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ABSTRACT

Environmental sustainability is a complicated concept and its evaluation-framework is a
mixture of multiple dimensions, including both quantitative and qualitative methods. Therefore,
using only traditional multiple-criteria decision-making (MCDM) or even current fuzzy logic seems
insufficient for evaluating environmental sustainability. In this report, a new evaluation-framework
based on an integration of MCDM and fuzzy logic for assessing environmental sustainability,
consisting of 36 structured and five unstructured decision-points, is proposed, wherein MCDM is
used to handle structured decision-points and fuzzy logic serves the unstructured ones.  The inputsto
this evaluation-framework are 74 variables defined by the Environmental Sustainability Index (ESI);
whereas, the output is a score ranging from O (i.e., unsustainable) to 100 (i.e., completely sustainable).

On the basis of this integrated framework, the environmental sustainabilities of 146 countries are
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calculated, ranked and clustered. The evauation results can be very helpful to various countries in

identifying their respective obstacles with regard to environmental sustainability.
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1 “sustainability” ~ “state” ~ “pressure” = “response” P
i) E@?‘ﬁﬁl%@? s [ “good” ~ “weak” ~ “powerful” ¥ “very
good” 53 [J|LRL < (PR -

?ﬁl@%{filj Py R ELRERE ~ UM =L
FF o (Y0 “sustainability” fl— [FEFEZSURIPONES, -
I““¢Hﬂﬁﬁ“-ﬁﬁﬁf@?ﬁwwﬂ$ﬁw@w*7U7@L
;;ﬁflfji}"?aj :
“poor”~“‘very poor” =2 “terrible”- [fji"f:%iwﬁf@r ‘state” E|
3 [lASLAA T PR R
“pressure” E| 3 AUl : “strong” ~ “medium” == “weak” ;

P9 3 (R

“excellent” ~ “very good” ~ “good” ~ “medium” ~

-

“good” ~ “medium” = “poor”

[,
D‘F‘,ﬁL@E\T “response” “powerful”

“medium” ¥ “weak” o ETF %‘Laﬁﬂf T EURA s AU [
A ﬂ’i e lﬁwﬁﬁfllﬁijﬁﬁﬁ%%ﬁ‘ﬁé‘r 27 i
PRIER] > YA 2 -
{5 RIS > Zadeh [19] ALY - (Y
TS (e R (7 F IR IBENE
Flip7e 2 ’hﬁ”lﬁl[ﬁ' FI VAV LL- R (degree)
i VR R pe(x) > F T xR sl U 1o
ﬁ“ Foo () FFR x B OF UG ?ﬁm@ﬂ(
sustamablhty” Y 7 {ESH il “excellent” ~ “very good” ~

“good” ~ “medium” ~ “poor” ~ “very poor” = “terrible” PUZL
B G R 3@ ¢ FIRY  FE@E stae” -
“pressure” = “response” [IU 3 i fSLAY fift 55 P L F ﬁ%ﬁl
3(b) ~ () = (d) -

MHRE )~ AR (e, THRAELITT IR = 3

PR Forftguel v (OB - o

IF X1isF3; AND X, isF, AND X3isF3 THEN Y isG;
X1isF;"AND X, isF,’ AND X, isF3' (3)
Y iSGi'

HHOXE Y SRS S U O £

G¥ G t@ﬁ*ﬁ& V [l f,oﬂJE‘J compositiona rule of
inference [21] » G Ji'l') N U FHET -
=(F'1AF'2AF'3)o((FiAFR2AF3) > G) (4)

FHr“A” (Y~ @ t-norm 3EET" > “0” L {laf composition
SR > o7 ke

RIFHET G o SEET U S RL I E BIORRRE « I
“sup-min” P &Y L composition i ET=" [20] > [l G' fUAR

LT SR

fl& implication & fT—" -

U, (V) =um%3min[ﬂF'lAF'2AF'3 (U1,U2,U3), LF, AF,p AFis >
G(ul,UQ,Ug,V)]

(5)

Bl H o 9 W “min” 3 £

anb=min(a,b) ) =

t-norm E BT

O (e,

ifY “Mamdani's fuzzy

implication
a—b=min(a,b) ) FJ (5) 501 ¢
reasoning” [7] A AT AuztaT

i
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Rule IF AND AND THEN
State Pressure Response Sustainability
is is is is
1 poor weak powerful good
2 poor weak medium poor
3 poor weak weak very poor
4 poor medium powerful medium
5 poor medium medium poor
6 poor medium weak very poor
7 poor strong powerful poor
8 poor strong medium very poor
9 poor strong weak terrible
10 medium weak powerful very good
11 medium weak medium good
12 medium weak weak poor
13 medium medium powerful good
14 medium medium medium medium
15 medium medium weak poor
16 medium strong powerful good
17 medium strong medium poor
18 medium strong weak very poor
19 good weak powerful excellent
20 good weak medium very good
21 good weak weak good
22 good medium powerful very good
23 good medium medium good
24 good medium weak medium
25 good strong powerful very good
26 good strong medium good
27 good strong weak poor
w(x) nx)
At ile *° di ood very Hent t
. errible poor poor meaium 8 goad excetien, g_q_a_t_i___ medium paor
1
T T Y T T T T >X T T T T T T T t T > X
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 8 90 100
(@) (b)
;:SX) wx)
1 weak medium strong L _weak medium powerful
. . y ; ; " ; » X ‘ . : . . : , , , , > X
0 10 20 30 40 50 60 70 80 920 100 0 10 20 30 40 50 60 70 80 90 100
© @)
A 3. FEEBYY (@) SR - (b) AE (O B () [VREORMIIEE SR
e, (V) = uLmngusmm[#Fll (W) g, (U2), e, (Ug), i, (Un), (7

e, U2) pr, (U3), g (V)] (6)

