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paper No.3 (UNCSD, 2001) T, th&, #&Rif. BBL, HIEED 4 OB S FEETHENE
T DAL LN T WS, Thb 4 DO AIIMEHEL - THY ., FOFIC
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X512, theme, sub—theme, indicator 2365, LL FICKIH, PHEH &A= T,

FLasib S - BRAR - BE - (HEREE - Be - A1 (18 fEEE)
BRETHRRE © R+ bt - g KON - Bk - RS RE (19 fEER)
PEFHIREE - RRUTAEE - RS L OVEEIREE (16 fiikH)

HIEESREE « AR - BIERES) (4 F84R)

UK

Quality of Life Counts Indicators for a strategy lor sustainable development for
the United Kingdom (Department for environment, [ood and rural affairs, 2004) T
X 21 ORIIE, 151 OBRBHREN SR S, ThENOKREE D LAl S FRER
Headline Indicator & LTEE&HLNATND
15 I8 A ® Headline Indicator [ FidD@Y TH A,

g alHE /AR BR « RRFOLTIER L O « AX 00 L E{EHA~ADRY D3 - FiiFTREZR
A pE LY - BRIFOITMEAL & O - SEEE - FRTT - R RTREME - JEIDHEREE - BN L 5R
TR - AT 7 e —F « LAl & o= 3oL X — IS - 285 & R - BOKTETE & T -
T KRRy =7 LAY « Ul - EREE ) & B3

EC

The Urban Audit, Towards the benchmarking of quality of life in 58 European cities
(EC, 2000) CTIXEREIIRIEN 5 D OKIELOMMEIN TS, EhEh, thatik, &
BB, iif, HE L, BB Wb L2 ) x—varThd, LT, KEHEHDOT
JBiZ 21 OPIHEAHY , FOFIZIBOHEND D,

UNEP/GRID

Cities Environmental Reports on the Internet (http://www. ceroi.net/) (UNEP/GRID,
accessed 9 Mar. 2005) TlL. #hiBREEFE#E 1%, DPSIR (Driving Forces, Pressures, State,
Impact, Response) DWFNMIHEEND, £z, M OO, #UFHM, WwEs
B HREREL EEROS OIS LAE SR, 29 DEENLMLITVWD,

-1-12 FEAEEOSWREEEFEOHME

ATk 7= 5 DO O ML E EN 2 2 TORBHEIZ W TN 21772, 7
— D% R WE LT D IEE A A, 3 DL OB T ST D F5RS % R S
DEEVERE L LTHIHI L7, A NICIE R 28 10 F & 7o hl SR 0 i BR TR 4 R T,

RGP - HEES

AR REHOEI A - FRARORAE A
EM RN - EEHRORE - TEeFEOFTEE
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- ok R LE | B T e

BEHE - VE A« FELER « EPE~DOT Z 2

M - et iz b

HOERBRBEIAIET IR A APEHIRL « A4 BRI R« RS Y T s it
AN ATBEINER « A0 %R

TRAF— EFT R F - - oL X (A E - Rl — PO B R
BESEY) - PR - A EREEDYEIN R - BORMREE O E - V2—X/V 1 7L E
B R R

By - BEE ARG

K AR - BB O K

3-1-1-3 {EEDFHESEH

Indicators for the integration of environmental concerns into transport policies
(OECD, 1999) {2 X DHREOF Rl 2 HE T 5, ZOWEE TIL OEC) @ SEI OZZ@ERM
DIFEIZ DN TR ENTWD, £ LTI ORTREIOMFE 1T T 5, TEIE M
. 3OO R LS Tnd, Eheh, 1) AHME, 2) BN ZR e, 3)
WEAHErE, TH D, 1) & REEORBREE AN, 2 ~OREELWE TE TV H0,
SRR S, [EREHE TN W HETH 20 G2 MHT 5, 2) 12250 TE, FGRAYAR M
FI0RH 50, ERBICEETHD EFFmINTWH D), BEFTT AT, 5@ AT
LNEBEST ON DN THAMZTT 9. 3) XTI LIZ220HAIIHFISh, T—YDOAT
AfHENE & 7 — 4 DB THAMIN T D,

3-1-1-4 KEDFEED

AFETILS S>OBBADEEHHBEII OV THEL., MNFEDOEOBEOMINEZIT 72,
FRBEA R L TV S EEEEIT. BEOHMICLVIH2BE L, HA L IZERN
FTHEICdoT, KL LTAT U ZAORWEHRERIERZER L LS LWV EZX N
ICHADWTRET SN TWD, TR, BEHIN T D RIEHIZ, AITOHIZHT 5E
H & BBt 2SI 20 TH B,

IO FOWMBTERERE L 7 7 MOMTIZEN 2 5546, WHSH oG T — 4
DAETE L2V, BEEHT — % ORI « MY NER - L2WAR Y OERH D, 0
728, T UT O~ L Ol ETRER BB S X 5354, ERoMMEERE .
HEt T — 2 HWHERATE R VWHAZ O L SIHI T 2002 EX DL ENH D & FEi
T 5,
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3-1-2 BEMRESIEEMEEETMI X T L(CASBEE)

HIEREREER IS B WL EE B, AT E Y T OHEEITHRIIC L K E LM
T b, Wil LUV OREREIC I A R b OB H L (3-1-1), #iOHE R E R
ThY ., KEOEN - =3 F—2410 L T\ 5854 of % b CBEMERE A i 4 2 >
AT AP, T, BI% - BiESATETWA, I 2 Tl AAROEREYR G BBV RER >
Z 5 2 ( CASBEE: Comprehensive Assessment System for Building Environmental
Efficiency) I22WT, Z#OMEEFFNTH

(1)CASBEE (4344 pr - o
; (L) CIRME (Q) ¢HE

CASBEE O K & 74§ — 1%, [EEE~D P
BT LD RHT 0 TG TR, s wﬁ$ <
YATTE YT LB [RGRRERSE 2 ‘ ) B
OFEH: L oM Z2 K5 LTIt A, S
FMTAHLEICHS (W 3-1-1), Zix, & .
NFENEREI AN (Load) , B O BRELWE -

MefE (Quality) EFEHEIND, WD, A T
YRy =60 “Ty I H—4” OB LR

VN, B BDME GE 4h & (BEE : Building X 3-1-1 CASBEE MEAXIVtT+
Environmental Efficiency) & U 9 51 %3 1-1 FH@EE(Q & L)

far iy 3 \ - R ' L
(BEE=Q/L) #EELTWB, Zhit. oF i EWF’P‘ LR-T AL

OBEEGLE - M Q BREWVFL, 2 Q2 [Y—EAME  [LR2[ER-ITITIL
Sy BRI RN N E B | BEE 28 Ak ¢ 008 (EPNRSICIBIY) LR-3 Mt
RABZEEEUTD, 2FV., AMBLY
DEE ) OE L O E < FHl & 4D {2
ThHd,
(2)CASBEE D& AT L
Q & L OFFiE R £ 2 3-1-1 IZRT, ik
. FHEHAOHESZ 7RI L—F—F %
— MZ L DR, TIZ BEE 37 v % v
FEIZRENRD (K 3-1-2, -3),
(3)CASBEE MiE
CASBEE X, BEWMD T A 7V A I VD% —
Exiiﬂ (BT - BEFF - SUET) (2 ﬂ_.\L/FF\_ v — L HEfiF S A, FE 0 ?‘““ —
CREHOIIEY— L E LT, HAWEREHE - Y T
*—/l/& LT, iz :.’r%ﬁéfﬁg/ew& L,T@i%ﬁﬁ:bil*}ﬁ#éﬂ
TWa, BElC, B O R FETFHE & IFIZ CASBEE To i
R A2 BT 5 BIAEHLH ZEHIC L 2RGE% 8 £/ et
LR ARMLITE TR, REMOREMREDMN £ - A -
wﬁﬁwmﬁtﬁnéﬁﬁfaﬁﬁﬁﬁ%%mofw6 B 3-1-3 FHfi#aR (BEE)
MAN— VORI TCASBEE-#i4t) (RRELEIST « =R/ F—Hih) 2L 5

LR (LoadReduction): sHAD L S2FH ML, LTILAKLRTEH.

e
2
<
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=l

o
8
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3-2 A RERE TR B D 1= DIRIFMR & FFEIE4E(EIUS)

3-2-1 (FL®IZ

T 2T BRI R TIER ATIC A I RBEREAME I D B A3 HE < , < D2 I\ TA
BB LM (AT L8 AL THD, ZhdREFTIHERY—E 20
., BREGRENRFEELL TS, 512, ililEOARRIERIT, KELME~D
BREDOMINZB L T 2 — SV KRIBERERINFICR Z AMEGEREZF 2L, BERA
HIER BIEE COBREMBEZ 5 & i 24 aTREMEA RV 2 & biFEh TV 5,

