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Abstract

Sustainable campus is a worldwide essential issue for a university to pursue.
However, no indicator system is currently available for evaluating the sustainability of
local universities in Taiwan. Furthermore, some of the universities include science,
engineering, and other colleges, the dimensions of sustainability assessment are thus
complicated. Therefore, a set of indicators for assessing the university sustainability
were developed in this study.

For criteria were first proposed for selecting proper indicators. Then, the
applicabilities of the indicators in seven dimensions were evaluated. The seven
indicators include energy and greenhouse gases (GHGs), water resources, toxic
chemicals, biotope area factor (BAF), green building, solid waste, and ecological
footprint (EF). The energy and GHG indicator was primarily determined based on the
energy consumption. The water resources indicator was computed by a material flow
analysis. The toxic chemicals indicator was estimated according to the amount of
waste solvents generated and the numbers of laboratories and persons in the
laboratories. The BAF indicator was determined based on various green covers on
campus. The green building indicator was computed based on the ratio of certificated
buildings. The solid waste indicator was primarily estimated from the amount of
waste per capita. The EF indicator was estimated based on the carbon footprint and
consumption of several major resources: The proposed indicators are expected to
assess the campus sustainability. and subsequently assist a university in planning
appropriate policies and actions for improving its sustainability.

The proposed indicators were applied to a local university for demonstrating the
applicability of the indicators. For the university, the annual GHG emissions per
capita is 2.79 tons. The annual water usage per capita is 50.31 to 52.06 cubic meters.
The amounts of hazardous waste solvents and solid waste per capita are 6.25 ~ 9.77
kg and 98.18 ~ 103.95 kg, respectively, and they are gradually increasing. The BAF
indicator is 0.2, less than the Germany recommended value of 0.3. No building was
certified as a green building and should be improved. The EF is about 84 times of the
campus area. The assessment result shows that the university has to improve its
sustainability constantly. The proposed indicators are suitable for assessing the
sustainability of the university and should be applicable also for other similar

universities.

Keyword: Green university, university sustainability assessment, energy and
greenhouse gases, water resources, toxic chemicals , biotope area factor,

green building, solid waste, and ecological footprint.
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R L2 @728 TIRARPTRIG I REDSRE
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R A e 2 @e T REARETRIS I EPRE

(Surfaces with vegetation,unconnected|s7% & > € 2 3E 5 & < 3 0.7

to soil below) 80 = &

g T 3 g id g anfe £ & G (Surfaces| i e F ch & G ¥ g
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%34 BT H B2 A2 BAF ol 2

ZFR T R BAF &/ Z:k B
i 2 % (Residential units) 0.6
¥ % i¢ * (Commercial use) 0.3
A& Fiz & A * (Typical use 03
in key areas) '
2 % 3% %5 (Public facilities) 0.6
& +(Schools) 0.3
#faF & e * BAE Y (Nursery 0.6
Schools and Day Care Centres) '
L A 2 Technical
I 03

Infrastructure)

7 & /R :Senate Department for Urban Development (2010)
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e | BkR R REFERFE|FRFE | E KR RREET
e | Gam) |G m)|GFm)|( T/ F )
KR 76,340 309.12 235.67 220.75 345.82
Lok RE 320 54.70 4.83 15.51 20.63
= irﬁ’ kR 10,000 92.58 5.45 3.26 3,068
Pk B 6,108 17.70 14.70 9.13 669.37
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% 3.6 EF o ;% %

% ¢ M % R
. T4~ itk EF(ha)=if 4% 4 “tA4 2 - 3 i* sl
a s
" % k% |(ton/year)/6.6(ton/year-ha)

K F k2 EF(ha)=" -k (m )k -k * 2 i3 5 (90.38
kFER |p kok |2E/F F m’)+* ok £%0.000195(ton/ B )/
6.6(ton/year-ha)

# 3 ¥ 2. EF(ha)=# 3 # & (ton/year)*2.06(ton
eCO,/ton)/ 6.6(ton/year-ha)

A % i 2. EF(ha)=# 4£ /& & (L)*eCO, ## 3% (% #c

23 -
¥ (kg/L)/6.6(ton = % 1 #%/ha)
i v op | EF(ha) == R E (lon)*].8 SR 2 A T

(m’/ton)/2.3 A 2 A % #c(m’/ha/year)
7L kR Wackermagel (1996).
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& E T ARE G Bt o T H B 8 (4 Li et al., 2008; Flint, 2002 )
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% 4.1