(6) 3Vfi' ) F FEIA TS

:uG'i (V) = min[n:ﬁX:uF'J.AFil (ul)vn']aleuF'zAFiz (Uz),

MaX [, o, (U3), ug (V)

i
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Ar. /F\ A F, F, A G,
N W A Cr.  Cmmin{C,, Cuy Cu} | ,
IO\ /
0 00" % 0 100> " 0 00>
(a)
A A
A N t - G,
Ca C. /\Cu __CFmin{C,, Cy, Cp} /\
l\ ¢
P » u = » — » u. »
0 u, 100" 0w, 100~ 0 w, 10077 0 1007
(b
1 Fu 1\ Fa 1 By 4 G,
C, C, L.
,
C=C,;+C,C, G,
il >y, Ll >y, Rl >
0 u, 100 0 T, 100 ] u, 0 100
()

ﬁaﬂ 4. I} (a) t-norm BE~" “min” §Wﬁ‘ ~ (b) t-norm EE=" “min” ?*%’]j”_ J‘ > (¢) t-norm 3BT~ “product”

R i TR

min[nlalxup'lm,l(ul),naazqu-ZAp,z(uZ).nagqu-3AF,3(U3)] HlI
it E S RLEE P RIPORBl e G 2 GALPI
IG5 EL G e

IR R R R (e, RS G) > (7) @
s e

ue, (v) = minfug, (1), up, (U2) 1p, (U3) G (W] (8)

()= 'J Il A(0) e minfpug,, (un), e, (U2), e, (U3)]
AL I R A G Y CRLE e
=J Gi j”#}"tﬁ/ Gil °

PP “product” FV{Y “min” BYEL t-norm EETT (e,

arb=a-b ) (6) el :

(V)= max min[ug: (Uy)-upe (U)- e, (Uz),ug, (U
#e, (V) o [up, (W) up, (U2)- upr, (U3), uf, (Un)

uE,, U2)- uf,, (Uz)- ug (V)] (9)

IR PR R AL (R O - (9) SRSy g o7

=

ne, (V) =minfug, (U1)- ug, (U2)-pe, (US) g ()] (8)

(8) [l 40 A

minfug, () pe,, (U2)

p, (U3)] FIBELE FIE A O AL Co

CRLA I G 15 G -
7~ “sup-min” 2 “min” 55 [[[HaE
o 25
TﬁBJﬁﬁwaW'ma “min” £} t-norm R ijdsFR e
“product” [ RLR T S5 — f[ﬁ'#ﬁj RGEL :E“.ﬁﬂ %’7 2IEET
G' 1] “min” [l1ZeFE - Elfjﬁl‘ifj" E]ré{%ﬁaﬂ W Gy
R
@?ﬂ“ l’[ﬁ‘f’,ﬂ A4 [l P IR s B

Rulel: IF stateis medium (Fy;) AND pressure is weak (Fip)

lﬁﬁﬁ:ﬁd’ fl1> “product

55 £ t-norm ~ composition == implication fi3& E1~"

AND response is medium (F13)
THEN sustainability is good (G,)
Rule2 : IF state is medium (F,;) AND pressure is medium
(F22) AND response is medium (Fy3)
THEN sustainability is medium (Gy)
Rule3: IF state is good (Fs;) AND pressure is weak (Fzp)
AND response is powerful (Fs3)
THEN sustainability is very good (Gs)
Rule4 : IF state is good (F41) AND pressure is medium (Fy,)
AND response is medium (F3)
THEN sustainability is good (Gg)
R E] 3 e e -
Factl: Stateis30.7
Fact 2 : Pressureis23.5
Fact 3: Responseis71.2

MU 5T 75 4 [ R Ry (2 p U 5 E~ G M 2

i
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Step 1: Computing compatibilities

Step 2: Truncating conclusions

» »
1 F oM L F=w 1 F =M A G=G
N\ Cn=0.614 C,=0.53 C,,=0.576
C,=0.187 -
> | > » L A7t
0 30.7 100" ™ 0 235 100" ™ 712 100" ™ 0 To0® ¥
L F,=M . F,=M 1 F,=M 1{; G =M *
C,=0.614 _ z
‘ n /\c,,=0.47 C.,=0.576 /\ 8
C,=0.166 / v, o
0 30.7 100” 0 235 160> ™ 0 712 100" % 0 0> | B
o
e
oe
A
1K\Fa= 1\Fa=W 19 F,,=P 1 G~E g,.
= =
C,=0.386 €a=0.53 C,H0.414 o
/| C,=0.085 ¢, |5
> u, ‘ > u, » u, =V |5
0 30 100 0 235 100 0 712 100 0 100 ]
o
-
2
_ F,=M A G=G <]
1\Fa=G 1 4 1 ‘ g
[<]
C,=0.386 C,,=0.47 E
C,=0.104 o @
0 00> ™ 0 100% U s (L -
30.7 23.5 B
1
Step 4: Defuzzifying

the overall conclusion

5. TR

P=Z2 W 55 ] o A5 & f, “excellent” ~ “good” ~ “medium” ~

“powerful” =2 “weak”) :