AT TR, FEBEATREZR AT D < 0V OFE O & 705, BHAREZBAMNIZEMT 5
f&#E (Environmental Indices for Urban Sustainability, LA I EIUS & B$FR) & BHH 5, AKX
TiE, WA OREME L WHA~ORBEATN ZRET 2HE oML 21T\, Zh b
ZENE LI BR RO EMEETT O, 2. UAERNOREETIEOICES 12 #i% xh4
ICASSE OB 21TV SR O U HEOBRZF 217 ) & & L IZK TRtttz
WTOHRE BEEIT D,

3-2-2 FHBRBELSF@EBEROELRNI LT

AT 2 L0 1780, FIUINEBRT 57202 Tbh2 L0 THhDH, ZOE%IE
L TEONBBE &2 FIET 2 & . AN W ERBREEIC & » TL U E W) iR/ v 2hark
W, FIT, ML BRI E ROV TER TR TE 2B AR5, 25
AR N B AL B (Quality of Life Inside City) & #if i #M B BE €1 7 (Environmental Load Outside
City) L&, BEEITO. b, BIGEPEE T DITEORM AR L 8T D, i8R
% < OBRBSRIZEIBEERA Tib, FFE L FERIZIT O Z EBABNTH L6 ThH D,

F AR AR T DI U O LT OSSR L,

(1) #OM: #BHBREEMAMZ T 25512, WSIOMMART — & 2 UE3 5 2 LITFEEC
BETHD, LOLENRL, F—4BREIBNERDITE, OB UMEE 7220 | FE0
BNEEE 22D, oT, HOREDOT — ¥ FEH L TREMAREESMRT D5 Z EFEE
Thb.

(2) LHM: —FTHHE VAL LIEFICRERERNR OGNS, #lz2 X, AARIZEW
THAII 800 FAEBZDHLLE (238 X) 25, 5 HFALUTOLDIIW-5 F TEOHHE
bkax THDLZ LRBH, N, PEEMERTLEMN, BREFMBLRERNCRRS Z
ENS . T RTOEEIH L TN ER RIS A BT D e N EE RS, D
=OIE, ARYZY O TET o L, SO NAMETH S,

(3) Wittt BREEEBIMIBIIFz v « VATAMILZLND LI, FHERED
DR AT = v 7 T2, EFITEWEMOFES 2R 5 VERH
Do BT (1) THEFBMEEBRT 2 KBENEEN+ Do T7 v A< HE
SNTWNWDLZ ENBRETHD,

(4) REM BREE=42Y v 7EOHEAE., (NEENRRDOONRD, I bbb b #io
BREELEZNWET 285512, WE 3 HIFHE0E OHMRNOEATIZ L » TIAELLT D2 L0
FREMEDNH D E VAW, FlE, RERIGRICRE 2T 285y ZTlE L
T W) ZEMRBERICKEREHERIET, TOLIREAIZIT, GO —L 2B
(295 & & HIT, HEE - BRIMARERMESRET SRR TR 640,
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(5) B #imEEE T, FEEPITEHRYEFESOHEMEOLIPFMT DT TR
. BHEEFLOFROT-DICLRITOHNLIRETHD, FOD, EROAETHERK
LRER A Ute & 9 REENE. TADLEBNAREMS LTV EWIEERLIT LN,
(6) EHMAESME FRECWMTRERELZER L TH, TNEMKT 27 — % BAFRE
Tk, FIT A EnTERD, BEBEEDTZHDFT =2 RERT L, POREREDS
ENRESETHLEZ ENMUETHD,
3-2-3 FHfERE

Bl /e i & BH 472 O ICH i PN O BRELSE L #ti A O RE AR O M7 LT &2
Wikd B0 ER DD, RUIBNTINOOPRBEZERY 5, MAREICSVWTEQL © &
HOBE - #iE. Q2 ¢ ALOMHE - —E A, Q3 KA - B, WMITIMREARIZOV
it LR1: =R AF—{H%%,. LR2 : W - ~7 U 740, LR3 © #ilish OBREEH%
OFHGHEH THAMT 5, Zh bITREMRSBENERTR AT A THHCASBEELX B I
BATE, Z512Q1 : BRE - KRIRETD - #ABREE, Q2 : 1THUEHE - BEMRE - ZEPERE -
PAYERERE - S IBEEAE - BALBEAE, Q3 : HhEE - kU - BUKTE - J03E - FEE, LR1: X - A
A « 4T, LR2 : K& - . LR3 : RAOHH # RO #1772 9, Z 2 CEREARD
FRAIZEB L TiE, CASBEEIZ{it W vA T TiE/e < AfrHlE (LR : Load Reduction) & L
THERTSH, IBLROBENKEWVFEFEREAWNNSNESRDZEEZRLTHDS, Tb
DOER ZBRATHAIZIAEHOBNLOTHY, EBIZT—FOEBRERIITRAD L
Bbhdabnk L,

RS TEIR

il OB R = B iRk I

¢

>
i N Er BE AL T II AT/ B B T ”
1|

L | d

fesazeiseiers 1y

R ERKE é \

L

L e o
H PR BE A TTQ
Q2 : MO - — LA

i BB AL
LR1 @ =RAF—iHi
LR2 : & - =7 U 7Dt
LR3 : #idist o BEEiEs

e

[ 3-2-1 £t Al HEZ2 B T O 72 D DERETR A TE1E
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(1) FHABREESRE (Quality of Life Inside City)

M HNREMRTASK L T D FEEL T,

Ql DEEE » WA OWTIE, AR « KRBREL - Mi/EEREIO 3 H £ 0t - Ffli 21T -
7o IO OB EAER DMAEA DD HRE N RIR TEIL TE LN E WS HEHET
D, NRREEOENE 27T RERIT, EH N LA S TREMOEVEETHD &
EZAOLND, SEEBEITE, RREREICHE L TR, BBV TR R IE Y
RETHD, SO2& NOXBETHAGZITV ., Zh 6 OBMEAMEY T EFEMIT e, 4R
HOEIIAN 100 AMxT 28YEBER S FAE S RBR2REBSETHMETR D,
IRYSAE L RITEME A B ME AL < L FAGH M M RIS 50 F & S
|

Q2 OFIRAE - Y — B RITHOWTIE, 1TBUEGE - JEEHERE - BOEHE - D aRplhe - ZomkY
fig - witkESRED 6 THH B RICHME TR o7, TAOOEB I EOBLND T
ey, HSFMEEEZ BB L0 TH S, (TBEEEOIHE B TIX, A DBINERO EWE
Mid, TNEZTEANTHDHENI ZEERBEKL TWD, FHRMBERO S E>IT.
HHORFRRNENTIT R TH D Z L %30, i iliEm < 25, BEREIZHSVL T,
BAZRMEREE AR LTV D, Mk - B - LR THEMEZITV, 2h O O#fER
BT R E O, BEREOTTR 2oV T L, KGR - A1 1000 AlZKT 5/
TR L DB M AT e o 72, /INFREURE EREICH L Tz hZho
i Z &1 1000 A&7 0 O/ VPR E FEIE R G L, A o, ZoiE
FIZE T D/ VAR EEIT, HAORBRKBIZE O TR ERERIIMEME LAV, KigE
BT T EOBMATIIESE LA, g2 mdiEE L LTI TE S 2
LR END, BEREOIIA TII/NEIEMIE T, RMMEEDIE [ TIXHKRILE L EA
IZFEFIHRTHMEIT D, 2036, AHZEAHRTBEBEICHLT, FORENL
RPN ENTWBDORLIC D, EEBAMAEEZ VLT, Ak, EREREH
AR DLE THEI SN L& THHH, ERMEOEFE TN 2E TIThNh T
WAHDIT TR, ZHIZRODIRIEORSIA KD b D, EaEREDI L TlE, @ik
AEL - W ARERE CRML 21TV, S S OB GV IE SRl

Q3 MU« LlME, XFWMY LR TELLTETE LB RTIETH D, HED
HH T, KNLBE ORI EREHNTR LT, 72720 207 =2 dilirkr 2 Lz
i ENTELT, ZREROMIIDBA{ET 2EEFIOT —Z TR L7, KEDIEF T
LK IEA  EBFE B CREME A2 1TV, S HICE L TEERFR oMt Z & 12 1000
AN&HT20 DKEREHRLEEERREFRE L2, LI FhoEH TIE, IR e -
AEEYF O - 2 IRINAT - EREC T &1, ZROIZEL TIEEREFROH
i &121000 Ad7= Y OJLIEFEAMEL - 2l FieR /L - 2%, IREFTO 3. 10000 A
BT OWKBEFE L ENERORE Z & ICilx B T e o7z, Mg & ki atkioxt
T D AR A S BOL, BT H A O THBTRI TR STy, HERF oo )
AR, KK DIERESGIRIE A O 5 22 E - HEEE NZ T — ¥ N— 2 DYUEMN
KHOLND, WAKBERMEIZOWTHZOFMITEE LV, #TNIEEIC L DK OEEAIT,
FARBERE /IR E HRIET 208, ZRUAOEINLKEW., ZoHTHLAY—F~wy T
DN RO HN D,
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() B REE AR (Environmental Load Outside City)

