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Abstract

Food, energy, and water (FEW ) are essential resources for human survival, forming

the Food-Energy-Water Nexus (FEW Nexus), characterized by complex interactions. In
recent years, with rapid global population growth, urbanization and climate change, the
demand for these resources has sharply increased. It makes enhancing the sustainability of
the FEW Nexus a critical issue. Ecosystem Services (ES) refer to the resources, functions,
and services provided by ecosystems to human society, fulfilling fundamental human
needs. However, improper human exploitation of the natural environment can degrade
ecosystems and diminish the provision of ES.

This study investigates the sustainability of ES and the FEW Nexus in Taoyuan City
in 2007, 2014, and 2021. It also analyzes the correlation between ES and FEW Nexus,
aiming to enhance sustainability by reducing competitions and promoting synergistic

effects. The study utilizes INVEST ( Integrated Valuation of Ecosystem Services and
Trade-offs model ) to calculate six ESs, including food production, carbon storage, urban

cooling, sediment retention, nutrient retention, and water yield. Additionally, the study
conducts hotspot analysis of ES using Local Moran's | spatial autocorrelation, defining
regions with High-High clustering as ES hotspots and regions providing four or more ES
as ES composite hotspots.

As for FEW sustainability, five sustainable indicators are selected for food, energy,
water subsystem. Entropy Weight Method is applied to calculate the sustainability of FEW
Nexus indicators. Pearson correlation coefficients are employed to analyze the
relationships between FEW sustainability and ES, as well as the trade-offs within FEW
sustainability and ES. Furthermore, the Coupling Coordination Degree (CCD) between
FEW sustainability and each ES is utilized to explore the spatial distribution of FEW
sustainability and ES coupling.

The results of ES hotspots indicate that approximately 23% of the land area in
Taoyuan City is categorized as ES composite hotspots over the years. However, in 2014,
ES hotspots only accounted for 6.44% of the total area, suggesting a change in
precipitation spatial distribution. ES including food production, carbon storage, urban

cooling, sediment retention, and nutrient retention are all influenced by land use changes.
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Only water yield exhibits significant spatiotemporal variability due to changes in rainfall

spatial distribution, leading to the weighting relationship of water yield depending on the

precipitation in a given year. Food production competes with most ES components, while
the remaining ES components exhibit synergistic relationships with each other.

Regarding FEW sustainability, the sustainability of the energy subsystem has
remained relatively stable over the years, while the sustainability of the food and water
subsystems shows a declining trend. The water-food (W-F) nexus demonstrates a
polarization trend of both synergy and competition, while the proportions of unclassified
relationships between water-energy (W-E) and food-energy (F-E) are relatively high,
indicating lower correlations between energy and other subsystems.

The sustainability of the food subsystem has consistently exhibited a highly
significant and synergistic relationship with food production over the years, as evidenced
by the high coupling coordination degree in the hotspots of food production. However, the
energy subsystem has shown no significant relationship with the six ES. In contrast, the
sustainability of the water subsystem has demonstrated a highly significant and synergistic
relationship with carbon storage and sediment retention over the years, while the
relationship between sustainability and water yield has varied significantly over time.
Integrating the results of ES hotspots with FEW sustainability research, it was found that
areas with high sustainability of energy and water subsystems highly overlap with ES
hotspots, whereas the overlap with the food subsystem indicates lower sustainability.

This study represents the first attempt in Taiwan to discuss the sustainability of ES
and FEW at the scale of district areas. By employing ES as a framework to analyze the
spatial distribution of FEW Nexus sustainability, and through hotspot delineation and
weighting relationship analysis, this research strengthens the management of ES and FEW
Nexus. And it also provides a basis guideline for government policy to achieve the goals
of sustainable management of ES and FEW Nexus.

Keyword : Ecosystem Service, Sustainable Indicator, Food, Energy and Water Nexus,

Ecosystem Service Hotspot, INVEST model
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Bian and Liu (2021) &322 3 #  * FEW Nexus $3] » & #2774 ~ ot ~ F

2% o 3P FEW Nexus 24§ fed » 2 Hhom $35 5 A8 B

AP BT FAABAFHEE o AAREFERD P EH T 0 TRL D

g R B L FEW A e~ i % 2R RS R
By % 3 #2247 fedt o @459 ¥ i & 5 FEW Nexus B 4 &
Zh(Zhangetal.,,2019) - p P £33 7 L4887 3 2 AL L2 2o M Blar i
FHEBS Y 5 Y EFEWNexus» sEFEBH { L9 34 BiEd > 2537 082 37

& = | (Artioli et al., 2017) -

FEW Nexus P %7 7 e 1 & B P R FRFEL P F o FL afFikFha
SR A B RTRERF RRERLRLAEZ RE A RE 245 5 KT R
%ﬁ B g2 R E R TRME D LR S 3 LR 2 FEW Nexus
EaT f; £Hpwivakd F iz B4 FEW Nexus # 52 4 2 7 - Rezaei
Kalvani and Celico (2023)#~k Fih ~ scih ~#rd ~ I+ B F 2 FE Hp» ¥ g o &
ZoRECR B R-fra-2 ¢ -F 13485 (Water quantity and quality - Energy - Food -
Land and Climate , WQEFLC nexus) » #i2 F 23k 23§ * 22 FEW Nexus =78 2 Fi 2
T oo B R ARILT R A2 G okl o

¥oebig % At p fR2 f2;4-> % (Nature-based solutions , NBS) » # & % ¥ ik
TR fRALE PR TR PRI B AL € eIk B2 E 0 A FEW Nexus 3% i f#
A k2 fAR 2 - > RAarmFE iR R FREIFEN AT A R RE FEW
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Nexus 45 #1228 - 12 {84 - 4] % (Carvalho et al., 2022) -
22 2B AMRIF

ARG BHEELF AT SR 2RI F G 2 ik PRTE (Ecosystem
Service, ES) » ES % 7 # % (Provisioning) -~ & 3 (Supporting) ~ # &
(Regulating) ~ = i (Cultural) 2.2 * B i » ;ﬁd AFIHREFHEEYR
BAPFATEBHEAL S IREAE A R AR A AR A
A2 F L ESCESHI Y ERG EARFRBE S FEFET > A LGP ILES
g 2 Ap B - K 2 B4t (Mach et al., 2015) -

ES AFAF &2 & kAR P ARPp » 25 SR - 2 B 23k s REFY
Rk st A4 2 po ~FEAREAFERR A2 488 Hoo bR
B g S~ 25 S RBET > FF A ESTEBAELF L AFFERE A F 7 o

B0 AL EARR AR TRLIAL S EL AT MR 22 B
ABERAAGT RZGNIR G E KB ESRE Ay EZ AR ARk RS 4a
o ¥ - 3 a8 ES BEkrr » 247 FEW Nexus &2 5 i ~ 2 3 B2 483% > & 47-K-i¢
R e -t b -f R MG N EFEW 3 kA2 4pI R AT HY 24 G
R4 R #-e @ §2 58 ES (van den Heuvel et al., 2020) -

5% it ES 22 FEW Nexus B %5 B4 MEE BRG] TR mmelsc i v > B 7%
Vit stk (Synergy) o REATRT U R TR 234 %0 A FIRIMP I K
J¢ 7R E (Tradeoff) » e fefp 3 L 2 F K¢ KES i & i A e
(Karabulut et al., 2019) - p = szﬂ#ﬁéﬁ% WA ERES TA A2 EL M R

i FEW Nexus 1228 2. © » ¥4t ES &2 FEW A 4 (& & {7 7] *L & 343 (Hanes et al.,
2018) -

Yuanand Lo (2020);=f £ 457 s ~ M@ ok TRASE > fI* 2 H PRy @
(biophysical value):* & = 78 ES » ES » %W & g% (Carbon Sequestration) -~ F# ¥ 3 if
(Flood Regulation) -~ ## (Pollination) ~ it# 4= & (Sediment Regulation )

# a4 & (Food Production) #74% % (Recreation) - (i p & T ¥7 Pearson #p i
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PECEFS > 2 a=005 2 BFH-RRET S AR R B RAGE P T

BEFAGE S E AN RAFRER AN A R FRAT SR A

B¢ - Sahle etal. (2019) ] #-2 -k & (Water Yeild) -~ #t# 4 @ L (Sediment

Delivery) % & % k4ph ES > #-H R Ik FRAF M -

FER ML AILEY AESKFZ 2N frz Bt s T ez B A G » 3
LR 2P EFEZ2 2R RE B REERELE - 4 B

A% 3 & % 3 ES 7 2 £ i (Yinetal, 2023) o # ¢ ES & 3257 & Gk

BN

NEA
=

(Integrated Valuation of Ecosystem Services and Trade-offs model, INVEST ) & % & iZ
# % > FINVEST & 55 & 28 24 > H04] 7 3% #3720 78 ES ¥ #5375 B %44

o g KB 0 ® s @ (Dingetal, 2021) » F INVEST & % £ 1 £ ¥ % ES

2B B g i»ﬁ PR RE ¥ % it INVEST £ i+ ES(Ding, Fang, et al., 2023) -

= & 7 ES & FEW Nexus - i 14 » Ding, Fang, et al. (2023)2& = < § {22 3=
itk HY RE Tz #2457 ¢ FEW Nexus 22 FEW + i L 7330 > ¥ {1 *
INVEST 4] £ i+ 2 -k & (Water Yeild) -~ g5 £ (Carbon Storage) -~ 2 3 i%4F
4 (Soil Retention) ¥ # & # # (Food Production) » =i X8 518 ES ' B
oo VRGN ES P2 4P 0 FIOR ARG HARY R RS ES i B
a2 A2 ESTREFIMME  AERIAARTEREZLEF T EHFZ
TARRE o p Bl pEF 001 Aor R AKE G PR A FHA
T ARTEMAEAFEIRED > P EFFEHHEA o

Y- RAETMAIKIPMESZ AFHFE S EM-RABELEIEZLATE
ES>»# 7 @ &% INVEST ¢ 2 k& (Water Yeild) £ w4+ @ % (Sediment
Delivery Ratio) 2 #ig -3l » 347kt ES 2 2 A F > B g mfEd 2 & §52
WG TR B LI e FH A BT B A RIFL TP &
o L ERR AR FE I TR RApR ES e o d 30 INVEST 43 TR E 5 1Y
INVEST € t &2 @ ES > # 1 & F ##dk £ % 375 § & FEW Nexus » 4~ % $ ES
R FARGE ¢ 2 (Sahle etal., 2019) -
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https://www.sciencedirect.com/topics/engineering/evaluation-matrix

23 ARl EiBRE

e q* &1 K ¥ (Land Use Land Cover, LULC) 2z B & p: £ 52 * TR
A 2 ESIFAEREMIIZAPRE - TESBRELIFEEPTE 0 AHF S
HLULC sc 2 B 38%-p F4ojpl > 2030 353 4 3 G fF #4343 120 > 2 2 »
2000 # 23355 4 ¥ @ £ 9= B (Setoetal, 2012) » #-H R LULC KL v ~ 3 &
FHRAEE»SD P B RIS R FRE RS GG 3 £ 5 )
P EFRE S REARN WA R AL [ o - a3l - AAREN
dod Q0 SR FRAES 23 BRF P2 2 P S R 4 (Xiaoetal,, 2022) - 7]
ptoo 3 LULC @ A& 4 — 38 16 *7 3% 48 (Hou et al., 2020) -

Fre i iEs LULC %182 2 3% dod = 4% &4 & (Land use
dynamic degree) ~ 2 4% # 45 #5*L (Land use transfer matrix ) ~ # i X_p*
(Ecological footprint) % % » # ¢ x W ES X 7|R £/7 % %?{ B3 (Lietal, 2018) -
% LULC € 3% %7 F ES > ]3¢ LULC % i* $4 ES 2 B2 F#-F_LULC %2 £ &
% & F]% (Xiao et al., 2022) -

FAEE A kFRAFES D LULC 5 1950 # £ 3 5 ES %1t € & 2 SR

34

4 5 pbek s >3k 4 e 2t 3 (Global Land Project, GLP) ~ 4 f& k3% 4 3 5 S
A~ ( Economics of Ecosystems and Biodiversity, TEEB ) £ 4 4= % 4+ %2 ES 2t
g se K+ & (Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services , IPBES) % - i3 |R*% -4 2§ » » &~ » Bag LULC # 1
BESHLZEE  2FHAELARMIE LUCCHES 2 5 ¥ 23k~ Mio
REREAB R REAR AT > BEE Y2 2 % (Liuetal, 2020) -

w25 +~E@* LULC & ES2# 7 % > Lietal (2018)~ 47 LULC % i*
YRS FES 2 d R iy e gt ki ESHEERR
aHa A R > FAPFT AL HPFTES 2T Vg A F e ESRELGZ
WMGFd o2 IR AP KRLULCE § F27 FRELBES FFEV B
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7 B ES B 2_ 48 #§7h# % (Hanes et al., 2018) - Zheng et al. (2016) E 3.7 = LULC 53

A k& (Water Yield) -~ -k it (Water Purification) ~ s 75 (Carbon
Sequestration) -~ % 4~ %4F (Sediment Retention) £ B ¥ 4 Z (Agricultural
Production) 7 fA ES B2 i R ¥ 2 AR A ERKRF T > 22 g ohma 4
AR PR L R AR BE R PR B AR A W ARk
£ B ES R S5 v > B LULCHES 2 £ &4 o

