M A B E 0 57% (Table 3) -

2024 & Bt AficE 5 10,626 1% > Ffale e 7 83 4L ~226 4% 235244
Pofho ApH 2012 & > Pl NS 64 17T BHE 344 ATH 49 B 19
fBo AR 2P BB IS e AP BAULECE 2 R R A
BEBOERP S A BEE N 2012 E40k 0 3 BT BB KL P A
BEER AW EH S | BE3BFA FRARE RS 9.6%E
6.5% - 2024 & RFB A » I IEF < B F S F oA F SR B 5 0 A Y] 5
23248 23 4 FfEEE B F o 4L “,% S PN e - fARHE 0 T B

WA R A 0 2024 £ e fa2 L] ApR it 2012 £ S
#ﬂf;é?_ﬁ:g_;fi‘@ (Table 2) -

AR FIAA R R o AR 2012 & > 2024 E (v A K opbA 2t 8,614
o A REAE 4249 B o @ ATH AT A G 2,012 4% 0 B R FIEA FHEE o
B R U A BcE 3 2,237 5 0 K (BB A 48 17.4% (Table 3) - 2024
ERFIRA R R L 5,420 % 0 b K AEHE 5 5,206 4% 0 b KRR E R
3495%  #HF AEHEE S EMAKE S S5 5202 1247 8 0 B FHEF D
4.9%% 11.8% -

RFIAA g 5 = - L oofifd > 9 A4 #icg 58k 57% (Table 3; Figure
5) AR A ~ A~ % (Livistona chinensis) ~ ~ 2 %+ (Roystonea regia)¥ I
s 02024 #pF > HAfcE A W5 632~ 530~ 490 ~ 456 £ 442 % o 4p 2012
EoARPATEERM LB LS R T - AR L bl & A
BB ERNA2347]102 22 F > “" Tl B - S Ay A BE N e 12 27 102
20k HARRHEBcE B R IR (Table 3) e



Table 1. Species richness, composition and abundance of woody plants on the main

campus of National Taiwan University in 2012 and 2024

Species richness/Abundance 2012 - 2024 A
2012 2024 Growth Loss Recruit
Species richness
Families/genus/species
Families 84 82 78 -6 4 -2
Genus 234 226 217 -17 9 -8
Species 368 353 334 -34 19 -15
Native/Alien
Native 158 155 144 -14 11 -3
Alien 210 198 190 -20 8 -12
Trees/shrubs
Trees 325 309 293 -32 16 -16
Native 144 142 131 -13 11 -2
Alien 181 167 162 -19 5 -14
Shrubs 43 44 41 -2 3 +1
Native 14 13 13 -1 0 -1
Alien 29 31 28 -1 3 +2
Endemic species 32 34 28 -4 6 +2
Threatened/extinct 23 19 16 -7 3 -4
species®
Abundance
Native/Alien
Native 6329 5420 4328 -2001 1092 -909
Alien 6534 5206 4286 -2248 920 -1328
Trees/shrubs
Trees 12648 10519 8538 -4110 1981 -2129
Native 6285 5397 4306 -1979 1091 -888
Alien 6363 5122 4232 -2131 890 -1241
Shrubs 215° 107 76 -139 31 -108
Native 44 23 22 -22 1 221
Alien 171 84 54 -117 30 -87
Endemic species 563 520 384 -179 136 -43
Threatened/extinct 1316 1249 1082 -234 167 -67
species®

sAbundance in shrubs excluded thickly planted and hedge shurbs and the data was largely



underestimated

®Species belong to categories of Vulnerable, Endangered, Critical Endangered, and Extinct in the Wild
basing on the Red List of Vascular Plants of Taiwan, 2017

Table 2. Top ten families with the largest number of species on the main campus of
National Taiwan University in 2012 and 2024

Top 10 Families (# of species)

2012 Fabaceae (26), Arecaceae (24), Moraceae (23), Lauraceae (19), Malvaceae (19), Euphorbiaceae (18),

Myrtaceae (15), Rosaceae (13), Rutaceae (11), Rubiaceae (10),

2024 Arecaceae (24), Fabaceae (23), Moraceae (23), Euphorbiaceae (19), Malvaceae (19), Lauraceae (18),

Myrtaceae (13), Rosaceae (12), Rubiaceae (9), Rutaceae (9)

