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ABSTRACT |

Development of Coastal Indicators and Survey Guideline

Coastal areas in peninsular Korea are abundant with natural resources and support
tremendous economic and social activity. Also, coastal areas in Korea are growing
rapidly, and about 26.6% of the nation’s population lives in these areas. As the coastal
population and economic activities increase, there will likely be growing environmental
and socioeconomic pressures on the coastal environment. Establishing the condition of
the nation’s estuaries and coastal environment is one key to protecting and restoring our
estuaries and coastal environments. Because of the increasing pressure on coastal areas
to support the growing population and the economy, it is critical that decision-makers,
coastal managers, and the public understand the condition of the coastal resources and
communities.

Monitoring the state of all of our nation’s estuaries and coastal ecosystems over the
long-term cannot be achieved by any one program. Therefore, it is crucial that
monitoring and survey programs at all levels cooperate in the collection and sharing of
environmental data. To this end, the Korean government is now carrying out various
monitoring programs which have legal bases, such as the Coastal Management Act, the
Wetland Protection Act, the Marine Environment Management Act, the Fishery Harbor
Act, and so forth. However, there have been numerous discussions on the deficiencies
such as spatial restriction, lack of flexibility and integrated guidance, and insufficient
communication with data users in overall monitoring systems, as well as in the survey
design and implementation of individual programs. Therefore, there are some
recommendations for improvement to establish a nationwide integrated monitoring
program with the purpose of increasing social responses.

Presently, various efforts have been put into practice to implement the Coastal
Management Act and other provisions’ recommendations for effective environmental



survey and monitoring of coastal waters and ecosystems. All those attempts could be
characterized by an adaptive management process, in which survey results are used to
guide management decisions and to improve the monitoring programs. Policymakers,
researchers, and stakeholders have become increasingly aware of the need to
communicate to other stakeholders the value of survey programs and coastal
environment assessment frameworks.

This study explains the current status of various coastal surveys as well as their
inherent problems and demonstrates how a research-based coastal survey and monitoring
process can be used to improve the connection between monitoring and environmental
decision-making, as in Korea’s case. For these purposes, this study aims to develop a
framework for identifying major indicators to facilitate a better understanding of the
state of the coastal environment, and to assist MOMAF’s Nation Coastal Survey in
improving the national performance measurement system for coastal areas. As a result,
we have developed an evaluation framework and outlined a national survey protocol,
including a detailed set of specific indicators.

The methods and procedures used to develop successful coastal indicators and survey
protocol are as follows: First, we have investigated literature surveys and reviewed the
data from numerous regional/national programs which have systematic survey protocols.
Through this process, we identified essential focus areas and framework dimensions,
such as (1) pollution load control, (2) coastal landscape and ecosystem management, (3)
coastal disaster management, (4) socioeconomic revitalization of coastal areas, and (5)
coastal governance. Following this, a panel of 11 coastal specialists from central/local
government, local NGOs, academia, and relevant marine research institutes was formed
to review a coastal survey indicator system that would be appropriate for Korea’s
situation. The panel has examined major focus areas, 122 detailed indicators, and then
evaluated their relative importance within the DPSIR model structure.



ABSTRACT jji

<Table> Comparison of coastal indicator system and existing coastal fact-finding survey

(Existing) Coastal fact-finding survey Coastal indicator system

Inspection on the coastal environment | Setting up a standardized coastal monitoring
and management condition after | system for information on the management

I . .
Goa enforcement of coastal integrated | condition
management plan
Surve
. .y No Yes
guideline

- Five categories: pollution load control,
coastal landscape/ecosystem, natural disaster,
socioeconomic revitalization of coastal area,
governance

- 15 major indicators

- 51 detail indicators

Investigation for the current status of | Development of coastal management tools
coastal areas and policy needs through coastal environment
assessment

- Natural environment, socioeconomic
utilization  and/or  development
plans, pollution, natural disaster

Survey target
and category

Policy
implications

<Table> presents a summary and comparison between existing coastal surveys and
coastal indicator systems from this report. The indicator system or framework should
be described within the context of linkages between environmental dynamics, policy
governance, and socioeconomic situations.

With the results derived here, policymakers and regional coastal managers can deepen
their understanding of environmental trends and conditions of the coastal areas as well
as the important issues which are affecting management circumstances.

For future analyses and refinements, this study includes some policy recommendations.
In the first place, we should develop a more refined set of measurable indicators which
will help decision-makers understand the impact of the current coastal management
programs. Moreover, cooperation with the stakeholders is essential to successfully
identify practical indicators. Lastly, the Ministry of Maritime Affairs and Fisheries and
the relevant authorities should periodically support the refinement of coastal indicator
systems or similar research-based adaptive evaluation frameworks to maintain flexibility
with the change of coastal environment status.
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Reference Guide on the Use of Indicators for Integrated Coastal Management)&
shedth mah ok ARl v, BF SHAE Aok A, H4A, o
o, Aok, Qg ekl gale] ATy B8 471 Hol T JduA o
Ast7] gt 2AF RUE P AZAAE F50ko] avpA gl doke] A S of
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2) 7 A9 EAT we) SAGQE Lejste] BT A/ ALY W& P42 AolE
Kozt olokestda] o] A Qo)) 7]l x4 (comprehensiveness), & 2 (cooperation),
%A (coordination), %]-3-3t+2](adaptative management) 52 =3t S A5l Qi A7l A K
HARQl A g2 drofF oA al §l5(2] A ¢, 2005).
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1) 2AVI? E88)

A7 Aol A RlRk Adkbe] A9 S A&7, S A EA A
kol 2gbE o) QALY =7PE F2 A qsd Ate] HIEE flelf ol FofHoh

G-oll A & 7154 9 ¥ 3] (UN Commission on Sustainable Development, UNCSD(2001))
S-SR E U2 A worAkel, Al 2, Ak), 157) A, 38
TAE o= 887 AEE AAIsHATE FAIE 2 7 7] +-(Organization for
Economic Cooperation and Development, OECD(2003)) 2] 2+7 2|3 7laH2- 2174 - 72 A
SHANAY Zrad Aol @A AR E S, - E-tet 2ol o
2 Gk - s AEE Tl ek, wabd, of QAR wofel w5l
127 A %5 A Aol q-elg7 A2 (UN Environment Programme, UNEP(2002))9]|
A= At - g E Boket] Hell 157) A xS EEatsl=dl, 57, A
oA Az odA Yo LRI AT L A|7HE HOlE A TEA T )
Hol| whe} 2ol & Felch Al A A o4 (World Resource Institute, WRI)+= 2000
A|FAYE A ST APHE 7S 8 ‘a Pilot Analysis of Global Ecosystem(PAGE):
Coastal Ecosystem’ $1--5 =35} qlct. o] Aol 4] A 414 (global), ] %] 4 (regional)
j}gqu x%al:x% ééx_l xéy_g: Z;@a}o:] o:]o};'Loﬂ XM_{ }gﬁk ;qEE:L Aﬂx%a}oﬂ
t}. PAGES] A N Eok 357 A HZ sl o), dotlE A HtE
95t 7t 27ho) A A9l HuHEo] ofg: o] Uit gloje Y

Loz s 7 98-S A ATk 8237 % (European Environment Agency,
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251t} gobA|oFA| & 5f) 32 = 138 (Partnerships in Environmental Management for
the Seas of East Asia, PEMSEA)-S “g-ofA|of 2|98 117] Afo]Eof tjaf ¢ok%
oYY ot AEE Aok, BH APIR 5 oS BA}
by AL e 4YT 54, Beltge) YL W S ARE 14
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Hdaskz] sfsf ol Fof A
=9 AL soFtf 7] % (National Oceanic and Atmospheric Administration,
NOAA)Z} Heniz Al E]+= “919F<] 2] ¥ (The National Coastal Zone Management)’ 4!
AR Qetpe TR age] EaYS B 4 i ARAA b
o| 8 =% 7| #|(The National Coastal Management Performance Measurement System)’
Mt w7t ol S A A A’ = -] At ZRId] B3
=5 H7bek7] SIet ol A et TR o] EPE’ S - APl A A A T
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oh FARE oo e asle) Gyt Aok - AslAAH AY g shets)

Ir

1
ok ruil
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SRIGEE S5 It ARE AAEAL sjHolgo] thefel SRt
AEAS WG X[EE AASHSH
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George(2003)9] &1+
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EE AABE 7], A" - ARl E %Oﬂ 9| 3}
FHE wol e TR HE), $aEE, gkt %’r%‘x—iié‘ & 3& HA
g #

=
A 7FA 84 %@PX];:(Environmental Integratlve Indicator,
EIA AR sfiebd A5zt Aplo] gzt 970 2n Ql4of whel 33712 2|5
skl A E0 FEAE A E AAR = Humber Sh+tof 4-8-5}o] %Lﬁ 4

S Brbskodth of A= Al 7HA Xlﬂiﬂlﬁl T55kaL OlE Xl*ﬂ
(Index)5}of Humber s tfel el 2102 2 A e 7F A - el of 5ot
A71A] 187 o o= Atk Aol A %ﬂb}ﬂk °4°F0H°435¥°4Xﬂ Ll
ey tteedtor 28 4 Qltke °l AlARSHE HEZF At

Aol A A A 32 7ol Bisf A= Bowenit Cory(2003)] -7k Ql=dl, o] &
FEY-FE-FH-F RS2 E B R sho] kg S SIgh A A A
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5 SAekehgel AHA R YIS e ARE Ytk AHA R AE7Hs
BHOR AWEE et Y FHE, A Re At e o HReh ALY
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Sustainability Index)S 2]-8-5}o] EA 5T o] Ats E7pat oA A Weke] o
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Aol e ALES AFetstol A ofsfd 4
OECD(1993)+= ‘& Ao
7k 7HAAL Qe 712
2(International Institute for Sustainable Development, | °.
olad 4 Q== EX A A S HFd) - thes)ek
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3 7l% l 94‘5H FAR 4@9} Ao, mHEAE AAstAY A

L
I
>

=2

o ot r = 2

o g
ofr
==
ol
3 ol

N
=

(HeOS SR < R wi )
T@ ) BN o rir
ReL)

2
lo
AL
2N
=
rlr
ol iﬂ
N
_g
GM
o r
J;
AT
flo
rBL
19
e
offl
o 4
iS4
N
o
o
i
K}
=

m

9) A3k (indicator)®] of 1> A4 - 4 - AAsE7] 93 & 7hx 2h¥lo] tindecare’of A -2l
10) OECD, Core set of Indicator for Environment Performance Reviews, 1993.
‘A parameter or a value derived from parameters, which provides information about a phenomenon.
The indicator has significance that extends beyond the properties directly associated with the
parameter value. Indicators possess a synthetic meaning and are developed for a specific purpose’
11) http://hostings.diplomacy.edu/baldi/malta2001/statint/Statistics_Int_Affairs-27.htm(2007. 7. 2).
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[e9)

7] Sfatel AAT WS 10002 7|Esko] walehe AR A o gtok( E 2

@4, 2006). o5 Ay At BAl Zopoll A BAFEAAE A - %El
s7] Slal = AAJE o] Stk ol & o 4B A7 <>(consumer price lﬂdex)-‘l}
2 A5 ARt S A JHE HgEo] g olsE Alatshe H &
HaL otk S AL Lopof M A4} 292 vhefehA Hoi
Oup oA 7R HokeE e vpe

o A7) okt ek - w74 2009). e
A A EAS Testslol JAARAL) B2 ofdE B 20009 AAAAE
Z(World Economic Forum, thEAH)oA A& 2 ESl(pilot study)S =it o]
2001, 2002, 2005 =+7}4 AR LA vl - H71gE 87 A4 4] 2] 4>(Environmental
Sustainability Index)!2)7} BFE & ¢ict, o]3 2002 7 | &4 2|29} H&of g7
oo s A8k ffell AlA A 2 H(WEF) Al 27 4 7 4] 4=(Environmental
Performance Index)13) A o] Wi x= & 2HA I} A&7 Fofo] 2]4=3} 2+
& AR Ao r o] Fof A AL QITH(fE A Al & 7Hs A ] € 9], 2006).