24 2 j JRIFET

ESGzRAGEERA TdFH s BEES FEL L& % E2
Fiy ¢ 5% ES# %2 #4734 o Schroter and Remme (2016) 4% 2 ES # % %
TARL GG AR AE-ESFHREFRHEIAESLwSE - - ES 3
BEwRFL AL Ee 7 A m82 (Quantile method) ~ B &% (Threshold method )
¢ g+ (Cluster method) - 4 =¥z 5 % % ES % 5-30%2 & % B %" 52 £ % ;
REZP R TR BT 2 TLES T 5 &% 2yp s #2584 Jenks natural
breaks z_ & 47> 2 » #HFEFZF pAPM St > T & % St g R M B R
fe > MEFSHELETAAT o

Pit ST AESHFEMTLZZ AT R ESHEd > bk F A
FPEARIFEFZAFOINAANETEESZEF A IR H1 e gL 2
IR PR R KR PN ESHFE B L ES % R fd HESHA
SZ %% 45¥F " Natural Breaks Hi2 FA M TR B ERP 2L T2 &
B> #-H g % 5 ES # % (O’Farrell et al., 2010) ; Orsi et al. (2020)f] #-= 58 ES # 20%
BLEEHAZES2ZA% > BBHEESH R A icEd 03 82 F2 ESiKFE
% B o

Moran ‘s | 4p #c2_¥ 2 * WHEZR ML APt CRESER éxgw

10
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R L@ * o Renard et al. (2015)41* Moran’s | 3+ 3 ES 4t % &% » ES #1970 &
RARZREEAZBREHAN > 22006 #(s2rR ESHH3 B EAIL » Xa ES
EREEHI I o d Moran's [ 3pficdi 7 - AR ESZ BB A7 R P REL & F
K o Moran ‘s | dp#icfe 5 -1 2 1> % Moran ‘s [ dp it 1pF > A2 o 3
AW AR IE A FER G F 2 F Moran ‘s | dp#icit i 1P RlA T af ez B
ABRE > AP 2 A A 57 0 % Moran ‘s | g i it ORI A 7 3 ¢ & A 4p B (Lorilla et
al., 2018) -
Linetal. (2018)#-ES #cig :& 7 % i+ » ¢ * Natural Breaks ;% #-= 38 ES &

B o ¥ ¢ % knearest = j%2+ & Moran ‘s | :}F,ﬁz FULESZRAT R ¥ TE
#18 ES ¢ Moran ‘s | ip¥cE® 20%% 5 5 £ % > Moran ‘s | 3p ik K2 20% % &
RA R T - BB Y RES HEREN 3 Moran’s | dpdic 0 * R AT
ESz 7 B & Bk w > ¥ 3% P Moran’s | #gﬁxﬁxr‘g % fo M2 25%I% 5 & 38 ES # % &7
AR BRI RS EERFRELREY > TS ESH ® 24 % (Dou et
al., 2020) -

25 AFtfk

A .,%é?']vi#g £ (Sustainability Indicator ) & 4 *t £ i* 2=z FEW Nexus 4p 3 %
* oo 4 &G EE g ke 4 F47) (System Dynamics Model ) ~ 2 &ir i 2
(Life Cycle Assessment Method ) £ 3L # % 4 47 3] (Data Envelopment Analysis
Model) - i sids 4 & H4]i%5 2 = FEW Nexus 2. 1% w48 5% > 8 * 7 I
B T2 FEWNexus 4p B 1+ 5 2 &2 32 % 220 47 FEW Nexus © & & B4

;\@d%ua’i?%%&ﬁi%&%ﬁ;?ﬁéﬁﬁﬁﬁﬁmﬂ“?ﬁﬂ%é

~
g‘%
/»
(w

HAptRR 2R AR RET R R o _ %% =3z (Yong Wang et al.,

2022) -

11
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FEf AR ARG FRE2ZE 1R * T 5o FEW Nexus 2 3

o

o kM & FEW Nexus R ~ 4GSR G R L X Fla @ P 4gfe R MF
L Y ké%?kia‘%%% » 7§ FEW Nexus & (74~ # 3% » S Z 8 FEEFT AL
Al M e AT IR E A e R o Bap ik
(CSI) ~#3kd &4 dpdc (LP1) ~ 383 3 Bip#c (CDI) ~ 4 53 B dpdic
(HDI) 2% > Aa B3 kﬁ%\‘ﬁa‘ﬁ%i—ﬁiﬁq’f TRREE RO A ALLS EE RS
RR O HLIBAGEREREY RS RS (Yietal, 2020) - Putra et al. (2020)
EHa L &*&FBNNww7iﬂﬂ’@ﬁﬁ9’\€§ % P ¢ %2 FEW Nexus % >
2 AP MR A7 BB T2 40 0 ¢ FE FEW Nexus 22 % > ~ AR g fr 4 v i &
FRAR R Bdp T L 0 B ER 364k FEW S+ ki sE 1238410 i
73 Ir+ % FEW Nexus ## 3 -

Chaudhary etal. (2018)#& #1F= y #ra + s sz o2 > B - EAFF R %
PR EREES S R PR E AR RN A - gA Ee R
LR %%?jkpimﬂ,ﬁﬂiﬁgﬁﬁwx#4ﬂﬁ%ﬁ(MWMMMl
Renewable Energy Agency, IRENA) 7> 28 58 k ¥ k3t 4pth » TALGFHET 2 3K
Ko ZF 2P SR RSERRER N AEAEY o U R E AR
R 2_ B % (Kasztelan & Nowak, 2021) -

R AMAFEELNRT D AROTE ~ RURFE RS MR e 304
MR RE R SRR P AL BRI o d f Ao
Fo PG AR NERSB AP S ;ﬁ LR EAE A S RRIFERWNE G Lo
Rz FERASEY O PRI RFEL A NRT AR R AR R AT

A¥

B b ARk BLz g BT RO Y AR Y > B4 24 R R b(Hou et al,
2021) -

KF AEZ AFFELFEAERFREEAAIT 0 EE 2 ;I;Jc;iﬁ L& BYORE
Mt H - gtk it i H - & F 8
FREAGY 2 R FHCKTRE S K4
FE B2 7B AR (Jiaetal, 2018)

CRBE TG 0 AL RF kA

\F‘b 7
—l\

3 F R EEE 0 T Ry

12
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31 I %@

%ﬁﬁﬁﬁéﬁﬁ%ﬁ’ﬂgﬁé% CATA MG R AP AELA v g
Lo papeFlG 2L £ % 1 AR 2R 1% A S E o B C 2
FRELRZQWRAFSS o Fpn 2014 E RAR LIS 0 5 LS BEE 2
- o P FIHHE  PRREBFFRE AL E R F o R34
o RGN RIS P TALEE T o PP P 2005 F X G A v A B S 2Bk o P
mRAATCAZE230F 4 UFFIRE PR BRI E

PeET 5 R PR 2 R BN 2 BRREF REAcfEe B

HRE A F A2 E R BARE B L o IR FFT F AN AR FPFIE 0 F = op
2007 & 2. 49079 z_ = *§ > 3 2020 & pF & ] 34015 =8 ; o ¢ F] P JU‘-J—“];W wE R

ZRFRBFEFAL PR L r B BEE L 3097 ¢ o Aprt e R Y E
8,846 vt XA b s MR S AR TN PR A I8 L P A Pl BraE s MK Ll EORGE
EAF R RREEHE IFESE R BH BB T LR R AP ELI S G R

FeFlD 20 KRR R RS 0 B B d A e ¢ LGl

\4

SE oA AT T F- BHN PR C R - L& pFT

LULC « £d B EEw 1 R 7 » HF B2 i B2 P p # 1 F7 18400
EE AR AR AR LR BB S LNIEEAS LS

B AT R R B 0 ST~ AT L R R

FeF & FEW Nexus % 37 i » #8277 7 37 2006 # 5 2011 # -8 2 55

m fpus|
1%
S
pin
(w,
e
E
s

For A A > PR A 2O E ST RMZ T o THE L 0556 0 &K S
BRI TN > 0 A A2 B L PR AL B P F A A H
FAMFE BT E- BB PED FAeP R ARG AKF S R R
5 SOX 80%#2 59% /s -k £ 3x o fp S % SLP & ' M 64% 7 4 AL ~ 33% T ) 4L
12%-k i #4~(Yang et al., 2016) -
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M High: 2440.91

Low:-1.87

Bl 3~ +FD (s RE R E
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F. 1~ LULC 4 #7 (S mg ¥+ pe £

LULC ~ %8 | 2007 & 2 2014 & 2. 48 % #5%] | 2021 & 2. S48 % 25 4
(e T ETEEE 01 LE@* 45
Ty 02 Zihie * 4 02 &tk * 4 &
¥ 0903 ¥ 2 o - i
03 2 @™ 34 |
0406 15 513 03 2 ¢ 4 1
e . 0405 1A if B
05 F&xmnigr 3 05 = * 2 %
E 06 22 %%+ 4 3 -
R 06 Sz ® 44
0701 =~ i+ 3£7*5
, , 0701 = 3% %
0702 355 0703 i 2% %
0901 F % # ¥
0401 37 0401 j»
040301 -k & 040201 -k &
K RY 0404 -k 3§ ¥ ¥ s 0403 -k i ¥ i s
0405 -k it + 0404 -k {4t 4
0407 4 0406 4
i 040302 # i 040202 # f
040303 ﬁ ey 040203 % -k
08 @™ 4 08 B@ " 4 &
0902 ;B 0901 ;&
i 0904 % 7 # 0903 % % ¥
[ 0905 i A % f« 0904 % i f148 2 7 <%
0907 4 1% 4 AT p B 2%
0908 J; " 0905 % & ¥
FET LT LULC 8% FEW A B2 B8 b j2ES £ P o FEW

A2 E ] Fla E AT RS L2 FFS TS P RE S

LULC #icthd B 72 #

LULC # %] £ 37

B T HFL 10

IJ/\" kzﬁﬁ—,/ﬂ\g

0mx 100m 2 4% F

LR ¢ w3 2007 ~ 2014 #2 2021 E B 0 AT
%*" ~ ﬁ-\l—n ~

#-

By ok gy
Flig 7245 o LULC #53) ~ 47 4% p HaB i

(2021)z. A4 > d R FIF BB L LR B F o AT T RBEBELCKHEAS D R T
XL 2 LULC» mp 404 19757 > LULC A #5145 # B A S4B 4 B

5% B 67 o
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Kilometers

0 25 5 10 15 20

Kilometer:

-
0 25 5 10 15 20

Bl 5~ ¥ FH 2014 & > % LULC » # 1)
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Kilometer:

B 6 FFH 2021 &£ > % LULC » # 3

FEHS 2021 & LULC 253 & #£ &2 7 A v B340 2 #77 » pe B 2007 &
2014 & ~ 2021 & % #F LULC #54] 7 & 1 6l4cB] 7 %77 » S ERBIES Fa
LULC & fivt b » B 3H ¢ Hhpt w25 im0 H 5 B e & g% 2007 2
2021 # 2. LULC % it 484 » B3 &3 JE 4t b ol )d 2007 4R > § - = §i*
v E iR LULC v BRI 2 o

Z 2~ F¢HH 2021 £2 LULC & # = F A v

T3 F A wm#Ekm?) B
B 307.73 25%
it 451.16 37%
b 12.63 1%
# i 320.19 26%
KA 45.29 4%
I IE 8.87 1%
¥ b 71.36 6%
“ast 1217.22 100%
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20074 - 20144 ~ 2021 FEH L 1 FI R IREL PR SEEH

T aem, ae | see
1.83% — -
3.86% 0.98% 3.72% 0.73%

:
e

" 2.38% - 0.96% - 100% MR

2 g
n r ]
I WOE X B
(===

20%
28.25% 27.61% 25.28%

2007 % 2014 20214

B 7~ FH 2007 & ~ 2014 & ~ 2021 & & #p LULC s3] #7 1kt 5
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A g L @ 4 & Natural Capital Project B 2F 2. ES ' & 3% 22 48 717

(Integrated Valuation of Ecosystem Services and Trade-offs model, INVEST ) &= & i

ESz2 77 o INVEST 02 & S et &2 5 4@ e 8 Qe 2 (s> 7 B i

P E 7 AR ES > ¥ 4% & LULC

INVEST #

M * (Fang etal., 2021) ; INVEST #7% 74 % & &

FHFE A AT ES 2

(Ding et al., 2021) -

EEAIEESEFHL o AU LSS A
( Sediment Retention )

Ak & (Water Yield) & %

Nexus 4 +7 °

4 5 PRIE
et A

Food production

R A R

Sediment Retention

Bk
Carbon Storage

AR

Urban Cooling
AkE
Water Yeild
YEREY

Nutrient Retention

i #7205 ES 0 ¥ B-ES 3T

LAA®

FTHRITL ES A F 2 KA -

FERARLT > 2L R BARL
SR LR L I\F’Eﬁfﬁ%gvi F iz ¥
B2 Fla A7 EHE INVEST #++F+ FEWES i2 7%
FEW Nexus 2. X 1+ > 28 7 & FEW 3 % ite 2
(Food Production) ~ it 4+ %
ﬁ(am % (Carbon Storage) ~ %% *#i§ (Urban Cooling)

#@ %% (Nutrient Retention) #-iz= 38 ES & (= FEW

% 3~ InVEST #:5% & FEW Nexus

et A e & (Yin et al., 2023)
Crop production T (Yuan & Lo, 2020)
AR R PN (Yuan & Lo, 2020)
Sediment Delivery Ratio ) (Karabulut et al., 2018)
1 /,_:2 -~ ';]3 1 1 =
s e - (Yin et al., 2023)
Carbon Storage and fe R (Yuan & Lo, 2020)
Sequestration ’
A3 R (Holland et al., 2018)
Urban Cooling (Picchi et al., 2019)
# A kE X (Yin et al., 2023)
Annual Water Yeild (Sahle et al., 2019)
¥ AR X (Sahle et al., 2019)
Nutrient Delivery Ratio (Karabulut et al., 2016)
19
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P23 ES A BT A A B INVEST #5558 > w2 5k sded 3
7 o INVEST #:5¢ ¢ #c 4 4 2 (Crop Production) 5321 ®EFB2 3 FAsF2