Bk GROTETZ R R A

("2 eCO, % 77)

ot LT 95 96 & 07 &
TA(FHER) 27269 30548  30.199
pokok(10° &) 190.06  235.51 269.60)

- 3 HF 7ﬁ-5(m2>3 223516 223,516 223,516

S eCO, £tz € (10’ton) 17.408]  19.505,  19.289
ec?2 g (ton) /¥ 5 A 0.078 0.087 0.086
(m®)
eCO, # 34t 5](%) 39.02 43.32 43.96
A (FHR) 10.913 11.100 10.411
X K% (m) 727,328 627,061 572,471
pokok(10° &) 353.54  350.18  348.77
¥ 5 6 f (m?) 96,024 96,024 96,024

g €0 #-22# (10°ton) 8.475 8.393 7.845

53 PCOETE (lon)/ REATS A 0.088 0087  0.082
(m®)

ERCE- SN 7,246 7,246 7,246
eCO 3 1 (ogly =N 1170, 1158 1.083
(%)

eCO, 3% vt 5](%) 19.00 21351  20.558
A (FER) 21.155 17.885 17.277
po%kok(10° &) 12231 109.15 97.08

FrcHE G (mY) 113,783 113,783 113,969

g eCO,# % £ (10°ton) 13.5000 11414  11.024

+2p 3F +4 ; -

TR ii%z #L (ton)/ s ¥ 3 # 0.119 0.100 0.097
eCO, £ 321 651](%) 30.26 25.35 25.13
TA(FEAR) 3.54 3.39 3.54
% K% (m) 204,224 193,115 238,101

% s A%k (10° F;)z 77.09  101.89  101.04

LI AR Y 7,609 9,071 9,071

" eCO, £+ £ (10°ton) 2676 2566  2.750

) eCO £ (ton)/ 1 ¥ 5 A 0352 0283 0303
(m”)
eCO, £ 2z vt &](%) 6.00 5.70 6.27
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s£ 2L %

(1 eCOy % 77) ()

241 R AN ROTE R F A A

2B TR(a) 17,871 22,777 18,913

2y (A () 9,835 9,850 9,394

£2% % eCO,#:2% £ (10°ton) 0.067 0.078 0.068

* eCO, £ 3+t 5(%) 0.1492|  0.1724  0.1544
B3 % A 4 £ (ton) 1,208. 1,492 1,407
eCO, £ £ (10°ton) 24903 3.0737  2.9002
eCO, 322 £ (10°ton) 44.6160  45.029  43.876
Fie A #(r) 14,981 15,459 15,720
4 yapc # (ton/ 4 ) 29782 29128  2.7911
AHE A (mD) 440,933 442,395 442,581

nE CCO p e (lon)/ S| (100l 0018 0.0991
& f# (m*)
iy et T E(FER) 62.875 62923  61.425
cRVERE(FER) 59.91 61.61 60.86
FEVRRE O 38.16 3925  37.37
(10°ton)
%R B 4 o d(fon/ A ) 2.55 2.54 2.38
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%42 EHATEE F WML P g

£ (121 eCO, % 77)