Table 3. Abundances by species ranking and the changes between 2012 and 2024 on
the NTU main campus

Species 2012 Ranking 2024 Ranking 2012-2024 Net

Abundance (#) Abundance (#) #)

Growth Disappear Recruit
#) # (#)

Ficus microcarpa 672 1 442 5 400 =272 42 -230
Liquidambar fori 667 2 633 1 590 =11 43 -34
Juniperus chinensis 589 3 429 6 413 -176 16 -160
Camphora officinarum 559 4 530 2 414 -145 116 -29
Melaleuca cajuputi 525 5 419 7 409 -116 10 -106
Livistona chinensis 509 6 490 3 473 -36 17 -19
Dypsis lutescens 486 7 302 10 295 -191 7 -184
Roystonea regia 477 8 456 4 439 -38 17 -21
Ficus benjamina 386 9 152 16 145 -241 7 -234
Koelreuteria henryi 327 10 322 8 243 -84 79 -5
Prunus campanulata 309 11 285 11 181 -128 104 -24
Terminalia mantalyi 308 12 320 9 248 -60 72 12
Osmanthus fragrans 275 13 192 13 164 -111 28 -83
Eucalyptus robusta 213 14 89 27 89 -124 0 -124



Cassia fistula 177 15 131 21 127 -50 4

Camellia japonica 176 16 149 17 147 -29 2
Mangifera indica 170 17 147 18 118 -52 29
Nageia nagi 169 18 144 20 130 -39 14
Bischofia javanica 169 19 271 12 139 -30 132
Chionanthus retusus 165 20 145 19 114 -51 31
Others 5,535 4,578 3,336 -2,199 1,242
All Trees 12,863 10,626 8,614 -4,249 2,012

-46

-27

-23

-25

102

-20

-957

-2,237

NOTE: Results show that of the 20 most dominant species in 2012 and 2024, there are 18 species (highlighted in boldface type) in

common.

BABELEHBIN L

2012 # ?ﬂx%*%]#ﬁ-% DBH [ ** 20cm > & &% [ > 8meo 7 i » KF
poim o~ AlREA 3 0 DBH < 2t 80 cm A 0 £ 35340 4% > 1k 2.6% 0 A8 B
K 20m AR 234 0 1 02% - T %&EH%H\*“ 012 # e 32 DBH 2
242cm > TioftR L 7.6m LA RAFEF LR H L F R - L EEHE
5 6] > T3DBH + > 40 cm #HfEzF 243 ~ ¢ 4@ A EREAAE A B
7= (Osmanthus fragrans) ~ \lv%@ﬂ-(Prunus campanulate) ~ L % 1=(Camellia
japonica)% -] & & > H T2 DBH P <3t 10 cm (Table 4) - F 3 > T 3545 <
*10m cogHfas < 2 %ﬂ%—* (Roystonea regia) ~ .4 ~ /| :;x_#ﬁ'i:(Terminalia
mantalyi) ~ v + /él 2B ERFE > i gk(Chionanthus retusus) ~ % 4p ~ LR T ~
B L EEE ) F A TI9KE X3 5m(Table 5) »

FaEL - Egi 5 2024 E R FISA LIS DBH 2 30.6cm - L39HE A
101m- 8 a7 > REKEA =] ERERMELES > PR 2012 & > 2024 & KF
A+ L 32 DBH 3 4 6.4 cm » T 324+®8 # 4c 2.5 m - DBH = ** 80 cm #f 4 3+ 585
150 #2012 & 3 4e 245 4% 0 W B[R4 T 5.6% 0 BB B 2T 20 m KA 3 455
150 #2012 & 3 4e 432 5 0 b R4 3 43% o