T

ar
[
[k

; B k% 22 pi e 3 (Carbon Storage and Sequestration) -] E 4 b e

G T2 FRE R R 2 B A1 LG E 4 5 389 %8 (Urban Cooling )

Bl B agrd B g T 2 A s B RN o i (Sediment Delivery

Ratio) £ ¢ % @vL# (Nutrient Delivery Ratio) #3443 Emffr & d 29 7 &

2 Eg A o FERZIRE & Ak E (Annual Water Yeild) B iE £ %
£

AE S IHEPY S THRELEFT BRI RBZEALE -

3.2.1 mREAE

#ra 2 A (CropProduction) #-& ¢ 1345 LULC T3> R EH T FH a2 £
sy E . A7 x &L A (Percentile) £ i (Regression) & f& 4] »
FA B R e S TR 3 9% 2550~ 75 87 05 F A ez (v
AR REFRAMAREFRLMT 24
AFETEBRMFD R LS T - Al B EITL P RTTS  ERE A 2Kk
BAl T adwa 2 A3 TANRRERAEE FRFTREFNG A KA T
PR R A EEPET R EES A Gy P9 %Ee A€ 5P
IR A RS -

o

(]
&y
~m
I
[k

l“‘b

3.2.2 ARG

INVEST # 2_inw# 4~ 2£4% (Sediment Delivery Ratio, SDR) #-3% * & it i f 4~
%?ﬁ’ﬁﬁ&%m%%i$ﬁﬁﬁiﬁﬁiﬁﬁ’ﬁﬁﬁyiﬁmizﬁu&E
(Wischmeier & Smith, 1978):& 73+ 5 » 2% & 5 35 ~ 5 i8¢ LULC 7 ) 2

/|

E
F gt o (1) &#55(2) ¢ RKLSy &A= 2& BT 25 R8E

Ry~ SEg ~ LSg =78 $dicip sk » USLEg RIZ MM BREFT 2 5 Bad > F 45
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o
_‘Tﬂ’
|\
i
4y
(@)
0q —~
%
o
.
x
W
i
4y
w0
o
y
ole
E‘E}
.
I~y
=y
9
&
o)
=
34
EG.)

RKLSE = RY x SEL x LS} (1)
USLE§ = Ry X SEg X LS X Cg X Py (2)
R, 4 t#&gf g2 T%a»a+ (Rainfal Erosivity) ('V;]'Z;n) ;
, hahr
SEf w2 t& 4 g2 3+ & (Soil Erodibility) (;’]"h am;) ;

LSy * 4 t&%H g2 s & &H R %5 (Slope Length - Gradient Factor) ;
Cg & t&Epf gz hFHFE7+ (Cover-Management Factor)

Py & tE g2kt ®IFEIL TS (Support Practice Factor)

A4 =9 £ (Avoid Export, AEXt) d3(3) @4 B FHHEAA R E R T2 B
~ZAE o NEHEp P zi’ R BT FTEEF f*%i?iﬁ#?”@ﬁi%

PH2ZESHELF - 9(4) ¥ 2 SDR R & /g2 i v &) > @ SDRygy
# SDR 12 & ~ & > 245 Vigiak et al. (2012)% 3 #-SDR o, BBk 5 0.8 HAR %
Bk @8 ICoR|» WK A5 2% 05

AEX} = (RKLS, — USLEY) x SDR (3)
SDRynax
SDRy = IC, - IC, (4)
1+exp (T)

ﬁﬁﬁ#ﬂ& ( Connectivity Index, IC) #g it in#f 4 KR EE & "ot 2 R i & »
LR ERUE VRSN SRR R atal i S o 108 | R IS U
FIT AR Fla N F @il 358 IC A Dy & Dgpz bt g 0 A Bl 5L
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(6) 2258(7) +E@d s Dyt ehe t 2 REFL HHE
C~T3oB RS 2 B RFa AP A S Dy, PR 4 %502 boimppd » 39.d
LR B LR 2 BUREAE > Cp8r SR A H R A et g2 REH

R - fdickp BAT (013277 F » Emp Fhod 49757 o

D
IC - 10g10 (ﬂ> (5)
an
Dy = CxSxVA (6)
d
Dan = ) == (7)
g g-g

PRl R R R R kAR IR F]F P
B 0.1 1
i 0.01 1
¥ 0.01 1
iE 0.01 1
4% ;| 0 1
5 0 1
B 1 1
22
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3.2.3 wAEF

7 LULC BiRE s R R v £ B > BEE 5 2= 5 (Carbon Storage and
Sequestration) #-5¢ ¥ &5 LULC 22p B 4odic - #-2 LULC BB & 1 - 54(8)
WP R FL e o AR D v BARAEALT > AW G 25 Cabove

( Aboveground biomass ) ~ # T 2 4 & C_below (Belowground biomass) ~ 4 37
# % C_soil (Soil organic matter) £ 5= 5 # & C_dead ( Dead organic matter ) - :#-
AR ST L LULC 2 ik s £ o

A G Ed AR 2 R ETES s ol  HEE R TAST
SRFIAFE2ZNFREIEFRTALIEP G HIL S ZP AR LB
BRE ;G FRERe FEESCEFET AN ele ik E R AE -

L LULC # 5 55— fim B » AT % B ERmkik B2 pFT 5 WA
B35 & LULC & 2 T3opt v § > 1 &5 IPCC % % Guidelines for National
Greenhouse Gas Inventories * # i=2. LULC & & ("Eggleston et al., 2006) - i & +* &

LA EE AL B

Csfgi = C_abovetgi + C_belowf,)i + C_soiltgi + C_deadtgi (8)
j_total_t
TCS:; = z CSgi (9)
g=1

% 5~ 2 LULCzZ s 5 & (H i~ : Mg/ha)

LI ART BT ARF 2EIBF - BT

ERP R i
(C_above) (C_below ) (C_soail) (C _dead)
B 34.3 6.9 76.7 4.6
il 80.2 19.2 27.7 1.6
e 2.7 10.7 99.3 5.9
iE b 0.0 0.0 0.0 0.0
4% j:! 0.0 0.0 0.0 0.0
¥ 0.0 0.0 0.0 0.0
) 0.0 0.0 0.0 0.0
23
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3.2.4 R

FF R R %4 Zardoetal. (2017)#2 McDonald etal. (2016)2 4% % > #-#33
i 4p (Heat mitigation Index, HM;) % 3 & v " R PRF32_ A F o

AR SR EHE FRE AL RO TRAL B[R
# 7 B (Areaof Green Space, GA;) # 582 W% i » HM;H#-22 - 457% ] EREES (CCy) #p
oo S PIGA % I Bl SR Rt (CCpark,) 1T 5 32102 HM; » 3+
FGA P F L0k % 4 B (Green Area Maximum Cooling Distance, dcgq) P
2 %3 h 0 LULC % 5 AL RIAR 5 7 3 "8 B PRF: > 5l gk =5 10 7 27
ELE O BFHFFIP ARG 4 BT 2GA © CCpan, P F ¥ B8 H2 % B

5,8 CC; #p puﬁa'ﬁ‘g&f; ﬁg%’g—_iétﬁii’g s # u:‘?/&gg; % gk o

_(CC if CCi > CCpani,, Or GA; < 2ha (10)
HM; = CCpark; Otherwise
GA; = cellyey X z g; (11)
j€d radius fromi
(‘d(i,]'))
CCparki = z gj X CCI X e\ dcool ( 12)

j€d radius fromi

CC; 3+ & Rh %+ Zardoetal (2017) ¥ Kunapo etal. (2018)7= % » o = 7 %5

D
SN

i
4y

P
K ’

71 % (Shade) -~ » % (Albedo) ¥ % ’?%{#ﬂﬁ— (ETI) -~ ©&®4
b B RS S AR M2 B E b ETI G R ZATERE 2

3
g

B

ey 1

Bt o % LULC Y Z BB FlF 404 6477 » BB T3 B L RIS % (2022) 42

L A B 5 0.754 ~ 0.099 £2 0.147 > 3+ 8 438 (13) #oF o
CC; = 0.754 X Shade + 0.099 x Albedo + 0.147 X ETI (13)
24
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ETI 5 20 ¢ 4058 (14) #7 R 3 (£4 Fic el (Ko) FH & RB=p FAO » %
B %+ x%4c (ET,) 4 Modified Hargreaves = ;‘:* & (Droogers & Allen, 2002) » #=

e

1

pe

NOETy B EF 5 ETpax ’ 34(15) % 3R Modified Hargreaves = 5% » T, & %
21 Lo pARREAS TR PEMERZTHOETD 25" Ti58 p i X B

B Tiag p ko 2 4% RA 4 Allenetal. (1998)4: & > P | 5 & 1 T1a% &

‘:-'é_‘ o
K. X ET
ETI = ———°¢ (14)
ETmax
ET, = 0.0013 X 0.408 X RA X (T, + 17) X (TD — 0.0123P)°76 (15)
% 6~ % LULC %3 7] $¥c#
R Rl £ 2% Shade F e 2 Albedo T4 K,
B 0 0.2 0.7
Lia 0.8 0.15 1
s 0.1 0.26 1
iE 0.3 0.23 0.55
< ;| 0 0.1 1
® 0 0.1 1
B 0.1 0.3 0.001
3.2.5 THRBBH
¥ % @yE4 (Nutrient Delivery Ratio, NDR) #-8 # st S ¥ 2 g€ ~ ¥ &
ﬁi/i‘liﬁ%ﬁ » EPEp RERFET Y A B2L ESHE o @ﬁ%l Lo PEE

»
&

—wﬁg%ﬁﬁ@%$mﬁawm%ﬁ’r%ﬁéﬁm@ﬁ;;:;aa%%g

ERESMA S @%J o kdpl R LULC B9 e S RB FF - 3F X Ep 2 %]‘*‘

25
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SRR N A LS e SX £ 3 F X Eib-
%iﬁﬁﬁ
% ¢ j= (Nutrient Load, load, ) REkd ARy FEB R

S LULC ¥ # B f 5 » G% 2038 - 3 T 4A LULC p 4 I %422 load,,
AR HV K load,, 232 gv i 4p ¥ (Runoff Potential Index, RPI;) 4p3k » ¢
59(16) » 22 %33 {77 (modified_load, )

modified_load,, = load, X RPI,, (16)

B FRBEFTAGILRAFAREZRAUF AR HLIAF AR
(loadsurfg) %ﬁ d o 43T i %‘l /F. ﬁ;:n & ﬁ ( loadsubsur,g) E'J \3 i
oo A EGesN(17)  (18) #7oF o proportion_subsurfacey i T IZR B 0 B F
SOREFYEF AT LR AR EETEN  F AR E RENRE

A8 BT R B Y LR FIU R % proportion_subsurfacey i 0 e

loadgyrrg = (1 — proportion_subsurfaceg) X modified_load_ng (17)
load sypsurr,g = proportion_subsurface,; X modified_load ng (18)
Y43 lﬁﬁ?]

FABRBINIHE - R BFS LRk Pﬁis?lzi P ERMRERI P AR
PR K BN He s AR T o B S A AR
@2 SDRHCARE A Ml » W > TR FERAFC - #1CH »34(22)
2, g v N 5 \ PR IC. —ICpi . 2 )
@ NDRsyrpg > ICo £ K & R i 10y AT &G ————" 1 NDRyy ¢ %=
# g v » (Maximum Retention Efficiency, effy) 3= & @ = » * 11 & 55 T 2F A i &

FERET L0

26
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D
IC =logy, (sz> (19)
n

Dy, = SxVA (20)

d
e

g g

NDR = NDRog
surf.g = IC, —IC (22)
1+ exp (Tg>

NDRy, = 1 — eff; (23)

91%%§@ﬁ?ﬁﬁﬁﬁﬁimf&%%’iEEN&A%Tgéﬁ%g@
PEARST T2 5 effop RS R TRE T E R 2 B X R BRGoLF o » Tk
LR (lsubSD RAIRBEAFETRGT YA B Eg o [, ML eREEP IR
FEHE 0 3B et (24) ATon e

sty
NDRsubs,g =1- Effsubs X <1 — e(lsubs)> (24)

8 fFe NDR A > 8 #mld ph i i mhos » o
FENRYEBEYT By NDRES S8k p H AT (2013)2F7F » 3-8 95 2

Xexp; = 10adsyrp g X NDRgyrr g + l0adgyps g X NDRgyps g (25)
Xexp = Z Xexpg ( 26)
g
27
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2 732 LULCZ ¥ % By 484
FE A By A T
Bl £ load EHEFwH] BAE TE P load BT

(kg/ha-year) eff PR (kg/ha-year) eff
B 16 0.05 0.3 0.5 0.05
il 1.6 0.8 0 0.25 0.8
A 1 0.5 0 0.1 0.5
& P 35 0 0 0.5 0
< ! 3.5 0 0 0.5 0
S 35 0 0 0.5 0
b 35 0.1 0 0.5 0.1

326 AELE

kEHer nigE LULC = 2 kA ERFE > £ 4K
Rg2EAKE d 2ERFEFEIE (AETy) 212 E%a § (P) 3 EE0 > FHw
g 7(27) #77)] e

A t
WY§=<1— g)th (27)