)
hed
| 22

<1¥ 21> X2, XE, X5zhe Any

s
(Index)

b (}:4
(Indicator)

£t glolE] Ho]A
{ Integrated Database)

HEo| §¢tnl 2ot W

EL4HE Xtset &
(Disaggregated data and statistic)

ol Y

A& : 11SD(2007) A7

12) 37 244 2] <=(Environmental Sustainability Index)= A 374 - AFE] - HA 24 vpgo
2 AS/ST A4S B 4 e helgs AR - vnet FARAARAERARAS
755 91213, 2008, http /Ipcsd.go. kr/board/read php?db=bbs42&uid=9).

13) &7 AJakx)4Environmental Performance Index)= Z1=to] $k471A174 & (Performance) = Alzslst 242 =74
A 7ok A E %XHIH‘%H%@, 2006, http://pcsd.go.kr/board/read php?db=bhs42&uid=9).
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2) NEAFZ

AFA2E ARE A 7|5 A AR, i34 02 OECDY A Aoket o e-
ALef]-of) -2-5- 2 (pressure-state-response, PSR)2} PSR--2 S 9F7F 245k UNCSD9] #

X -Ae-t)-3-5L 2 (driving force-state-response, DSR), EEA2] Z=712-¢} o
SF-tf|-&-=- % (driving force-pressure-state-impact-response, DPSIR)7} ¢lt}. OECD9)
X AETE F2RA AA WellAl Sgstat aekE Xz myolrt.
PSR1Z4= 27t o] eHuh Aol ol Abe(state)o]l 2] (pressures)& 7}
atH, Abg)= ol ek e ak Ao AR ] WakE Q4 sk, of--(response) 2T
Z“lﬂoﬂ ERER E} PSR- oA skl Qle shgwAlof disl fdelat 2
9ol e} ALY AT AE HA oA wordt

3, & H
T O‘E} OECDJ PSR %= QIqFa} 2H 7o) QITHA E ofsfstr] «A a1t
483} o] ol7 AHS AL 9obl, 54 Aol opo] S-8el717} 4
th ZLe{uh PSR- AR 7E 2 AR O] Aol 24s AL ALekE Alo)7] wito]
AV A - e RO BAY B A9 HA gon, AL o By
gt S A A"l BHeskA eobAl 7|l vk ©ho] Uk

<19 2-2> OECD®| PSRT=

22t (pressure) || &8 (state) || OIS (response)

& 2 (Information)

St xa — = A 8]
(othen) (Natural Resources) ANEIEUS (International)
(ZH-8g)

ezas SAT AT LB He é‘” asan
M (State of Environment i K Envirocnorggnmtf\ 2nents)
or 24 information | Environmental Agents)
== and Natural Resources)
Ol L XI ool )

(energy) ; (Admmlstrauon)
oz (air) PIES
(transport) E (Household)
=9 (land) g
(agriculture) < :: ot R (Enterprise)

MNIIHNS(AMZZ-#E)
(Social Responses(Decision—Actions)

A8 : OECD, Core set of Indicator for Environment Performance Reviews, 1993, p. 10.

UNCSDS] DSRF&: PSR7EZ % SHE(P)AE7} FEHD)NER o] 2o

14) UNEPoJ A= 71£9] PSRA|A o] o2 Qs ftee= M7l v A= & I(Effect) 891
S F7}slo] PSER(pressure-state-effect-response) W 2lS HL=3192.
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EEY|EMNY, HERS,
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EEAZQ| DPSIRT=
fab 9o\ elE, 2004, p. 83.

3t 7
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o, ZH = msf

S
|
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S

AbEf| (State)
z

(29,8
(ool E B
2 &k (Impact)

22 (Pressure)
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=5

c A
A& @ http:/lorg.eea.eu.int/documents/brochure/brochure reason.html.

EEA2] DPSIR
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<3 22> QoS erate| XIEMAELl 7|&E
T AREA 7% il
- Agke] A L R SEat Ak FEA Y] W3, A9k A
ke, ANl (state) - Q2 (pressure) - 4 3F(impact) A 3 = ?L—Er

oA 2 %}%*Q(Relevance to European policy): gt2 & o]l A A A7},
Aol 224, 942 ek - goly

dolel $-44 : AE2 vlojel FAskE ARZ, 7714
o] o]Fo| %l dloJEfo]ofof &

DAY W 2 Ve A - gebA o] 29 7INbE, A,

=)
e

1 O
e -ﬂﬁ*é(tﬁﬁﬁ AE 7Mooz AT 5 glolor )
sjop |~ AHoutput) T /g Houtcome) -4 2] T2 kil
o | CIADAE B 9 A e
R %W* AP 5
S
(¢}

-%ﬂi}"u R e R e o e R A B R
olafe] o4, WeA, A, AYH ey
- Ao Tk wbele w1y ;
s7he A AgrE Aal vl o] whE o4 ar
- A &7psdbH o] nE B 33} ZiA ERAll
AR W AT
- A AT 1 PSRA Ao w2 4,@%*16Mw1*%;04ﬂm
oh= Al A, gH i get °17F°“ AR R e A
Ta3h Ao A AN B3t AL, 94
OECD |- 42444 ey : sfot S 2309 Aa, A 5 - o -
HEAA A Aol
-ﬁ*”}”* DA 8IS AY wEatAd A, AR, AlEA,
BAVEA
Waltz | - 34ob4] 7] 0 72 Wad, e W, 42 484, A4
: A 71 AE AW, W §84, AEAE Y AEA
Meadow | - A1 84 7] : Adl7t5A, SA7A, AL, oA
42 : Stefano Belfiore, the role of indicators in integrated coastal management, 2002, UNCSD, Indicators of
Sustainable Development, 2001, OECD, OECD Environmental Indicators 2001.
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18) UNESCO, A Reference Guide on the Use of Indicators for Integrated Coastal Management, 2003, p. 13.
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(2) OECD2| EZ&X|ZA|

&
4 2] 3 (Key Environmental Indicators, KEI), a4 3}7 %] 3 (Core Environmental
Indicators, CEl), 5-5-2173 # 3£ (Sectoral Environmental Indicators, SEI), 27 A 4 ] 3&
(Indicator derived form Environmental Accounting), <17 *}¢t&k7 % 3% (Decoupling
Environmental Indicators, DEI) 57}A] A A & o] F o] itk 237 2| % (KEl) =
OECD 2]¢=1¢] sty & dHst/] 93 Aor sS04 JEE A

33 2k o] F8 Aoly] o] 10~15779 el AER ety
o YA R(CEN: S Mot 24, SF A4S LYEFsr] 99
ACR STYAT - SR 26T = A=H & o AFAY I
Q1 507HAl A= Ao Atk F 8.2k A E(KENSE 9 4 87 A 3£ (CENE 2
3b7] sl =g AR(SENE AAst A=, AR oy ofdel glof i,
oAV A], 7HA 2], g T olp7t He EHRE Este ARE 7450
THAE tRAA stz Aoty BPAY A E= BAAEAA, ALY
A AAXLAAAY, 2ol &4 W AT teld =24 =77
Aot A o2, QARG EFARDENO= 7], A 2Re o
2 old| ARV Borel @A A B A1EE JRE webss] et A
o]t} 20) 7} 2] Fujrho] EF o} o] Lo Bk AFGFE <HE 2-4>9F <18 2-4>0] A
Aelsh At
19) %17 %ehA] 3t(decoupling indicators)eh, A 44 0. el 2 ofe o) A e whofetala) shs
AR A7 B AU F718o0] GDPY 2> Azﬂ N TEY AREET #2 )
gk (OECD Indicators to Measure Decoupling of Environmental Pressure from Economic Growth,

2002, p. 11).

20) AARTAELE 3149 Folsel] dhal EuA BRa by, o] F 16 AEE /|5
W08, 4, A% A2, Aol B A Bl A AABEAN BT B
elko] QiAo BelEle A 157 A U7, £, 52 9 A% HRel A
ol gl WFHo| 98,
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<F 2-4> OECD &4 X EAA2| 7i
| FREBAE | RHBAAE | RRGAAE | _ | aANemAE
=T ke (CEN) (SEI) FAARAE (DE)
OECDZ| 9552 4 vl o 4 A 55 - oA [ 42055 - oA [4 A 4 4 o 0
of 2ol an, BAHY B BAVANT F|BABANT 2|8 BAQLAG
wa % H24%  |0HY A3 wydy 49wy |gE s
C i E2Y Sgoly A& | -HoY HE S
AT | T c A&7 oY b o mUE Y
5 ' %\‘Oo};g“lﬂ‘ ' %\‘Oo};g“lﬂ‘
I R eI FEEE T PR EEEE:
A, ) |
LA 7
SR Al |- S AL A 3 A gEH - 107] A 2| %A e - 7]€}  OECDA|
B10~157}) | (507}%]) FEAR A -AAREAY | AL HAA
5| - OECD 2]¢d=y| - OECD3| =, 7] | - S Ao | -PAC AZAY | 22RE U
,3%?4 SolA B e AREAR Al ok B -=FAA A&
° 9. FA A HHA | - T | A A EA A - EelEA ofE
SZh APl g ouA), AR, | o ZF TR AJ3ob o
=5 A &, 7], g Asto] of§-
"PSR *PSR AT E ARE - PSR
R R : PSR
Ol g o) BTN
AAR - AR | 0 AR, A

2} : OECD, OECD Environmental Indicator; Development, Measurement and Use, 2003, p 7.