R

PEHEE A ¢ R E A SR

=y ETEJF'U’FE'WE@ P RLIRR - R
N4 IJﬁH o' Rulel £ 5] Fact 122 “stateis
Fu” VI3 (175 45 uen(30.7)=0614 5 Fact 2 %
“pressure is Fyp” Vi Jlﬁf 18 B ur12(23.5)=0.53 ;
Fact 3 =2 “response is Fyg” IV [H v i Fﬁ' o
uria(71:2)=0.576 - Rule 15533 3 (sl ol £
% B pr1a(30.7) - p4r12(23.5) - pe13(71.2) }T;'F;[ Fo
0.187 - [ﬁjfﬁ' » Rules2~ 3% 452 3 ['[E'E]i?ﬁfl@{if%'i%
f £ 53 W% 0.166 ~ 0.0857= 0.104 -

PR L (R R R

S5 (3% FTO AR RS 5« 5
RS B E R
R pET Jﬁ‘—ru °

l:[%‘ JFIJ'TE;:”]’IIJ 1[:_,_4[[ i'? ﬁI[J gﬂ?l};@?‘j
i e fo! LR £ 55 4%%@%;;% Pl 5 5

R

A fek Efl Jﬁ:ﬂwi_}i—j I[ﬁ{'l?ﬁvlbli&/‘:H ifﬂ;\ °
ﬁuaaxﬁf OSSR [ 1 TR SRR R R R
filEr #%'H'.BJ'%FFU A PRLIE TR ) TR

[RIF= %:F;lftﬁlfﬁ[ I\Jiair'tr(defuzzmcatlon)o -

Fﬂj ™ > kLR ISR & ﬁ@%’?‘f%’ﬁél@ pY
B o TSR FR M I~ (center of gravity method )

e AR [ P AL AU R ﬁ;‘/%‘*\’?ﬁ'@ FrErEY
EAEVE© o |q‘gﬂ[ 5 5. *J»iﬁ@?‘wpgqﬁ% £
63.7 -

SR E

guz‘?%ﬁzﬁﬁ“'IJ%’%&J\WEI%W#,#E&:J £ ;%f fY

i > 238 [ P 74 AR

u [:F IIE"I

Uil 2005 ' ES| 5 ek~ B SYRIBY DA 45 (v
RLBR P P S | 146 WK S et
T 7 USRS ES|HRH PR RE

it

SRR 3 S BSZELEAPRD (R RTL AT
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[fil > B < (1) wPRERH - 2 7] Markov Chain Monte
Carlo simulation i3 ffi 12 STHEYR]  4L%) 30 (AL
SEFHTR] « SMEHTHY 44 [l 1) Rl pupig T
R () FPR R Ry
eI
( 100* (x-worst)/(best-worst) ) fﬁé?ﬁe[ TN AR TR A |
ARLPEHEUTE T + 150 RAUTH 146 (B BRI PR
B HEHETE VB ASHIEH T ES T
B % E n**rfﬂ Vi Hlfa Rl {747 0 % 100
R - %ﬂﬁqﬁw*%ﬂwaﬁfmi°?<3“ﬁHW£5§
146 [iGF [9EE 2 2005 i ES| U A1 > 7] 69 [
IR A T 12 57 £yt T4 (RIS OEES
1= 80 f F 3 [WBFAVEENIZE (™ FJEIEIJ{E;J [?EJI/
PR B[O 6 17 o[y PO SRR 2
- Ffs E&fl%} > Norway ~ Finland ~ Iceland ~ Canada~ Sweden
=2 Uruguay e i i rof i HERLELRR S Canada 19t >
PP S o SFHRE ] T SRAVAS AR o [T T s A B
Turkmenistan ~ Haiti ~ Irag ~ North Korea - Uzbekistan == Sudan
?ﬁi_[ﬂt I F IJE%FJ?W I - P Flﬁ%‘\éﬁ} ENFL[M
PR A/

(1) ESUKRTHBUR- S~ [ - R 76 300k (M
L~ BEE] ~ [ BRI 5 5 ST CRL
AR T ST RS KT - e

IS I 25 2 BEED - ZIE) A 2L I (T - 5 P
P (3) AR R T [ 0 | 100 GHREE « B« T < B~ T SR IE )
(G B ARRES] S R[S [ VST~ g R P

B RS ARES]  FIRERIVE ~ BURSR S B
RTVER OISR ORI 2R
MR R R R
TR fUPRl - (SIS RIS ) - iR 21
VRT3 5 T b e PO AR £ -
(2) FHFRELRBUEHA 5T Y 6 8 (4 50l
*%@@‘#Efﬁﬁ‘jﬁﬁéﬁﬁm$@@~é
PRSI ) B NI E PSR ]
T s HRL 76 5 “”ﬁﬁelﬁ“ﬁlzﬂ%@iﬁ[a SRS
D e P9 PRET I S
Ao J@ﬁﬁ@@\jﬁﬁﬁﬁﬁﬂﬁfwﬁ‘é
P2 ARO[V - [N 76 RS0 H v T
(IR0 oy S RS & 2 2 2] K e
JANE « 4 BETREWEABIE « %P1 SR