LULC & fAk g 2u4i gk p » #0472 B & 32358 WYL 3% LULC 3 faatps > o %

t
AETg

AR AR 2 Flpt i * 3(28) 34 AR T3 Fa MK X | S8 s A0

G o HARARTE S BRI £ (29) 2(31) FE @M BAFEE (PETY) 5 %44
p
BRI KE )5 HEALRAC Gl 0 4k LULC Ak B & ez FA 4R -

F(30) Pwf BEFEIEEELSE B d FERAE (Z) - fid g ok

AR (EToy) % #4cE tlic (Kg) 2 Ak » ETo, » %% ##c® > *

d

"
=k

28
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ki 8 (AWCY) L P e o ZF pryg b " k&Ko 2 Tl Ripigsk o g
RELE02R4F 7% 7-kE (PAWCy)  AWCg RIE P2 41K IR R
(Rest_layer_depth}) 21454 137% & (Root_depthy) i< iE » £ 2 PAWCg2 %

,ﬁg ARV R igg‘gpkaﬁi’{if;ﬁ%@miygg_ o

1
t t t\ Wg |wg
ABT§ _ PET{ (PETg> B[ (28)
t t t
F F F
PET§ = Kg X ET, (29)
AWCE
Wl =7Zx—2+1.25 (30)
F
AWCE = Min(Rest_layer_depth{, Root_depthl) x PAWC} (31)
% LULC & 2bqg g » plust(32) 3-8 2 # F 2 2408 » 25 44 Z4E

ETg Sk el fhlie Ko 308 > S PR &2 By S8 17 5 AET, -

AET§ = Min(Kg X ET§ , Py) (32)

3.2.7 & = E[H B 48 M

TR ANTRUFETRFrAREASG P ST REPEARZ EELE S
RgmE I B(ES R etal, 2013) 0 A A APM T T A X - EATA] > S da BT

i p 4p B¢ (Global spatial autocorrelation) £ % 3 7 & p 48 B (Local spatial

29
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autocorrelation) > >3 Z F p M T HFE RPN ZF p AP AR R > 2 TR
FEOORZETIRRSZAAMEM G T EERATEIRY REZF M o

Getis-Ord Gi*¥#? Local Moran's | # 2 % * 2Z B 5 B p 4p Bk & 373 72 > Getis-
OrdGi*#* » BB EAMERERTH  F ¥ 2RI FHAEL LR
BPLTHOERFF - GEZTE > FAMERE 2P THE GYER T LIRE
> Getis-Ord Gi*# * » 3P p # FHfob B F > 4r 7 5 L R RIcpd & »
B [ R aniula 4 3 o

Local Moran's | 5 78 P &8 &2 Ap M8 B P Ap 0 AR & cdp ik - % 2072 2 R 2
At PRI me T BB L EEE > BEL R TATE o
Moran’s | Zffc— A1 B2 1@ P Er 2830w pdpll fERZEG f @
BARRE > % 4 ¢ 7 4p B (Legendre & Fortin, 1989) o # B & (& £7 4p 48 & 45 12 »
Local Moran's | ¢ % s 4pkf ; & 2. % = #icie % 4pi7 » Local Moran's | R & R § (&
(Babhri et al., 2014; Premo, 2004) -

WAL AR ST o Getis-Ord Gi 37 R 3|2 2 F# % & # & ~ ** Local
Moran's | » %7+ Local Moran's | = /& { & #F B £ % chPio ® 32 > i3 Getis-Ord
Gi*ehZ B p ARM A 472 32 > § 4k R E U R F R BAILLARE - 2P F
TREMZ ZER S 470 2 2 A7 u5E Local Moran's | g2+ Getis-Ord Gi* > F]
@ iE #% Local Moran's | iT5 # % 4 71 £ (¥ 5 K etal., 2013) -

Local Moran's | 3+ & = ;# %% o ARCGIS #it#8z P 4 » A3 ML ES #
T 00 74(33) ¢ I & f g2 Local Moran's | #icig » x, # %4 g 2 ES #icig >
Xipt g T2 ESTHE » w BTt g B w R jEL2FHEL > 7
SpPd (34) #Fdon 5 AT R g o - @F »~4(33) 38 4 Local Moran's
| - (ARCGIS_PRO3.2_handbook) -

- X _
Iy = . Z wg; (% — X) (33)
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—\2
g2 71‘1=1J¢g("j - X) (34)
9 = n—1

& d ARCGIS eficf]+ & » 2+ 5 8 0 B33 i (Cluster / Outlier type,
COType) > i B3 sz hg ¥ 2 Local Moran's | % 24 > 2% A 5w <3 > &
WEFEEE (HH) ~MEd+ (LL) -3 i 84 REs FlaggEE (HL) &
Mg BB ES FlzgEiE (LH) -

Hou et al. (2018)#~# 78 ES #c & :& {7 Local Moran’s | 3+ & » ¥ :F B ¥ g3y
AfE? FHHZ BB TR ZESET® > e REERXRS 1 BARERMNKEZ 0 &
P g e IR fE > FlrRS 2 AESHkEL B2 AESEF
oo A4 RREELZ 0L 62 B BriFP ESEFEELT > BSERLr
BESNHN I Z B ITLESKFERAT o

31
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33 #rs BBk ABRATH

FEW Nexus # FEW = 58 3 k SLid gt 8 B > B3B3 H A3 B FRFE A
FHER 2RI IRk 7@;@‘} oL s R S foldy T Y 122 B R P Qian
and Liang (2021) - & = FEW Nexus <12 & s> dpifa 5 0 f 4pi% > T 4% (+)
BB AR < A%EF o @ fdpiE (5) & o7 HEAR ] A% o

AFTERT BAGERELS BFR FEW A M 2fER L 2 ?’—%a‘;ﬂ‘%@%"

S ’}3 ;mﬁ;?/};ﬂ7 F’&W§$E7 E’xg‘é‘ ’ ’EQQE /Ex‘ll'*,ﬁ 7_f¥ 2. "??1" ?Pfi\q’\ﬁg‘);?
BArg 2 FihA#E o FEWNexus 7 @372 FEW Z 38+ k32 2 3 (8% » ppEy 2
EAALg B p RTF)F o Fla e 7 F ALY - Bp 2 AL 3 (Gross Domestic

Product, GDP) ~ 4 v {rg ¥ § M2 & F]+ 2 4p iRt i > #-L 5 {1 20 ~ B
¥ & 7 FEW Nexus -

331 BRTFA&%

a. A3If{ed f& Per Capita Grain - Sown Area :
S e AR TR GRS FICR A T2 B AT LM S 5 A

F e FM R P TR G A AN S e e

b. #SfiEs f+* & Proportion of Grain - Sown Area :

ﬂ%‘j%ﬁ_ﬁ_a ﬁ{ﬁrﬁp%ﬂm#« = 7}‘“% FICE W 7fa”7 8 o

c. Aifgs4 A E Per Capita Food Production :
doRFEE YL AR R A PR ARG AR L L
FEAT T ASE L AT -
d Htéf##s24E FoodProduction Per Unit Area :

Hireg fitra 2 A2 a2 4322 B ¥ o 2 B

32
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e. ivsr g =& Fertilizer Load :
Ty RGP R RREE A2 H e PR R > B ERE R2

B R BEH R B AR R B AR B AR R

3.3.2 FEIRTF A &

a. A 33& ki 42 Per Capita Energy Consumption :
AT ERARYFREE YRR RN SAGNE AT RS XA B R

TR AETRERLFRRZEZRY TR

i
T

’!)/é'f FT ¥ A

—n

3
/))—i‘l/ﬂ?”;%_ v B (S B-1T FT TR Ao /));‘l/ﬂ ﬂ"ﬁ‘\ MEFFER AT > wEA i”ﬂb/))—i‘l/ﬂ% £

b. & AH% %A Energy Consumption Intensity :
iR kR~ fLE =Fp 2 A2+ 3 (Gross Domestic Product, GDP ) it ik ij’
HZE o KRR 4~ E 2 GDP 4pr4 T' o AFEF R B ¥ * 2 GDP 3y 2 E -

% a5 ;2 (Expenditure Approach) » #-3 B f 2 4 s BRIRF ~ sRpd B A

MgEdiedpte o B E F5cw GDP R -
GDP = S By # 24 + £F + AP g 280 + 00 (35)
AEFPANC = FHEFE X TR g (36)
L IR EALTARTEY .
Aepgl=——— PETF ST ENT Y (37)
RS S X 2
o " ol ERRE AT
ﬂ&d?iﬂG==£aK&dﬁiﬂXﬂ@ﬁ T (38)

£ 0 (X=M) = (F &8 2 — F &0~ ) X - J" (39)
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ul
-k
s
3
A
N
&=
)
")
Il
~
w
oo
—
T,
T
S

AR BRIE R AN ERN AT ERIARH A ERFF AN
iz v bl BFE 2RFOR) R L AR &a B FERO R L

19‘} [* 2R A T BRI f’?f(?F—L/}JHF%It d

o

T BT 2R ATHE  AEL R jﬂﬁﬁ%éiéﬁ
BN BT E R E Y eF I PR WA PR EY AR R EEEY
£

Frigw s Rd >R vpk s PV EIEAFRRLENT S5 -

it

B3 & Carbon Intensity :
Fas A~ ALH - GDP B ® > 5 COx 4t £ ¢ GDP 2.+t & » COz 4 &
FIE SR e R AR RR (S FrzRRe Y -
liﬁﬁﬁicmﬂﬁiiavipii% Foan R cd 1R R
2. COx &g 4eidm = v F5 1 jB4E$%2 CO2 5 hp A4 ik 34 COz
g Pl %42 S-H Wangetal. (2018)2. 77 7 » A 3t S A 48§ % 4 U dk
B2 CO# ez dphlt s AP B 2 Mg FBARY ST
ko By ? COx et A v ficd 2 PO - 2B F s 2 4

Hx o SiEA RS CO P RE > BB “%i GDP % 5 g3 & o

CO#tx = 1 £#%F + 34 3 f + A (40)
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I FEE A R = 1 REEE T + 1 R R (41)
3 4 #3c§ (1000 ton CO,) = 0.0016 X * v #Hc(person) + 2.4196 (42)

d 1 ¥H%AERNF Industrial Solid Waste :

*Piﬁliﬂﬁﬁﬁﬁf REEEMFALE  THE KRG BRI
PRIy A TR dNERAFAZE S 2T TR Fa Ay
ﬁﬁi%%%%éiiéiﬁ%%iﬂimiw’#ﬁﬁ&\iiﬁﬁﬁﬁ”

(RS

2

(‘m
S
=
!
“m}t
\v
%
TmR
il
(w
=
>
it
o+
#
{4
=
=
w
H
=%
Il

TERE PR A R ARk 0 Fla M2 R SRR R B TR A
BATAREE NN PR R ERT PRF LR R RS A A

LR F

3.33 KF A &%

a. A3k F i Per Capita Water Resources :

AEFTRFPFT PR ERRFTHREFZREG > AR TERE i 5

ERRATAFRFAF O FEEARRZITEEAE > A R F N RTIRG

oI EEMECRTREZAY 0 T N(43) P E KT RE(Chenet
al., 2020) -

KFRE =%k R XA X AL (43)

AT HRFRR TR PR AR Re fApk o BAd R B E 2k

FTRE > ARG FUKTR G R i 0 A RER AR > FR AL R
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o
\l
T
3
E
T
‘7‘_.
R
&
g
[
e

O AP RpEL Y BRSNS 5 0.7 &

FJ@‘&’K??&&% MEFRREACE T EFLAELRTRE -

X 3a% -k § Per Capita Water Consumption :
B AR F O RS EAR 2 R KT RRE R T A S

BTk 1 ER REREE ko AELESZ AR kR R EPE
PR = PEEIS LAY RE X FRCR A T B
+F S L EH KRR X AR R EE 5 (44)

+HET R FET ORE X AR R G D

s

AER KGR AT RE L ARCRL A LR FlA T L T
FACAE TN LFRELYRE IR R AT BER LRI R K
BApke o i@ @ % FIP SRR ORTHR PR E AR 22 Rkl e
TIETORELF S AFLRETRR YA AR ET LT £k
LERHLLH G FEFLEY KR A AT IRR P RITH EE § k4
EAHE LR ER B PR ASE kAR AT -

—\\

i GDP * -k & Water Consumption Per Unit of GDP :
> GDP * k& 5 * k& fcGDP 2t g

1 ¥ A E* -k Water Consumption of Industrial Added Value

AELRLEFAAERAL L ARR LAY P H AN L@ R
a #gg%gfgf;%u PORE T EIL EFEHAER LE o

FRf1® F Utilization Ratio of Water Resources
KFmfI* F 5% KEBERFTRELWE -
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# 8~ FEW A i 245