<1 2-4>

OECD SZXIE AA
=71 e g }4_
| — L ISEr-RE:3
= P (Core Environmental
i’;q'f{%* Indicator, CEI)

FRERSS

HIIH M=A

The OECD Core Set
140~50 A X FE

2Fo|f
(Environmental Issue

ALE| 2 & UK E

#HEAE
-BHR| &

-deixtel AH
=5AE

FEE #dx
(Sectoral
Environmen

Indicator, SEI)
one set per sector

#ulolg

E:3

tal

X &7tsed (Socio-economic & general _IE o x|, =2l
oldinty HA Indicator) PIE R
( ZQAX|E ARt BHAX| 2

s HEHS

(Key Environmental
Indicator, KEI)
(~10-13 X[ &)

(Decoupling
Environmental
Indicator, DEI)

Z}57. : OECD, OECD Environmental Indicator; Development, Measurement and Use, 2003.
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<3 25> OECD2| ¢iot - sfd SHXE
T A
ol Aol 8o HF e
of QA | el (H) AU AE B A A A of ek Q7YY Rkt A 2
2937 H9F 7]e o] g o2 oy wdt AurtdAel WA= Y% & &4
AE @ AT 3
(Kl;) s AEFT/del gk e 9%, gy B H(EA0l gL
Eosk; = AAA WA 8 oh), sebA(Sa4 29, AM el R 7IEr
°° 24), AEHA (Y HE Ee o= AUA o8 T& 52 A
SR B i L))
P(el): & Ego® da -9 W2 & Y 7HEAS)
FRF | - S(EH): st} ko] BOD/DOSF A - ¢l e
‘REAS): A= - SetA] HeA gAY Q5
s oo | CPEE): AAAAAY MY B EAo] g et
Rk Hes AHEl) obg Al 2 2 o Fo] 3 & - HEOAE Zq Al 2
b thoEA CS(AH): Al E 5 el Agt F - EENE 8 AEA WA
AL O O - = - =
(CEI) R(tf5): =7t 4 & HotouAjuls, WejA S
bR | - AES A, A - ot - YA A E AW HE4Y
P(SFE): o9
of A | - SCIHEN): AFRFA A A qFE
‘REHS): AASFH
AA A of A of YA f A FanH]
3L A2 3% A B2
(SEJ) Gopy | GDPEHIT Aelaa
[e]

A} : OECD, OECD Environmental Indicator; Development, Measurement and Use, 2003, pp. 22-23 OECD,
Indicators to measure decoupling of environmental pressure from economic growth, 2002, p 12 OECD,
OECD Key Environmental Indicator, 2004, pp. 26-31.

(3) WRIS| PAGE 7 IX|ZE
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Section 1: INTRODUCTION AND BACKGROUND

INTRODUCTION AND BACKGROUND

During the past several years numerous broad-ranging national and international
reports have assessed the state of marine and coastal systems with the goal of
contributing to a more effective understanding of these complex systems and their
sustainable management. The overall goals motivating these reports were quite
broad and included, inter alia: assessing climate change (IPCC: 2007a; 2007b;
2007c); illustrating global ecological themes (MEA, 2005); developing a strategy
for the sustained monitoring of global environmental change (GOOS, 2003; GOOS,
2005; GTOS, 2005); conducting national assessments of coastal and ocean
management; (US Ocean Commission, 2004; Pew, 2003) and using indicators to
assess change in coastal systems (IOC, 2003; Belfiore et. al., 2006). Taken as a
whole these reports (and numerous other recent national and international efforts)
hold a surprising amount of underlying agreement on the fundamental principles
and challenges facing those responsible for managing environmental systems. We
suggest two reports, in particular, summarize well that underlying agreement.

The decadal assessment provided by the United Nations Joint Group of Experts on
the Scientific Aspects of Marine Environmental Protection (GESAMP, 2001) states:

Humanity’s future, just like its past, will continue to depend on the oceans, on
the intricate interchanges between land and water. Yet the relationship has
changed. Over most of human history it has been dominated by the sea’s
influence on people. But from now on humanity’s effect on the state of the sea
is probably at least as important. And, by and large, this is getting worse.

The state of the world’s seas and oceans is deteriorating. Most of the problems
identified decades ago have not been resolved, and many are worsening. New
threats keep emerging. The traditional uses of the seas and coasts — and
benefits that humanity gets from them — have been widely undermined.

More hopefully, perhaps, there is a dawning realization that neither individual
problems, nor the crisis of the seas as a whole can be dealt with in isolation.
They are intricately interlinked both with themselves and with social and
economic development on land. Policy decisions, research, and management
programs are all shifting their focus accordingly.
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At the national level the U.S. Ocean Commission was tasked to provide a broad,
inclusive view of how to better manage the myriad uses, resources and
environments under U.S. coastal and ocean jurisdiction. Among the “Guiding
Principles” established by the Commission to guide national ocean policy were:

- Ecosystem-based Management: U.S. ocean and coastal resources should
be managed to reflect the relationships among all ecosystem components,
including humans and nonhuman species and the environments in which
they live. Applying this principle will require defining relevant
geographic management areas based on ecosystem, rather than political,
boundaries.

- Multiple Use Management: The many potentially beneficial uses of ocean
and coastal resources should be acknowledged and managed in a way
that balances competing uses while preserving and protecting the overall
integrity of the ocean and coastal environments.

- Best Available Science and Information: Ocean policy decisions should
be based on the best available understanding of the natural, social, and
economic processes that affect ocean and coastal environments.
Decision makers should be able to obtain and understand quality science
and information in a way that facilitates successful management of
ocean and coastal resources.

- Adaptive management: Ocean management programs should be designed
to meet clear goals and provide new information to continually improve
the scientific basis for future management. Periodic reevaluation of the
goals and effectiveness of management measures, and incorporation of
new information in implementing future management, are essential.

The GESAMP and U.S. Ocean Commission are detailed here not because of
their unique conclusions but rather because they provide effective examples of
the kinds of conclusions that reside in virtually all the significant broad view
reports (coastal and terrestrial) released since the turn of the new millennium.
Aware of the challenges of oversimplification, in our review of dozens of these
studies (it should be noted that members of the UMASS Boston teams served as
core authors or panel members on nearly a dozen of these reports) two themes
of particular note emerge and provide essential organizing tools for this report to
KMI.
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First, it is clear that effective and efficient environmental management need to
embrace an integrated, ecosystem perspective that includes humans. Traditional
sector management ignores the “reality of interdependence” expected of current
managers. These realities are clear and well reflect our natural and social
scientific understanding of environmental systems. However, to fully embrace this
system view brings with it a level of complexity and uncertainty for which we
are, too often, ill-prepared. Consequently, our second essential theme is that
management should move toward a more transparent, information-driven system
of decision-making and program evaluation.

Many countries have built active and detailed information acquisition and
management systems to better understand conditions and trends. Those data, if
used in a more systemic and integrated fashion, can provide the backbone of a
regulatory environment that is both more transparent to the stakeholder
community and based on a clearer understanding of the nature and pace of
change in social and environmental systems.

Integration, Complexity and Need for New Frameworks

Our increasingly mature view of environmental change reveals a complex system
interacting through an uncertain and complicated web of social and environmental
factors. Acknowledgement of the need to build a more structured understanding
of that complexity is an essential first step in the building of integrated and
sustainable management. The fact that a system is complex does not mean it
lacks a structure that one can reveal and act upon. Indeed, it has been nearly
fifty years since Herbert Simon wrote his famous paper describing the
“architecture of complexity” (Simon, 1962) — and those insights are as valuable
today in considering coastal systems as they were then. Simon has said of
complex systems that “in the face of complexity, an in-principle reductionist may
be at the same time a pragmatic holist” (Simon, 1962). It is simply pragmatic
to embrace the idea that information on all parts of this complex system need to
be acquired if an understanding of the whole is to be achieved.



S 21 247

Anthropogenic

Natural Variability Forcing

Episodic Events

Sustainable Ecosystem Cultural
Development Health Stability

FIGURE 1.1: Integrated Indicators Afford the Opportunity to Assess the Relative Contribution
of Sources of Environmental Change and the Ability to Effectively Manage Core Policy Goals

Coastal environments are remarkably complex systems that interact in non simple
ways but nonetheless, hold an underlying structure that can be better understood
and acted upon with a direct and concerted effort to acquire, assess and
communicate empirical information. In order to achieve the outcomes we expect
we need to broaden the field of our focus to ensure that information on
communities, on the structure of society, on the social gains and losses
influenced by the environment, on coastal environmental change, and on the
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indicators of management success are all included in our pragmatic approach to
managing the whole of coastal systems.

A first step in achieving an understanding of this architecture of complexity is
to select a framework sufficient to describe our emerging understanding of
sources and consequences of environmental change. Figure 1.1 represents the
general challenges faced by coastal managers. Virtually every coastal management
effort holds some mix of the goals: sustainable development, ecosystem health
and cultural stability. One significant challenge facing coastal managers is to
develop appropriate understanding of the forces driving environmental change.
Natural variability, episodic events and anthropogenic forcing all play a role in
the dynamics of coastal environmental systems. Therefore, one simple goal for
a successful management framework is for it to be able to better discern the
relative contribution of the various sources of environmental change and to
associate the social costs and benefits influenced by environmental conditions.
Efforts to refine appropriate frameworks are ongoing and evolving. However,
effective arguments can be made that the Driver-Pressure-State-Impact-Response
(DPSIR) model meets the framework needs of the management community and
is one that has acquired broad and general support (GOOS, 2005; Belfiore, et
al., 2006, Turner, et al., 2000; GTOS, 2005). Indeed, alternative frameworks
appearing in the literature — such as the Millennium Ecosystem Assessment’s
framework for the “Integration of Ecosystem Change and Human Well-being”
(Figure 1.2) can be said to embed (MEA, 2005) the basic tenants of the DPSIR.
We appear to have reached a point of general consensus on the attributes
necessary for a successful management framework even if marginal details may
differ slightly from effort to effort. We argue, therefore, that a focus on the
evolution and description of the DPSIR would successfully meet the goal of a
framework around which to build an “architecture of complexity” for coastal
environmental systems.
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FIGURE 1.2: Millennium Ecosystem Assessment Integration of Ecosystem Change and
Human Well-being

The Driver-Pressure-State-Impact-Response Framework for Management
The current view of the DPSIR emerges from work prepared for the
Organization for Economic Cooperation and Development (OECD) when it
released the “Pressure—State—Response” (PSR) framework in 1993 to help model
the cause and effect relationship between humans and the environment (OECD,
1993; 1IED, 2002; LEAD, 2002). This view has been expanded since 1993 by
the United Nations and the European Commission (among others) to include the
root causes of environmental change and the impacts this change has on
ecosystems and on humans.

Pressure-State-Response.  In the P-S-R framework, classes of information are
viewed as representing the relationships between human activities that exert
pressures on the environment, the condition of the environment, and society’s
response to the condition (See, Figure 1.3).
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FIGURE 1.3: The "Pressure-State-Response" (PSR) Framework Suggested by the
Organization for Economic Cooperation and Development (OECD)

Water quality is a typical environmental concern that can be used as an example
to display the three types of indicators. Tons of fertilizers used by waterfront
property owners are an indicator that measures the “pressure” that the
environment is experiencing. “State” variables monitor the condition of the
environment. In this example, the actual nutrient dynamics of the water body
would serve as the state indicator. The “response” indicator measures the actions
taken to reduce pressures or improve the state of the resource in question. The
number of workshops held or amount of protective legislation passed in a certain
timeframe to protect water quality are quantitative examples of response
indicators.

The P-S—R approach was a useful addition to the literature in that the need to
focus on those factors influencing environmental systems and associated
consequences (both in terms of environmental conditions and regulatory change)
is made explicit. However, its conceptual limitations are significant. It describes
a system overly simple in its view and overly narrow in its scope.