2 3. 146 W BUR BTV fp‘mﬁﬁﬂ

Rank Country ES Component Score ESI Rank Rank
Score AQS WQA WQNS LNS BIOS Change
1 Norway 75.48 79.12(A) 79.87(A) 75.87(A) 75.73(A) 66.81(A) 2 -1
2 Finland 74.73 82.70(A) 85.24(A) 55.58(A) 77.89(A) 72.23(A) 1 +1
3 Iceland 74.00 76.05(A) 72.29(A) 86.08(A) 73.75(A) 61.85(A) 5 -2
4 Canada 72.25 73.11(A) 78.95(A) 71.22(A) 69.40(B) 68.57(A) 6 -2
5 Sweden 70.68 81.21(A) 76.03(A) 54.82(A) 75.60(A) 65.75(A) 4 +1
6 Uruguay 70.29 75.54(A) 69.98(A) 71.29(A) 76.60(A) 58.04(A) 3 +3
7 Guyana 68.30 66.99(A) 68.00(A) 59.99(A) 76.19(A) 70.32(A) 8 -1
8 Austria 67.77 77.40(A) 74.58(A) 52.02(A) 73.57(A) 61.27(A) 10 -2
9 Gabon 67.66 62.14(B) 63.53(A) 71.68(A) 72.54(A) 68.41(A) 12 -3
10 Switzerland 67.49 77.50(A) 73.96(A) 50.33(A) 69.48(B) 66.19(A) 7 +3
1 Australia 66.52 65.89(A) 73.22(A) 49.61(A) 74.07(A) 69.81(A) 13 -2
12 Bolivia 66.33 63.61(A) 67.50(A) 58.88(A) 75.15(A) 66.53(A) 19 -7
13 Germany 65.78 73.17(A) 72.51(A) 52.54(A) 72.11(A) 58.57(A) 31 -18
14 Denmark 65.05 76.89(A) 73.39(A) 54.12(A) 65.99(B) 54.84(A) 26 -12
15 Estonia 65.02 77.56(A) 73.76(A) 43.99(A) 73.53(A) 56.24(A) 27 -12
16 New Zealand 64.62 77.39(A) 70.78(A) 59.43(A) 72.77(A) 42.72(B) 14 +2
17 Slovenia 64.58 75.15(A) 68.44(A) 50.46(A) 77.81(A) 51.05(B) 29 -12
18 Brazil 64.41 61.41(B) 67.84(A) 56.55(A) 76.83(A) 59.43(A) 11 +7
19 Panama 64.20 69.13(A) 68.88(A) 48.67(A) 75.12(A) 59.20(A) 28 -9
20 Latvia 64.20 76.66(A) 72.27(A) 38.95(A) 77.95(A) 55.16(A) 15 +5
21 Botswana 63.73 65.59(A) 69.54(A) 39.57(A) 76.44(A) 67.62(A) 34 -13
22 Croatia 63.60 72.61(A) 69.28(A) 43.79(A) 77.76(A) 54.55(A) 20 +2
23 Russia 63.54 64.06(A) 72.26(A) 44.28(A) 77.05(A) 60.08(A) 33 -10
24 Argentina 63.25 72.11(A) 69.05(A) 40.65(A) 75.55(A) 58.89(A) 9 +15
25 Lithuania 63.18 77.36(A) 66.31(A) 39.07(A) 78.86(A) 54.31(A) 23 +2
26 Ireland 63.13 71.31(A) 69.51(A) 48.11(A) 68.50(B) 58.21(A) 21 +5
27 Colombia 63.03 61.19(B) 58.11(B) 58.58(A) 75.35(A) 61.91(A) 22 +5