2N EREAM AR L CO LB ERBEOHI A2 R,

LRI O FAF—HHIZONTIE, B A A 4Tl 3T H 2 RISl 21772~ 7,
TRLOIHINETRTOTRAF—ICH LT LR RAF— (BAE) Fliic Lk
X — e A Bitd 5, HEKIEMR L% 5| & Z RS R T XA P HORE RN O -—2IZ,
THAX—DOKENENSH D, -, FO LT, T RAX =245 HT DO ABE
R EDNRGHIC SRR Y HEKBBEOERMEBNEIZLRESEET D, TRENOH
HAWE L A A X —REMBITOADETEY . 1 AHy ENEZEOTRALF—HEZ
Lk b 5, ZOMAKVIEE T RAF—OM N L, Fllida< 2. KF
Flo 3 ¥ —SOF I A PE O M ERHIRICEN D20, BiEE L TR F—HEE
WIS FHE, YAFFITATHDLEHEINDIOT, fxDEZRAF—OIY AT
SWNTE, I 2 TIERE L7,

LR2 & « =7 V) T AZHWTIE, KGR - WEO 2 HMAZJRITH 21T ~72, Z
NOOWHITKGREHE L BEEHR TRESETHMT 5. 22 TE, ThZEh0H
FME L7 ke T« EREHOPHBEEZRTTOADTHY [ 1 AH7= 0 OHROMA &
Bl L7, ZOMAMEVIEEEROEHEN DN E AR L, FEEE < 7D, HEE
WALV RTE, YATFIATHD EHEENDHOT, lx DHEFALOUY A
ST, I I TIRBE LAV, E0 VA SRR ERER L L CREED RS
BENLOTYH A ZAIZHONTE I I TIEBHI LAY,

LR3 DMEERERIE. KK 1 WA 26 RICFEM 2T/ ~>72, 22 Tid, ZhEFhofdin
PEH L 72 CO2 D BAEHO AN TEY . 1 AHT20 ENIFED CO2 2P L7 & LLEk
T 5. ZOMMPMEIEE CO2 OPEHRAMEL | MV, 2 OIE BN T 7= 8 i
WERBEAPIIN O BEET - fipd: & W70 0 | iSO BREEIG Ye R HLERBRERIZ K ORUE S 7 L T
HNEELTHND, BHNoB R E Zn N i~k s k&I NE AR S
LEBEZOLND tm BAiNOHRPEHBE TRESED ZEMNAETH D, IHRIFHED
BEIML TR, SHEMAOROPH T TR SliiREnEL T 2Pk E T
TEHHLETDH, FlzE, BHAWHBRICETAE NN O EENZHKIZE T 5 K%
BATNHONR mm%%¢“mﬁainé FBEEMICBH L TH . Hak#ldis iz X
NTARAENDMTE L TIE, A ~DBREEAR &) BLE b BB T 0 5,
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& 3-2-1 #HHANIREFTEIEHE (Quality of Life Inside City)
3 B#H[%] B R
K54 PR 5 s E S =] @ . 5 3 2 3
RS RS ED) 30]100] =10 | =20 | =30 | =45 | 45<
a1 p— SO, & E[ppm 30 |50 | >0.007 | 0.007= | 0.0052 | 0.0032 | 0.0012
i INO,E B [ppm 50 | >007 | 007= | 0052 | 003> | 0012 |
amy | BT RI000A 40|50 >10 | 102 | 082 | 052 | 032
TREERE[%] 50 ] <60 | =70 | <80 | =90 | 80<
e A OB H0E (%] ool 50 | =-03] =-01| so1 | <03 [ 03<
MBHIEH 50 | =06 | =07 | <08 | =09 | 09<
FEERBH/AD 40 | =27 <32 <36 <40 | 40<
Bl |EieE 201 30 | =80 | =85 | =90 | =95 | 95<
THRIEE 30 ] <60 [ <70 | <80 | =90 | 90<
Q2 REEBEBH/AD 40 | =12 | =16 ) <24 | 24<
g v—E [XE-BF [DRREAB/1000A 10{ 30| <24 | <25 | <26 | <27 | 27<
A B /1000 A 30 | =008 | £009 | 2010 | =011 | 0.11<
[EES INFRIE S /10004 10[100] <6 =] s10 | =12 | 12
3 EREER/AD ol 80] =2 <25 <3 S35 | 35<
2338 548 R %) 50| =10 [ <20 | <30 | =40 | 40<
R fEHE MR U 1000 A 20| 80 | 5025 ] =03 [ =035 ] <04 | 04<
BABEE [FHoREHYAD 50 | =4 =7 10 | s14 | A<
i BE AR EYT R E 0]100] - - - - -
Bk KKFEEMHI000A-F | 1] 60 | >056 | 056= | 0482 | 042 | 0322
HE B /1000A 50| <07 | <09 | =11 | 13 ] 13<
Q3 BKE |HEGHSEREHRRF [ 0]100f - - - - -
RE-RD LT R4 M #/1000A 30 | >40- | 402 | 352 | 30= | 252
0530 Bk RBPRREHBII000A | o 20 [ >o- 92 8= 72 6=
%% R AT #U/100000A 20 | =4 <5 6 =7 1<
BER/10000A 30| =10 ] =13 ] <16 <19 | 19<
#& 3-2-2 #MHSHRRAFHEHR(Environmental Load)
. B[%] LR
Pk ] _npfu‘ﬁa ~ ﬁfﬁaﬂﬁﬁ#atﬁ =1 @ ; > 3 ) 5
BR |BREABRMIA-F] 40 | 100 | >30000 | 300002 | 250002 | 200002 [15000=
L1 yz  |BHARERAIRMIA-F] 30 |80 | >25000 | 25000 | 20000= | 150002 |10000=
IRLF— FONRUHRERRMIA - F) 20 | >240 | 2402 1802 1202 | 60=
ity FTimE R MI/A - ] 30 100 >350 | 350= | 180= 1202 | 602
L2 KR [ kAR ton/ A - ] 40 1100} >135 | 1352 | 1252 | 1152 | 105>
BRITIT | gy |RERRV D flon/ A - F] 6o |50 | >05 | 052 04 | 035 [ 03=
s EEBREWEIffton/ A - F] 50 | >5 5= 42 362 | 32 |
CO & HEt fit[ton/ A - 100] >15 152 10> 72 3=
L3 KRS [NOJEHIH Hton/ A -5 100 [ 100 = - - - -
TRt IR SO Rton/ A - ] 100 - - - - -
ot [REYVRRARVER/AD 0 | 100 - - - - -

ZINSOMMBER ZR AT D7, i GEHMEEIC A ST TRAEZIT D, BAHRD
FE. ENENOET DI NI KBUT L THEICAICSE S D& TH D, £ 3-2-1,
F 322 IZHB VTR TH OIS T BRE B & 073, BB 2 513, 48 MR EH TR L |
5 AU AL E LERTERY ZRERBEAVET L ~L | BREEAUR L ~L % 3 il L7, BT L~ v, B

BIGU L ~L & GABIZI N D b &
L~ A E

1= -

<45 ZH.

A

AR D L OF RGN E LT, BREEANT
HTHDHEWV) ZEFREAMLANADMUWE WS Z EZiEE Sy, I

IZINOOEIEA £ 3-2-1, £ 3-2-2 1T TEHAMTIZWED, ZRFROKRSEOHEA (Q1
~Q3, LR1~LR3) {Z2\T 5 Al TRT, AP -2 L TL, $HIBKIZEBWT
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F_GRERE SN TELT, F—FIREANTERN2TLDTHD, AT, ZNHD
HEIZK LT, SEIRAMENLRALTWD, ZRHOT —FDIRE LA EORE
ThbH,

3-2-4 FE&R

FEOMAREREY BT, EAEONCEE 12 i A LR e & 3-2-3 L
3.2-1 15, A EERTO 5 bRl & FAICE L CE, BREAHFEITOHE AL
Ltth—ﬁmﬁﬂéhfﬁ%fﬁﬂbto

LA Q1 (BREE - #94). Q3 (%?i\ ). LR1 (=% %—), LR3 (LIKEER)
THRENESEHITH D onﬁﬁ —ER) OEEOSHEMME, T, BER
ﬁ%ﬁ%&%mﬁ&ﬁﬁwtwﬁﬁéo%K%%'#—Exwﬁﬁ%%uﬁﬁbfﬁét‘
SRR ONT B 12 BT A 2.98 2202/ LFLIRT 0 8 8804° 1.6 & & K& < T
STUW5, LRl (ZRAF—) [ZOWTIHEHER - A AHHAEOEB TIEABITE W AT M
FHEOERA CHMiE THFAZ LioR2> T b, £7-. LR2 (B DR LESL-oTW D,
L. KEROEEH O FAKERREZD R SEITEWS, WEOEB OFEE AP -
PEEFREMRNPZ . REPBEWZOHTH D,