MR LW - 8L B0 2012 & 3 2024 &£ F w HFAcn DBH £ £ 3
4o /122 0.5-232cm > T 35H it~ DBH 2 £ 3 4 4236 IOCm;}i‘qﬁé“LJ)a iﬁ«‘ .
A v ieF =80 F X DBH 2 &) dom T EAER G FE
BF s d54p > 4 Te ~ b R T8 75 4 (Nageia nagi) % o T 35f% 4 L4238 3.5 m
ﬁﬁi: e FE TSR B AL M Im PG R RS A

CHEERKE o 2 FAAR v IR~ § & T 35 DBH £ A%
AEMERA L F AT DBH E#F 2 L G RIEOFFE L 2 m3 R
EREPAEAEAE  DBHR &P EF o ptoh > 2012 &# 3 2024 & B 4 B
1 DBH & #+% > #2787 DBH<20cm = Z 48 <8m#HA ik 5 > i v 5 30
Ak el & o ATHIMTA PR DBH<20cm & Z 43 <SmatA ik S dkc
7 R4 X HHEDRTH o ) A EATH M A 0T 35 DBH & T35 0 X 3] B
HEF > o AATHAEATIODBH F @ 3% k3 THDBH & 2] #y
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Table 4. Mean of diameter at breast height (DBH) of trees by species abundance and the relative DBH
changes between 2012 and 2024 on the NTU main campus

Species 2012 2024 2012-2024 ANet

DBH (cm)  DBH (cm) (cm)

AGrowth Disappear (cm) Recruit (cm)

(cm)
Ficus microcarpa 479 73.4 23.2 -41.1 51.1 25.5
Liquidambar formosana 27.6 354 9.2 -29.0 18.6 7.8
Juniperus chinensis 14.4 18.1 2.7 -11.5 6.9 3.7
Camphora officinarum 31.1 38.1 8.9 =233 21.9 7.1
Melaleuca cajuputi 53.9 63.4 10.2 -55.1 51.1 9.5
Livistona chinensis 245 25.0 0.5 -24.5 26.2 0.5
Chrysalidocarpus lutescens 10.5 14.7 3.7 9.7 17.4 43
Roystonea regia 39.0 39.6 0.6 -36.3 349 0.6
Ficus benjamina 35.7 50.2 14.9 -354 30.5 14.4
Koelreuteria henryi 243 30.8 9.6 -22.6 21.5 6.5
Prunus campanulata 9.0 11.6 3.7 93 10.1 2.6
Terminalia mantalyi 242 29.1 7.8 -21.4 16.7 49
Osmanthus fragrans 6.8 9.9 3.1 -6.1 7.8 3.1
Eucalyptus robusta 41.9 48.6 6.5 -41.9 NA 6.6
Cassia fistula 20.0 242 4.0 -18.7 15.8 42
Camellia japonica 5.9 9.1 33 -6.1 5.1 32
Mangifera indica 26.9 35.0 10.4 -24.2 20.8 8.1
Bischofia javanica 26.5 31.2 14.0 -17.5 19.4 4.7
Nageia nagi 12.4 16.0 35 -11.2 13.8 3.6
Chionanthus retusus 15.5 193 55 -133 9.8 38
All Trees 24.2 30.6 74 -20.6 17.5 6.4

* NA= Non Available

Table 7. Mean of height of trees by species abundance and the relative changes between 2012 and 2024

on the NTU main campus

Species 2012 2024 2012-2024 ANet
Height (m) ~ Height(m)  AGrowth (m)  Disappear (m)  Recruit (m) (m)
Ficus microcarpa 8.8 12.3 35 -8.2 8.9 3.5