Driving  ForcePressure-StateResponse  Framework. The original P-S-R
descriptions focused on anthropogenic pressures and responses. One of several
problems was that the original definitions did not effectively factor natural causes
into the pressure category. Therefore, natural variability and episodic events had no
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real place in the model. While anthropogenic forcing is often an important, if not
dominant, factor in environmental change, efforts that ignore other influences may
lead to the imposition of unwarranted regulatory constraints that hold little, if any,
promise to improve environmental quality.

In part, this challenge led some, most notably the United Nations Commission on
Sustainable Development, to describe a Driving Force—State—Response model. A
primary modification here was to expand the concept of “pressure” to incorporate,
social, economic, institutional and natural system pressures (UNEP, 2000). However,
even when “driving force” replaces “pressure”, the model does not explicate a
category to account for the underlying reasons for the pressures. To analyze policy
options and resource allocation in environmental management, it is essential to have
a grasp of the root causes of the problems being addressed. A model that measures
pollutants but gives no information about the social conditions surrounding driving
pollutant introduction (e.g., changes in the organization of watershed agriculture or
coastal industrial production) is not providing the data needed to inspire meaningful
change.

Another element missing from the P-S—R model is an examination of human
motivation responding to the state of environmental conditions. While social
stewardship of the environment should be an essential component of
environmental policy, it is not the sole motivation. Social resources are not
infinite. Expenditures of time, energy and effort are prioritized according to a
rich and often conflicting suite of factors. Certainly, one of those factors should
be the social costs imposed or benefits gained through changes in the quality of
supporting environments. The social impact of environmental change is an
essential factor in influencing policy. An indicator system that records the state
but not the impact essentially assumes that every change in the pressure, state,
or response should be given the same amount of attention or resources.
Realistically, all ICM efforts are a careful balancing of priorities. Including
indicators that measure impacts to humans as well as on coastal ecosystems
makes the model a more useful management tool.

Thus, challenges to the initial P-S—R model have contributed to the refined and
expanded approach described as the Driver—Pressure—State—Impact—Response
framework by, among others, the European Commission (European Commission,
2002). Within this model:
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* Drivers describe large scale socio-economic conditions and sectoral trends such
as patterns in coastal land use and land cover, and population growth and
economic development;

* Pressures such as patterns of development-driven habitat alteration, the
introduction of industrial POPs/metals and fertilizer use, all of which can
affect environmental quality;

« State indicators describe observable changes in environmental dynamics and in
functions describing sustainable development;

* Impacts are the discrete measured changes in social benefit values linked to
environmental condition such as the cost of environmentally-vectored disease,
loss of touristic value, or losses to commercial fishing value due contaminant
burdens; and,

 Response indicators are described as the institutional response to changes in the
system (primarily driven by changes in state and impact indicators).

The conceptual evolution from P-S-R to DPSIR are illustrated in Figure 1.4,

while Figure 1.5 provides a more detailed view of the DPSIR within the context

of Integrated Coastal Management.

PRESSURE

: RESPONSE

FIGURE 1.4: The Conceptual Evolution from PSR to DPSIR

Here, the DPSIR provides insights into the true complexity of ICM by relating
large-scale human drivers of change (e.g., increases in population density and land
use patterns in coastal drainage basins) to pressures (e.g., extraction of living
resources, nutrient loading and contaminant loading of coastal marine ecosystems),
changes in state (harmful algal dynamics, eutrophication) of coastal ecosystems,
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their consequences or impacts (loss of commercial fishing value, public health
costs), and management responses to them (e.g., fishery management, management
of land-use activities, sewage treatment). Simultaneously, integrated and sustained
observations of both socio-economic and environmental variables are needed to
effectively link each of these. Herein lies the primary value of the DPSIR
framework. It is designed to ensure that management consider not only the state
of environmental systems but the various sources of environmental change as well
as the socio-economic costs of environmental degradation and social benefits that
emerge from improvements in environmental conditions. Reasoned and effective
management decisions need consider all these attributes in order to ensure success.
In the context of coastal ecosystem functions, R. Kerry Turner and colleagues
(Turner, et al, 2000) have argued that the DPSIR is useful for:

the scoping of biodiversity management issues and problems. It can make
tractable the complexity of causes of habitat/species degradation or loss and the
links to socio-economic activities, across the relevant spatial and temporal scales.
It also provides the important conceptual connection between ecosystem change
and the effects of that change (impacts) on people’s economic and social well-
being. Relevant indicators of environmental change can be derived and the loss
of ecosystem function provision in terms of goods and services (direct and
indirectly received) can be translated into human welfare loss and quantified in
monetary and/or other more qualitative ways.
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FIGURE 1.5: Coastal Watershed lllustration of the Driver-Pressure-State-Impact-Response
Framework
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Indicators and the DPSIR
This quote from Turner, et al., introduces the concept and challenges of the use
of the DPSIR to organize relevant socio-economic, environmental and governance
indicators. Given the fact that the core of the current effort focuses on the
development and use of indicators, it is important to establish, at the outset, how
terms relating to indicators will be used in this report. Indeed, one of the
significant challenges of assessing the use and value of ICM indicators evolves
from the various terms conveyed in the literature addressing the question. Terms
such as:

- Measure
Variable
Indicator
Analyte
Metric
have all been used to describe the use of data/information for environmental

management. While there are subtle differences between these terms, for the
current purpose, we use the term “indicator” to refer to data collected to aid the
process of integrated environmental management. In a further effort to reduce the
unwanted impact of too many terms, we suggest a simplification of the terms
used to describe the class or type of indicator. Again the literature is quite rich
with terms describing the types of indicators and how they are used in the
management process. We will use two terms to discuss what we feel are the
two primary classes of indicators dominant in sustainable management of
environmental systems. The term “outcome indicator” is used to describe those
socio-economic and environmental indicators that measure and assess change in
both social and coastal environmental systems. The term *“govemance/process
indicator” is used to describe indicators that assess the development and
evaluation of policy programs. This view, along with examples of the associated
terms appearing the literature can be summarize as:
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The term OUTCOME INDICATOR is The term GOVERNANCE/PROCESS
. . INDICATOR is designed to include such
designed to include terms such as:
terms as:

®  Impact ®  Governance

®  Input ®  Program

@  Output ®  Process

@ Outcome & Procedural

It is clear that in any specific indicator-driven assessment that a given indicator
may well serve as an “impact”, “output” or “input” indictor in that analysis.
However, we argue that in general terms both environmental and socio-economic
indicators serve generally to assess the outcome of management success.
Accepting that assertion affords a more determined focus on the acquisition,
management and reporting of environmental and socio-economic data without
being overburdened by terminology. And, we argue that such a simple view of
terms fits well within broadly used frameworks of coastal management.

For example, Stephen B. Olsen (2003) has developed the well-respected
framework of the “four orders of coastal governance outcomes” (See, Figure
1.6). Within these grouping of ICM outcomes Olsen states:

. . . First Order outcomes are expressed as a formalized commitment to an ICM
program and putting in place the “enabling conditions” that are required if ICM
policies, plans and actions are to be successfully implemented.

Second Order outcomes are evidence of successful implementation of an ICM
program.  This includes evidence of new forms of collaborative action among
institutions, the actions of state-civil society partnerships, and the behavioral
changes of resource users. Second Order changes the behavior of organizations
and wuser groups are the precursors to Third Order socio-economic and
environmental outcomes that mark the physical evidence of progress towards
sustainable forms of coastal development.

Merging the indicator classes defined previously in this section would suggest
that First and Second Order outcomes in Olsen are measured primarily by
governance/process indicators and Third and Fourth Order outcomes are measured

primarily by both environmental and socio-economic outcome indicators.



2566

| National
Scale
| Reglonal

Local

Le- Inter d »l End

r Qutcomes rl Outcomes
1™ ORDER: 2" ORDER: 3" ORDER: 4 oRoER:
Enabfing Changes in The Harvest Sustainabile

Behaviar Coastal
Developmen

A desirable and
aynanuc balancs

Conditlons

Formalkzed mandaie Changes in Some soclal andior
with imphementing ||l o wertal
authceity:

Eretwbers social and
errirornvental
CONAMONS I
achieved.

der Groups;

Managemeni pians

Changes in
behaviers deecty

Funding secured; ATEIng PSR TES
of conceem —

Constitsencies.
present at le<al and I
navcnal levels. Infrasin,

orits in
scture

Tirme
>

FIGURE 1.6: The Framework of the “Four Orders of Coastal Governance Outcomes”(Olsen, 2003)

Within the context of the DPSIR one can similarly distinguish the use of
variable classes within the framework. Figure 1.7 illustrates that the function of
governance/process indicators within the DPSIR are as assessment indicators
within the “Response” category while outcome indicators are designed to address
the “Driver-Pressure-State-Impact” categories.

These examples support the need for both outcome and governance/process
indicators. The effective use of governance/process indicators can, among other
things, help ensure that changes in social and environmental systems as measured by
outcome indicators are the results of appropriate policies, and importantly, the
successful implementation of policy programs. If, for example, the evaluation of
implementation of ICM policy programs indicates that the program was implemented
successfully and according to intention, but it did not impact social and/or
environmental conditions (allowing for the slow pace of social and environmental
change) it may reveal that a revisit of the underlying logic of those policy programs
may be in order.

In summary, this initial section has argued that environmental and coastal
management is in the midst of an important conceptual transformation. An objective
review of the numerous national and international reports released over the last
several years reveals a clear, if still emerging, consensus on how to design,
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implement and assess integrated environmental management. We argue that two
points, in particular, are central. First, the fundamental view of our management
question should include a more integrated view of ecosystem functions and the socio-
economic dynamics that influence, and in turn are influenced by, environmental
change. Second, effective management of environmental systems should embrace an
information-driven, adaptive approach to system change. Environmental managers
should take better advantage of available data in decision making and, where
essential information is lacking, should design data acquisition, management and
reporting systems to meet those needs — particularly as they relate to the user
community most directly impacted by management decisions.

The next section is designed, in part, to assess the degree to which these
management and indicator concepts are already in evidence in the conduct of ICM
policy practice. This assessment will focus on the United States (incorporating
national, regional and local examples) and the degree to which one can realistically
argue that policy practice has incorporated the consensus view represented in these
important national and international reports. In short, has the consensus call for

reform been manifest in practical practice of policy implementation?
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FIGURE 1.7: A Focus on “Governance/Process” Indicators within the DPSIR (adapted from
I0C, Dossier 2, 2006)
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Section 2 : Examples from the United States of America (USA)

Examples from the United States of America (USA)

This section reviews the evolution of the development and use of indicators for
assessing the performance and outcomes of coastal management efforts in the
United States of America (USA). As revealed below, there has been increasing
recognition of the value and use of indicators to characterize the state of the
environment, measure change, assess resources, set strategic priorities and make
decisions by federal, regional (ecosystem based), and state environmental
management and regulatory programs in the USA.