B Ql GBE: - #4) OEEMNEV, Zhid, FERKOEE THDH AL 100 Al
4 BRI BFHNE < SEIFIRV, O BRE - KKREOHER L RAREOIEHE
ThD FAELERBROSENERBEWVNLSLTH D, EHRBREAR TV XX, LR2 (R
DEELE, UL, RESAYHEE - EEREDENR VR REBEWIZHTH D,
LR2 DIEICEE LTHD &, 13 ITOFELA 2.93 20izxt L, iEHiiL 4.1 & 13 HHio
PT-FEHMEE R LTS, ZOMENSMETNREROHEEN VR, B <7 Y
FAREDTETY AT 4 FINRETHTHDLEN) ZENTE D,

TH#HIT Q1 (BREE - ) O HEDEL VIAUTES TN OBRE G - AEE ISV & E
FRLTWS, 272, Q3 (4 - &2l DEEMELS o TWD, ZHUTILIRFEAM LA
B4 < . ALY 72 ) ORERENEN =D TH D, & 612, LR3 (RIERED) OsE» 1
CRROEE AR LT WS, THITEH O EMBREICARB AN TND Z RO T,
THERIY RT 4 FTA TRV ThDEELD, TETIL CO PR E) I Iz g
THEIZZ ., JHUTTES. JIBHEZECIERAN A TERT TH D Z ENHEHED 1 2
IZEZ LD,
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£ 3—3—1 /A2 aYIZBITBEIUS THELENIFHT —ADOINEHER (KB TRIRSN-T
—AMAFTELN =T —EEEKT H)

Quality of Life Inside City

5 3 i 3 o , g Sonrce
First Classification Second Classification Third Classification
Environment Degree of nature Ratio of vegetation coverage
Public Health Sanitary conditions Cases of grievances against pollution PCD
Distribution ratio of sewerage (%) BMA
Air pollution concentration along main roads PCD

Cases of oxidase smog

Ratio of patients of breathing diseases

MPH/BMADMS)

Ratio of patients of infectious discases

\IPH/BMA(DAMS)

S0, Density (ppm) PCD
NOy Density (ppm) PCD
SPM Density (mg/m’) PCD
Public Function Administration Girowth rate of population (%) NSO
Public Seivices Financial capability index NSO
Habitation Floor space of houses (m/one person)
Ratio of electrified areas
Ratio of persons equipped with information devices
Education Ratio of graduates studying in elementary schools BMANSO
the number of teacher at primary school (the number/1.000persons) BMANSO
the number of the librarv volumes (the number/one persons) BMANSO
the number of Infant school (the number/1,000persons) BMA/NSO
Commerce Retail stores(the number/1.000persons)
Traffic Length of roads/Passing transport PWD
Modal share of public transport(%) OTP
Welfare Areas of urban parks{m/person) BALA
Medical welfare facilities (the number/one person) DLP/SSO

Safty/
Security

Earthquake

Ratio of non-earthquake-proof houses (%)

Fire

Fire occurrences (the number/1,000perons/one year)

BAA (DPS)

Ratio of non-fire-proof houses (%5)

Rescue operation persons of fire station (the number/1000persons)

Storm and flood damage

the number of disasters /the volume of rainfalls (the ratio’one vear)

DDPM

Crime/Accident

Criminal offenses (the number/1000persons/one vear)

Roval Thai F

T'raffic accidents (the number/one person/one year)

"

Field policemen (the number/1,000persons)

Roy

Beds of sickness (the number/1,000persons)

MPH/BMA(DMS)

Environmental Load

First Classification Second Classification Third Classification Soirrct
Energy Electricity Consumption of electricity (kWh/one person/one vear) MizA
Gas Consumption of city gas (MJ/one person/one year)
Consumption of propane gas (kg/one person/one year) PTEPTIT
0il Consumption of kerosene (Yone person/one vear) EPPO
Resources Water Resources Waler use (m’/one person/one vear) MIFA
Waste Houschold refuse (kg/one person/one year) BMA
Industrial wastes (ton/one person/one vear) DI
Environment  over Atmosphere CO, Emission Volume (ton/one person/one year) DAEDE
wide area S0, Emission Volume (ton/one person/one year) DAEDE
NOy Emission Volume (ton/one person/one year) DAEDE
SPM Emission Volume (ton‘one person/one year) DAEDE

Remarks;

BMA: Bangkok Metropolitan Administration

DAEDE: Department of Alternative &
DDPM:Department of Disaste,

{E

lopm

De

Prevention an

DDS: Department of Drainage and Sewerage
DEQP:Department of Environmental Quality Promotion
DIW:Department of Industrail Works

DLP: Department of Labour Protection and Welfare
DMS:Department of Medical Services

DPS: Disaster Prevention Subdivision

DPT: Department of Public Works, Town and Country Plai PWD, Public Works Department

5%

{ Mitigation

EPPO:Energy Policy and Planning Office

MEA: Metropolitan Electricity Authority

MPH: Ministry of Public Health

MWA: Metropolitan Waterworks Authority

NSQ: National Statistical Office

OTP: Office of Transport and Traffic Policy and Planning
PCD: Pollution Control Department

PTIT: Petroleum Institute of Thailand

PTT:PTT Public Company Limited

S80:Social Security Office
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Urban areas
in 1990s Segmentation & Classification

Urban areas in 2000s
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ABSTRACT

In this research, the comprehensive assessment indices that becomes
the indicator of the plan for a sustainable city is developed (Environmental
Indices for Urban Sustainability: EIUS). Various indices that evaluated
urban environment have been developed in order to solve the urban
problem including a so-called environmental pollution issue since 1970's in
many countries of the world, especially by OECD. These are the indices that
evaluate mainly the environmental qualities such urban air quality or
various services supported by the administration inside the city. However,
the environmental load such as CO; emissions that the city activity exerts on
the larger area or the global environment cannot be neglected with the rise
of the consideration of global environmental problems in recent years. In
this paper, at first stage, the several items which represent the
environmental quality inside the city (Health, Services, Safety, etc.) and the
environmental load outside the city (Energy consumption, Resources
consumption, Environmental pollution, etc.) are selected. Then, these items
are combined in order to construct the comprehensive assessment indices
(EIUS) which consider both the environmental quality and the
environmental load in and outside the city. Furthermore, these indices are
applied for 11 government ordinance specification cities in Japan. The
applicability of these indices is estimated and the sustainability of these 11
cities is examined.

1. Introduction

In Asia, there is a strong tendency for population and functionality to
converge in cities. The economic development in many countries is creating
a problem of runaway urbanization (the megacity problem). These
megacities lag in the creation of urban infrastructure and safety measures, as
well as environmental, educational, and other measures. This is causing
services for city residents to decline, making environmental pollution and
other issues an everyday occurrence, and causing the appearance of slums
and other problems in some areas. Meanwhile, however, the over-
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concentration of functions in the cities is causing its own problems; the
areas around cities are becoming depopulated wastelands.

In addition, the rapid expansion of urban functions is increasing the flow
of pollutants (such as sulfur oxides and carbon dioxide) into the air and seas,
which is polluting the global atmosphere and coastal seas. It is highly likely
that this situation will create critical environmental issues on a global scale
in the future.

The present research is developing an index to comprehensively assess
urban environments, to serve as a guideline for planning sustainable cities.
Many indices have been created in many countries to assess urban
environments, starting with the OECD in the 1970s. These indices were
used to assess the environment inside the city, in order to resolve such urban
issues as urban pollution. But as awareness of global environmental issues
has increased over the past few years, it has become impossible to ignore
the impact that urban activities themselves have on the global environment.
The present paper identifies measures that specify the quality of life inside
the city and environmental impact (load) outside the city at the municipal-
government level, and reconstructs an urban-environment index taking both
aspects into account. It also applies this index to Tokyo and 11 government
ordinance specification cities, considers the appropriateness of the measures
used within the index, and compares the sustainability of Tokyo and the 11
government ordinance specification cities.

2. Basic Concept of Creating an Index to Assist Urban Environments
The present research is developing an index to comprehensively assess
urban environments, to serve as a guideline for planning sustainable cities.

This is thus an assessment of cities; but in order to assess an urban

environment, it is first necessary to define just what we mean by "city."

While the definition of "city" is argued by a great many scholars and people

in the field, here the authors define a city as a region under the jurisdiction

of a municipal government. The reason the authors define it thusly is
because most environmental measures for cities are carried out at the
municipal level, and so assessing at the municipal level simplifies our work.

The areas inside and outside the city for the urban environmental index

mentioned above are defined as follows: the region within the municipality

is inside the city, and other areas are outside it.
The following points were also taken into account in the creation of this
assessment index.

(1) Consistency When assessing urban environments, it is vital to
collect detailed data for each city. But the more data one has, the more
complex it becomes to handle, and the more difficult to assess.
Consequently, it is important to summarize data to a certain extend, and
create a comprehensive index.

(2) Generality There is great disparity among the set of urban areas
called "citics." For example, in Japan we have cities ranging in
population from more than 8 million in Tokyo (in its 23 wards), to cities
with fewer than 50,000 people. There are also major differences in their
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population makeup, industrial structure, climatic conditions, and
economic conditions, among others. It is thus necessary to create an
index that is general and fair for all cities; this requires some sort of
standardization, such as showing figures in per-capita units.