-t F2tag p 95 & 96 & 97 &
. eCO, 2% £ (10°ton) 17.408]  19.505|  19.289
e eCO, #x& (ton)/#.3 & & 4
s (CCO2# R (lon)/ i 455 A 0.078]  0.087]  0.086
(m")
245 eCO, £ < £ (10’ton) 8.475 8.393 7.845
= 1
_ eCO, #2x & (ton) /.3 & & 4%
L% it (ton)/ > 4 5 4 0.088  0.087  0.082
(m”)
F3cE  |eCO, £ % (10°ton) 13.500]  11.414] 11.024
g 1eCOy £ 2% £ (ton)/ ¥ ¥ & #f
s |(m) 0.119]  0.100]  0.097
B2 eCO,# 42 (10°ton) 2676  2.566]  2.750
hAEE eCO,#3%£ (ton)/ W& F & #
) 02 7 £ (fon)/ 1+ 4 6 4§ 0352 0283 0303
s (m")
Z2 3] %
. ; ;j eCO, £ ¢ £ (10°to1) 0067 0078  0.068
e
- B ¥ eCO, 4% £ (10°ton) 2.4903|  3.0737|  2.9002
g eCO, i £ %< £ (10°ton) 446161 45.0292| 43.8760
R A fg(A) 14,981 15459 15,720
X ¥aptc  (ton/ A ) 2.9782| 29128  2.7911
Iyur 2 E(FAR) 62.875|  62.923|  61.425
LRV RERE(FAR) 59.91 61.61 60.86
A2l B B (), Bz B
FRFRTE CCOERL 38.16)  39.25 37.37
(10%ton)
SRR AR (ton/ 4 ) 2.55 2.54 2.38
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% 43 2197 # eCO 3 &

T’ Liapiaa g (R4 ) (HE G FERE (R/m)
b 4 1.108 —
UC Berkeley 4.24 —
Harvard University — 0.17

4L %k © UC Berkeley (2009) » Harvard University (2008) » $/(98 &) » %

B
W %% ¥ +eC02
g (4 o)
25.000 O % £ % e(024
e A ()
90,000 |
i O 7 5c ¥ =~eC02
ot 15. 000 R ()
K
% 10.000 TR
N = 1 27 g
S 5.000 | weC02pte
D (F#8)
0. 000 [ 5 5 4 eCO24:
) A ()
95 & 96 -# 97 &
E R

Bl 4.1 & 3972 § s EABSH
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RFI-R TR > 2522 iﬁ%»%%%%44é%¢%ii?%‘%45
LHgrp kRt £o05 o B A3 RIS L FTE OKABER

Eyp A 44 p RoR* BEF A Z A AS EHTp ROk E S HP A
97 # B K TR 2Ry 5 A * kR 5 183 A/mi-#0 4 4.6 #77)] 5 (94
EYTIEen S < R A DA RBFDBERE o £ k844G 5 113 &
/mi- & »UC Berkeley 2008 # % 446.2 7 § 4v 4/ (UC Berkeley , 2009) % 1.16
B/me ¥R A E il a i # ok ® %ot 5« 2 UC Berkeley » 1 & &

¥ oAt

LA G ff s < 2 UC Berkeley ) %% » $R4piEERE

=y
EDS

A

AN R KET Y SRR - R B kA T A
bW LIRS o
TEHORE S 4722 B/A - E 5 HE 130 /4 - p oo B 45 477

FIn A A RE 203 2D A - b PAR e d 3 A B4 R E

4 ’K?ﬂ")ﬁj?&%iﬁ%@?f%?—‘ﬁffjﬁ P H AP i]x * g ?IEJ_E (A QERT N B
HEP®F B A ED > F1A B RSP AR Rk 2 R ER
RN R KW 0 TE MR ARV L HaE 2 A3 LB RN NTF]E o rEIL R
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9T ER LB A 2R OREH 526 B/A - E L 143 oY
A o P ootk 4.6 #p5lens + 2421 o2 /4 - p i 40.539% % X k- Hen
184 =/ 4 - p 1 22% > e ? & <« &709 o2 /4 - p > UC Berkeley
2008 & 4462 F H 4c h > £ 9557 2 /4 - p oo SRR L F 901009 2
AfA e p o 2R SAPRFEAEDI02 224 - p A F R S
SEIRAREL AP 0 2083069 0 7 T A A R -
AL L FE A A B R o A G SR AREREEE
AenF o REA T ER ALY o black B R SRA SR T ERE 1Y ok
Tt Rw ok g A0 (7 Rg > k)~ 2 RAK > S kv joant]
PE R Rookenig r Bo R B AP E L B (EARI %97 #£)
AR F B TRk Am AR p KRR RIRIRF R BRI - AT ET
30.9 g e ko 5 B oK TR ooz

SRl W AR AR kel B BT R TR ﬁhx%tﬁ:k
feg 095 & Rd WA EREFAPRERIR AR 06 2 97 £ % kT A
2RB KRS LRI LEL f R ARAE R RKFH 20% (9
216,859 &) » 82wk i3 £ 4.6 #75] 5 X % 93 & iRk S 23% 0 fe vdE T R
&R s 3 0 AR KT R