i
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Rank  Country ES Component Score ESI Rank Rank
Score AQS WQA WQNS LNS BIOS Change
28 United States 62.97 66.42(A)  7L72(A)  5055(A)  67.72(B)  58.41(A) 45 17
29 Slovakia 62.74 73.28(A) 71.89(A) 39.72(A) 73.09(A) 55.71(A) 49 -20
30 Ecuador 62.56 63.65(A)  6454(A) 51.30(A)  77.41(A)  55.87(A) 51 21
31 United Kingdom 62.39 69.20(A)  70.96(A)  5101(A)  61.67(B)  60.12(A) 66 -35
32 Nicaragua 62.30 61.46(B)  68.78(A)  52.41(A)  73.71(A)  56.14(A) 65 -33
33 Costa Rica 62.28 62.86(A) 59.34(B)  53.17(A)  76.36(A)  59.65(A) 18 +15
34 Netherlands 62.27 68.87(A)  46.45(A)  50.36(A)  66.29(B)  57.38(A) 41 7
35 France 62.21 73.31(A) 70.43(A) 46.80(A) 64.88(B) 55.61(A) 35 0
36 Namibia 62.19 61.39(B)  66.06(A)  41.41(A)  75.38(A)  66.70(A) 2 +4
37 Venezuela 62.00 63.06(A) 57.83(B)  53.64(A) T272(A)  62.73(A) 82 -45
38 Peru 61.80 56.18(B)  62.71(A)  54.04(A)  7558(A)  60.48(A) 16 +22
39 Japan 61.62 64.43(A)  73.49(A)  49.13(A)  65.64(B)  55.44(A) 30 +9
40 Mongolia 61.09 65.20(A)  67.63(A)  41.00(A)  71.02(A)  60.59(A) 72 32
41 Bulgaria 61.05 7455(A)  66.91(A)  37.53(B)  76.36(A)  49.88(B) 70 -29
42 Chile 60.98 64.34(A)  63.92(A) 4597(A)  T77.22(A)  53.43(B) 42 0
43 Paraguay 60.98 60.37(B)  61.30(A)  5196(A)  7274(A)  5851(A) 17 +26
44 Congo 60.66 54.60(B) 56.78(B) 61.84(A) 67.58(B) 62.48(A) 39 +5
45 Portugal 60.47 7142(A)  7056(A)  39.39(A)  68.00(B)  52.96(B) 37 +8
46 Hungary 60.45 T244A)  67.33(A)  4279(A)  66.12(B)  53.57(B) 54 -8
47 Poland 60.30 7140(A)  66.06(A)  4145A)  75.77(A)  46.81(B) 104 57
48 Central Afr. Rep. 59.96 56.81(B)  60.35(B)  50.86(A)  67.78(B)  64.02(A) 25 +23
49 Malaysia 59.91 68.58(A)  60.55(B)  40.21(A)  76.26(A)  53.93(B) 33 +11
50 Albania 59.15 70.76(A)  6274(A)  3270(B)  77.82(A)  51.74(B) 24 +26
51 Greece 59.00 69.67(A)  68.37(A)  37.48(B)  66.94(B)  52.56(B) 68 17
52 Czech Rep. 58.85 7224(A)  59.92(B)  4058(A)  68.81(B)  52.71(B) 91 -39
53 South Africa 58.83 63.50(A) 63.96(A) 31.76(B) 73.86(A) 61.06(A) 95 -42
54 Macedonia 58.83 68.01(A)  66.17(A)  37.68(B)  73.99(A)  48.30(B) 90 -36
55 P.N. Guinea 58.78 56.66(B)  59.09(B)  49.54(A)  7L56(A)  57.04(A) 36 +19
56 Armenia 58.70 73.07(A) 64.27(A) 29.39(B) 73.99(A) 52.75(B) 44 +12
57 Oman 58.64 69.55(A)  63.37(A)  27.87(B)  7219(A)  60.21(A) 83 -26
58 Jordan 58.54 69.43(A) 56.81(B)  29.08(B)  78.09(A)  59.28(A) 84 -26
59 Spain 58.47 69.57(A)  65.70(A)  3821(A)  64.61(B)  54.25(A) 76 -17
60 Tunisia 58.24 69.56(A)  60.00(B)  27.87(B)  77.20(A)  56.57(A) 55 +5
61 Italy 58.04 65.46(A)  6856(A)  40.21(A)  61.97(B)  53.98(A) 69 -8
62 Thailand 57.68 63.14(A)  65.12(A) 3395B)  7500(A)  51.19(B) 73 11
63 Moldova 57.65 7656(A)  57.83(B)  29.45(B)  74.33(A)  50.08(B) 58 +5
64 Zambia 57.59 58.09(B)  60.09(B)  38.64(A)  7L46(A)  59.67(A) 60 +4
65 Mexico 57.32 65.98(A) 59.10(B) 32.22(B) 74.50(A) 54.79(A) 93 -28
66 Romania 57.20 7267(A) 57.97(B) 3262(B) 76.16(A)  46.60(B) 94 -28
67 Turkey 57.03 69.65(A)  58.93(B)  31.93(B)  76.27(A)  48.38(B) 92 -25
68 Serbia & Montenegro 56.74 68.70(A) 56.06(B) 38.77(A) 71.18(B) 49.00(B) 89 -21
69 United Arab Em. 56.64 7250(A)  59.48(B)  28.79(B)  70.12(A)  52.28(B) 110 -41
70 Bhutan 56.54 61.98(B)  61.47(A)  37.72(B)  70.64(A)  50.87(B) 43 +27
71 Belarus 56.48 69.09(A)  57.90(B)  31.35(B)  7451(A)  49.55(B) 46 +25
72 Bosniaand Herze 56.48 64.08(A)  60.40(B)  3596(B)  75.80(A)  46.13(B) 61 +11
73 Honduras 56.41 58.15(B)  57.84(B)  4190(A)  73.67(A)  50.50(B) 87 -14
74 Sri Lanka 56.34 63.60(A) 62.80(A) 31.59(B) 76.76(A) 46.95(B) 79 -5
75 Ukraine 56.34 7435A)  57.31(B)  3052(B)  72.95(A)  46.56(B) 109 34
77 South Korea 56.26 50.37(B)  66.56(A)  47.38(A)  65.33(B)  42.67(B) 122 -45
76 Jamaica 56.26 65.78(A) 64.72(A) 34.76(B) 68.83(B) 47.22(B) 108 -32
78 Georgia 56.09 62.27(B)  61.43(A)  28.69(B)  77.94(A)  50.13(B) 56 +22
79 Belgium 56.08 65.53(A)  64.08(A) 37.62(B) 61.65(B)  51.50(B) 112 -33
80 Israel 56.05 68.29(A)  57.34(B)  30.71(B)  64.24(B)  59.67(A) 62 +18
81 Cameroon 55.76 55.70(B)  60.30(B)  37.91(A)  69.70(B)  55.18(A) 50 +31
82 Dominican Rep. 55.66 64.90(A) 5951(B)  3345(B)  74.32(A)  46.10(B) 119 37
83 Ghana 55.32 60.16(B) 58.06(B) 32.46(B) TA.64(A) 51.27(B) 47 +36
84 El Salvador 55.19 50.85(B)  60.45(B)  31.81(B)  72.08(A)  51.78(B) 17 -33
85 Senegal 55.07 60.60(B)  61.05(A)  29.61(B)  72.29(A)  51.80(B) 59 +26
86 Trinidad & Tobago 55.00 65.29(A) 58.87(B) 32.04(B) 56.52(B) 62.30(A) 139 -53
87 Guinea-Bissau 54.72 55.33(B)  54.72(B)  4274(A)  67.39(B)  53.40(B) 77 +10
88 Tanzania 54.65 5751(B)  57.00(B) 31L21(B)  7L38(A)  56.15(A) 63 +25
89 Guatemala 54.49 49.10(B) 59.85(B) 36.39(B) 73.08(A) 54.04(A) 116 -27
90 Kazakhstan 54.48 63.12(A) 55.31(B) 26.90(B)  7157(A)  55.48(A) 78 +12
91 Mozambique 54.31 57.34(B) 56.64(B) 29.16(B)  68.07(B)  60.35(A) 106 -15
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Rank  Country ES Component Score ESI Rank Rank
Score AQS WQA WQNS LNS BIOS Change
92 Saudi Arabia 54.25 67.81(A) 5491(B) 2563(B) 70.37(B)  52.50(B) 136 -44
93 Cambodia 54.21 57.03(B)  6155(A)  34.41(B)  70.62(A)  47.47(B) 67 +26
94 Kenya 54.13 58.10(B)  57.54(B)  26.78(B)  70.20(B)  58.04(A) 100 -6