3 4 i 2/ a5 i FAL % R
W g o (Ding, Chen, et al.,
A EfE e o R + k Tj‘j’g‘g: i ha/person 2023; Ding, Fang, et
; al., 2023)
8 1S 5 4L g4 o (Ding, Fang, et al.,
S AR A R % 2023: Liangshi et al.,
)| [7 5% & Ff 2021)
] N fraje= &
+opd AEES4 AR 4 %/j P]f @:L ton/person Esl:tgﬁaelt aI2022(()))2 0)
7":! ‘i’_ B ) ]
& ¥ PR rd g B " g[8|2ngg, Chen, etal.,
a I + ek ae - ton/ ha ; Ding, Fang, et
A Ik #ie 5 1 al., 2023)
B 3 v 5e B (Nadaraja et al.,
AR R o + AR ton/km? 2021; Xu et al.,
[7 5% & ff 2021)
L= }' NI Sogi - §
=L b= - * /”j ”i ;{L kloe/person gi%ne?ta?l'é%%%)
oo p o m :
TRRER i i f’GE’; £ L0e/NT$10,000 gfﬂ' o ;'225’2210))
ST mEe . Loz tonCoze e e, e
S /GDP INT$10,000 20 g, Lhen,
AR (Ding, Chen, et al.,
1 ERMERF - 1EFHAESE 10,000 ton 2023: Q. Wang et
al., 2018)
; S |
T + e 8 - kwh/kloe  (Sun etal., 2022)
/Hb P ‘/ﬂ FE
- 4 dok Bk B (Q. Wang et al.,
LR E R + poRRERL mS/person 2018; Yong Wang et
RS al., 2022)
(Jiaetal., 2018)
SE=EII - *oRE/A T K m3/person (Ding, Chen, et al.,
2023)
g3 3 .
2 s . : : / (Yietal., 2020)
F E Al * oK - * oK m
f{ 1 =GP ¥ kL k£/GDP NT$10,000  (Sun etal., 2022)
NG W e o =1 1 ' "
k& /1 2554 A& NT$10,000 2023)
Lyaw )R (Sun et al., 2022)
Kk j”\/ | % & 0
kF R * 3 + % sk 3 o % (Junze Zhang et al.,

2022)
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334  AREMEFLIER

FEW &+ k3P 58 4% % £ 2 (Entropy Weight Method ) 3+ %
A LR E WL ERZEE 2 R RTAREE R ENEL -
MEEERPAELET Y FHELZ AR LT SH B TR RRAAFEAL
¥ % ¥ {2(Ding, Fang, etal., 2023) - "Ffg £ 21 & F w IE?‘%E? ’ ";T' kg i (TR

IL’ljlglbég-#ﬂ%ﬂFﬂ';Lﬁ;&,#%_:g{ ?rﬁl};b;}l 2 LT .}5FJ-_,%X#F1’]®*E
EHE SERARYELS i b UM R LS S Jﬁiﬁ%%’kﬁﬁ'tb
SRR

SusX{; » FEW \ﬁﬁb“%‘ﬁ Thdedic® o 1 A g iRmEl 0 FIFEW = 515 ks
Wld TRt T2 12155 R APED FraREkE o FRRkE
13> &i#icie 5 13 13t R4y ER > A7 &R 5 2007 & ~ 2014 # & 2021
& o
SusXf; i (TR {5 5 SusYf; AR L #5N(45) LHREE 4R R ARk
B4~ A F 2 BEL ) RIS A L iR 3H R 22405 (46) Ao o

SUSX{ max % SusXj; 2 # X & > SusXfy, % SusXj; 2 & & -

) SusX? SusX-t-
nERR SusYlj = ———— - (45)
SusX{ max — SusXj nin
. SusX{; — SusX; min
ErRS SusYjj = - T (46)
Su SXI max SUSXI _min

PE A SusY(; 1 B i r N(47) zﬁﬁﬁ#ﬂ%‘l—%&‘é (Ef) &5 - 29 nt

B AR o B LA Y ARt AR R
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SusY;;
Ef = —In()™ Zpln(ply) + phj=cr (47)
Z] SUSY“_

WiE Ef PRI R

FRohRP B LERFjpiRis e o 5(48) 2
F(50) A u ERFEW sz EEH 22 0 RE AL ERIREL o 3 kA

b % IR
Eot )0 BE I L 1o

1—E!
Hras ks ol =———— (i=12..,5) (48)
' 5 Z1 1E1
) 1—Ef
WRS R = (i=6,7,..,10) (49)
53
) 1—Ef
kF kR Wl = ﬁ (i=11,12,..,15) (50)
T 4j=11 i

EN YRS ¢)
BGU(51) I 5%(53) A ulit B FEW A > Lid Foch jpth i 2 B E A 5

B SusY[; AR 0 X R FRER Y B F R T AN L FReE FEW S AN

LR FSf = ) wf Susy (51)
1=1
10
RS ks ESf = Z w; SusYy; (52)
1=6
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15
k= kR WS; = Z i SusY; (53)

i=11

15
FEW )i s FEWNS; = Z w{ SusY; (54)

i=1
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34 FHREEEMR AT

WMEEH FH DTS KA ApT FF 5 LIRS KRR AAMG o B2
My ¥ A4 &0 & 2 (Coupling Coordination Degree Method, CCDM ) - Li et al.
(2021)F1* CCDM p st & R A 45387 it 222 % i & A M % ;5 Yang etal. (2022)

Pt CCOM =L M ES e X FF ERM % > g1 CCDM p % A4 ~ kB

¢ B 238 * (Ding, Fang, etal., 2023) - 5 =iz FEW &+ i %tér 2 18 ES Pz 124 M
fao im0 2L FRRSES FEWE ES2Z K FHERE » A5 % 58 CCDM 3+ 5
F® FEW 2 ES @2 482 23 & (Coupling Coordination Degree, CCD )

AFTE A BB FEW AR ESB 2 CCD > 4(55) # Df &4 f7rch j tet
#2 CCD> xd C & T #rlea 38 C Fx41% 255(45)(46) o2k >
FA R s 3 FEW A (FEWNSS) 24838 i+ ES (ESY[;) &7 % o

A(57) ¢ T AAsEjAtER S AFRHES FHEREER PV a
Baulitd FEW A e 2 ES 4 g%+ > FlaFmy s FEW A e ES A%

FEELRANE » BB EaL BEL L 05

D = /cjthjt (55)

FEWNS! x ESYit-
Ct = ) )

: (FEWNS]F + ESYit]-)>2 (56)
2

(57)
T' = a x FEWNS; + B x ESYj;

FEBLIFTLAH AFETHRCCDAL AL LR AT EALREAS
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T EMS 2 RARERD KT FABGER Y R F R Fwfdle et 9

#7571 (Ding, Fang, et al., 2023; Ji et al., 2023) -

% 9~ CCD )i A 4

CCD 3 ik
0.2>D=>0 R
0.4>D>0.2 PR
0.5>D>0.4 ERZ
0.6 >D>0.5 bl R
0.8>D>0.6 PR

1>D=>0.8 B REH

3.4.2  HESHA

pa FEW X2 ES B R 2 /p i ?‘)l%"ﬁ "> g CCDM 7 * »23% i
FEW AFHEESHFRAR BT3P FARER2ZAEHARR » fFa2Fr pivFs p
T FCFH o FEW A2 ES FF4p B 1+ (Correlation) -

FA Y FEW Ry ES B 2 Ap B f2 » g B230 R N S {2 ES 4o 5 )
A A4 BE(Yangetal, 2022) > FiEE T4 M S $74F T FEW A2 ES
2_ k¢ % (Ding, Fang, et al., 2023) -

Pearson #p ii# &< (Pearson's Correlation Coefficient,r) * >t =8 & B 2 #c2 M
MAPMARR CBEAN-LILIF 25 i pMET e Fr>00 272 4P
B> A B REERF A AT E <00 REAT A ARM o N A - BHEH Y
- B M Glkng WA+ > H i A2 R 4% 3 (Ding, Fang, et al., 2023) -

AFA G 4 Pearson 4p M faficiE A S ES 22 FEW RS 17 0 r<0 it 4

TR EM G r>0 i RmEM G FRFATEI AT BEFAMIEL L2 A
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i o T UEEd BT %A B M (Houetal, 2017; Lyu et al., 2019; Schirpke et al., 2019;
Jian Zhang et al., 2022) -

% 10 ~ Pearson #p B % 83 g A #¢

Pearson #p B ¥k 3 s
-0.5>r ¥ RIE
-0.3>r>-0.5 P RIRE
—0.1>r>-0.3 ERIE
0.3>r>0.1 =R
0.5>7r>0.3 PRt
r>0.5 B R
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Y3 NIRRT
41 2R APRIFLFHERE

4.1.1 BEEE

AP Ed INVEST 23458 » 350 148 &84 & 42550~ 754 95 & =2
g AT & 117454 22007 & 2014 & ~2021 # 9 % A ¥ 2 ik €
Zot o Sd R fEL E G AT Z RAR 0 R (68 E B A
B ARE T RAE 2B 234 el 5 Az AR BT EAEFARE

Bl AT FAER TS A 2 BER LI HmAE o

HHRAE - FEAE
-?x

%y = x 100% (58)

R

£

!

% 11~ 454 2007 &£ ~ 2014 & ~ 2021 £ AR HIRA R 2 1L R
. BHAE HHAE BHEAE HBEAE
2007 & B g
RRAL 25th 50th 75th 95th
A £ (ton) 88715 61284.35 8043540 9443359  128396.45
AL -30.92% -9.33% 6.45% 44.73%
¥ = & ¥ (ton/ha) 5.242 3.14 4.48 5.26 7.15
AL -40.04% -14.54% 0.33% 36.42%
. AT AT HmAE R AE
2014 = Az g
nom R 25th 50th 75th 95th
A& £ (ton) 74595 50767.06  66686.16  78219.30  107946.35
WA -31.94% -10.60% 4.86% 44.71%
¥ i+ & ¥ (ton/ha) 5.153 3.43 451 5.28 7.29
B4 -33.44% -12.57% 2.56% 41.53%
. BHAE HHRAE BERAE B AE
2021 & Fus g g
REAL 25th 50th 75th 95th
% 2 ¥ (ton) 36449 21183.17 2780353  32688.17  45571.70
B4 -41.88% -23.72% -10.32% 25.03%
¥ i~ A ¥ (ton/ha) 5.145 3.50 4.60 5.41 7.54
A -31.88% -10.59% 5.12% 46.55%
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2007 2014 2021 total
HE
2007 2014 2021 total

B 8~ 424 %2007 &£ ~2014 & ~2021 £ 2= £ E A

AEERLOATE P EE ALK 0 CF B BIRAE RS Y
PG R EAIRLTRIS TG S AL A A KR OV BB AL
2007 & P o X NEFPERLAEBIT R 0 1 2021 & pF2ic @ A B K¢ 4] 2007

E2 = A2 - o

120,000

2, 100,000 F

80,000

60,000

## fr & ¥ (ton)

40,000

20,000 r

0 . ; .
2007 4 20144 20214

Bl O - a4 ALHAT REE FEHOAERH
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2007 2014 2021

Food Production_2007 Food Production_2014 CLL Food Production_2021 [wwa]
0.000000 - 0.004138 0.00000000 - 0.009885057 0.00000000

[59 0.004139 - 0057455 7 0.009885058 - 0.093007375 0.000000001 - 0.093007375

I 0.057456 - 0.073768 [ 0.093007376 - 0.179036827 [ 0.093007376 - 0.179036827

1 0.073769 - 0165070 I 0179036828 - 0.296378505 I 0.179036828 - 0.296378505

1 0.165071 - 0.560480 I 0.296378506 - 0.526734791 1 0.296378506 - 0526734791

- — e — - — — 1 ~ - — — 5

0255 W B @ - 0255 0 B 2 - 0255 W B ®

B 10-~#La 4 & 2007 & ~ 2014 & ~ 2021 # (7o FH A~

4.1.2 JUAR M R 45

INVEST 3+ 8 g 5 5 % o 4 & 44 1 € (Avoid_Export) =5 mfid ey £ >
PG EFENFLETRC J B LT ANFFFETRLFFILEY AL
% oo w2007 # RRAFLF oon 2014 & 2 2021 E R R EACAF B 12 2 A
ERAES T ERETE 22007 2 RRAF B Pl 2014 PRV ARIE- L o A B
2021 £ pFRF w2 o

2007 2014 2021

m

B 112007 & ~ 2014 & ~ 2021 & /wffp 4 %G » F
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2.00E+08

1.60E+08 }

1.20E+08 [

8.00E+07 }

4R 4% 8 3 (ton)

4.00E+07 }

0.00E+00
20074 20143F 20214

W 12 b R &

ARE|
[m=m
,,,,, t CX Ll
LLT =
LI ET T

Sediment Retention_2007
0,000000
0.000001 - 0.093508
0.093509 - 0.226014

I 0.226015 - 0.307943

W 0307944 - 0907665

- — — ilomerers
0 25 5 0 0 2

B 13~ i

4.1.3 BBEGRRA

INVEST 2+ 5 & % 3% %
2R I6REGAT > Rz R
IF PR

FEMESE BT @ B Ep
Qe 107 26 R G E o

ENREE AL LA

L EFLR KR 152

o
N

R AR IEA T <

BAT RS FEAAP TR

2014 2021
[wma] ; @

Sediment Retention_2021
0,00000000
0.000000001 - 0.000338409
I 0.000338410 - 0.002855511
I 0.002855512 - 0.012854950

Sediment Retention_2014
0.000000 - 0.000410
0.000411 - 0.001015
B 0.001016 - 0.003427

P g 2007 & ~ 2014 & ~ 2021 # (FpcH A

”2

{573 £ (tot_c_cur) >

5
BV A A4k
R LATRE RS Rz BET
2007 & kg™ % >

*ozhE f_ﬁ‘i ES
WHRPE2 =8 o A H A
P FEE LT R
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2014 2021

B 14 -~ 2007 & ~ 2014 & ~ 2021 = piE s & *

1.20E+07

LOOE+07 | ¢TTT————

8.00E+06 |

6.00E+06

5 bk 77 i (ton)