AT kR 95 & 97 E2 ed R A PaRg s ¥ 2 R
FARG LR eig &R 2 MEE MR IR TRFAY RFE PR R
RER TR 5 AH -
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3440 dokr B4

H-97 S2taE p 95 # 96 +# 97 &
podk-k(10° &) 190.06 235.51 269.60
T @;g ¥ % F# (/mz) 2 223,517|  223,517| 227,736
e e (R/m) 0.85 1.05 1.18
7AW (%) 25.22 29.28 32.94
A ok-k(10° &) 122.31 109.15 97.08
7R H 8 WG A (md) 113,292| 113,292 113,292
£ K5 Wy e g (R/ m) 1.08 0.96 0.86
A (%) 16.23 13.57 11.86
B okok(10° &) 77.09 101.89 101.04
% B %t AR E HE e () 7,609 9,071 9,071
s e e L (R/m) 10.13 11.23 11.14
A (%) 10.23 12.67 12.35
A kok(10° &) 353.54 350.18 348.77
vk B 10CR) 10.75 7.62 1.85
L2t v K E(1008) 364.29 357.81 350.62
PO EINEIRNE /13 7,426 7,426 7,426
Ly g (R/4A) 49.06 48.18 47.22
5 f(m’) 97260, 97,260, 97,260
e fHEd(R/ m) 3.75 3.68 3.61
a A (%) 48.33 44.48 42.85
B ok-k(10° &) 29.04 42.37 48.83
i W 5 ## (m?) 677 677 677
Wy e o8 (B/m) 42.87 62.55 72.09
A (%) 3.85 5.27 5.97
LaRRr RE(R) 743,002|  796,731| 816,493
pokoktwqook@ * (&) 753,753| 804,355 818,346
B A #ie( L) 14,981 15,459 15,720
A ¥ag (R/4) 50.31 52.03 52.06
AP H (M7 442,355  443.817| 448,036
RS FeHoL(R/ 170 1.81 1.83
m°)
AR RBE(R) 886,159| 1,040,048| 1,082,182
VL N & A R 83.85 76.61 75.45
A G CR-K ek 114,122| 200,950 216,859
*EYECRK)E A 12.88 19.32 20.04
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%45 Lgerp kg B

B4 StIEop 95 # 96 +# 97 #
KEFTHEE E e HHE(R/m) 0.85 1.05 1.18
T e o , ,

S e G R (B/md) 1.08 0.96 0.86
K
D IR
f;& Wy E G R (B/ m?) 10.13 11.23 11.14
g4k ¥ 58 R/ m) 3.64  3.60 3.9
- A Kyar B (R/A) 49.06]  48.18] 4722
P Wy e g (R/ m) 42.87]  62.55]  72.09
PREFFG HFIEE(R/
i ) 1.71 1.82 1.83
Axar g (R/A) 50.31 52.03 52.06
2046 542 X BBy B KR
W 5 R (/ md) 1.13
%?i%%i’gi(;}ﬂ/&.p) 203.3
Rk EF (%) 23.3
Sx A L R(AE /A p) 242.1
xhpmf(ad/4 - p) 184
v L x8(ad/4 . p) 70.9
B S irge < F(22/4 - p) 100.9
W—f— ;#Lﬁiji—'\?}(?—”/‘ .Ej) 110.2
B¢ /E(2A/4 - p) 132

FAL KR DB (94 &)
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FRART 3 ARRARE
AL LRI E T AP PR F T M AR kT Tk
B ARFT AT T LARE KA R F P A kT B R RS A A
BORA IR RIS LG RS AN B REL F TR ERTEE
PR AR(ZAFREAELIFE AT E 2R A BT RFIN 2 R
FEMA TR E(MAENDL) GRME T BE o HA 2 2 g FH R