(3) Comprehensiveness As can be seen in check systems used for
environmental impact assessment, checks of the impacts and effects of
policies must encompass an extremely broad range of phenomena. Put
simply, it is necessary to prepare a set of individual elements that are
well balanced, and put together with the consistency mentioned in item
(1).

(4) Representativeness Environmental monitoring and the like must
be representative. In other words, measurements of environmental
clements are not representative if they change depending on when or
where in an area they are taken. For example, the location that air
pollution or noise is measured has a great impact on the results. In such
cases, it is necessary to create clear rules for measurement, and
investigate geographical and temporal representativeness.

(5) Intuitiveness An index of urban environments should not used
solely by researchers, government officials, and other experts; it should
also facilitate dialog with city residents. Consequently, the index must
be intuitiveness understandable by residents; it should jibe with their
live experiences and sensibilities.

(6) Ease of Measurement No matter how elaborate of an index of urban
environments one creates, it is unusable if one cannot obtain the data
making it up. The data used to calculate the index must be easy to obtain,
and the method to calculate it must be simple.

3. Overview of a Comprehensive Assessment Index for Urban

Environments

In order to assess the environment of a city, it is necessary to assess both
its good and bad aspects. The reason people live concentrated in a city in the
first place is to reap some sort of benefit. If urban environments are assessed
in ignorance of this aspect, one is led to the extreme argument that not
having cities is best for the environment. We have thus built an index that
assesses both the pros and cons of cities. To put this another way, the
authors evaluate both the benefits gained by residents living inside the city,
and the impact on the environment surrounding it. The authors call these
aspects as Quality of Life inside City and Environmental Load Outside City,
and define them as follows.
(1) Quality of Life inside City
Table 1 shows examples of each of the elements making up the Quality of
Life inside City aspect. The environment inside the city can be divided into
three major categories: (1) environment and public health; (2) functions and
services; and (3) safety and security.
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(1) Environment and public health: This is an index of level of public
health, hygiene, and natural richness available to city residents. The
percentage of greenery is used as a measure of the richness of the natural
environment. The authors believe this is both relatively easy to measure, and
representative. Concentration of air pollutants is an intuitive index of the air
environment. It is difficult to create indices for soil and water quality,
because the conditions of soil and water pollution are highly localized, and
the measurements taken will depend greatly on where they are made.
Consequently, the authors represent these by numbers of patients of
communicable diseases. The authors use sewerage connection rate to
represent public health.

Table 1. Index of Quality of Life Inside City

Major Minor Assessment Index Weight {%] Score
Category Category Minor | Al 1 2 3 4 5
Ql Natural Greenery [%) 30 100 | -10 -20 -30 -45 45-
environment
Environment/ | Air SO, concentration [ppm] 30 50 | 0.007-| -0.007 | -0.005 | -0.003 | -0.001
public health NOX concentration [ppm] 50 | 0.07- | -0.07 | -0.05 | -0.03 | -0.0]
Public health | Number of 40 50 | 1.0- -1.0 -0.7 -0.5 -0.3
communicable diseasc
infextions/1,000 people
Sewerage connection [%] 50 | -60 -70 -80 -90 90-
Q2 Administration | Population growth [%] 20 50 [--03 |--0.1 | -0.1 -03 [03-
Public Fiscal index 50 | -0.6 -0.7 -0.8 -0.9 0.9-
Functions Habitation Total housing floor 20 40 | - 27 -32 -36 -40 40 -
/ Services space per capita
Electrification 30 | -80 -85 -90 -95 95-
[nternet access 30 | -60 -70 -80 -90 90-
Education Library books per capita 10 40 | -1.2 -1.6 -2.0 -2.4 2.4-
Elementary-school 30 | -24 =25 -2.6 -2.7 2.7-
teachers/1,000 people
Preschools/kindergardens 30 | -0.08 | -0.09 |-0.1 -0.11 | 0.11-
/1,000 people
Commerce Retail stores/1,000 people 10 100 | -6 -8 -10 -12 12-
Traffic Total road length per capila 20 50| -2 -2.5 -3 -3.5 3.5-
Public transport burden 50 | -10 -20 -30 -40 40-
Welfare Welfare facilities' (XX people 20 50 | -0.25 | -0.3 -0.35 | -0.4 0.4-
City park area per capita 50 | -4 -7 -10 -14 14-
Q3 Earthquakes | Existing buildings without 20 100 | - - - - -
adequate earthquake-
proofing
Safety/ Fire Fires/1,000 people/year 20 50 | 0.56- | -0.56 | -0.48 | -0.40 | -0.32
Security Fire fighters/1,000 pcople 50 | -0.7 -0.9 -1l -1.3 1.3-
Storm /Flood | Victims/total rainfall 20 100 | - - - - -
upon damage per year
Crime/ Crimes/1,000 people 40 30 | 40- -40 -35 -30 -25
accidents Traffic accidents'1,000 people 20 | 9- -9 -8 -7 -6
Police boxes/stations/ 20 | -4 -5 -6 -7 7-
100,000 people
Hospital beds/10,000 people 30 [ -10 -13 -16 -19 19-

(2) Functions and services: This is an index of the cultural and social
benefits reaped by city residents. It indicates that the higher the population
growth rate, the greater the attraction of this aspect. Additionally, the higher
a city's fiscal index, the sounder the state of its economy. Sub-category
"housing functions" indicates the richness of the living environment. An
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element of culture and education is number of elementary-school teachers.
Although there are no great differences in this area between municipalities
in Japan, it should serve as an index of social maturity when expanded to
cities throughout Asia. Another minor category is transportation. In this
minor category, public-transportation utilization responds directly to supply,
and is a measure of the degree to which public transportation has been
created. Meanwhile, road area and traffic volumes should be used to express
convenience of road utilization, but detailed calculations of traffic volumes
are not conducted on a nationwide scale. It has thus been substituted for
another index here.

(3) Safety and security: As the name suggests, this is an index of the safety
and security with which residents can live in the city. The number of out-of-
code buildings is used as a measure of earthquake and fire safety, but
figures on this are not currently kept in Japan. A simple measurement and
estimation method and database are needed for buildings at risk of
collapsing in an earthquake, or in the event of a fire, spreading a fire. It is
also difficult to evaluate flood danger. The level of flooding in urban areas
greatly depends on the sewerage treatment capacity, and other factors are
also large. Hazard maps are needed for this aspect.

Environmental Load Outside City

Table 1 shows examples of each of the elements making up the
Environmental Load Outside City aspect. The major categories are: (1)
energy consumption; (2) resources and materials; and (3) the greater-arca
environment.
(1) Energy consumption: This is an investigation of total energy
consumption through the evaluation of primary energy (heat) in relation to
total energy. The lower the total energy consumption, the more sustainable
the city is deemed to be. Thus, the authors do not example individual efforts
to conserve energy here.
(2) Resources and materials: This index is represented by water usage and
the amount of waste. The lower the level of waste, the more sustainable the
city is deemed to be. Thus, the authors do not example individual efforts to

conserve resources here.

(3) Greater-area environment: Unlike the environmental and public health
used in the previous section (Quality of Life inside City), this is a measure
of the degree to which the city contributes to environmental pollution
outside the city, and to the global environment. Since there will probably be
a large difference between the amount of pollution imported by the city and
the amount exported out of the city, this can be represented by the amount
of pollution produced inside the city. The calculation of pollution generation
includes all pollution produced by urban activities, rather than just pollution
produced inside the city. For example, with regard to electric power
consumption, air pollution produced by a thermal power plant located far
from the city is included. Additionally, waste that is sent outside the city for
treatment is included in the greater-area environment, as it contributes to the
environmental impact (load) outside the city.

Each item was also weighted in order to create a comprehensive index.
Weighting should be changed according to the circumstances of each city.
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Tables 1 and 2 show sample weighting and scores used for the present
report. The scores were assigned as follows: for each evaluation index,
quality of life and environmental load were each given three points, and the
total was normalized to a maximum of 5 points. If the levels of both quality
of life and environmental load were improving, the score would be high; if
they were worsening, the score would be low. It should be noted here that a
high score for environmental load indicates a low level of environmental
impact. Furthermore, the items for the major categories (Q 1-3 and L 1-3)
have a maximum score of 5 points, in accordance with the weighting shown
in Tables | and 2. In the table a dash (<) indicates all municipalities do not
keep such data, and the data could not be obtained. Consequently, these
items were eliminated from the present scoring. The collection of this data
will be a future task.