4.00E+06

2.00E+06 |

0.00E+00

2007 2014 20214

Bl 16 R8st REB2 FERZETER R

Carbon Storage_2021
0.070114943 - 0.080895522
0.080895523 - 0.199774304

I 0.199774395 - 0.259551162

I 0.259551163 - 0.344089092

I 0. 344089093 - 0.926240366

Carbon Storage_2014
0.014627 - 0.021609

Carbon Storage_2007
0.041194 - 0.046897
0046898 - 0.117654

I 0.117655 - 0.154230

0154231 - 0.250714

I 0250715 - 0.843389

0.021610 - 0.059334
I 0.059335 - 0.087705
I 0.087706 - 0.162193
0162194 - 0510152

- — —Eiicaictirs

T re—
025 5 ECEE] E

025 5 ] 15

— ilcmerers
0 25 10 15 2

B 16 ~ B s 2007 # ~ 2014 & ~ 2021 & (Ao ®e o 7
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4.1.4 AP R

INVEST 3+ 5 & 5% % #3 if 3p #c (Heat mitigation Index, HM;) ~ #iE § at -
ORI ERIRIEAY o B 17 2 B 19V BRI F BB A
AR AHEHRL SRR HIP ALY C ATESPE AL B E T 0 2007 £
3R 182 FEADEREE " 0 BB E 2007 £ 3 2021 E AL LT E
BT P R E A Y 2 FFE R FPRE RS2 AR AL > d 2007 £
0.6673°C 4 4 3 £ » 2014 &£ 7] 0.7108°C » 2021 & pFp| 5 0.7592 » 8 & £ # & v¥ Jiy
EA RS T ERG B2 E F ok -

#rh bR i
2007 2014 2021

E”¥

Z\ F,{f‘ \gF

> ST
¢

; o
‘g\ﬁ > "t;\ c
e . 3 , i
I3 i "‘ il ,i
e o

B 17 ~ 2007 & ~ 2014 = \202133193?} R T

Lo

100,000

90,000 |
80,000 f
70.000 f
60,000 |
50,000 |
40,000 f

#3345 L HMI

30,000 f
20,000
10,000

2007 20144 20215

Bl 18~ 353 B EH AT RBEFERAABEHEL R
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iﬁgf

e '“""“‘\N‘\ mmg |

Urban Cooling_2007 Urban Cooling_2014

0.041194 - 0.050146 0.014627 - 0.041121
0.050147 - 0.062617 7708
0052618 - 0.159097
I 0.159098 - 0.330487
I 0.330488 - 0.843389

0492089544

93
[ 0162194 - 0.283576
I 0.253577 - 0510152

Kilometers

- — — - — —
0 25 & 0 EEL 025 5 0 * x

B 19~ #R3 '8 8 2007 # ~ 2014 & ~ 2021 & (FEcH A H

4.1.5 SHEEBRH

INVEST 3+ 5 41 § & @?J ' & (n_surface_export) & gis z\ﬁi%]ﬂ s
(p_surface_export) » * 7 7 #-3 fA 5 & %]4'3&1 BR2 L4 %Xﬁz&lﬂ:fi A
EhYyAEBRY -

DR 208K 2B FEF AL FTR o F R RLRFILRY
HLFA KRR R AR S LE O BET R R REREY AR Y
FEREER 2014 £ L% 2 BREFIFL A REAPRIT 2007 £ PR S 0 Ra T
2021 EirE iRt o BRARIF A S R A Bl LRZAE S AEESILERZY
FAWE B AN KREZ 2 FEXBETES T3

P

P RTEEEETE o S EApr 2014
E2HABRETREEM R 202l EFAPEGE A FE > S FEARLE -
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2007 2014 2021%F total

B 202007 & ~2014 & ~ 2021 # § B2pniFF i ? BFELHL T

1.60E+06

1L.40E+06 |

1L.20E+06 |

1.OOE+06 |

@ (ke

e 8.00E+05 [

1

]

# 6.00E+05 }
#n
4.00E+05 |

2.00E+05

0.00E+00

20074 20144 20214

B2l FABEFLEL T R EFEYRZBETERLH

2007 2014 2021

Nutrient Retention_2007
0.041194 - 0.046897

MNutrient Retention_2014
0061508 - 0084601

[710.084602 - 0.289885

I 0.289886 - 0.418387

Nutrient Retention_2021
10.106074766 - 0. 1534810486

[71 0154510497 - 0405061757

[ 0.405061788 - 0.5,

I 0.418388 - 0.627641 I 0535686877
0627642 - 0591227 0659376208
[— e —— 1 e ——
o288 w1 o255 w0 B @ o285 0 Boo@

B 22~ ¥ %@ %T 2007 & ~ 2014 & ~ 2021 & (Frc®H A F
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4.1.6 AXE

INVEST 3+ &8 12 2-k& » A8 %

18

B#dims ke d B 232 2684
FraAKE 2007 #2021 £¢ AR EFLHRHAELY AAE S LELT
2014 ERI ¢ AR BRI VU R Tl T AGEST FE B 259 Bk
wREE A KRR 2007 EFA KRR E 2T R S EY FokR 2GS
R 2014 EpE R B BE 2 915 RoOME 2021 E AR Bt 2 5 A B R
2007 & & k£ -

EKE
2007 2014 2021

Bl 232007 & ~2014 &= ~2021 # A -k & A~ F

FRWE
2007 2014 2021

P& 7 & (mm)

l High : 3508.94

P4 7% 5 (mm) g P& 2 (mm)
I High : 1691.05 = l High: 3102.31

“Low: 1726.41 “Low: 1064.25 “Low:1015.38

B 242007 &# ~2014 & 202l # "3 E£ & %
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3.00E+09

2.50E+09

2.00E+09

1.50E+09

A K E(m?)

1.00E+09

5.00E+08

0.00E+00

20074

B 255 A KBELEBHALA T REEFEARKERT B

Water Yield_2007
0.000000

T 0.000001 - 0.084238

[ 0.084239 - 0234075

I 0234076 - 0.853696

e — — ot
0 25 8 0 15 El

2014

Water Yield_2014
0.001535408 - 0.004332578
I 0.004532579 - 0.352909041
I 0352900042 - 0.709885057
I 0. 709555055 - 0977611940

- — — il
0 25 & 10 3 E]

20144 20214
2021
e
T ] mem] %
g ) >
N,
A
| [

Water Yield_2021
[ 0.00000000

[ 0.000000001 - 0. 166310446
I 0.166310447 - 0366462011
I 0.366462012 - 0.5999217245

- — — 1ot
0 25 § 0 15 El

B 26~ 2-K& 2007 & ~ 2014 & ~ 2021 & (Fpc® &

4.1.7 ES #EB & X

2T R L E2 ESEEST - EfF
2 B4 @5 522007 # ES#E L& 7 AL

o BRI EEAE ARTE WL ER UE S AGE LS L 2014 £ A
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ARG AR RS ET AR
S i d ESH,EAT A4c; 2021 #ES i & B¢

m

FAg o xw ESHEH &S 0 B 287

20074 20144

ES_total_2007
-
-
-2
3

=
B

B 27 ~ 2007 & ~ 2014 #

54

B s A R R 4 2

LR R EE #2007 £2 A
MY ESHEZ®  ESHEE LS
2T 3 2021 & kAR 2 5.41% o i 53t 2007 2

ES_total_2021
-
[}

Kilometers

~ 2021 & ES fAsp g 4 F
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20074 - 20145 - 2021 FE4E B LR RIFBEFR

=174
100%
6.44% - 5.41%
17.30%
16.93%
20.00%
80% 6.20%
9.36% 11.34%
m5
19.82%
60% 12.39% 13.86% 4
3
24.99% 2
40% 26.68%
36.87% 1
0
20%
29.76% .
16.87%
0%

B 28~ 2007 & ~ 2014 & ~ 2021 & ES #ic® #7 ¢ * 5

AL RES B AT E 42 R AL ESHE 0 2007 £ 471k T 5 (6 EAY
2 23.5% » 27 2021 & 2 ikt 2234%40 £ 7 E 0 @ 2014 E ARt 2 T 2 MK L AR

U WG 2 6.44% o

Hotspot 2014 '*jr‘ Hotspot 2021

one -,

B 29 ~2007 & ~ 2014 & ~ 2021 & # % & ¥
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Bl 307 5302007 # & (9c % ES#cie » 2 ¢ 4 2% ES i imid:
%o B ESIHKERAREERZAE S L CFTEEPHE O L ERSES
AR OCESESRIENFRBETLL CATEFEPHE R FICRL EF 2
AR EEE RES A7 o B 31¢ 2014 #2 ES#HcE W g 2R EAF 0 # Bk 2007
Ei b AR REIEES ApF BT HR2Z ESIETFIARED 2 > WA tgR

PR B2 AT AP T A S, o B 32 Bor 2021 # 2 ESHE R R UREE
2007 & 4pst ES 2} ot F wiec s > 2021 EPEY A BIEY R A E

\v

-
FTETEATEACAM A LS L ESHERFLARTH O ALRFPIERTABET 2
H4e o R 2020 &AL T AR

5
u TR
4.5
LA A i
4 #
TR
35
b A B
3
1%
2s fokk &
s EES
1.5
1

0.5
0 —_— —_— . -— L — || — —_ L I

PEIE & VIR E RER g E EHE AEE ELE AfEE e ST WEER ARG
Taoyuan  Zhongli Daxi Yangmei Luzhu Dayuan  Guishan Bade Longtan Pingzhen  Xinwu Fuxing
District District District District District District District District District District District District District

Bl 302007 & & =3¢ % ES #ci®
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35

25

1.5

0.5

4.5

35

25

15

0.5

w5 A
T A A
TR
EEBES
AERAE
"EAE I
I i m m I I 1=
— = . — — — | || | || — —
HeH & PiRE  KER  HKE EME AHE SLE AR EEFEE PHE MEE BRETE AAB
Taoyuan  Zhongli Daxi Yangmei  Luzhu  Dayuan  Guishan Bade Longtan Pingzhen Xinwu  Guanyin  Fuxing
District ~ District ~ District  District ~ District ~ District ~ District ~ District ~ District ~ District ~ District ~ District ~ District
M 312014 & & F5cH ES #cie
T
S A A
A 8
X 3 ELE:2
EREE
" AEKE l
1 -
[ | |
HLEE Vi E REE #ikE EfE ARE BLE Al & REER AR HER BEFE HAR
Taoyuan  Zhongli Daxi Yangmei  Luzhu Dayuan  Guishan Bade Longtan Pingzhen Xinwu  Guanyin  Fuxing
District District  Distriet ~ District  District  District District ~ District ~ District District  District District ~ District

Bl 322021 # & 5w ES #iciE
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4.1.8 ES #4 & 33

AFIEHEES A AZR AT LA PE S ARERERT A FIACRE - 2
PAG S LEHARLIEEI A AR R BEENREF AT RAMY LR A
o Rasd A2 RFT & LT ERTR e AT s 4 A T35
FeEHE s A AN RERLE Tl bl EF A2 FE R EFEAZ KE R L
FE kRl ERar > HiFad A2 AR BT £ F TP o

RGP 2RI 2R Sl A A > R RS e I B3R
BE o Btk X B R 2 R Rl il o TN AR s B B R 2 B T R
AZIEY o PFT AT E PR PRRATERER S A DAY Bk R IR
FE TR AT REGKRE T HLE5EEI AT > BT R PR
B WL 2R R AR R E S AR SRR EERR T
PO P WA R E RIEF L o R a2 %2 (Yangetal., 2022; Yinetal.,
2023) ©

AP ET R PR EFE R ARt Es s S 2014 £ 2
R RS FERN S JRREET S TR RRE N BT ERET R

v
pat
{0

prd 2.

|$

=k
S
g

SH

-

g

AR
=
BN

E

7] R N L
T B h’ﬁ?\lpql? TR GARENGOTEAT PR AED Le L ER o HiFEI

L3

7

a3

TR &Y WLF 42 %%k (Ding, Fang, etal., 2023; Yang et al., 2022) -

YR EIPEYABRTOEL T E 204 ER EP M LETISE > ¥
RAFHAELY BLFHAR 2014 E2 R FY APFILE L LRXIRS A
kA FIPF R B a4 A F ] 2007 R FREFIE A \/$%
BRSO R ETYARE S WF2 L o B 24 F o7 2007 # ~ 2014 & £ 2021 &
Z R ELE O PREBER2001EZ 2021 F2 R E A F ALER 0 EREiR ST
2014 & 2014 2z kR o T EZ KBS AR L T A REE R E L TR A

* %% A4k (Yang etal., 2022) -
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4.1.9 ES # #5 M 1%

AEE Y @ % Pearson Ap R idcE * ES W fBHTR 2o PPRFRE Y I N A T ARR
Booded A PN Y QIR AN  FEAFIPE D E AT bR
BeiEit? LEMF U o« REAEARKEF (p<005) > o REAY REF (p <
001) PFLBFE » 1 sax R BAKEF (p<0.001)

% 12 Bgor 2007 # g 3503 iﬁﬁ%%%‘é{’ CFABRETEALRERY S BRE

FoXmizer AESEHIL A~ FEREARSE HP FEARFTEHESLAR

1‘3]

» 7 RAEE o Pearson Ap B i - 0.3496 5 17 EIE SrE- SRS 2 A SRR 2
ES > Pearson #p i a#ici® 2 04512 R 37 Rtk M % - & 13 E 7 2014 & Pearson
ARRE hlic o HUS %2007 ERE0 o vEF ACRKE BIRE R RApBE > 2014 & & oK
EHEHLTIHES AP ASFAME HP20M4 %R E L FHFET PAITR - £
14 & 5+ 2021 & ES 2. ¥ 2_ g §7hE (% > &R 22 2007 & % % 4p 00 > 7 i Pearson 4p i
BT %% o BEom ES PRl B (A P BN SS 0 M SR A M (iR b A o