E o AR

Wi

i%%%$%§@ﬁ@ﬁﬂ’k%4%ﬁ—ﬁ%ﬁﬁwﬁ,@i%%
E-97 ERRRAERENEAES v R RFYHE  EALBRRT TR

%X 20~33 2w A4 BIORERARZ AATEF A A B 3,400 4 5 RE% =R

/L
W%
g

FidptR N 0 0 95 E L b E L 38E F6:25 kg/ b 0 R
R A 191 AR HRTEAT 10622 T/ > dodk 47 45 o
ARG EEHARE o Ak A A8 AT R EIE LRRR DTN > s H < F
04 £ 54,000 2 7 A B (38995 E) 8 51045207 /7 > 7 < & 23808 2
TR AT 2T/ R B R8I0 ST ~ K 606 2T/ o P g
15,800 =7 ~ % 1264 = 7 /R o

SR CAHMAE P BAE R LE R R 2R 2

RE GRS B BN P A B CF 2R A
A AREBUERRALE S UABEARHE(IRIRE TS

A4 R)FL ARG F BAAAETE AR > TR AP FRE L K
R ETZRRA A B R EE N ABEER R ad RHRER 2R R
A3 AEEP R PURHRFEE AL FFAES AF 5 N2 - o
RABELAFHERE  HI05 2T /F o w XL ErE 471 27 /F
FAFHREFERE S APF o RAERETEZIE LS 5150% 0 HiE 0
BB A FH606 > 7/F BPAERHRETIG 5 XD6% 0 BRIREE
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BR300 A EFEARPE S TRATIBM A SR L AL
MARS AR %E > wFOERE S FIRIEFRRAAR T ¥ - X
/m/|’$/|>?‘?"’r{k' g‘g géﬂ{g’#g#%%iqt%?:%}i% ’]‘a..g‘ﬁ—y(’rﬁ
B LR E L o
LA RRANEF e P RBOBE R BRI RFAF R T
REFTE-EFCERRIARFERAEE v - SR
T REAEFGREE B RATHRERED » AEFE
3047 BOER R A4
S 95 & 96 & 97 &

BEREF TARREAL T (kg) 20,283 30,104 33,590
7 56:5*-*?{1& A2 #c(r) 3,244 3435 3,438
£ Ao A 4§ (kg/*) 6.25 8.76 9.77
= FFk3HE (kg/f) 106.2 157.6 178.8
# 48 LRERAEE

2 |Bpreidke) (REmRIABME) FFFTRTHE(e/F)
I a4 54,000 517 104.45
SRR 4 23,880 507 47.10
[E N 18,180 30 606.00
voE g 15,800 125 126.40
FAL KGR 1 3R(95 &) > AR RTE -
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45 A SR F Fhk

v

AEEFRFZF2ERIN RRFIIRA 5B (F

AN E 2 o A KB B0 2EREG YT 795,079 mP e A Lk
EREARTF - F M BAF R S8BT RO R ERAF L B2
PER®E2ZEASAMA G AT B B % 7
PESEYARIFIPH B AR BT R LT R

T4 £R &1 * Google Earth £ B~ A X 4 ~RF 22 FEa

242 BAF £5 5 02 40 4.10 = < BAF 5354 > A R4pH7
B BAF B & £ 5 035 2 5 KEZ BAF &5 a7 £ fbo)
Be166.7% ° XA F R EMA SR el BAF B £ H AL A RTE (S
BHL54TIDRERES e #PRF 7722 % R4 6 £ 5 66,603

BEEFETEMEBETHZIFPMER R R TS EER 4T
#3 BAF 25 008 28 (% 85 25317 m)4 s ¥ rcd s £ 5/
TR A et B R A G Y 12,659 mi o BAF ¥ H 40 5 0.020 4 7 i
2ORERF(R K 22,588 m) i ik i 30> % 4t & o (Partially sealed
surfaces)z. & & » ¥ 34 001 c Hisdom v X2 2 A e » VH A S
R R FETEMERRR L Vg BAF B # 2% RFIRE {
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4.9 RFIE AR AR 4

KB i T B # ## (m?) &3
. ‘ e R 79.644
B3B8~ BT i ’ 158,460
TN i e 78.816
o . EER% 0
CE R R R C Iy 22.588
A T 22,588
- e R 9.591
T e R - ? 95.147
* " £ 85,556
, o e R 9.417
DB - ? 25317
L AR 15,900
T T 3.577
ik} f*, p 17,163
e ch'ﬂ K 1,3586
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st 2L &