Table 2. Index of Environmental Load Outside City

Major Minor Assessment Indices Weight (%] Score
Category Category Minor | Al 1 2 3 4 5
L1 Electricity | Electricity usage 50 100 | 8000- | - - - -
[MJ/person/year] 8000 | 7000 | 60600 | 5000
Encrgy Gas City gas usage 50 160 | 30- -30 -20 -135 -10
[MJ/person/year]
Propanc gas usage - - - - -
[MJ/person/year]
Others Kerosene usage - - - - -
[MJ/person/year]
L2 Water Tap-water usage 40 160 | 135- -135 | -125 | <115 | -105
Resources | [tons/person/year]
Resources/ Waste Household waste 60 50 600- -600 | -500 | -400 [ -300
[tons/person/year]
Industrial waste 50 5- -5 -4 -3.5 -3
{tons/person/year]
L3 Air CO; emissions 100 100 | 15- -15 -10 -7 -3
[tons/person/year]
Environment NOX emissions per capita - - - - -
over wide area SOX emissions per capita - - - - - -
Others Waste within system - - - - - - -
not treated per capita

4. Results of Calculation

Fig. | shows the index of urban environments scoring results for Tokyo
and the 11 government ordinance specification cities in radar charts. Two
designated major cities — Saitama and Shizuoka — recently merged, and the
area of the city changed; for this reason, they do not yet have prepared data,
and thus were excluded from the scoring. The large the area occupied by the
city inside the hexagonal radar chart, the higher its level of environmental
performance.

Sapporo's score was high for Q1 (environment and public health). This is
due to the high proportion of the city area covered by greenery. The score
for L1 (energy) is also high. The present estimate excludes kerosene usage;
Sapporo is located in a frigid area, and kerosene usage (for heating) is high.
Thus, it is believed that if kerosene usage were added to the estimate,
Sapporo's score in this area would fall.
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As with Sapporo, Sendai scored highly in Q1 (environment and public
health). In terms of load, it also scored highly for L1 (energy). As with
Sapporo, this is likely due to the fact that kerosene usage is not counted in
the estimate. The score for L2 (resources) is also high. This is due to the
lower generation of household and industrial waste than other cities.

Chiba's score for Q3 (safety) is low. This is due to the relatively high
crime rate there, and the low number of hospital beds per capita. In terms of
low, the scores for L1 and L2 were low. This is probably due to the fact that
Chiba consumes a large amount of energy and produces large quantities of
CO,, because it is an industrial city.

Tokyo (the 23 wards) had low scores for Q3 (safety) and L1 (energy). In
terms of energy usage, the electricity consumption per capita is high. This is
probably due to the concentration of economic activity in Tokyo.

Kawasaki had low scores for Q3 (safety), L1 (energy), and L3 (greater-
area environment). This is because, like Chiba, Kawasaki has the
characteristics of an industrial city.

Yokohama's score for Q1 (environment and public health) is low. The
reason for the low score for Q1 (environment and public health) in
particular is due to the poor state of air pollution. Overall, environmental-

load scores were high.

Nagoya had low scores for Q3 (safety) and L1 (energy). This is also due
to its characteristics as an industrial city.

Kyoto had low scores for Q3 (safety) and L2 (resources and materials).

As with other industrial cities, Osaka had overall low scores for
environmental load. Its score for L1 (energy), however, was high in
comparison with other industrial cities. This indicates that Osaka's industrial
structure is moving from heavy industries to information-intensive
industries.

Kobe's scores for Q1 (environment and public health) and Q2 (functions)
were high.

Hiroshima's characteristics are similar to those of Kobe, but its scores
were low for L2 (resources and materials) and L3 (greater-area
environment), resembling an industrial city.

Fukuoka also has characteristics of an industrial city.

Kitakyushu also has characteristics of an industrial city. In this case,
however, it had relatively high scores for Q1 (environment and public
health) and Q2 (functions) for an industrial city.

5. Conclusions

The authors have developed a comprehensive environmental assessment
index for sustainable cities. This has required assessments from the
perspectives of both quality of life in the city and the environmental load of
the city. This index was also applied to Tokyo and the |1 government
ordinance specification cities. This has shown the environmental
performance and features of each city. In the future, the authors will work to
obtain a fuller set of data, and expand the assessments to smaller cities in
Japan and to cities in Asia.
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Figure 1. Comprehensive Assessment Indices for Environments of Tokyo
and 11 government ordinance specification cities
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Abstract: Asian mega cities have continued to expand, and accordingly, various problems, e.g. social, economical and
environmental problems, have been widely recognized in Asia. Especially, environmental issues caused by Asian mega cities will
affect not only the areas within mega cities but also the whole area of Asian countries because the effects will be widely
propagated by atmospheric or marine transportation. Authors have conducted researches related to comprehensive assessment
indices for urban sustainability, named as Environmental Indices for Urban Sustainability (EIUS). In the framework of EIUS, both
the environmental quality and the environmental load are focused on. An urban sustainability will be evaluated based on the
scores for all categories of EIUS [1]. Most of the environmental data used in EIUS are collected from statistical data and those are
restricted to point-based data. If area-based data such as vegetation distribution or urban area distribution are required, remotely
sensed technique is quite useful. Remote sensing data also has an advantage to compare the parameters of different cities by the
same criteria. In the present research, the applicability of remote sensing data to extract area-based environmental data for EIUS
was examined. Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) images, observed in 1990s and
2000s, were used to extract vegetation index, albedo and land surface temperature. Urban areas of Bangkok in 1990s and 2000s
were extracted from such parameters. Based on the acquired results, the methodology will be improved and applied to extract
urban areas in other Asian mega cities.

Keywords: Environmental Indices for Urban Sustainability, EIUS, Remote Sensing Data.

1. Introduction

Environmental issues caused by Asian mega cities have been recognized to be monitored and assessed in an
effective manner. While some statistics of mega cities have been reported to date, a systematic assessment is still
lacking. Authors have developed comprehensive assessment indices for urban sustainability, named as
Environmental Indices for Urban Sustainability (EIUS). The EIUS is based on the framework of comprehensive
assessment system for building environmental efficiency (CASBEE). The CASBEE was developed for assessment of
the efficiency surrounding a building. In Section 2, EIUS as well as CASBEE are described. Considering
implementation of EIUS, data accessibility is quite a difficult issue. Therefore, we examined the feasibility of
application of satellite remote sensing data.

2. Framework of EUIS
1) CASBEE

In the field of architecture where mass resources and energy are consumed, “sustainability” has been one of the
most important keywords. Development of techniques and polices for sustainability is quite inevitable. CASBEE
aims to promote proactive decisions in terms of environmental effects caused by construction and management of
buildings. And, it assesses based on the items which should be pursued proactively in future. Therefore, CASBEE
focuses on environmental functions of buildings, not on all of the functions of qualities of buildings [2].

A basic concept of CASBEE is shown in Fig. 1. In CASBEE, “Virtual boundary” is assumed to discriminate a
space inside boundary from a space outside boundary. The space inside boundary refers to the quality of the space
mainly provided by the building. This is called as “Environmental quality”. On the other hand, the flow from the



inside to the outside of boundary can be regarded as a negative load to the environment. This is called as
“Environmental load”. In Fig. 1, BEE (Building Environment Efficiency) can be defined as the ratio of
“Environmental quality” to “Environmental load”. Such a simple index can represent both quality and environmental
load of a building [2].

Fig. 2 shows an example of assessment of environmental quality and load based on BEE. In CASBEE, there are
five scores such as S, A, B+, B- and C. In the space of “Environmental load — Environmental quality”, each score has
its own domain. If BEE is higher, a better score will be given. Such an assessment based on BEE value enables the
comparison between different buildings. This framework of CASBEE can be applied for environmental indices for
urban sustainability, or EIUS. The details on EIUS are described in the following subsection.

2) Concept of EUIS

EUIS was created as an index to enable the assessment and comparison of urban sustainability. EUIS is based on
the concept of CASBEE. Tab. | shows EUIS framework. In the EUIS, there are two types of categories such as
“Quality life of inside city” and “Environmental load”. Each category has hierarchical structure consisted of the first
classification and the second classification items. In the category “Quality life of inside city”, there are three first
classification items: *Environment / Public Health”, “Public Function / Public Services” and “Safety / Security”. On
the other hand, the category “Environmental load™ has three first classification items such as “Energy”, “Resources”™
and “Environment over wide area”.

Tab. 1 also represents the examination results of data availability in Bangkok. Authors have contacted ministries
and departments of Thailand, and examined data availability. The “Source” in Tab. | means ministries and
departments of Thailand which can provide the data. Regarding the data accessibility, most of the data were obtained
a few to several weeks after official documents were sent to them. Gray column shows the data were not available. In
the case of Bangkok, it was found that most of data required in the current framework are available.

3) Difficulties in Data Collection for EUIS

Even though data collection was successfully conducted in Bangkok, it is not expected to obtain as much data as in
other mega cities. Therefore, the data items should be flexibly changed in accordance with the real data accessibility.
Simultaneously, we have to consider the data source independent of statistical data collected by organization in
different countries. Another reason for the necessity of another data source is to apply the same criteria for data
collection. While the statistics are useful for the national analysis, non-unified criteria for the statistics will cause
confusion for the international analysis. Our final goal is to assess and compare the environmental sustainability in
many mega cities. Therefore, we have to compare the statistics collected in different countries.