95 Algeria 53.99 62.23(B) 52.68(B) 2557(B)  74.24(A)  55.21(A) 96 -1
96 Philippines 53.98 56.72(B)  6149(A)  3459(B)  75.44(A)  41.67(B) 126 -30
97 Taiwan 53.91 50.47(B)  42.39(B)  45.24(A)  63.88(B)  58.54(A) 145 -48
98 Malawi 53.89 56.39(B)  55.17(B)  28.41(B)  70.17(B)  59.29(A) 74 +24
99 Laos 53.76 5477(B)  56.81(B)  4147(A)  70.85(A)  44.88(B) 52 +47
100 Nepal 53.65 58.20(B)  59.07(B)  24.96(B)  75.32(A)  50.68(B) 85 +15
101 Benin 53.55 5391(B) 57.79(B)  29.97(B)  7451(A)  51.55(B) 86 +15
102 Morocco 53.54 65.60(A)  47.97(B)  27.87(B)  76.66(A)  49.59(B) 105 3
103 India 53.40 56.13(B)  59.62(B)  30.01(B)  73.60(A)  47.66(B) 101 +2
104  Madagascar 53.22 56.15(B)  58.41(B)  34.44(B)  70.11(B)  46.99(B) 64 +40
105  Uganda 53.18 55.67(B) 57.69(B) 2557(B)  69.92(B)  55.06(A) 57 +48
106  Syria 53.04 61.20(B)  55.08(B) 23.75(B)  7351(A)  51.65(B) 118 -12
107 Mauritania 52.97 55.87(B)  57.94(B) 27.28(B)  69.16(B)  54.58(A) 124 17
108 Zimbabwe 52.96 56.21(B) 56.88(B) 26.41(B) 69.45(B) 55.85(A) 128 -20
109  Azerbaijan 52.61 61.00(B) 56.11(B)  25.35(B)  69.08(B)  51.54(B) 93 +11
110  Kyrgyzstan 5257 56.45(B)  56.63(B)  27.65(B)  71.13(A)  50.97(B) 80 +30
11 Libya 52.45 57.15(B) 52.32(B) 23.85(B)  70.44(B)  58.50(A) 125 -14
112 Bangladesh 52.42 57.50(B)  57.84(B)  27.95(B)  73.27(A)  45.52(B) 13 -1
113 Coted’lvoire 52.39 55.70(B)  57.14(B)  29.66(B)  72.03(A)  47.40(B) 88 +25
14 Ml 52.37 5492(B) 57.86(B)  27.39(B)  67.74(B)  53.96(A) 40 +74
115  Gambia 52.29 56.97(B) 56.77(B)  27.28(B)  68.68(B)  51.77(B) 71 +44
116  Indonesia 52.01 5471(B)  4878(B)  3291(B)  73.79(A)  49.87(B) 75 +41
117  Lebanon 51.95 60.61(B)  5356(B) 29.71(B)  65.29(B)  50.57(B) 129 -12
118  Cuba 51.93 67.60(A)  63.84(A) 27.70(B)  59.14(B)  41.39(B) 53 +65
119  Sierraleone 51.49 52.27(B)  52.23(B)  40.84(a)  64.93(B)  47.18(B) 121 2
120  BurkinaFaso 51.48 5436(B) 53.82(B) 30.11(B)  6861(B)  50.50(B) 97 +23
121 Pakistan 51.27 57.06(B) 5147(B)  25.89(B)  73.21(A)  48.74(B) 131 -10
122 VietNam 51.10 55.71(B)  54.81(B)  27.08(B)  74.26(A)  43.62(B) 127 5
123 Rwanda 50.94 5459(B)  55.02(B) 25.64(B) 67.16(B)  52.31(B) 107 +16
124 Angola 50.89 4703(B)  74.06(B)  41.14(A)  61.61(B)  57.59(A) 123 +1
125  Togo 50.76 55.82(B)  54.36(B)  26.63(B)  69.55(B)  47.43(B) 111 +14
126  Ethiopia 50.45 5521(B)  5297(B)  25.84(B)  66.80(B)  51.42(B) 135 9
127 Guinea 50.29 53.69(B) 53.65(B) 30.25(B)  65.67(B)  48.19(B) 81 +46
128 Myanmar 50.24 51.28(B)  53.26(B)  29.18(B)  71.34(A)  46.10(B) 48 +80
129  Kuwait 50.10 66.35(A)  60.91(A)  2512(B)  47.59(B)  50.55(B) 138 9
130  Egypt 50.06 5550(B)  51.38(B)  27.47(B)  57.62(B)  58.32(A) 115 +15
131 Liberia 49.97 50.77(B)  48.15(B)  44.18(A)  61.41(B)  45.36(A) 120 +11
132 Niger 49.73 5247(B) 5173(B)  25.00(B) 66.45(B)  53.02(B) 103 +29
133 Nigeria 49.66 53.19(B)  5237(B)  25.01(B)  73.24(A)  44.48(B) 99 +34
134 Iran 49.46 50.73(B)  53.88(B) 25.96(B)  66.26(B)  50.49(B) 132 +2
135  Tajikistan 48.87 55.66(B)  52.65(B)  23.14(B)  6259(B)  50.32(B) 134 +1
136 Chad 46.68 51.80(B) 50.31(B)  25.31(B) 64.28(B)  51.70(B) 102 +34
137  China 4855 41.87(B)  53.63(B) 27.59(B)  70.61(A)  49.04(B) 133 +4
138 Yemen 48.26 51.81(B)  51.29(B)  23.99(B) 64.75(B)  49.43(B) 137 +1
139 Burundi 48.06 52.20(B)  49.01(B)  23.47(B) 6245B)  53.16(B) 130 +9
140  Dem. Rep. Congo 48.02 51.22(B)  48.72(B)  2554(B)  60.00(B)  54.60(A) 114 +26
141  Sudan 47.13 49.38(B)  50.23(B)  21.55(B)  64.43(B)  50.04(B) 140 +1
142 Uzbekistan 46.74 53.02(B) 51.38(B)  2455(B) 51.54(B)  53.21(B) 142 0
143 North Korea 45.74 46.30(B) 50.32(B) 24.81(B)  66.74(B)  40.53(B) 146 3
144 Irag 45.16 55.18(B)  45.43(B)  20.14(B)  6242(B)  42.65(B) 143 +1
145  Haiti 472 52.99(B)  49.92(B) 22.97(B)  65.16(B)  32.56(B) 141 +4
146 Turkmenistan 42.75 4946(B)  4657(B)  20.76(B)  48.22(B)  48.73(B) 144 +2
average (57.17) (62.83) (60.82) (37.78) (70.49) (53.94)
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
5A 4A1B 3A2B 2A3B 1A4B 5B
Norway Canada Colombia Congo United Arab Em. M adagascar
Finland Gabon Bulgaria Central Afr. Rep. Ghana Azerbaijan
Iceland Switzerland Portugal Greece El Salvador Cambia
Sweden Denmark Hungary Czech Rep. Guinea-Bissau Lebanon
Uruguay New Zealand Malaysia Moldova Mozambique Burkina Faso
Guyana Slovenia Albania Romania Saudi Arabia Rwanda
Austria Brazil Macedonia Turkey Kenya Togo
Australia Ireland P. N. Guinea Bhutan Malawi Ethiopia
Bolivia United States Armenia Belarus Nepal Guinea
Germany United Kingdom Jordan Bosniaand Herze. Benin Niger
Estonia Nicaragua Tunisa Honduras India Iran
Panama Costa Rica Thailand Ukraine Uganda Tajikistan
Latvia Namibia Zambia Jamaica Syria Chad
Botswana | Venezuela Mexico South Korea Mauritania Yemen
Croatia Peru Serbia& Monteneg. | Georgia Zimbabwe Burundi
Russia Japan Sri Lanka Belgium Kyrgyzstan Sudan
Argentina | Chile Kazakhstan Israel Libya Uzbekistan
Lithuania Paraguay (58.66) Cameroon Bangladesh North Korea
Slovakia Poland Dominican Rep. Coted’lvoire Iraq
Ecuador South Africa Senegal Mali Haiti
Mongolia | Oman Trinidad & Tobago Indonesia Turkmenistan
(66.52) Spain Tanzania Sierra Leone (49.01)
Italy Guatemala Pakistan
(62.7) Cambodia Viet Nam