National Oceanic and Atmospheric Administration (NOAA)
National Coastal Management Performance Measurement System (NCMPMS)

The budding interest of US federal agencies in performance-based management
was codified with the enactment in 1993 of the Government Performance and
Results Act (GPRA), which requires federal agencies to undertake efforts to
measure their performance and the effectiveness of their programs. NOAA, the
federal agency responsible for implementing the Coastal Zone Management Act
(CZMA), responds to the requirements of the GPRA by preparing a longrange
strategic plan, annual performance plans, and quantifiable measures for both the
National Coastal Zone Management Program and the National Estuarine Research
Reserve System.87)

In 1999, a NOAA-commissioned study of the effectiveness of the state coastal
management programs concluded, based primarily on assessments of policies,
processes and management tools, that the state programs were effective in achieving
the CZMA objectives examined. However, importantly, the authors concluded
further that “there are insufficient data for a systematic, outcome-based performance
evaluation of state CZM programs, largely because of the lack of a common set of
outcome indicators that would link state management activities and decisions to
national CZMA objectives.”1l The author went on to say that the development of
such indicators, balancing state and national needs, perspectives, and utility, should
be undertaken.

87) It should be noted that under Section 312 of the Coastal Zone Management Act of 1972 NOAA’s
Office of Ocean and Coastal Resource Management (OCRM) has performed regular, periodic
evaluations of state Coastal Zone Management Programs and National Estuarine Research Reserves.
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In 2001, following a directive from Congress to develop outcome-oriented

performance measures to demonstrate program effectiveness and the overall success
of the CZMA, NOAA initiated the National Coastal Management Performance
Measurement System (NCMPMS).88) The agency contracted with the H. John Heinz
Il Center for Science, Economics and the Environment to develop a framework for
identifying indicators to assist NOAA in developing the system. The Heinz Center
report, issued in 2003, identified a set of six focus areas based on the CZMA
objectives (coastal ecosystems and populations, coastal water quality, public access,
coastal hazards, coastal community development, and coastal dependent uses), which
were divided into several dimensions describing the types of indicators that need to
be measured.
The NCMPMS consists of a collection of performance indicators to track how well
the states are achieving CZMA objectives and contextual indicators to track
environmental and socioeconomic factors influencing program actions. The selected
performance measures, which are based on the Heinz Center work as further
refined through a pilot study conducted in 2004, fall into six categories: coastal
habitats, coastal hazards, coastal water quality, coastal dependent uses and
community development, public access, and government coordination and decision-
making. The system includes both national level indicators and state program-
specific indicators, the latter designed to provide information relevant to state and
local management decision-making. The National Estuarine Research Reserve System
performance measures reflect their focus on education, research, and stewardship of
the protected area within the coastal zone.

Implementation of the NCMPMS began in 2005 in all 34 states with federally
approved coastal management programs (Mills, 2005). State coastal management
programs and reserves update performance measure data annually; contextual
indicator information is updated periodically according to available data. NOAA’s
Office of Ocean and Coastal Resource Management (OCRM) relies on existing
national data sets from a number of different agencies and programs for
contextual indicators. These data sets are manipulated to focus the results at
different geographical scales (national, regional, county, watershed) to best meet

88) The NCMPMS is also responsive to the recommendation of the U.S. Ocean Action Plan (2004) to
periodically assess the state of the Nation’s oceans and coastal to measure the achievement of
national ocean goals.
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performance measure needs.
The NCMPMS Contextual Indicator Manual (OCRM 2007) provides information
on data sources, data analyses, and scheduled updates for each indicator.

Percent change in population of coastal counties

Current estimated population in coastal counties

Proportion of national population in coastal counties

Population density in coastal counties

Percent change in value of coastal tourism and recreation

Percent of national employment attributable to coastal counties

Percent of employment within coastal counties dependent on coastal and ocean resources

Number of businesses in coastal counties dependent on coastal and ocean resources

Percent of national economy attributable to coastal counties

Number of invasive species identified in coastal watersheds

Coastal habitat index

Water-use in coastal counties and states

Water quality index

Sediment quality index

Benthic index

Proportion of Federal Disaster Declarations occurring in coastal areas

Proportion of coastal Federal Disaster Declarations directly related to coastal hazards

Total estimated cost of all billion-dollar weather disasters related to coastal hazards

Percent land cover change in coastal areas

Figure 2.1: Current NCMPMS Contextual Indicators. The indicators are collected by NOAA
from existing national data sets, with the exception of indicators denoted with (S), which are
collected by coastal management programs.

National Estuarine Research Reserve System (NERRS)

In 2002, the Urban Harbors Institute, University of Massachusetts Boston,
researched and compiled baseline information about the use of performance
measures and indicators at the 25 designated National Estuarine Research Reserve
sites around the U.S (Benoit and Riley, 2002). NERRS is a network of protected
areas established for long-term research, education and stewardship.

The researchers concluded that “significant experience currently exists within the
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NERRS in performance-based management.” It was recommended that site-level
performance measures be generated locally to be of most value to the individual
NERR site, but that other measures be developed to respond to the needs of the
national program. Further, these national performance measures should be based
on a system wide strategic plan with clear goals and objectives, performance
measures and common indicators. Indicators that monitor ecological conditions
(water quality, biological surveys, etc.), socioeconomic conditions (local land use,
public opinion, etc.), and management effectiveness (workshops held, visitor
numbers, budgetary evaluations, etc.) should be collected throughout the system
in a consistent manner and fed into state and national databases. The national
office should work toward a set of common indicators that address programs and
phenomena that are universal for all sites.

Spatial Trends in Coastal Socioeconomics (STICS)

STICS is one of the services provided to the coastal management community by
NOAA. STICS provides time series georeferenced demographic data for all 50
states from the U.S. Census Bureau for the last four decadal censuses (1970,
1980, 1990, and 2000) and the Department of Commerce, Bureau of Economic
Analysis (BEA) data (1969 to 2000).

The goal of STICS is to facilitate access to and use of socioeconomic
information for program planning and decision-making. Relevant data is compiled
for political and geographic areas (coastal counties and watershed) and historical
data is normalized to allow comparisons among years. Further, STICS provides a
set of web-based data analysis and display tools to facilitate data retrieval,
mapping, analysis, assessments, comparative studies, and also offers query tools
to retrieve data by individual or multiple counties or watersheds.
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U.S. Environmental Protection Agency (EPA)
National Coastal Assessment, Environmental Monitoring and Assessment Program
(EMAP)

The EMAP and its partners have collected estuarine and coastal data from
hundreds of stations along the coasts of the continental United States. Types of
data include water column parameters, sediment chemistry and toxicity, benthic
communities, demersal fish, and tissue contaminants. EMAP’s National Coastal
Assessment comprises all the estuarine and coastal sampling done by EMAP
beginning in 1990. This includes the sampling done in the biogeographic
provinces as well as data from the Regional EMAP (REMAP) studies done by
EPA Regional Offices.

Coastal 2000 Strategy

Coastal 2000 is a five-year effort to survey the condition of the Nations’s coastal
resources by creating an integrated, comprehensive coastal monitoring program
among the coastal states. The effort is a strategic partnership with 24 U.S.
coastal states in which each state conducts a survey and assesses the condition
of its coastal resources. Because a common set of survey indicators is used the
information from the states can be aggregated to assess conditions at the EPA
Regional, Biogeographical, and National levels.

National Coastal Condition Report 1l (NCCR II), EPA Office of Wetlands,
Oceans, and Watersheds

This 2005 report is the second in a series and describes the ecological and
environmental conditions in U.S. coastal waters from 1997 to 2000 using coastal
monitoring data, offshore fisheries data, and assessment and advisory data. The
NCCR Il uses National Coastal Assessment and other estuarine data to evaluate
five indicators of ecological condition:
=  Water quality index (including dissolved oxygen, chlorophyll a,
nitrogen, phosphorus, and water clarity)
= Sediment quality index (including sediment toxicity, sediment
contaminants, and sediment total organic carbon [TOC]),
= Benthic community index
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= Coastal habitat loss index
=  Fish tissue contaminants index

Florida Assessment of Coastal Trends

The Florida Assessment of Coastal Trends (FACT) is an indicator system
developed by the Florida Coastal Management Program to provide information on
environmental, growth management, economic, and social values associated with
the coast. The collection of indicators measuring key environmental, social,
economic, cultural, and aesthetic conditions of State of Florida’s coastal areas,
their significance to coastal management decision making, and an analysis of
trends is presented in biennial reports, the most recent being FACT 2000. The
indicators are chosen based on how well they address program goals, which are
organized into six focus areas (Figure 2.2). It is envisioned that the collection of
indicators can be useful in: (1) monitoring and assessing environmental and
social conditions in the coastal zone that may reflect actions of the Florida
Coastal Management Program; (2) evaluating progress towards performance goals
set by the program; (3) providing information necessary for strategic planning by
state, local and federal agencies; and (4) providing valuable information and
reference data for coastal managers and policy makers (FDCA, 2000).
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Focus Area Goals  / Indicators
o Protect biodiversity and long term viability of natural systems
Biodiversity |[“Acres of land managed for conservation purposes in Florida
& Natural Number of rare, imperiled and critically imperiled specis minimally protected
Areas Support protected area_management that preserves ecosystem functions

Economic benefit of Florida state park system lands managed for conservation and recreation
Provide and/or enhance public access to natural, historical, cultural and recreational coastal resources
that does not damage or degrade these resources
Number of access points and publicly owned and accessible beach length in a region
Number of miles of eroding beach

Coastal Number of beach closures/advisory days
Promote and enhance community awareness of public access points, as well as the rights and

Access responsibilities surrounding access
Number of days that visitation at state parks exceeds capacity during peak periods
Reported adequacy of coastal access and ways to improve access
Land acquired for coastal access
FCMP grants to improve coastal access
Raise awareness about coastal hazards and mitigation measures
Population in coastal high hazard areas
Emergency evacuation shelter demand and capacity
Level of awareness of coastal hazards

Coastal | Reduce vulnerability of life and property to coastal hazards

Hazards Number of buildings retrofitted
Participation in the Community Rating System
Reduce economic losses from hazard events
Number of reported vessel incidents
Land acquired for hazard mitigation
Increase public understanding of and concem of coastal resources, including natural, historical, and
recreational resources
Number of people involved in stewardship organizations and activities
Level of awareness of coastal issues

Community [ Conservation license plate sales

Stewardship

Promote both personal and community action to protect, restore and enhance coastal resources

Businesses participating in stewardship activities

Assist communities in identifying and planning for the protection of important coastal resources

Participation in volunteer activities that protect/restore coastal resources

FCMP_competitive grants

Monitor, maintain, and enhance marine and estuarine health (e.g., water quality, water flows)

Estuarine health

Number of coastal management workshops supported

Statewide seagrass coverage in acres

Marine and |_Coral species richness and percent cover
Estuarine Shellfl_sh growing waters classifications i
Trophic State Index of coastal water quality
Health Protect the long-term viability and productivity of marine and estuarine species
Saltwater fish stock trends
Estuarine health
Sea turtle index nesting beach survey
Florida manatee population and mortality
Support the retention of traditional water-dependent uses
Amount of citizen time and dollar donations to Waterfronts Florida activities
Waterfront |_Number of volunteers contributing time to activities associated with Waterfronts Florida
Revitalizatio Promote new v_vater—depgndent uses _that protect natural_a_nd cultural resources
0 Public dollars invested in Waterfronts Florida communities

Private sector economic investment in Waterfronts Florida communities

Support waterfront revitalization efforts

Number of community goals achieved

Figure 2.2:

Florida Coastal Management Program Focus Areas, Goals and Indicators
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Gulf of Maine

The Gulf of Maine (GOM), including the Bay of Fundy, is one of the world’s
most biologically productive environments and one of the North America’s
largest semi-enclosed coastal seas. The watersheds draining into the Gulf include
much of the US states of Maine, New Hampshire, and Massachusetts and
Canadian provinces of Nova Scotia, New Brunswick and a small portion of
southern Quebec. The Gulf of Maine Council (Council) on the Marine
Environment was formed in 1989 by the governors and premiers of the above
five jurisdictions as a regional partnership with the goals of maintaining and
enhancing environmental quality in the Gulf of Maine. Council members are
leaders of state, provincial, and federal agencies; non-government organizations;
and the private sector who work cooperatively on initiatives to maintain and
improve the Gulf ecosystem. The Council prepares five-year Action Plans, which
describe the goals, outcomes, and activities that the Council will pursue.