Remote sensing has a strong advantage for such problems. The remote sensing, especially satellite remote sensing,
can observe land, ocean and atmosphere from the space. In most of applications, remote sensing data are converted
into physical parameters or indices. The quantitative and qualitative analysis based on the same criteria can be
implemented by using remote sensing data. Moreover, most of remote sensing data are processed as images, and then
area-based information can be derived. Area-based information is quite effective to grasp urbanization.

Another advantage of remote sensing data is periodical observation. We have different types of earth observation
satellite and sensors. High resolution data such as Landsat Thematic Mapper (TM), Enhanced Thematic Mapper Plus
(ETM+), or Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) has 16-day periods. This
means every |6-day, at least one image is periodically obtained. Optical sensor data are casily contaminated by
atmospheric effects, e.g. clouds or aerosols. Therefore, we cannot expect too many images with good quality through
a year. However, such periodical observation enables the analysis of temporal environmental change.

3. Feasibility of Data Collection by Remote Sensing

First of all. it should be clarified while EIUS mainly deals with various statistics, remote sensing has a potential to
be one of the most effective data sources for EIUS. In the framework of EIUS, authors examined the feasibility of
data collection by remote sensing.

In principle, remote sensing can detect the electromagnetic wave radiated or reflected from atmosphere, land or
ocean. In terms of spatial resolution, recently very high resolution data such as IKONOS (Im) or QUICKBIRD
(0.6m) data are available, and those data can provide the detailed spatial data. However, because of the expensive
data cost, we focus on the usage of high resolution data such as TM, ETM+ and ASTER. Those costs are relatively
cheap. Moreover, many Landsat TM/ETM+ images are available free of charge through the Internet [3]. Those
images are geometrically corrected, and two images observed in 1990s and 2000s are available in most of scenes.



Such services are quite useful for the analysis conducted in the present research, i.e. quantitative analysis of temporal
change of urban area.

As a result, Landsat TM/ETM+ images were used for the analysis in the present research. Especially, those images
were used for the extraction of urban arcas. Two images observed at different times enabled the comparison of the
change of urban areas. As parameters describing such urbanization, three parameters were selected, i.e. Normalized
Difference Vegetation Index (NDVI), albedo and land surface temperature (LST). In the following subsection,
methods to derive parameters are described.

1) NDVI

NDVI has been widely recognized as useful for the studies of the land biosphere characteristics and dynamics at
regional to global scales. NDVI has more sensitivity to chlorophyll and less contamination by atmospheric water
vapor. NDV1 is obtained through calculation of reflectances of the red and near infrared (NIR), expressed as Eq. (1).

NDVI = Pk = Prin (1
Pie * Pren

where and denote reflectances at red band and NIR band, respectively. For Landsat TM/ETM+, band 3 and 4 are
used.

2) Albedo

Land surface albedo is a physical parameter that describes the optical reflectance of the land surface. Albedo is
commonly defined as the reflectance of a surface integrated with respect to both wavelength (usually between 0.3 pm
and 3.0 pm) and angle (i.e. for all directions within the hemisphere above the surface) [4]. Land surface broadband
albedo is the fraction of incident (shortwave) solar radiation reflected in all directions by the land surface [5].
Examples of the albedo applications include global and regional climatic models for computing the surface energy
balance [6], and ecological models [7].

Liang developed conversion formulae from narrowband to broadband albedos for a series of sensors, including
ASTER, AVHRR, ETM+/TM, GOES, MODIS, MISR, POLDER, and VEGETATION. The conversion formulae are
based on extensive radiative transfer simulations. These formulae are used to calculate the total shortwave albedo
and the total-, direct-, diffuse-visible, and near-infrared broadband albedos under various atmospheric and surface
conditions [8]. The validation results for three broadband albedos (total-shortwave, total-visible and total-near-
infrared albedos) using ground measurement of several cover types are presented in the paper. These results show
that the conversion formulae are very accurate and that the average residual standard errors of the resulting
broadband albedos for most sensors are approximately 0.02, which meets the required accuracy for land surface
modeling [9].

In the present research, Liang conversion model was used to estimate albedo. Three types of albedos, i.e. total-
shortwave, total-visible and total-near-infrared albedos, are available. As a result, total-shortwave albedo was
selected for the analysis. Hereafter it is mentioned as “shortwave albedo” or simply “albedo”. The procedure to
estimate albedo from DN value is described in the below [10].

Firstly, DN value was converted into radiance L by applying Eq. (2).

L/Z = (Lmu,\:/i - Lmin‘}.)/255 * DN + Lmin/’, (2)

where L,,;, ; and L, ; are the spectral radiances for band 4 at digital numbers 0 and 255. Tab. 2 shows L,,;, and L,
for all bands of Landsat TM and ETM+.

In the present research, Liang conversion model was used to estimate albedo. Three types of albedos, i.e. total-
shortwave, total-visible and total-near-infrared albedos, are available. As a result, total-shortwave albedo was
selected for the analysis. Hereafter it is mentioned as “shortwave albedo” or simply “albedo”. The procedure to
estimate albedo from DN value is described in the below [10].

Then, radiance was converted into reflectance by applying Eq. (3).
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where
unitless planetary reflectance;

S

spectral radiance at the sensor’s aperture;

earth-sun distance in astronomical units;

, mean solar exoatmospheric irradiances;

o

solar zenith angle in degrees.

Tab. 3 shows Landsat TM and ETM+solar exoatmospheric spectral irradiances.
Finally, broadband albedo was estimated by applying Liang model for Landsat ETM+, expressed as Eq. (4) [8].

a,s =0443p,+0.317p, +0.240 0,
@y, = 0.693p, +0.212p, +0.116, - 0.003 )
gy = 0.356p, +0.130p, +0.373p, + 0.085p, +0.072p, —0.0018

where @, a,; and ag, denote total visible albedo (0.4 - 0.7 pm), total near-infrared albedo (0.7 — 2.5 um) and
shortwave albedo (0.25 - 2.5 um) for ETM+, respectively. p, denotes reflectance of band #. In Liang, 2000, there
is no model for Landsat TM. Therefore, Eq. (4) was also applied for the estimation of albedo of Landsat TM.

3)LST

Thermal band data (band 6) from Landsat TM/ETM+ can also be converted from spectral radiance to effective at-
satellite temperature [10]. The conversion formula is described as Eq. (5).

K, (%)

In[A'H]
L/i

T=

where
T  effective at-satellite temperature in Kelvin;
K, calibration constant [ in W/n™*si* ym);
K, calibration constant 2 in kelvin;
L, spectral radiance at the sensor’s aperture.

Tab. 4 shows calibration constants g, and g, for Landsat TM and ETM+. The effective at-satellite temperature

values T are referenced to a black body. Therefore, corrections for spectral emissivity gare necessary. Eq. (6)
represents the emissivity correction to derive land surface temperature S,.

- (6)
1+(AxT/p)lng

!

where 2 is wavelength of emitted radiance (4 = 11.5 um), p= h Xc/0(1.438 X 10° m K), o= Boltzman constant
(1.38 X 10" J/K). h = Planck’s constant (6.626 X 10™* J s), and ¢ = velocity of light (2.998 X 10* mv/s) [11].

Emissivity &can be estimated in many ways. In the present research, a methodology reported in [12] is selected.
Emissivity ¢ is expressed as Eq. (7).

e=fe +(-f)e, @)

where ¢ and ¢, denote emissivity of vegetation and soil, respectively. f. denotes fractional cover of vegetation (0

- 1). &, and &, were assumed as 0.985 and 0.978 [13]. Fractional cover f, can be expressed as Eq. (8) [14]



NDVI . —NDVI

max min

ol _[ NDVI__ - NDVI ) 8)

where NDVI_, is the NDVI for complete vegetation cover, and NDy7 . is the NDVI for bare soil. In the present

min

paper, NDVI, and NDVI . were assigned as 0.94 and 0.0, respectively. The coefficient a is a function of leaf
orientation distribution with the canopy. In the present research, @ was assumed as 0.6 for the application.

4) Extraction of Urban Areas

In most of applications of remote sensing data, parameters extracted from remote sensing data or original DN data
are used for the classification to produce thematic map. Our purpose is to extract urban areas from remote sensing
images. In usual classification, statistical classifiers have been applied. Such classifiers have severe shortcoming that
they classify on pixel-basis, which tend to produce patch-like classification results. Therefore, classifiers based on
image processing techniques have been examined. Recently, a software eCognition has been popular as an effective
classification tool [15]. It classifies based on segmentation technique, and eCognition was used to extract urban areas
in this research,

5) Case Study: Bangkok

In the present research, Bangkok was selected as a case study because we completed data collection of Bangkok
regarding EIUS. The purpose is to examine the possibility to extract effective parameters related to environmental
assessment in EIUS. As an effective parameter, urban area was selected. Both Landsat TM images in 1990s and
ETM+ images in 2000s were obtained from Web site [3]. Two images of path 129, row 50 and path 129, row 51
were merged as a mosaic image. The observed dates are listed in Tab. 5.