FEAFESEM G FRFEMET S RT3 R RS T B A
%k%ﬁ’?% EFET e 2 XA AR MG e AR ES 5B ES TR

=

PR et R ERERER o A-KE BRI TP T &0 R
BRisle > 2 A REZFE XL FF A # B3 Pearson 4p B 7% #ics i

2
2 :sn}
|
/%’9”

% 12~ 2007 & ES z_ ¥ Pearson #p K 4 #ic

2007 &# &L A S ET R P07 FE Y RRRY OARE
a2 A 1
ik ¥ -0.2818 1

B g -0.1626 0.9851"" 1
A ] 0.2049 0.8328""  0.8965" 1

FARBEY  -0.3496 0.6732" 0.6640" 0.4512 1
AKE -0.2403 0.9872™"  0.9774™ 0.8581"  0.5941" 1
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% 13~ 2014 & ES z_ B Pearson #p B % #ic

2014 & AES A A TS FET O RGO HE FRABRT ARE
fra 2 A 1
P RT -0.2198 1
FiEH 02366 0.96107 1
FEEE 01119 0.8674™  0.9003™" 1
FABET 04260 06196  0.7336™  0.5437 1
A-k¥®  -05417  -0.3613  -0.4075"  -0.6508"  -0.3342 1
% 14 ~ 2021 & ES 2_ & Pearson 4p Rk % #c
2021 #  Ae A A P RY O R P RE Y ERBRRY AkE
a2t A 1
P RT -0.2347 1
BiEH 01104~ 0.8787 1
dPEE 01484 0.8618°  0.9345 1
¥ABIEY -01745  0.3380 0.5749"  0.4011 1
A-kE®  -03225 094207 091557 0.85017"  0.4258 1
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42  FEW AN hi=s
421 FHst e

Y B AR R AT AR 0 T TR AR R ERGEL 0 2
GDP 3 Glie {73 5 #icid 22 fr i > 5 432 GDP it (F5k » SR> 24 5 43

T\4

RA > = RSV RAR PP AN s AZIF ~ s p A 2 edio owl ik
GDP g2 1t b » 338 w [FdciE R® 5 ¥ — 380 Rl v B D & L 42 4 35 GDP
Bl e

2 157 AF e A b A x o ik A4 GDP 2 45% % 55% vt g
2007 & FE )™ ib vt MOt > SRR 5 2014 & 2 2021 £ RIAAARR  FHEHTF 5
Bl &2 o LRed | 238 P > Beim adr 4 2003 27%2 ## F s 7 2 4
i #% GDP11%3x 15% @ & w <35 p @ ikt b 238 p > 2014 & gt FlH GDP ik
WAt > SRz b > P I FEFERRBR AR P A > Ra 2014 & 12 0 FF

B ARSI A N AR 2 ERF P A MG e
AFFD 2> SR ELER A 2P e TRE RRE AT TR
BRgALWHA > FRENv W ZIEEF > I F 1 FEHE 2T AETE

B LTI FRMRED B o bt O o B A B0 o SRR VD &2
v %2 GDPw < s p fré& 2 ikt > 3H N v FikiE R? % 09674 & REF2 R
Pafg o AP 737 B2 GDPEF - 7 A& -
FEEFFH 2. A 32 GDP d 2007 £ 628793 ~ 3 = 1 2021 # 2 930755 ~ > d
WRFP A FEF L AT R F P LB > Ay FNPED fFE L 5 GDP
RN E LA 35 GDP #kiE
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% 15+2007 & ~ 2014 & ~ 2021 & ¢ [FS & 5% GDP » ~ 7 p ‘& {548 GDP 1t
b ¥ 4 32 GDP #ic g

SR EAS HEKRF s R AN #dc L GDP(TWD)

2007 &  [# 48.29% 24.20% 14.15% 13.08% 628793
2007 & > - 53.81% 24.09% 14.58% 7.40% 583133
it A §E -10.26% 0.46% -2.95% 76.76% 7.83%
2014 # “ [# 53.75% 20.95% 11.21% 14.09% 699084
2014 & > - 52.91% 22.33% 14.52% 10.00% 694680
ikt % BE 1.59% -6.18% -22.80% 40.90% 0.63%
2021 # 7 45.49% 25.58% 13.45% 18.32% 930755
2021 & > & 44.80% 26.27% 13.59% 14.19% 923086
ikt % BE 1.54% -2.63% -1.03% 29.11% 0.83%

422 KHEHIER

FEW 3k siaul & T g it B g A A Rap ik s iz >
EA R AT siE . B BB AMEARE LA T FTE R P LET
PR BES2AAEZFREFHR AL AEBRA T BIEEA L 5
FBARLLE o R g R A T B E GRS R RO
34 N AARFUBLEARFLEASAGAXE - R B2 AT 0 U E ML~ FF) - ¢
WTHEATRELWMER  IEFELERZ R AAFRRK 2T LR
BRI B CO % PEFRI R LS R ERK > B = GDP 2 it ifij
Ao COr 3 M3k 5 B 352 k3 A A Pig8 gy 1¥%2% HHFk 1 ¥
FHoRER S 0 % i GDP A @426 35% 0 Ap# P ¥ GDP A& & ¥ ik 2%4p £ H & >
PR ER KRR T0% > F Y REREETHE kTR GDP A K 0 A
Fla fil o HHREATRMFESA LR E R ER R EH KT RRS ER A
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Food sustainability_2007

0.079100 - 0.162500
0162501 -
[ 0233901 - 0.2
266601 - 0.2
294601 - 0369200
1 0369201 - 0.334400

T —

Kioaesrs
£l

Food sustainal
0,089200 -0.139500
0.139901 - 0.175300

-0.192900

0224100

00

I 0330301 - 1000000

o 25 ¢ Wi

ility 2014

Kiemsters
El

! 008601 - 0.123200
- 01 - 0.147300
W 0.147301 - 0.156500
I 0156501 - 0.218600
I 0218601 - 1.000000

Food sustainability_2021

4 025 8 W B @

Kilometes

Bl 33~2007 & ~ 2014 # ~ 2021 &4 s + 5 A I RA

Energy sustainability_2007

0127400 -
0.634701 - 0704900
[ 0. 704501 - 0.740600
0.740601 - 0.833000
0.833001 - 0.880500
I 0.830501 - 0.999200

o 25 & 0 *

2014

Energy sustainability_2014

0.094500 - 0.338700
0538701 - 0.657600
500
- 0816200

Kilometers
El

2021

()

e

0.119000 - 0656200
0.656201 - 0.681000
1 0.681001 - 0.761700
I 0.761701 - 0.840700
0.500500
0597500

0 25 & W

Energy sustainability 2021

Kilometmrs
El

Bl 34 ~2007 & ~ 2014 & ~ 2021 & it R+ 5 A A R4

Water sustainability_2007

0.083700 - 0292800
I 0.292501 - 0304500
[ 0.304901 - 0.340000
-0364200
- 0404300
I 0.404301 - 0954700

2014

Water sustainability_2014

0.052300 - 0.117800

1-0.195400
1 -0.220700

o ——— 5

o 25 8 1 "

2021

0.023000 - 0.135400
[ 0.133401 - 0.136300
[ 0156301 - 0.166000
166001 - 0176400
176401 - 0.188600
[ 0188601 - 0.999100

Water sustainability_2021

B 352007 & ~ 2014 & ~ 2021 & -k F & s A M bhdn A 6
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FOOD SUBSYSTEM ENERGY SUBSYSTEM WATER SUBSYSTEM TOTAL
SUSTAINABILITY SUSTAINABILITY SUSTAINABILITY SUSTAINABILITY

=
5

»

08

0.6

TOTAL SUSTAINABILITY

FOOD SUBSYSTEM SUSTAINABILITY
ENERGY SUBSYSTEM SUSTAINABILITY
WATER SUBSYSTEM SUSTAINABILITY

2007 2014 2021 2007 2014 2021 2007 2014 2021 2007 2014 2021

B 36773 % 2007 & ~ 2014 & ~ 2021 &# FEW A 1+

FeFH I3 B TacH A FEW 3 s ARG MH2 PR 483 4@ 36 a5+ %
ARG R TIoE IR F4ARS > £ H 4 2007 £ 3 2014 £ @ 5
P AR R b o

HraF i SAY T EE K 2007 £ 2. 0.267 T 3 2014 £2 0193 ¥ EFEHT
"F 3 2021 # 2. 0.147 ; RS kB %“b‘_#ﬁ #cj€_ 2007 # 2. 0.741 ™ ' 3] 2014 & 2
0.713 » EF ety + 2 3] 2021 # 2. 0.762 ; -k + % 3 T 51 8 2007 # 2. 0.34
EixT 82 2014 &2 0195 & T 3 2021 # 2. 0.166 -

Bz B3 AAAFHZEREr T 5 FEWNexus 2 T 39E 5 LT "5 483 > 5
2007 & 2_ 0.455 T *# $] 2021 & 2_ 0.357 » ¥7 Ding, Fang, et al. (2023) A i 4T *5 45 %

ke o
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FOOD SUBSYSTEM SUSTAINABILITY

ENERGY SUBSYSTEM SUSTAINABILITY

WATER SUBSYSTEM SUSTAINABILITY

1.0
09 2007 2014 m2021
0.8
0.7
0.6
0.5
0.4
0.3

0.2

0.1
0_0|||I|Il||| II

HEE THE AKE BHE BEHE AHE SLE AEE RER THE MEE RETE ASE
Taoyuan Zhongli Daxi Yangmei Luzhu Dayuan Guishan Bade Longtan Pingzhen Xinwu Guanyin Fuxing
District District District District District District District District District District District District District

37~ pHS & acE LS S kA

2007 2014 m2021

0.7
0.6
0.5
0.4
03
0.2
0.1
0.0

WHE TRE KEE #HHE EHE ANE SLE AZE RIE TFHRE WAEE ﬁ.%[wf: AR
Taoyuan Zhongli Daxi Yangmei Luzhu Dayuan Guishan Bade Longtan Pingzhen Xinwu Guanyin Fuxing
District  District  District  District  District District  District  District District District District District District

B 38~ FFF A TICR MRS AR

2007 m2014 m2021

°“i||||.ii.|
0.0 -

HEE FHE KEE HHE EAE ADE SLE AZGE KEE FHE WEE BYTE HAG
Taoyuan Zhongli  Daxi  Yangmei Luzhu Dayuan Guishan Bade Longtan Pingzhen Xmwu Guanyin Fuxing
District  District  District  District  District  District  District  District  District  District  District  District  District

B 30 P L FRCR 2 KT K BAE R
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4.2.3 HE NI KK

3 16 BRATFERFS 2 FEWF L XFR LR o a3 BT A
2007 # AL T f AR FE T R T30 HapE oy MONFE T TIE ; Rk
FORRAFERE BT AGERANFD FHT5 2 A i@t 1) 098 1
dOETRPN RS AR E AR AR E D T Y AR N AR AT
AGFHFEEE R mFEg 2 A d 08086 F 2% 09519 FEF BTN L
F o ARFH S R ARE RS AT E A ER B ESEREN
RF A kT AR AEPLERBAEE N

% 16 -~ 2007 & ~ 2014 & ~ 2021ES # % &2 $+ [F] 7 A G

Lz -+

JE. A 7 %, e PO , = 5.
Hra 3 ki )/ B KF kA

Fe 5@ 0.3043 0.7354 0.4805
W 0.3397 0.9895 0.8086

2007 &

A 0.2617 0.7080 0.4474
2014 #

BE 0.1957 0.9898 0.8083

FeF 0.1972 0.7293 0.3271
BE 0.1882 0.9804 0.9519

2021 #

2007 _total 2014 _total 2021_total
09 —— 09 09
= 2007_hotspot m 2014 _hotspot m2021_hotspot
08 0.8 08
0.7 0.7 07
706 - 06 L. 06
5 E s
5 05 5 05 2 05
: : :
3 o4 £ o4 5 04
7 [ it
5 03 @ 03 @ 03
@ o 5
02 0.2 0.2
0.1 0.1 0.1
00 0.0 00
Food Energy Water

B 40 ~ 2007 & ~ 2014 & ~ 2021 ES #t % p b 2 A M i
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4.2.4 FEW K 4k HE 4 45 B 14

# 17 B 3 FEW Nexus B - 42 Pearson a#c > fird + % seer Hepd & k2
AR RIREE B X kS AARLIEE ST LB RT A M
% 2007 &2 -03i&H#H F 2 3 2021 #2. -0.184 Ko a S+ ki ABR3 kR
FEM BN ¥ - 25 0 wRF ARE RS AT RREEEFRERE > 4 2007

#£20.206 + 2 1 2021 & 2 0.293 -

# 17 ~2007 & ~ 2014 & ~ 2021 A~ idpih2 4n M ik

NE A7 %, 4z L= o 7 4 o2 , = 4 ez
Fra s+ ki T/ R K3 %A

a3+ ki 1.000
2007 # fo R kA -0.099 1.000
Rk -0.300 0.206 1.000

a3+ kit 1.000
2014 =& I B N -0.229 1.000
k3 ke -0.241 0.275 1.000

fra =+ kit 1.0007
2021 # ) B -0.140 1.000
kR -0.184 0.293 1.000

i - FR4F 3 FEW Nexus B % > 28 7 v i FEW 3 % 5L \*g‘b‘_a‘ﬁ T2
Pearson #p Bf % > T %% i3 7 7 #-Pearson 4p B T #ic+ > 0.5 % % ¢ > Pearson
w@ﬁm+%@5§éﬁ€’ﬂ%mﬁﬁ*%ﬁﬁ°

Bl 41~ %] 422 ® 4 Hl ik & 2007 & ~ 2014 = 2 2021 & FEW Nexus R
%o W-E R AR RF kB hG AR 2 4% T W-F R & RS kdofze +
Sz 4B o FE R ARSI AAri RS AL 2 4B H R .