Liquidambar formosana 10.2 15.2 54 -10.6 9.5 5.0



Juniperus chinensis 4.5 53 0.9 -4.4 3.6 0.8

Camphora officinarum 8.9 11.7 32 -7.3 8.4 2.8
Melaleuca cajuputi 10.4 14.5 4.0 -10.0 13.0 4.1
Livistona chinensis 9.1 10.5 1.5 93 8.1 1.4
Chrysalidocarpus lutescens 6.8 6.8 0.2 -7.1 6.3 0.0
Roystonea regia 13.1 14.5 1.6 -13.6 8.2 1.4
Ficus benjamina 9.8 12.9 3.1 -9.6 7.8 3.1
Koelreuteria henryi 7.9 10.2 2.9 -7.3 7.8 2.3
Prunus campanulata 4.2 4.8 1.0 -4.3 4.1 0.6
Terminalia mantalyi 11.0 13.9 4.7 -10.8 7.7 2.9
Osmanthus fragrans 2.8 35 0.7 -2.7 3.1 0.7
Eucalyptus robusta 10.4 12.4 23 -10.5 NA 2.0
Cassia fistula 7.3 9.3 1.8 -7.0 8.7 2.0
Camellia japonica 3.1 34 0.3 -3.2 3.1 0.3
Mangifera indica 8.0 10.6 2.9 -7.3 8.0 2.6
Bischofia javanica 7.5 9.7 3.8 -6.3 7.8 2.2
Nageia nagi 6.5 8.2 1.5 -5.8 7.9 1.7
Chionanthus retusus 4.7 53 0.9 -43 3.6 0.6
All Trees 7.6 10.1 2.7 -6.5 6.8 25

* NA= Non Available

AR EARRwEN G

RBIE# o1 ik Pl £ 35 3 17 §-Tree Eco 4 + 5 » 548 -
DBH £ 4% 1 > 7 & # Btk d 2 Fa € - 2012 # pF > RF| 75 547 0T
OB B R 5 0333 tonC o 7 b AHER £ B 8 4 iR B - L fBHHS 5
M’%mﬁi%é4%\iﬁﬁﬂgﬁiaﬁﬁlbmgk*OBMMC i
Al AN B A ofg e *’?C » T 3aH thpt £ - > 0.035 ton C (Table 8) »
bty HARE - T D B ASREI) 02 SE 0 Table 9 7 )
HEIAARE vk 5 -+ ﬁﬁ@ BIABER LT3 B3 AEE R L0 A
ﬁ_ﬁi‘i“f? Bg b R FIREA S R 2012 E R FlHES Y 0 d F R

A WA AR E RS 0 A% 5 1,100.3 7752 2 313.5ton C o gt ek o -
A~ 2 i A 85 R HIE R (Ficus elastica) % e~ s £ 774218 100 ton C »
2012 & 5 & REIMA @ piE 3 £ 5 42715tonCo ER Lo - L S REE
}?& 3,496.5ton C » %) it 81.8% o

2024 & R FIAAHE R R R P BRI 0 REIMATOE Bt £ 5
0.525ton C » # 2012 & T 358 thpt £ F 0.192 ton C (Table 8) » # = + fAHHE Y
G AR % T 20 DBH 2 % o8 40 T 0 HHE T 0H Bt B B LK S4B %
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BLE R G H A 725286 22 1555ton C o gt #h > kAR E A2 100 ton C 4~ Fa R
S Z s A~ s EEE oY ) B =& 24 BH(Alstonia scholaris) % &
Ao MBAMEBER LW L LEHEL B 02012 £ 3 2024 EREFF AL T sAAS
FIRAE A RS B4 ® 130 49tonC I 469.6 ton C AF » 3" & A 91 > m
£ /1% -1.5tonC 1 -266.6ton C & » XTI AFA R /4 = 0ton C & 59.9ton C ¥ »
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C o

2024 & R FIfHH St s £ 5 5,521.8tonC > Apf 2012 & » 45§ 4 £ Hf
A 4e 2,111.7 ton C > R7H HFA 77 3% & 339.9ton C » fe 7" & A4 B 2 -1,201.3
ton C > RFIMFA B EE %1 5384 1,2503ton C > 4p § ** 104.2 ton year! &
B G E BT o A RFAEE - B RFIEA MWL R TR
(Table 9) °