Algeria Myanmar

Philippines Egypt

Taiwan Liberia

Laos Nigeria

Morocco China

Cuba Dem. Rep. Congo

Angola (52.52)

Kuwait

(55.63)
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Country Population ES Rank Country Per Capita ES Rank
Density’ Score GDP* Score
Bangladesh 1,002 52.42 112 Norway $61,852 75.48 1
Taiwan 636 53.91 97 Switzerland $52,879 67.49 10
South Korea 491 56.26 77 Iceland $52,063 74.00 3
Netherlands 395 62.27 34 Ireland $50,303 63.13 26
Lebanon 367 51.95 117 Denmark $49,182 65.05 14
Belgium 339 56.08 79 Sweden $42,392 70.68 5
Japan 337 61.62 39 United States $41,917 62.97 28
India 328 53.40 103 Austria $39,292 97.77 8
Rwanda 320 50.94 123 Finland $39,098 74.73 2
El Salvador 318 55.19 84 Netherlands $38,320 62.27 34
Sri Lanka 305 56.34 74 United Kingdom $38,098 62.39 31
Israel 302 56.05 80 Belgium $37,730 56.08 79
Philippines 292 53.98 96 Japan $37,566 61.62 39
Haiti 292 4472 145 France $35,727 62.21 35
Viet Nam 253 51.10 122 Germany $35,075 65.78 13
Jamaica 248 56.26 76 Canada $34,028 72.25 4
United Kingdom 243 62.39 31 Australia $33,629 66.52 11
Germany 230 65.78 13 Italy $31,874 58.04 61
Burundi 228 48.06 139 Spain $27,074 58.47 59
Trinidad & Tobago 212 55.00 86 New Zealand $26,291 64.62 16
Pakistan 202 51.27 121
average (55.00) (88.0) average (65.58) (24.0
Unit: persons per square kilometer Unit: US dollars
Source: Central Intelligence Agency (CIA), USA Source: International Monetary Fund
(The World Factbook 2005) (World Economic Outlook Database, April 2005)
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& = 2005 & A RnEy (ES)) pofrfE==idgt (18]