%’\’ 4.10 %{ .:»v‘_»“z ~
4 3T Ak
5 (RESEA
%9 4 i ik B |(KF3 % o |[FREG
(m”) )
# (m”)
g T gy Er R E D
f& £ 4 @ (Surfaces |[# & ® 2230 T
with B S PSR 1| % 158,460 158,460
vegetation,connecte | F ¥ {47 frd*
d to soil below) P4 EaER R
2R3 R
A krzATE L
(Partially sealed Fo e te e 0.3 b 375 113
ooy o y
surfaces) 4 £t om
Ry R L
: g 4 Fo i AR
(Semi-open Hofpw i 05|, i;% 1,065 533
surfaces) £ i o B
FoR B TLETE
G om®E R kS %o s =
. /A TP R e
(Rainwater AR T 02,5 | 17,163 3433
: : 2 |y A
infiltration per m~ |k
of roof area)
BB HBo TR b o
(Greenery on R R EFoE 0.7\— 0 0
rooftop ) H
IR S TR B
f 32 " - 162,538
& ## (m”)
B G A (mY) — 795,079
BAF & — 0.20
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Tl BT d PRE AP I RETREFEE T PR E D R FATH
W IRIER e

TEL 2 OS5 E97T BB RS A2 E ~ Wi ~ 2R A RO 34
2353 Ew i B AR E AR R R Aok 411 A5 o
LA - ERBRASREEN 1,600 2P FIREAER P Il 250 HE
AT 1595 iR ARG 1T 2T/AE BRAP AL EABEY
10395 =5 /4 & > 5028 2 9/4 p > WEFILH3THF L - & 412 %77
Hu R4+ Bmd g FpPEs S B gv a9 284%
BRAP AL EABEEYS2A32T7/4 s w T EABEYI49 D T/4 G FE
BAEwIE K 579 RS AL E AR K 1826 2 T/4 o wTE 4
2§ 104 2 7/ 4 ; UC Berkeley W e 36439 ~ wic A 3598 9 55.7 2 7/

2

H ii:lin’zjé (%% g d

\‘\J\
[k
e

Led 241N VPR TN BGEPICF RS
R

TREAT TR E G250 w2 A 2F 514 27/ 4 5 v icdicE
TEAFRFAPNESAEPHE R TR RS AL E AR E
A B R ERIE 0 Y Wt 4ok 7' F The Azcapotzalco campus of the
University Autonoma Metropolitana (Espinosa, 2008)fF £ %3 15000 4 » i
BRAF AL ABEEY 01l 27/4p > 24 5H 2585 vt imEY
5 UC Berkeley éh= 22— » 2 % & H M BAI X F LRI FH BT

R TyEE o R w iz TR RIFE 30 g F AR woi o Rk ez

B R R 2 0 U G A S AT R e o ¢ R L
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L4 BRAFE2 v B

s+ 21 2

st 4
— 95 & 96 # 97 &
FEE (W) 1,208 1,492 1,407
v T E (2 HE) 261.89 266.31 226.22
AL (L) 405,277 372,427 361,612
A K 14,981 15,459 15,720
BrE (R EIPRE)(DH) 1,470 1,758 1,634
ByrB a4 AmE(aT/4) 98.18 113.75 103.95
w1 F (%) 17.81 15.14 13.84
ThejcABmE(aT7/4) 17.48 17.23 14.39
2412 A RBERAFEE PR LA
R v E | wfed Bk | Ad E A | wtE LD
i ) | ) | Qo) | (1) BT/ RB(=21/4)
R 201.8 57.4 28.4|. . 3,849 52.43 14.9
Fe g 115.8 66 57.0] 6,343 18.26 10.4
E I 4 7569 132.2 17.5| 15,639 48.40 8.5
e FE
By 244 48.7 20.0 7042 34.65 6.9
ucC
6,427 2,760| . 42.94| 49,567 129.66 55.7
Berkeley

AL kR UC Berkeley (2009) » $1(97 %) > $/(98 &) » %2 % (98 &) > M
(98 &) » A45F FEIT o
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4.8 2 jiy K
AERFZF2TERINLLNAR KT R S BRF U 2 A