Table 8. Average carbon storage of individual tree by species ranking and the changes

between 2012 and 2024 on the NTU main campus

Species 2012 2024 2012-2024 ANet
Average C Average C Average C t)
storage (t) storage (t) Storage (t)
AGrowth Disappear (t) Recruit (t)
®
Ficus microcarpa 1.154 2.406 1.174 -0.895 1.461 1.253
Liquidambar formosana 0.170 0.282 0.135 -0.232 0.077 0.112
Juniperus chinensis 0.063 0.102 0.032 -0.040 0.021 0.039
Camphora officinarum 0.561 0.885 0.400 -0.339 0.335 0.324
Melaleuca cajuputi 2.096 2.798 0.785 -2.298 1.737 0.702
Livistona chinensis 0.067 0.077 0.010 -0.070 0.070 0.010
Dypsis lutescens 0.026 0.034 0.009 -0.026 0.036 0.009
Roystonea regia 0.167 0.185 0.020 -0.162 0.108 0.017
Ficus benjamina 0.553 1.201 0.704 -0.563 0.569 0.648



Koelreuteria henryi 0.278 0.480 0.265 -0.242 0.252 0.203

Prunus campanulata 0.028 0.046 0.031 -0.033 0.030 0.018
Terminalia mantalyi 0.186 0.313 0.182 -0.135 0.079 0.127
Osmanthus fragrans 0.014 0.031 0.018 -0.011 0.017 0.017
Eucalyptus robusta 0.762 1.092 0.350 -0.775 0 0.331
Cassia fistula 0.170 0.246 0.073 -0.150 0.103 0.077
Camellia japonica 0.011 0.030 0.020 -0.013 0.006 0.019
Mangifera indica 0.293 0.489 0.257 -0.255 0.176 0.196
Bischofia javanica 0.479 0.773 0.777 -0.295 0.222 0.294
Nageia nagi 0.073 0.120 0.049 -0.065 0.073 0.047
Chionanthus retusus 0.089 0.144 0.075 -0.067 0.032 0.055
Others 0.196 0.348 0.139 -0.105 0.021 0.152
All Trees 0.333 0.525 0.245 -0.284 0.178 0.192

NOTE: Net Annual Average Carbon Sequestration (per tree) is calculated as 0.016 ton C year™!

Table 9. Carbon storage of trees by specie ranking and the changes between 2012 and 2024

on the NTU main campus

Species 2012 Ranking 2024 Ranking 2012-2024 ANet
C storage (t) C storage (t) AGrowth Disappear (t) Recruit (t) (t)
®

Melaleuca cajuputi 1,100.3 1 1,172.3 1 3212 -266.6 17.4 72.0
Ficus microcarpa 775.2 2 1061.2 2 469.6 -243.4 59.9 286.0
Camphora officinarum 313.5 3 468.9 3 165.8 -49.2 38.8 155.5
Ficus benjamina 2134 4 182.5 5 101.3 -136.2 4.0 -30.9
Eucalyptus robusta 162.2 5 97.2 8 31.1 -96.1 0.0 -65.0
Liquidambar formosana 113.6 6 178.8 6 79.6 -17.8 33 65.1
Ficus elastica 106.1 7 80.8 14 19.0 -45.6 1.2 =253
Koelreuteria henryi 90.8 8 154.6 7 64.3 -20.4 19.9 63.8
Bischofia javanica 81.0 9 209.6 4 108.1 -8.9 293 128.5
Roystonea regia 79.8 10 84.2 12 8.7 -6.2 1.8 4.4
Eucalyptus tereticornis 60.7 11 80.2 15 25.5 -8.2 2.3 19.6
Ficus caulocarpa 59.4 12 88.9 11 38.7 9.2 0.0 29.5
Terminalia mantalyi 57.3 13 100.1 9 452 -8.1 5.7 42.7
Alstonia scholaris 524 14 105.6 10 37.6 -6.2 21.7 53.2
Mangifera indica 49.8 15 71.9 16 30.3 -133 5.1 22.1
Juniperus chinensis 37.3 16 439 22 13.2 -7.0 0.3 6.6
Swietenia macrophylla 38.4 17 71.3 17 344 -1.5 0.0 329