2007 &= B3 k%P 2 M R 67% A AL 8~ 21% B e o FlAR
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12% 7] 5 s & > fE# FEW Nexus % & 21t b5 5 B % > &7 FEW p 304 F-% 1 48
oo - Ro PP ESEED 27 4 (Haoetal, 2022; Song et al., 2023) 5 A &~ #gt
GINEPERF iR T 8 2 2021 £ 2 59% 0 Bem (N2 BEL AL ) F 2 s 42021 &
Pl SR L L b A w] F A 5 20%% 12% o
- HBEBRFEW &3 AAF2488HM % L hF R EH 3 Rl ke
BB RN M B ki hdals (W-E) 2 fBHR GUREE Y 5 00 A A blgr
- 4

=

0%+ > BIa ik Sk w3+ k sy 'L ##(Song etal., 2023) -
AokF AR H W3 K2 M GY s kB Easht (W-F) 258 5k g -
d 2007 # 2. 24% ¢+ 2 3 2021 # 2. 31% > W-F 2 2 1 B)» &4 F 2 5 2P k3 %
REEE T FREREE WEABRMARR > EALTP LT R f TRET &
AT PFD A kA S BRI T ML EY kY rkﬁ:&v
% 82 60%  GDP %@ frifihx) 2% » @2 8- H{EF-KFTHRI* 25 5 2k

RA TR fRR T REAR S S SBES HTR 2% -
100% 0%
80%
70%
60% 78% "
50% —_— ’
40%
30%
20%
10% 22% 18% 22%
0%
W-E W-F F-E

WhE  kufa =ie

Bl 412007 & FEW 43 R 67M & (20 ~ A4 &EfciR s ) 27 A
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

20
78%
56%
20% 20%
W-E W-F

G T F WE 2

69%

27%

F-E

Bl 422014 & FEW 3 R {6 5 (F2 00 ~ A2 #fifrik s ) 27 A0

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

0%
73%

38%
27% S
W-E W-F

BE ASE =ES

67%

29%

F-E

B 43~2021 & FEW 4p - HEG7H & (12 ~ A4 8ffeit s ) 27 A v
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4.2.5 FEW sk 4§ t5 4 47 Bl 14 31 3%

AT R FEZILE ~ AL o v o T U {47 f2 FEW Nexus %
Ce AFF W-ERG GIFFE Y 2 00 A4 bld FE 70%7 1+ > BRI 52
F - Haoetal (2022)® £ f 87810 W-E 2L A2 3F2 M %> AP R3 A A
FeokF RRBREEIIAEE  FE FATATR 2 K BRI B T RRALE
B0% s k4R AR L ERPEI LY LEM ERRETLIIL 2w hPEL
o PREFFAFEE I FE > H-GDP whg ¥ FEHE A v AA T KK g
e frfE g bRy

FeF T AZE 99% 2 PR R iET > R P AR A R ABEPORERS E
BTREIRE B2 LK FTERID% ¥ 1 ELH > GDP 2 4L M o At
A PEEE LR R FEPET W-EHBHS 5 00 suihigfit 4 s 7

e W-E AR #+FF L3 8FrHg AP B RkaREEFAIBaF 7H#
BABABERZFET T BERRLRTIRZES - (Song etal., 2023)
L apdik W-F 3 e % < 258 B % 0 22 Haoetal. (2022)) 5 & > B

(\x,

*%w%’@ipiﬁ’?ﬁ?%ﬁiﬁ%?ﬁﬁia%%mﬁm@%“%’ﬁ

FEBZRFTR FIEFTREVPRFT R ALY > B2 FTREMES S

ﬁ@%%i%ﬁ’%%ﬁﬁééﬁﬁkﬁﬁiﬁﬂ%°

FFD R A5 SR EH2eA 0 KFRZ B I L VER W-F 5 B
HUFFPERIEAH > PFEE G 4 4 4 2007 & 2 28% T *5 3 2021 # 2. 25% >

RS
SN

/

W-F 8 G2 30 e - BB AR 2 B %2 2m £ otk W-Fo 7 it i
iﬁ*i%k%ﬁ,%maaawaﬂ5ﬁwgmg%ﬁﬁ$ﬁ%§,ﬁﬂﬁﬁ$
GAER B0 e IR 2 GDP o - B FORTRAIY xS o ¥ by
RRBE RS CFAR T KT RIS § %7 LR Qinetal,
2022)

R S ] A e B SRS R EHEA T 2 WF B % T
BIP RIS T h 5 ek 5 5, L B R LR T Sk
TR BREEE 0] BRI PR RS PI S 5
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Bk FRE BRES
AT SRS W-E2Z S50 AL EALFERGILI R 2L 2 W-E

Poph e 2 Gk vt aR TR GT o AR HE RV S B s 4 W-E AR (Song et al.,

2023) » FFT EF HF U HIE . AR kG KRB EFUSHBAE  THRB ABLF

TR BERLRTRLEA -
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N
w
;4
H

1+

1%
|

[e=34
z
a0
(\.

=

X

-\
B

A

AT RFS 3B e A e LB ES2 CCDF A I3
FRZEAG o Bl M4 nimad 28 FEW R L2 CCDZ R AT » 375 ~ 15
EFAFAFEFRFRA > BPMETERLIZRED B AiTEEIL AR
BV -2 h LB REREFATRF RN o B B ETHS RT S
FEW < {22 CCD 4 i » 2007 # =/t Fl o b (THH Y 2 B3 A2 23 AT
PEZ AR S L AERERERRASERIER  TREBEFLIBRABAMLL
Bl 46 R A5 s CCD 2 Ao > REBFE T AFFRAPEA > BRFIMAR FF 22
AU AR P R B s NG TR B R ARG BRI G ER T
A EER A S e

F8 i % FEW A1 CCD 4 4o 47 957 » 7 487 Rk § R 7 14

o

0 RIS LR N FIR A SEF T BRI YRR 2020 £ g R K
ai%&ﬁ%%aiﬁgvﬂ%ﬁﬁa?@%xﬁﬁaﬁﬁgﬁﬁﬂ%ﬁ&kﬁﬁ
2. CCD p 5% 1% o 3 2021 & 1% EMmHA P %g L A F 1 CCD &5 i1 &
FRHTABADERD > TREBE SES SvE bt o

d B 487 oy A BIRTH FEW A4 42 CCD fr& 4 & f? F 7> 2007 # 7
RAREZ FRERY 204 EFRIBDFHRFHERIFEFRFLE > @
2021 & P ¥ %2 CCD#/L®# = >k k%2 CCD4rfs ik o d ] 49 ¥ 2 & -k
£ FEW A2 CCD-2007 #2202l £2. 3R 7 A R 1 8 B¢ AFH 5
W ORELBAEA TR A0 2014 & CCD AR > p4F - ~ 46~ T4

Flos Fatg k2 CCD 5 244 F7 53 > d WA REFEX S R FH 3R
T a P L2014 22 CCDZREA W -
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20074 20214
er WJ:rE
.
o
o
e

Bl oo0-02 MMo2-04 [Jo04-05 [ 105-06 [_]o06-08 M 08-1.0
B 44 ~2007 & ~2014 # ~ 2021 ##ra 4 2 ¥ FEW A2 2202 B

Bl 00-02 EMO2-04 [04-05 [ 105-06 [ ]06-08 [ 08-1.0
B 45~ 2007 & ~ 2014 & ~ 2021 &= ;ﬁﬁ;ﬁ gy FEW A M2 2a R
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Bl 00-02 MMo2-04 []04-05 [ J05-06 [ 106-08 M 08-1.0
B 46 ~ 2007 £ ~ 2014 & ~ 2021 :&E‘Q%ﬁ 8 FEW A2 128 R

Bl 00-02 WMo02-04 []04-05 [ ]os5-06 [ ]06-08 [ 08-1.0
B 47 ~ 2007 & ~ 2014 & ~ 2021 &= j;fsﬁ #88 FEW A2 1208 R
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0 25 5 0

B 00-02 MMO02-04 [J04-05 [ 105-06 [ ]06-08 M 08-1.0
B 48 ~ 2007 & ~ 2014 & -~ 2021&*“‘%%.3-3’* FEW A 2 23 B

- — m— Eilcmeters
025 5 w5 x

Bl o00-02 MEMo2-04 [J04-05 [ ]05-06 [ _]06-08 M 08-1.0
B 492007 & -~ 2014 & ~ 2021 # 2 k& FEW XA M2 120 R

432 BEWMARAR
¥ e 2 A0 FEW R HRF 2 123K B3d% > 2P 3 0L ERLRED

AR > K0 @ R 2 FARRRIE R ARG 0 TS F R RS
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ATRREFHMIE FILEIA TR 23TE® CCD ® B pF a2 A1
z_ {75t % CCD Rl et 8 & # %3 (Ding, Fang, etal., 2023) -

1A

T E G FEW AFH P2 CCODS% » $ AT A7 Ar 9 5 1
WA > 3 NERFRFELFRD S CHEP BT E A CCD A F E
B BATN 0 2 BAIT BRAREREIEBIF LS 0 s IEA RE L 0
IEHIRETR o154 18 & 1984 202 ApM RS BT REESIEEY
B A RS AMAEHEREFRE > F RS AAAYEE OR®R2Z CCD A ¢
ik L H & 7 52 % (Ding, Fang, et al., 2023) -

REFRBAFERp GHRERLIES K ~ IR FEEFREIBES 29 @
TR GO I EERF AP TRF SR AR E R M o P iTE P A L B R
BESHF" »i&d ERFEW X FH B ESHF2 CCO#FF T « FL AT Vs it
Frf S RE A~ 4 S B2 M RG] 0 s A 148 ES 22 CCD(Ding &
Chen, 2023) ; 3T & B3 sefpdids TR Fl2 i3 dfsr g, > o 6 TR/
FAEAT B FD 30 g RN TR (7o A A A

FeF P FEW AF e 32k E CCD &7 & (> ° %6 > 2007 & ~ 2021 # % &
FRAFRILEY APFI LR 204 EFRFEATEIEHL L EFE S

o AT - HEFHAKEE FEW A CCD ch%d h 7l > iLs M a & ~ 78
EEFFFIZ L AR E S CCORNER T Z B3 RNGFFFFEZ L
£ % A F L (YiXin Wang et al., 2022; Yang et al., 2022) » F]t ¢ 2014 &= "% & 3 &
AFEEEIR > AREZFZEAGS 0% BERF AR BHERE
kB A2 CCD £ R -

FF?RBAEARARLREZESREZAAGE B A k2007 T 2021 &
B FS ESEHpT > Fla ERCCD*% M >4+ CCOEES BRI L3 A -
R ¥- 2 2% ESHCCD# XA KRE > 8 ES T Tié FEW A 1M
CCD#cit+ #MB RN AR » Bmeed ESar i FEW A2 ES B B k2
TR
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4.3.3 HAMRER

B E 1T erdp Bt B S 2k 0 £ 18- 4 1924 204 # * Pearson 4p B
GHETERGEM B A REY ZFF N Ae A BES P B RGEH G Rl
PEAT FiRkEEY L FHF >« NEAEREF (p<005) > s &7 RE
¥ (p<001) PFLEZE > 1 sax R4 3 RHEZE (p <0.001)
e+ G MAFHFE RS AR BANEY M B E Y 2008
BB RBEM G HAESH e CANFHET A BT HEEEEMH % ik
FARBERHEFET A REFESY BERR G A H A BETELRT
2 LM GRS  BEM G G S ESE N IR AR EBEFM G-

kF AAARFRFEEREG RS FTF T LB AT ERARREMN &
B k3 ARAFHENFF BT F 2k M AR FEEHG D A E ik
B e T R 7 0 22007 & ~ 2021 & 2 4p B 44 W) iE 5 0.894 o
0929 5B A EFE > 2B 2014 Epin g irki ™% 1 <0404 d 3 R
Pee v BAE MM K3 A 5ddrd 52007 £ 2021 # 52 ERg ¥4z ¢ B &

WERGE B TR o

—F"O

# 18 ~ 2007 # FEW A S+ 27 ES 2_ 48 =R %

2007 = Food Energy Water
fre 4 A 0.826™" -0.072 -0.441
TR Y -0.108 0.372 0.883™"

RS 0.020 0.301 0.853™"
AF’KT* R 0.426 0.165 0.659"
YA BIEY -0.255 0.016 0.584"

AkE -0.043 0.413 0.894™
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% 19-~2014 & FEW X {422 ES 2 M %

2014 = Food Energy Water
fra 2 A 0.825™" -0.107 -0.271
0% -0.144 0.413 0.973™

BT -0.146 0.340 0.944™"

TR 0.279 0.173 0.821"
YEABEY -0.384 -0.018 0.674"
Ak -0.548 0.354 -0.404

# 20~ 2021 & FEW A S+ 22 ES 2_ 48 =R %

2021 = Food Energy Water
frad A 0.802" -0.275 -0.299
R Y -0.052 0.370 0.982""

B 0.140 0.177 0.851™"
’);’K‘ri R 0.392 0.177 0.797"
¥ERBEY 0.001 -0.241 0.368
AkE -0.087 0.424 0.929™

434  HHEMAITR

FEW X122 ES 2 ApM BBt g 4 BB R EEFE > v o A§FE
ARY B T EE AR A o DA AR ES MaE A B - AK
BFREFRZFT AR CTHRBES A2 v @250 FARMA G | v AR E
i# ES4 £ g masFq ' i(Yangetal., 2022)
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