BTG RFAEEFEOA#H FkA3O6EF ot A2 o5 E

B 4od 413 150 — - P AT

| fihz EF: 242 5 - §2 34 2 2 R5 0 BLA# g4
2. eCOy & f %k eCO, 2 15 g i 4 7% #c 1/6.6(ton eCOy/year-ha) @ 17 o

2. kFRzZ BF: 2 g %= 825 Kok ER KT RE KR RE
* oy AL R Gl 9038(2E/FH m) o R At A kokArA S
eCO, & £ %k 1 eCO, 2 i X _p 4 4 % 8 1/6.6(ton eCOy/year-ha) @ 17 o

3. BRAP 2 EF 223 % - §2 B F EHH CO, 2 £ £ 511 eCO,
4 R R 4 % e 1/6.6(ton eCOs/year-ha)ym 18 o

4, 2z EFiiz A% % 28258 ® B9 g 42 eCO, ¥ £ 1 3 17 eCO,
4 fE R 4 % B 1/6.6(ton eCOy/year-ha) @ -

5. M#gz2. EF 1 A F g H st W8 5 Wkt ¥ it % d 2 2G4
B2 250 B S A AT Wyt 962 97 &> ¥ F 3
teABF > Flm OS5 EiRv IER o HE IRREFEE 0 LR RS &
g tadfiem 18 o

X FE A A B 15,500 A0 KBE 1K 1,800 403 kG fE 6 795
N0 A 414 A2 BKE 0 L 9T ER B R R KT R K
BT %2 A4 2 Bdid2t 8 EF &> EF 856,702 28 » 5 84 8 en
2LAREF AR G043 2/ 4 o

% 415 #77] L Rp ¢t B X BH EF @& > G402 the University of
Newcastle(Flint » 2001) 7 1998 & =5 4 £ fedzif 17,000 4 > #BE 1 ¥

2,000 & » KB 135 24F 0 AR G017 2 F/4 s XGRS G4 24
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P (P G R BER) RS FHRETR) PRI 30
KB AP )EFFEEFE 2 EF 255 3,592 25 iR o
26 & - # & Holme Lacy College # # 2001 & :0 EF i& 3 296 =& (Dawe, et
al. 2004) > iR 128 > A 3BE 5 0.56 2E/ 4 5 @ University of East
Anglia 2002 &7 EF & 2,499 28 » ) 53:3% 60 & > £ 338 5 0.16 28/
~ B 2004 & EF & 5 2,256 2wg(3F > 95 &) ) 53:%1 273

® =
2o A 3af 051 2E/4 o AF:EL EF B P ALApk > 2L i R 84

(é g i ﬁé‘ﬁ%)‘ 2 ’#FRZZ‘(G—’ 7% J\K )%\qu ;}'ﬂ)ff_;r’;’fp EF @'-‘gcj

s
(\x

0% 11 > B AERIE D A RApk o 24 % EF B B
AR o G B iR FRERET- N EF B 45T X ARG
¥ e &g o BF & 0 12 RUE F Bl ehAL g o
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% 413 EF 3+ ¥ 4

) — 95 & 96 & 97 F

TA(FER) 29.5 33.0 32.6
gy €02 #%fi'tiflo%ml) 18.8 21.0 20.8
W (COMRERZ G T Bdie(ion 6.6 6.6 6.6

e¢CO,/year-ha)
R R 2 4 ik X (ha) 2,846 3,181 3,147
A (FHR) 10.9 11.1 10.4
- 28R F (m) 685,589 584,682 488,661
" eCO, £z (*10’ton) 8.3 8.2 7.6
w2 4 ik R (ha) 1,261 1,248 1,152
FREC (T4 (FER) 18.9 15.5 14.9
B 22 eCO, #22 B (¥10°ton) 12.1 9.9 9.5
% v R 2 4 ik X (ha) 1,827 1,493 1,434
TA(pEAR) 33 3.3 3.4
B2 b |X R F (md) 193,250 193,250| 193,250
£H > [eCO, £ (*10°ton) 2.5 2.5 2.6
W R e 2. 4 iR R (ha) 380.3 375.0 388.0
”} e B R 4 R P (%10°ha) 6,315 6,298 6,123