Ficus superba 37.0 18 85.6 13 334 -17.2 324 48.6



Delonix regia 342 19 452 18 18.5 -8.9 1.4 11.0
Livistona chinensis 34.1 20 37.7 23 4.9 -2.5 1.2 3.6
Others 775.0 1,101.5 461.2 228.8 94.0 596.2
All Trees 4,271.5 5,521.8 21117 -1,201.3 339.9 1,250.3
NOTE: Net Annual Carbon Sequestration is calculated as 104.2 ton C year™!
EARBBARSS: BRGAELR
11 i-Tree Eco #f 5 = & FIHFA 27 2012 # 22 2024 & 4 il £330 8 » &
B 54,2715 22 5521.8tonCe Ap#A T E v < 8§ » S X RFIFAF TR R F 5
P faEcE (353 f2)& hatdicE (10,515 %) » HAAREG £~ 332 & + 5§ (Table
10) o & = &R FlaF+ s £ B *° University of Georgia £73,450.4 ton C (Fox,
2020) ~ & & g KIWI University 7 1,585.0 ton C ( De Villiers et al., 2014) 2
California State University 7 862.0 ton C (Cox, 2012) % - 2012 +# £2 2024 & fF »
FFIHE 4 s £ 3 4r 12503 ton C > #p BTy Ep 3 E 5 104.2 ton C year! o
PEEFBNHT A EHERREFE 0 ol d B KIWI University 9 69.0 ton C
year! ( De Villiers et al., 2014) ~ University of Georgia #764.9 ton C year! (Fox,
2020)¢# California State University #742.0 ton C year!' (Cox, 2012) % o
Table 10. Comparison of survey area, tree abundance, carbon storage, and carbon sequestration of
campus trees between NTU and other universities.
Campus Species richness Tree Carbon Storage (t) Actual Carbon i-tree Eco
Abundance (#) Sequestration Prediction
(tCyr')
National Taiwan 305 10,515 5,521.8 104.2 161.1
University main
campus (2024)
University of 201 6,915 3,4504 64.9
Georgia (2020)
KIWI University >200 4,137 1,585.0 69.0
(2014)
California State >200 3,900 862.0 42.0
University,
Northridge

(2012)
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Diversity, growth, and biomass carbon sequestration potential of
woody plants on the main campus of National Taiwan University
between 2012 and 2024
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Taipei, Taiwan
*R13625038@ntu.edu.tw

Abstract

The main campus of the National Taiwan University (NTU) is characterized by its
green space. The green space provides staff, students, and residents a relaxing place. It
also offers numerous environmental benefits, such as preserving biodiversity, improving
air quality, shading and reducing the urban heat island effect, decreasing rainwater runoff,
and carbon dioxide sequestrating. To emphasize the values of the campus trees, the NTU
implemented a survey of the campus trees in 2012 and recorded each tree with species,
location, diameter at breast height (DBH), and tree height. After 12 years, the status of
campus trees altered dramatically. A new survey was thus conducted in 2024. This survey
aimed to evaluate the changes in mortality, growth, and biomass of each tree. A total of
12,831 trees, consisting of 84 families, 234 genera, and 368 species, were recorded in
2012. However, the total number of trees decreased to 10,515 trees in 2024. The net
decrease of campus trees was 2,316, balanced with a disappearance of 4,227 trees and a
recruitment of 1,911 trees. The total species richness in 2024 was 352 species,
representing a loss of 35 species and an addition of 19 new species. The most abundant
twenty tree species accounted for 56.9% of the total trees, and Ficus microcarpa,
Liquidambar formosana, and Juniperus chinensis were the most common tree species.
The new survey also found that the surviving campus trees continued to grow. The
average DBH increased by 6.4 cm, from 24.2 ¢cm in 2012 to 30.6 cm in 2024, and the
average tree height increased by 2.5 meters, from 7.6 m to 10.1 m. The growth of tree
size would enhance biomass carbon sequestration on campus. The total carbon storage
of trees on the main campus was 4,271.5 tons in 2012 and increased to 5,521.8 tons in
2024. The net increase was 1,250.3 tons, balanced with an increment of 2,111.7 tons
from the survived trees, a loss of 1,201.3 tons from the disappeared trees, and an extra
gain of 339.9 tons from the recruited trees. The annual carbon sequestration rate at NTU
main campus is thus 104.2 tons C per year. The result indicates that the campus trees at
NTU main campus are in a state of net carbon sequestration, which positively contributes
to achieving the goal of carbon neutrality.

Key words: carbon storage, carbon sequestration, urban green space, sustainability
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