In 2003 and again in 2004, the Council convened the WNortheast Coastal
Indicators Workshop, during which scientists and managers worked on the
development of regional ecosystem indicators, consistent with recommendations
made by the Pew Ocean Commission and House Ocean Commission.
Subsequently, the Ecosystem Indicator Partnership (ESIP), a group of public and
nonprofit environmental managers, policy analysts, and scientists was formed as a
committee of the Council. ESIP continued the development of a set of regional
indicators for the Gulf of Maine region.

Indicators were further developed during the Gulf of Maine Summit held in
October 2004. Participants identified six sets of indicators of land use/coastal
development; contaminants; fisheries; aquatic habitat; climate change; and
eutrophication/nutrient loading. This work was aided by a “state of the
environment” report Tides of Change Across the Gulf: An Environmental Report
of the Gulf of Maine and Bay of Fundy issued in advance of the Summit by the
Global Programme of Action Coalition for the Gulf of Maine (GPAC). The report
examined the status of and trends in three of the six topical areas — coastal
development, contaminants, and fisheries — in the Gulf.
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Sound Health 2001: Status and Trends in the Health of Long Island Sound,
Long Island Sound Study

In 1985 the federal government and the states of Connecticut and New York
initiated the Long Island Sound Study (LISS), a partnership to study and address
Long Island Sound’s priority environmental problems. Two years later, Long
Island Sound was designated an "Estuary of National Significance” under the
National Estuary Program (NEP). As is done in all NEPs, stakeholders,
representing government, businesses, and NGOs (collectively known as the LISS
Management Conference), develop and implement a Comprehensive Conservation
and Management Plan to protect and preserve the resources of this estuary.

In recent years, the LISS has developed indicators to assess the effectiveness of
management efforts to address issues such as nitrogen pollution, sediment
contamination, habitat restoration, and the health and abundance of living
resources of the Sound. The indicators were designed to answer specific
questions: (1) Are the waters and sediments getting cleaner? (2) Are fish and
wildlife populations more abundant? (3) Are fish and wildlife habitats being
protected and restored? and (4) How is the landscape changing due to human
activities?

The results of the analysis of the chosen indicators are reported periodically in a
report on the Status and Trends in the Health of Long Island Sound. Two
examples of indicators are:

1) Number of beach closure days: used to assess the effectiveness of
pathogen control activities, such as abatement of combined sewer
overflows; control of stormwater runoff and other nonpoint pollution;
and, minimizing mechanical breakdowns in sewer systems

2) Percent forest cover (Figure 2.3): forests capture rainfall, reduce
stormwater runoff, maintain stream flow, reduce erosion, trap nutrients,
stabilize soil, and provide habitat. Changes in the quality of Long
Island Sound are driven by changes in the surrounding landscape, e.g.,
loss or gain of forest cover (or wetlands or other open space)
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Figure 2.3: Percent forest cover in Connecticut (LISS, 2001).

Natural Resource Inventories

Another format for the collection and presentation of data that serves municipal
and watershed level needs for environmental and socioeconomic indicators are
natural resource inventories. The Urban Harbors Institute of the University of
Massachusetts Boston has prepared such inventories for a number of coastal
“areas of special concern” in the Commonwealth of Massachusetts. These
inventories catalog the existing natural resource and human use conditions of
coastal land and water areas with narrative, data and maps. The inventories are
used most often as the initial step in producing comprehensive resource
management plans for the areas. The inventories capture the spatial extent,
abundance and quality of the resources, and identify existing pollution problems
and threats. As such, the resource inventory is an accessible comprehensive
reference for scientists, local and state officials, and citizens who are committed
to protecting the local ecosystem. Further, they provide the basis for prioritizing
additional research needs and for assessing existing local environmental and land
use management practices and policies.
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SECTION 3 : SOCIOG-ECONOMIC INDICATORS AND ICM

Socio-Economic Indicators and ICM

If this conclusion from the previous section regarding present U.S.
data/information systems is broadly true for other countries and regions — and
the evidence would certainly point in that direction — then it is easy to argue a
clear need for a more transparent and effective approach to link environmental
and socio-economic indicators in coastal areas. If, as we conclude in opening
sections of this report, there is a general international consensus on the need for
a new, more integrated view of sustainable environment management, then
movement toward a new approach in how to decide on the most relevant and
essential information is also needed. As already noted, we argue that the Driver-
Pressure-State-Impact-Response (DPSIR) framework can provide a vehicle for
achieving this need. A goal-driven, outcome indicator protocol has been refined
at the University of Massachusetts Boston to help identify key socio-economic
indicators required to make this linkage. This protocol draws on a broad, if
recent, set of efforts to build a more systemic approach to the association
between outcome indicators (and in some instances governance/process indicators)
and the integrated management of coastal environments. Specifically, the
protocol illustrated in this report can be viewed as an evolution and refinement
of the work in several international reports.

- GOOS, Coastal Panel of the United Nation’s Global Ocean Observing
System, 2003. “The Integrated Strategic Design Plan for the Coastal
Observations Module of the Global Ocean Observing System”. GOOS
Report No. 125 (particularly Chapter Four, Annexes 2 and 4).

> GOOS. 2005. Coastal Panel of the United Nation’s Global Ocean
Observing System (GOOS). An Implementation Strategy for the Coastal
Module of the Global Ocean Observing System. GOOS Report No.
148. 10C Information Documents Series, No. 1217.

- Belfiore, Stafano, Julianne Barbiere, Robert E. Bowen, Biliana Cicin-
Sain, Charles Ehler, Camille Mageau, Dan McDougal and Robert Simon.
2006. “A Handbook for Measuring the Progress and Outcomes of
Integrated Coastal Management, UNESCO Intergovernmental Oceanographic
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Commission (IOC) Manuals and Guidelines, 46; ICAM Dossier, 2. Paris.

- 10C, Intergovernmental Oceanographic Commission, ICAM Programme,
2003. “A Reference Guide on the Use of Indicators for Integrated
Coastal Management,” Paris. ICAM Dossier No. 1, 2003.

-> Pomeroy, R.S., JE. Parks, L.M. Watson, 2004. How is Your MPA
Doing?: A Guidebook of Natural and Social Indicators for Evaluating
Marine Protected Area Management Effectiveness. IUCN, Gland,
Switzerland and Cambridge, U.K.

The variety of organizations presently involved in the question of indicators of
environmental change is in itself an indication of the sea change in information-
driven management and of the importance of the present effort.

Developing Sociofconomic Indicators to Assess ICM Qutcomes

The overall strategy at the core of this protocol is straightforward and based
upon the evolving management needs already addressed in this report. After a
brief discussion of that strategy the report will turn to a more in depth and
operational description of the protocol. The individual steps in this description
will be illustrated by the data and results reported in GOOS Report 148 (2005).
The section of GOOS 148 dealing with the ranking of socio-economic indicators
was the result of several workshops that included members of the Coastal GOOS
panel and the UNESCO Integrated Coastal Area Management (ICAM)
“International Working Group on the Development and Application of Indicators
for Integrated Coastal Management”. These workshops were organized and
chaired by Robert E. Bowen. While the University of Massachusetts Boston
protocol is viewed as a simplification and refinement of the protocol reported in
GOOS Report 148 the underlying concepts are sufficiently similar for the
structure, data and results to contribute as a working illustration of the UMASS
Boston protocol. Three caveats are noteworthy, however. First, the specific results
of GOOS 148 are the results of deliberations to design a global coastal
observing system. Therefore, the breadth and number of goals and stakeholder
groups included in that exercise are, of necessity, quite large. It is unlikely that
in other uses of the protocol — uses with more national/regional foci and/or a
more limited view of the core policy question — would need to include such a
broad number of goal or stakeholder classes. Second, the results provided in
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GOOS 148 (notably the final ranking of socio-economic indicators) should not be
viewed as applying to any other specific management environment. Indeed, the
point of this illustration is that the protocol can and should be adapted to
regional and specific management needs. Those adaptations will drive the overall
results and will almost assuredly conclude results different than those presented
in GOOS 148. Third, there is a notable technical difference between the
UMASS Boston protocol and that presented in GOOS 148. The UMASS Boston
protocol is built upon an application using Microsoft Excel software while
GOOS 148 uses MATLAB. While the richness of MATLAB and its graphic
interface is visually impressive we feel the general availability of Excel will aid
in the broad and general application of the protocol.  While some visual
dynamics may be lost in the Excel version we feel that the universal access to
the software is a more central factor if the overall use of the protocol is to be
maximized.

The Overall Strategy. A strategy for a goal-driven, outcome indicator approach
linking socio-economic conditions and coastal environmental dynamics is
characterized as:

-> Build goals and objectives through an integrating and broadly engaged
process

The selection of a final priority list of indicators should begin with an
established set of specific management goals. While this seems an obvious
statement, it is too often the case that the stated goals are either non-existent
(somehow assumed by the simple existence of an ICM program), or, so
generally stated as to be of little value when trying to assess success in
achieving them. It is essential that goals be defined in terms that specifically
link socio-economic and environmental sustainability and that are detailed enough
to be open to the empirical assessment of “success”.

- ldentify indicators could assess success in achieving those goals
Indicators of critical socio-economic change need to be identified and linked to
the goals and objectives of the program. These indicators should represent the
range of outcome indicator classes represented in the DPSIR. In other words, the
selection of socio-economic indicators should represent measures of overall social
structure, the social pressures influencing environmental change and the social
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impacts (both costs and benefits) associated with changes in environmental
conditions (i.e., Driver, Pressure and Impact indicators).

- Rank indicators that provide the greatest value to a broad number of
goals
All efforts at integrated management will face varying degrees of financial or
human resource constraints. Given the complexity of the issues faced by
managers, the need to rank priority indicators appears clear. Scarce resources
should be expended on those indicators producing the greatest value to the
broadest number of most important needs.

- Determine the most effective and efficient way to acquire data

The effective use of the indicators that emerge from this process will require
understanding a variety of data sources, measuring techniques and surrogate
measures. This strategy provides the intellectual underpinning of a dynamic and
adaptive indicator ranking protocol at UMASS Boston. This protocol engages six
steps to create a weighted list of ranked socio-economic outcome indicators that
can be said to contribute the greatest value in the assessment of the most
important specific policy goals that, when taken together, define an overall
integrated management plan. Those six steps are defined below and, where
appropriate are, illustrated with the inputs and results developed through the series
of workshops reported in GOOS Report 148 (GOQS, 2005).