L A
s bz A (ad) 17,871 22,777 18,913
2% s (o) : 9,835 9,850 9,394
ooy |cCO:#7%E (*107ton) 0.067|  0.078]  0.068
* o gk 2 4 fL X (ha) 10.1 11.8 10.3
B 4 A % (ton) 1,208 1,492 1,407
c 3 <3 a 3 4 5] :

BRF iij”hj‘ LRt pap 377.3| 4657  439.4
i * X 2 (ton) 77.3 78.5 79.8
* W B2 4 i R (*10ha) 60.5 61.5 62.5
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% 413 EF 5 4 ()

g RkER) 886,159| 1,040,048/ 1,082,182
LK R A iy A r¥ic(ha/ P @
Bk W “dic(ha/ T ¥ 90.4 90.4 90.4
M)
L o KRR B2 4 R R
kgm [P RR kR 80.1 940/  97.8
(ha)
TR RKEARA eCO 2 4 5 &K
5 (ha) 26.2 30.7 32.0
I N (ha) 106.3 124.7 129.8
6,869 6,961 6,764
ﬁ;‘r‘
4 414 2 + EF %3 4
P 95 & 96 # 97 &
o Rz 4 fg X (ha) 6,315 6,298 6,123
kF Rz A B A (ha) 106.3 124.7 129.8
B 2.4 i X (ha) 377.3 465.7 439 4
2 i 2. 4 f; & (ha) 10.1 11.8 10.3
* K24 g & (ha) 60.5 61.5 62.5
4 i & (ha) 6,869 6,961 6,764
FFA A fe(A) 14,981 15,459 15,720
L 328 (ha/ %) 0.46 0.45 0.43
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# 415 WP HH s Bz EF @ ik

B R4 E ] 2REEF | FERAK O (ERef| A 22

SRy (ha) (%) (ha) | (ha/*)

Newcastle,Australia [ 1998 ] 3,211 19,200 135 0.17
2,727

Redlands, CA, USA [2001 ] 2,375 L 133.5 0.87
(% F R

Swansea(Univ. Wales) [2002 ] 10,004 12,630 19.7 0.79

East Anglia, UK [2002 ] 2,499 15,500 41.4 0.16

Holme Lacy College [2001 ] 296 524 240 0.56

BBz 22004 ] 2,256 4,383 82.5 0.51

9 -

FA %R : Daweetal., (2004) > (95 &) o AF 5§ &

=

—~— 2 BF &
7.00 "
. > . (10°3 ha)

6.00 =k FR2EF &
5.00 - (¥10°2 ha)
400 N
3.00 (¥10°2 ha)
200 —— 2 i 2 FF &
1.00 — = (%10 ha)

95 & 96 & 97 & 4

B 4.7 2 & E AR B
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O)AMERY d W REZFERAPFY 77 CEFT AR L
FEURFBAF T R BB A2 RF TR LY U RFR
Flen X gl e BRFRHELES - B=RER F AL > 4
KA TR I A F R e wtE A L TR TRALES
FERT A - BAFORF AR iRl B oE sy
Te A 308 P L3R RPN M adg e X 5|5 1 95~97 &£ 8 4 353
>ul A 9818~ 113.75~ % 10395 27 » v sz L 2 5 wie L 398
AL 174851723~ % 1439 27 » Xciv 3 & o B4 F L &4 K
FEMARF AL AR E RR v T AR R L AR T

B mi A ERAERFAL AHEE v R P REER L

()2 B EF e idpifd &3 5o = 355 5 - L4975 557 6
FIF] G S - JBE 0 bded & & F(Ecological footprint, EF)

(Wackernagel and Rees, 1996) + #5132 0 a1 (2 2 A S5 75697 3

o

SRR SR SEEREY SR L R R

- P B E B R AR IR ES - B L4
% > 4- Environmental Sustainability Index (ESI) - & ** % = Bipthg &
AL TRE A PRIEY 2 A B OE S RAFETEY A LT
BB A E% e 4 - 1 % F35 ¥ EF 4, #(Lietal., 2008 ; Flint,
2001) o Z R FERM B~ KFR~BRP ~ i ~ 2 KET g
5 29597 # A2 EF @4 5 5 046045~ % 043 28 » % EF &
AuE K 6,869 6,961~ 2 6,764 2 0 9% & |8 RILT KFlG A
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