Fig. 3 shows a flow of extraction of urban areas from Landsat TM/ETM images. From original DN values of band
1 to 5 and band 7, NDVI and albedos were estimated. And, LST was estimated from a thermal band data, i.e. band 6
data. These sets of parameters were calculated for TM images in 1990s and ETM+ images in 2000s. Firstly, urban
areas in 1990s were extracted. eCognition was used for the segmentation and classification of urban areas. After
urban areas in 1990s were estimated, the areas were used as a mask layer for ETM+ images. And then, urban areas
since 2000s were extracted. Fig. 4 represents the results of urban areas extracted from Landsat TM/ETM+.

4. Discussions

Fig. 4 represents remote sensing can produce area-based information about urbanization. However, the
methodology described in Fig. 3 and the results shown in Fig. 4 are preliminary. The results obtained in the present
research should be examined from various viewpoints, and some improvements are required. Authors examined
combinations of several parameters, i.e. NDVI, albedo (VIS, NIR and SW) and LST. Among those combinations, the
combination of VIS albedo and LST was found to be effective for the extraction of urban areas. However, these
combinations should be examined more. '

The methodology to mask urban areas in 1990s needs discussions. In the beginning, authors extracted urban areas
in 1990s from parameters in 1990s and urban areas in 2000s from parameters in 2000s, separately. However, the
urban areas in 2000s were smaller than the urban areas in 1990s. The shrink of the extracted urban areas may be
caused by different atmospheric conditions and different observation seasons. It is quite difficult that a perfect
atmospheric correction is implemented because of lack of sufficient data related to atmospheric. On the other hand,
authors assumed that the urban areas in 1990s will be urban areas even in 2000s. The methodology to use the
masking is based on such an assumption. However, such assumption should be examined by referring to the existing
thematic map. Validation of extracted urban areas and application of the methodology for other Asian mega cities -
will be examined in future.

5. Conclusions

In the present paper, authors report the framework of EIUS and feasibility of application of remote sensing data for
EIUS. EIUS has a potential to enable the comparison of sustainability of Asian mega cities. However,
implementation of EIUS may have difficulty to collect data, mainly statistics. Even though statistics are collected



from mega cities, non-unified criteria make the comparison between mega cities difficult. Therefore, a feasibility to
apply remote sensing data was examined. Remote sensing enables the acquisition of area-based data, which is
effective for understanding urbanization, and the comparison between many mega cities under the same criteria. In
the present research, NDVI, albedo and LST were derived from Landsat TM/ ETM+ images obtained in 1990s and
2000s. Finally, urban areas in 1990s and 2000s were extracted, and it was found that remote sensing has a potential
to be used for EIUS. The methodology utilized in the framework of EIUS should be examined.
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Figure 1: Basic concept of CASBEE. BEE (Building Environment Efficiency) can be defined as
the ratio of “Environmental quality” to “Environmental load” [2].
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Figure 2: Example of assessment of environmental quality and load based on BEE. BEE
value enables the comparison between different buildings. This framework of CASBEE
can be applied for environmental indices for urban sustainability, or EIUS [2].



Table 1: Framework of EUIS and results of data collection in Bangkok. Gray column represents data

were not available in Bangkok.

Quality of Life Inside City

o " £ o . . s i y : Sonrce
First Classification Second Classification Third Classification
Environment/ Degree of nature Ratio of vegetation coverage
Public Health Sanitary conditions Cases of grievances against pollution PCD
Distribution ratio of sewerage (%) BMA
Air pollution concentration along main roads PCD

Cases of oxidase smog

Ratio of patients of breathing discases

MPH/BMA(DMS)

Ratio of patients of infectious diseases

MPH/BMA(DMS)

SO, Density (ppm) PCD
NOy Density (ppm) PCD
SPM Density (mﬂf‘m") PCD
Public Function/ Administration Growth rate of population (%) NSO
Public Seivices Financial capability index NSO

Habitation

Floor space of houses {m/one person)

Ratio of electrified areas

Ratio of persons equipped with information devices

Education

Ratio of graduates studying in elementary schools

BMANSO

the number of teacher at primary school (the number/1,000persons)

BMANSO

the number of the library volumes (the number/one persons)

BMANSO

the number of Infant school (the number/1,000persons)

BMANSO

Commerce

Retail stores(the number/1,000persons)

Traffic Length of roads/Passing transport PWD
Modal share of public transport(%) oTP
Wellare Areas of urban parks(m/person) BMA

Medical welfare facilities (the number/one person)

DLP/SS0

Safty/
Security

Earthquake

Ratio of non-earthquake-proof houses (%)

Fire

Fire occurrences (the number/1,000perons/one vear)

BMA (DPS)

Ratio of non-fire-proof houses (%)

Rescue operation persons of fire station (the number/1000persons)

Storm and flood damage

the number of disasters /the volume of rainfalls (the ratio/one year)

DDPM

Crime/Accident

Criminal offenses (the number/1000persons/one vear)

Roval Thai Police

Traffic accidents (the number/one person/one year)

Roval Thai Police

Field policemen (the number/1,000persons)

Roval Thai Police

Beds of sickness (the number/1,000persons)

MPH/BMADMS)

Environmental Load

First Classification

Second Classification

Third Classification

Souree

Energy Electricity Consumption of electricity (kWh/one person/one year) MEA
Gas Consumption of city gas (MJ/one person/one year) ---
Consumption of propane gas (kg/one person/one year) PTT/PTIT
Ol Consumption of kerosene (£one person/one year) EPPO
Resources Water Resources Water use (m’/one person/one year) MIFA
Waste Household refuse (kg/one person/one year) BMA
Industrial wastes (ton/one person/one year) DIW
Environment  over Atmosphere CO, Emission Volume (ton/one person/one year) DAEDE
wide area SO, Emission Volume (ton/one personfone year) DAEDE
NOy Emission Volume (ton/one person/one year) DAEDE
SPM Emission Volume (ton/one person/one year) DAEDE

Remarks:

BMA: Bangkok Merropolitan Administration

DAEDE: Departmer

DDPM:Department of Disaster Prevention and Mitigation
T £

of Alternative Energy Development an. fenc

DDS: Department of Drainage and Sewerage
DEQP:Department of Environmental Quality Promotion
DIW:Department of Industrail Works

DLP: Department of Labour Protection and Welfare
DMS: Department of Medical Services

DPS: Disaster Prevention Subdivision

DPT: Department of Public Works, Town and Country Plas PWD: Public Works Department

EPPO:Energy Policy and Planning Office

MEA: Metwropolitan Electricity Authority

MPH: Ministry of Public Health

MWA: Metropolitan Waterworks Authority

NSQ: National Statistical Office

OTP: Office of Transport and Traffic Policy and Planning
PCD: Pollution Control Department

PTIT: Petroleum Institute of Thailand

PTT:PTT Public Company Limited

SSO:Social Security Office




Table 2: Landsat-5 TM and Landsat-7 ETM+ postcalibration dynamic ranges. Units of Lmin and Lmax

are W/(m™*sr*um) [10] [16]
Landsat 5 TM (from March 1, 1984
to May 4, 2003) Landsat 7 ETM+ (from July 1, 2000)
Low/High Low gain High gain
Band Lmin Lmax Lmin Lmax Lmax
1 -1.52 152.10 -6.2 293.7 191.6
2 -2.84 296.81 -6.4 300.9 196.5
3 -1.17 204.30 -5.0 234.4 152.9
4 -1.51 206.20 -5.1 241.1 157.4
5 -0.37 27.19 -1.0 47.57 31.06
6 1.2378 15.303 0.0 17.04 12.65
7 -0.15 14.38 -0.35 16.54 10.80
8 --- --- -4.7 243.1 158.3
Table 3: TM solar exoatmospheric spectral irradiances. Units is W/(mz*pm) [10][16]
Band Landsat 5 TM Landsat 7 ETM+
1 1957.000 1970.000
2 1826.000 1843.000
3 1554.000 1555.000
4 1036.000 1047.000
5 215.000 227.100
7 80.720 80.530
8 --- 1368.000
Table 4: TM thermal band calibration constants [10] [16]
Units W/ *si* 1m) Kelvin
Constant K; K>
Landsat 5 TM 607.76 1260.56
Landsat 7 ETM+ 666.09 1282.71
Table 5: TM images used for the analysis. These images were obtained from Web site [10] [16]

Path/Row 129/50 129/51
™ 1994/0ct/25 1994/Oct/25
ETM+ 2000/Nov/02 2002/Jan/08




1990s Landsat-5 TM

Band 1-5,7 Band 6
(Thermal)

. |
v

Albedo NDVI LST
o
[l
l 2000s Landsat-7 ETM+
Masking Albedo NDVI LST
=

Urban areas
in 1990s Segmentation & Classification

Urban areas in 2000s

Figure 3: Flow of extraction of urban areas from Landsat TM and ETM+ images

Figure 4: Urban areas of Bangkok, Thailand in 1990s and 2000s extracted from Landsat TM/ETM+
images. A base map is a composite of VIS albedo (red), NDVI (green) and LST (blue) of Landsat ETM+
in 2000s. Gray and white areas represent urban areas since 1990s and urban areas since 2000s, respectively.
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