Step 1 — Determine the Stakeholder Community with Significant Management
Interests

Stakeholder engagement is one of the defining characteristics and most important
steps of Integrated Coastal Management. Within the context of this protocol the
term “stakeholder” is defined simply as those who hold an interest in or are
influenced by relevant policy decisions. In this view, resource users, community
representatives, the science and research community as well as policy makers are
considered as members of the stakeholder community. Stakeholder engagement is

essential for multiple reasons:
- as the ultimate beneficiaries of management decisions their preferences
should hold strong influence in the overall direction of coastal policy,
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and particularly on the articulation, ranking and weighting of policy
goals.

- Unless stakeholders perceive that they hold a measure of influence over the
policy decisions impacting their lives, they are less likely to voluntarily
agree to the enforcement strategies that emerge with those policies. This
often leads to greatly increasing policy enforcement costs.

Table 3.1 represents a broad list of stakeholder groups. This list was developed
initially as part of Coastal GOOS Report No. 125 (2003) contributing to the
ranking of coastal environmental “core variables” described in that report. This
list was carried over unchanged into Coastal GOOS Report No. 148 based on
the logic that the coastal user community would be the same regardless of
whether the core question was ranking environmental or socio-economic
indicators.

It is reasonable to assume that the range, diversity and representation of
stakeholder groups will be one of the first differences that will emerge when
this protocol is used in a specific region or with a more limited core question.
Regional use of the protocol will assuredly mean a smaller, more selective
stakeholder list than is represented in Figure 3.1. It is hoped that the fuller list
will serve to ensure a broad and rich discussion of which stakeholder groups
should be engaged in the development of ICM policy.

Step 2 — Articulate and Specify Individual Management Goals Comprising the
Overall Integrated Coastal Management Plan

The process of building goals sufficient to allow funders, managers and other
stakeholders to assess success can be viewed as a straightforward process driven
by a limited number of principles and guidelines. Simply interpreted, this means
that program goals and objectives should, in some central way, embrace
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Sector

Stakeholder Group

Commercial

Shipping

Marine energy and mineral extraction

Insurance and re-insurance

Coastal engineers

Fishers (commercial, recreational, artisanal)

Agriculture

Aguaculture

Hotel - restaurant industry

Consulting companies

Government

Fisheries management

Search and rescue

Port authorities and services

Weather services

Government agencies responsible for environmental regulation (pollution issues)

Freshwater management/damming

Public health authorities

National security (including navies)

Wastewater management

Integrated coastal management

Public /
NGO

Emergency response agencies

Ecotourism, Tourism

Conservation and amenity (including environmental NGOs)

Consumers of seafood

Recreational swimming

Recreational boating

Research &
Education

News media

Educators

Scientific community

FIGURE 3.1: Full Candidate List of Stakeholder Groups

the: (i) linking improvements in the quality of human and environmental

sustainability, (ii) concern for our environmental bequest for future generations,

and, (iii) attention to the equitable distribution of goods and services (Bowen and

Crumbley, 1999). Here, our effort is to provide guidance in specifying those

goals within a regional context and to provide more transparent means to

determine indicators of success.
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In addition to this basic foundation, the effective development of goals and
objectives for ICM should recognize, at least, two preconditions:

® Goals and objectives need be measured by a clear and defined metric
(whether an existing and broadly acknowledged empirical measure or a
regionally constructed qualitative measure). These should include
consideration of formally stated goals and latent effects that could be
expected of the program (even if they are not explicit goals of the
program). In short, goals and objectives should be measurable in some
form.

® Be user-driven and designed to embrace a broad range of shareholders in
the quality of coastal environments and of the values derived from them.
The process should include recognize the wvalues of this broader
stakeholder community from the earliest stages of goal articulation and
continue through the whole of the program process (GESAMP, 1996,
GOOS, 2003; Bowen and Crumbley, 1999)

Figure 3.2 represents an overall view of thel5 policy goals as represented in the
GOOS 148 expert exercise. However, in order to convey the essential sustainability
aspect of these goals, and thus to support operational use, a more detailed
treatment of each of them would be required. The UMASS Boston group has
greatly expanded on the existing published literature, and that new material is being
embedded within a new website on indicator ranking. The anticipated “go-live” date
for the new website is early winter 2007. Part of that new material addresses, in
detail, the issue of goal definition.
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FIGURE 3.2: Overall View of 15 Socio-Economic Policy Goals in Coastal Management Assessment

For example, Prassede Vella of UMASS Boston has prepared a working

definition of the “Land-Use/Land Cover” goal which reads, in part:
Land cover may be defined as the observed (bio)physical cover,
including vegetation, water, ice, bare rock, sand and human construction,
covering the earth’s surface. Land cover type controls land use which
involves a series of activities undertaken to produce one or more goods
and services. According to the FAO Land Classification system, land use
is characterized by the arrangements, activities and inputs people
undertake in a certain land cover type to produce, change or maintain
it. This definition establishes a direct link between land cover and the
actions of people in their environment.

The land use requirements of a large and growing human population
have led to high levels of conversion of natural habitat. Loss of habitat
area through clearing and degradation is currently the primary cause of
decline in species and populations.

Land use and land cover changes are interdependent and can have
significant effects on the coastal zone from urbanization and alteration to
critical habitats. Land use changes have contributed to increased
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modifications in the watershed structure, causing changes in the
hydrographic network and delivery of nutrients, sediment and pollutants
to coastal ecosystems. When areas of high human activity and significant
human driven land transformation are spatially congruent with areas of
high species richness or endemism, the negative implications for
biodiversity are exacerbated.

Effective use of these goals would require a regional specific treatment of how
these goals relate to specific regional environmental and socio-economic themes.

Step 3 — Select Essential Socioc-Economic Indicators Associated with Management Goals

Step 3 focuses on the determination of a large, but goal-directed list of
indicators with a strong probability of contributing to management needs.
During the spring of 2002 the IOC, the Canadian Department of Fisheries and
Oceans and the Center for the Study of Marine Policy of the University of
Delaware sponsored the Ottawa workshop on “The Role of Indicators in
Integrated Coastal Management”. One working group within that effort was asked
to compile a list of socio-economic indicators most essential in meeting the
needs of ICM. That list was reviewed by the workshop as a whole and,
subsequently, by several other international panels working on similar themes.
The list was published by the I0C as part of its Dossier No. 1, “A Reference
Guide on the Use of Indicators for Integrated Coastal Management”, and serves
here as the initial conceptual candidate list for socio-economic indicators.

It should be re-emphasized that this list serves as an initial palette from which a
more selective and goal driven list would emerge. Various efforts to refine the
current protocol suggest that an initial list of about 35 indicators should provide
sufficient breadth of indicator choice without overwhelming the participants.
Indeed, the shorter the initial list, the easier it will be to rank them. Conversely,
if the list is too short it is less likely that the process of ranking will be able
to ensure that sufficient linkages have been considered. The workshops leading to
the results of Coastal GOOS No. 148 refined this larger list down to 32
indicators — as presented in Figure 3.3. Other applications of the protocol would
almost certainly conclude a different shorter list, however, it should be stressed
that indicators within this list should represent relevant socio-economic indicators
capable of assessing Drivers, Pressures and Impacts.
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1 | Resident Population 17 | Pesticide Use in Watershed

Energy Production (% of
National Production

Land Use/Land Cover Level/Value of Commercial Fish

2 | Population Density 18

8 Patterns/Composition 19 Landings by Harvest Area
4 Employment in Industry 20 | Artisanal Fishing Effort
Sectors

Number/Value of Recreational
Fishing Days
6 | % Population with Internet Access 22 | Seafood Consumption Patterns

Seafood International Trade
Value/Quantity/Terms & Direction

8 | Property Values 24 | Number of Tourists (% of National)

Number/Attendance at Recreational
Bathing Beaches

Number of Shipping Vessels Entering/
Transiting Coastal Waters

5 | % Population with Potable Water 21

7 | Change in User Conflict 23

9 Income/wealth Distribution 25

10 | % Altered Coast 26

Public Access Points/
11 km of coastline 27 | Aquaculture — Total Hectares

% water dependent use industry/ 28 Value Change in Seafood Due to
coastal industry Chemical Contamination

Value Manufactured Products 29 Value Change in Seafood Due to
from Coastal Habitats Pathogenic/Toxic Contamination

Non-Use  Values of  Coastal .
14 Habitat(Bequest/Existence/Option) 80 | Number of Beach Closings

% Population Served by
Wastewater

16 | Fertilizer Use in Watershed 32 | Groundwater Extraction

12

13

15 31 | Cost of Invasive Species

FIGURE 3.3: Refined List of 32 Indicators Used in Coastal GOOS No. 148 Expert Exercise

Step 4 — Rank and Weight Policy Goals

With these three lists — stakeholders, policy and goals and outcome indicators —
selected in light of specific regional and policy needs, it can be a rather
straightforward process to determine both the relative importance of the policy
goals and the value of each of the indicators in assessing individual policy
success. The over process described in Steps 4 and 5 is illustrated in Figure 3.4.
Specifically, the ranking and weighting of the policy goals is conducted by
building an Excel spreadsheet with the stakeholder groups defining the rows
(goals) and the policy goals defining the columns. The individual cells are
addressed one-by-one by determining the answer to the question:

“Which of these goals is most important in meeting your interests?”
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The question is posed for each stakeholder interest and is answered by way of
three possible choices:

0 = Not Relevant

0.5 = Partially Relevant

2 = Relevant
In this table a dark blue cell denotes a strong relationship between the indicator
and its ability to detect change in the objective. Light blue denotes a partial
ability to detect change while a white cell indicates no relationship. When the
matrix is fully addressed and each cell holds data, the results reveal the overall
importance of each of the policy goals to the combined interests of the
stakeholder/user community.  In short, those goals with the highest numeric
values when the columns are summed are those goals that hold the greatest
interest by the largest number of stakeholders. Figure 3.5 provides a partial
illustration of this portion of the protocol with the cells representing the actual
results reported in GOOS No. 148.

‘Which of these goals is
most important in meeting
your interests?”

‘How well does this indicator
assess success in achieving this
management goal?”

FIGURE 3.4: The Overall Protocol Ranking Strategy for ICM Goals and Indicators
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Biophysical Dynamics Economic Value & Env. Induced costs
Economic ; i
=) Land . Changes : Industrial : Environmental
TE Use/Land Aﬁ?grs;gzln to Coastal DFS?rl;lI)tl)J/t/iO Structure and Infrzgt?lljlgture | Mitigation
Cover Habitat nal Effects Composition Costs
Stakeholders
Shipping 0 0|
Marine energy and 0
mineral extraction

Insurance and
re-insurance

Coastal engineers
Fishers
Agriculture
Aquaculture

Hotel - restaurant
industry

Consulting companies
Fisheries management
Search and rescue

Port authorities and
services

Weather services | 0 | 0 |

Environmental
regulation agencies

Freshwater
management/damming

Public health
authorities

National security
(including navies)
Wastewater
management

Integrated coastal
management

Emergency response
agencies

Ecotourism, Tourism

Conservation and
amenity

[Consumers of seafood
Recreational 0
swimming

Recreational hoating
News media
Educators

|Scientific_community

0 o | o |
0 0
0|

FIGURE 3.5: Matrix lllustration Linking Stakeholder Preferences and Management Goals
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Step 5 — Assess Importance of Indicators with the Capacity to Assess Success
of Policy Goals

The process by which indicators are associated with goals is conceptually

identical to the process described in the previous step. Again, an Excel

spreadsheet is constructed with the selected indicators along one axis of the

matrix and the goals arranged along the other. Here the question asked when

filling in each cell is:

“How well does this indicator assess success in achieving this management goal?”