1 Environmenta Systems

1.1Air Quality

O®NO2 (1): Urban population weighted NO2 concentration

®S02 (2): Urban population weighted SO2 concentration

® TSP (3): Urban population weighted TSP concentration

®|NDOOR (4):Indoor air pollution from solid fuel use

1.2 Biodiversity

®ECORISK (5): Percentage of country's territory in threatened ecoregions

®PRTBRD (6): Threatened bird species as percentage of known breeding bird species in each country
O®PRTMAM (7): Threatened mammal species as percentage of known mammal speciesin each country
®PRTAMPH (8): Threatened amphibian species as percentage of known amphibian speciesin each country
ONBI (9): National Biodiversity Index

1.3Land

®ANTH10 (10): Percentage of total land area (including inland waters) having very low anthropogenic impact
®ANTHA40 (11): Percentage of total land area (including inland waters) having very high anthropogenic impact
1.4 Water Quality

®\WQ DO (12): Dissolved oxygen concentration

®WQ_EC (13): Electrical conductivity

®\WQ_PH (14): Phosphorus concentration

®\WQ_SS (15): Suspended solids

1.5 Water Quantity

®\WATAVL (16): Freshwater availability per capita

O®GRDAVL (17): Internal groundwater availability per capita

2 Reducing Environmenta Stresses

2.1 Reducing Air Pollution

®COALKM (18): Coal consumption per populated land area

ONOXKM (19): Anthropogenic NOx emissions per populated land area

®SO2KM (20): Anthropogenic SO2 emissions per populated land area

®\/OCKM (21): Anthropogenic VOC emissions per populated land area

O®CARSKM (22): Vehiclesin use per populated land area

2.2 Reducing Ecosystem Stress

®FOREST (23): Annual average forest cover change rate from 1990 to 2000

®ACEXC (24): Acidification exceedance from anthropogenic sulfur deposition

2.3 Reducing Population Pressure

®GR2050 (25): Percentage change in projected population 2004-2050

®TFR (26): Total Fertility Rate

2.4 Reducing Waste and Consumption Pressures

®EFPC (27): Ecological Footprint per capita

O®RECY CLE (28): Waste recycling rates

OHAZWST (29): Generation of hazardous waste

2.5 Reducing Water Stress

®BODWAT (30): Industrial organic water pollutant (BOD) emissions per available freshwater
OFERTHA (31): Fertilizer consumption per hectare of arable land

®PESTHA (32): Pesticide consumption per hectare of arable land

O®WATSTR (33): Percentage of country under severe water stress

@2.6 Natural Resource Management

®OVRFSH (34): Productivity overfishing

i
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®FORCERT (35): Percentage of total forest areathat is certified for sustainable management
®\WEFSUB (36): World Economic Forum Survey on subsidies

®|RRSAL (37): Salinized area dueto irrigation as percentage of total arable land

®AGSUB (38): Agricultural subsidies

3 Reducing Human Vulnerability}

3.1 Environmental Health

ODISINT (39): Death rate from intestinal infectious diseases

®DISRES (40): Child death rate from respiratory diseases

®USMORT (41): Children under five mortality rate per 1,000 live births

3.2 Basic Human Sustenance

O®UND_NO (42): Percentage of undernourished in total population

®\WATSUP (43): Percentage of population with access to improved drinking water source

3.3 Environment-Related Natural Disaster VVulnerability

®DISCAS (44): Average number of deaths per million inhabitants from floods, tropical cyclones, and droughts
®DISEXP (45): Environmental Hazard Exposure Index

4 Socia and Institutional Capacity

4.1 Environmental Governance (EG)

®GASPR (46): Ratio of gasoline price to world average

O®GRAFT (47): Corruption measure

OGOV EFF (48): Government effectiveness

®PRAREA (49): Percentage of total land area under protected status

®\WEFGOV (50): World Economic Forum Survey on environmental governance

®L AW (51): Rule of law

O®AGENDAZ21 (52): Local Agenda 21 initiatives per million people

®CIVLIB (53): Civil and Political Liberties

®CSDMIS (54): Percentage of variables missing from the CGSDI “Rio to Joburg Dashboard”
®|UCN (55): IUCN member organizations per million population

OKNWLDG (56): Knowledge creation in environmental science, technology, and policy
OPOLITY (57): Democracy measure

4.2 Eco-Efficiency (EE)

®ENEFF (58):Energy efficiency

®RENPC (59):Hydropower and renewable energy production as a percentage of total energy consumption
4.3 Private Sector Responsiveness (PSR)

®DJSGI (60): Dow Jones Sustainability Group Index (DJSGI)

O®ECOVAL (61):Average Innovest EcoValue rating of firms headquartered in a country
©|S014 (62): Number of 1SO 14001 certified companies per billion dollars GDP (PPP)
®WEFPRI (63): World Economic Forum Survey on private sector environmental innovation
O®RESCARE (64): Participation in the Responsible Care Program of the Chemical Manufacturer's Association
4.4 Science and Technology (ST)

®|INNOQV (65): Innovation Index

®DAI (66): Digital Access Index

®PECR (67): Female primary education completion rate

®ENROL (68): Gross tertiary enrollment rate

O®RESEARCH (69): Number of researchers per million inhabitants

5 Global Stewardship

5.1 Participation in International Collaborative Efforts (PIC)

®EIONUM (70): Number of memberships in environmental intergovernmental organizations
®FUNDING (71): Contribution to international and bilateral funding of environmental projects and development aid
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®PARTICIP (72): Participation in international environmental agreements

5.2 Greenhouse Gas Emissions (GGE)

®CO2GDP (73): Carbon emissions per million US dollars GDP

®CO2PC (74): Carbon emissions per capita

5.3 Reducing Transboundary Environmental Pressures (TEP)

®SO2EXP (75): SO2 Exports

®POLEXP (76): Import of polluting goods and raw materials as percentage of total imports of goods and services
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