The cells are filled with the same form of numeric values representing the degree
of relevance each indicator brings to the question of assessing success. Figure
3.6 represents a partial illustration of this matrix and, again, the cells are filled
with individual results reported in GOOS No. 148.

Step 6 — Rank Socio-Economic Indicators that Contribute the Most Significant
Management Value

As a reminder, the overall effort in this protocol is to provide a transparent,
stakeholder-oriented, goal-driven approach to the question of the relative
importance of individual socio-economic indicators to effective ICM management.
Therefore, the final ranking embedded in this protocol — and illustrated in Figure
3.7 — is to provide a relative ranking of those indicators that are of greatest
value in assessing the success of achieving success in the most important
management goals. This protocol is highly unusual in that it affords a clear
answer to the question of the relative importance of any given indicator without
ever specifically asking that often contentious question — “What should we
measure?”.  Rather the results are revealed through the construct of questions
that are arguably more easily addressed. First, what are the more important
policy goals, and second, how important is an indicator in assessing success in
that goal?

We believe this protocol, minimally, holds several benefits of note:

e All integrated environmental programs, regardless of location, hold
resource constraints. This is true for some more than others, but no
program is without some unmet need. It is important, therefore, to be
able to determine the best use for limited resources.
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The determination of best use should involve and fully engage the
ultimate users. Without early buy-in by users the ultimate value of the
process will be diminished and programmatic success reduced.

It is possible to provide an open and transparent process to rank

indicators. This transparency affords the opportunity for a user community
(however defined) the opportunity for discussion and debate and for
results to be clearly detailed. Users can revisit and reconstruct the
discussions leading to end results with clarity unavailable without this

protocol.

Any given indicator provides some value to a variety of goals/objectives.

It is important to understand to the overall value of an indicator in order
to effectively understand the expected value in collecting data about it.

Resident Population

THEME GOALS IND 1
; ; Land Use/Land Cover Gl
Blophysllcal Physical Alteration G2 0
dynamics Changes to Habitat | G3 05
Equity and Distribution G4
Fcon. value & en. Industrial | G5 05
Induced costs Public_Infrastructure G6 0.5
Env. Mitigation Costs G7 05
Living Resources G8 0
Human/ resource use Non-Living Resources G9 0
& health risks Tourism G10 0.5
Public Health Risks G11 0.5
Population Dynamics G12
Populaiton dynamics Cultural Issues G13
& cultural values Aesthetic Quality | G14
User Conflicts G15
Key: E 0 not relevant
0.5 partial relevance
2 relevant

FIGURE 3.6: Matrix lllustration Linking Management Goals and Outcome Indicators
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FIGURE 3.7: Relative Weighted Ranking of Candidate Indicators

The ranking of socio-economic outcome indicators appearing in Figure 3.7
originated from the Intergovernmental Oceanographic Commission (IOC) of
UNESCO’s Dossier 1 Report (2003). The outcome indicators in Figure 3.8 have
been categorized into the Driver, Pressure and Impacts phases based on their
socioeconomically relative characteristics (which is a slight modification of the
original Dossier 1 Report). The main purpose of Figure 3.8 is to illustrate the
types of indicators in different phases of the proposed DPSIR framework. Figure
3.8 also lists another set of outcome indicators from Dossier 2 Report (2006) in
the right hand side of the colume. They are included here for simple comparison
purposes with the indicators in Dossier 1.
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DOSSIER 1

DOSSIER 2

Socioeconomic Driver Characteristics

Population Dynamics

Resident Population within 100 km of
Coast/within Watershed

Peak seasonal population

Population in Coastal High Hazard Areas
Age Demographics

"Informal™ Population

Urban/Rural Population

Population density

Coastal Zone Extent

Land Use/Land Cover Patterns in Coastal
Zone

Coastal Zoning Patterns (Including Offshore Use
Zones)

Economic Conditions

Gross Domestic Product (GDP)
Environmentally Adjusted Net Domestic
Product

Per capita Income

Patterns of Income Distribution
Employment Patterns and Trends
Patterns and  Trends in
Production

Economic Value of and Employment in
Coastal Industry Sectors

Reliance on external financial support (donor
funding)

Industrial

Social Conditions and Cultural Traditions

% of Population with Access to Potable
Water

Educational Attainment

National Disease Burden

% of Population with Internet Access
Infant Mortality

Additional

Food security

Land tenure security (distribution of
ownership within the coastal area) / (%
of people owning more than one ha of
land)

Property values

Income/wealth distribution/ patterns of
capital ownership

Per capita consumption of energy (kw/hrs
per capita)

SE 1 Total economic value

« Value of living resources

¢ Value of non-living resources

« Value of non-consumptive uses

« Economic value-added

* Value of exports

« Management and administration costs

SE 2 Direct investment
 Investment by government
* Private sector investment
« Foreign direct investment

SE 3 Total employment

« Number employed

« Employment payroll value

« Same sub-categories as total economic
value

SE 4 Sectoral diversification

« Land-based activities dependent on the
marine environment

¢ Activities in the ICOM area out to the
boundary of the EEZ or the continental
shelf

« Non-living resource exploitation

* Non-consumptive use

SE 5 Human pressures on habitats

e Land use/land cover patterns and
composition

« Population density

« Extent of hard-surface areas

¢ High-impact fishing gear/practices

« Dumped and dredged material

SE 6 Pollutants and introductions

« Population served by wastewater
treatment

¢ Volume, number, and type of point-
source discharges

« Non-point-source nutrient loading

« Discharged sediments and nutrients

* Volume of ballast and bilge discharge

« Litter and debris
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DOSSIER 1

DOSSIER 2

Socioeconomic Pressure Characteristics

Development Pressure/Capital Construction

%/Miles of Artificial Coast (jetties,
seawalls, groins, breakwaters)- change to
KM of coast

# of Coastal Building Permits

% of Impermeable Surfaces in Coastal Zone
Functioning/Age of Wastewater Facilities
Coastal Dredging (Location/Cost/Volume)
Public Access Points/km of Coastline
Coastal Fill halyear

Freshwater Dams - Location, capacity
% water-dependent use industry / coastal
industry

Habitat Change/Ecological Value

Value of Manufactured Products from
Coastal Habitats

Value of Pharmaceutical and
Biotechnology from Coastal Habitats
Non-Use Values of Coastal Habitat
(Bequest/Existence/Option)

Marine Protected Areas - Location, Size,
Type

% Public Ownership of Coastal Watershed

Contaminant Introduction

% of Population Served by Wastewater
Treatment (P/S/T) move and add new
indicator of treated water

Industrial Inputs of Persistent Organic
Pollutants (POPS)/Metals

Fertilizer Use in Coastal Watershed
Pesticide Use in Coastal Watershed
Non-Agricultural Nutrient Inputs
Non-Industrial Inputs of POPs/Metals
Vessel Introduction of Nutrients, POPs,
Metals

Oil Entering Environment from All Sources

Resource Extraction Activities

Coastal Oil/Gas Permits and Extracted
Amounts

Coastal Renewable Energy - Location,
Production Capacity

Marine Mining Permits and Extracted
Amounts

Tar balls

Level/Value of Commercial Landings by
Harvest Area

Commercial Catch/Unit Effort

Structure of Commercial Fleet—National/
International

SE 7 Disease and illness

¢ Fecal coliform counts

» Days of beach closure

« Extent of contaminated species
¢ Extent of contaminated water
« Seafood-transmitted illnesses

SE 8 Wkeather and disaster

e Economic value of loss from marine
weather-related events

e Lives lost from weather and marine
disasters

SE 9 Population dynamics
» Degree of public access
e Resident and total (seasonal) population

SE 10 Marine dependency
« Economic dependency
 Social dependency

SE 11 Public access
« Physical access
« Economic access

SE 12 Traditional knowledge, innovations
and practices / cultural integrity

Linguistic diversity

Traditional land and water tenure

Lands and waters managed or co-

managed by indigenous and local

communities

Movement away of indigenous and local

communities

Establishment and implementation of

favorable government policies and

programs

» Access to traditional coastal and marine

resource rights

Manifestations of traditional knowledge

.

.

SE 13 Protection of coastal heritage
resources
« Number and type of coastal heritage
resources identified and assessed
Percentage of coastal heritage resources
that are protected
Percentage of coastal heritage resources
that are vulnerable or being damaged
because of natural and human factors
Use of cultural heritage resources and
most visited sites

.
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DOSSIER 1

DOSSIER 2

* Levels of Commercial By-Catch

e Level of government financial support(Subsidy,
loans guarantees, tax credits)

e Artisanal Fishing Effort

¢ Number/Value of Recreational Fishing Days

e Total Seafood Consumption Seafood
Consumption Demographics

e Seafood Import/Export Quantity, Value by
Species

* Change in value of coastal Ornamentals

Human Uses/Activities

e Coastal Watershed Aquaculture(Number,
Location, Species Annual Yield)

* International Coastal Tourist Arrivals

e Value of Tourism and Employment in Coastal
Tourism Sector(National/Coastal)

* Proportion of Coastal Ecotourism/Coastal
Tourism

* Number/Attendance Recreational Bathing
Beaches

* Number of Recreational Boats/Boaters in Coastal
Zone

* Number/Size of Recreational
Marinas/Commercial Ports and Harbors

e Capacity of Commercial Ports and Harbors

e Number of Shipping Vessels
Entering/Transiting Coastal Waters

Socio-Economic Impacts and Outcomes
of Coastal System Change

Infrastructure Development Pressure/Capital

Construction

e Cost of Coastal Flooding and Coastal
Hazards/Savings Provided by Coastal Habitat

* Infrastructure Costs Associated w/Development
Driven Coastal Erosion

* Dredging Costs/Savings Driven by Sediment
Contamination/Mitigation

* Coastal Clean-up Costs other than Dredging
Costs

* Beach Replenishment Costs

Habitat Change/Ecological Value

* Social Costs of Invasive Species

e Changes to Non-Use Values of Coastal
Habitats (Bequest/Existence/Option)

e Service Value changes from Habitat alteration

Contaminant Introduction
e 9 Coastal Harvesting Areas Under
Environmental Restrictions- move
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Resource Extraction Activities

e Value changes to Seafood Due to Chemical
Contamination

* Value changes to Seafood Lost Due to
Pathogenic/ Toxic Contamination

* Value changes to Seafood Lost to Factors
other than Overexploitation (habitat loss).

Human Uses/Activities

e Marine-vectored Disease(Cases/Outbreaks/
Disability Adjusted Life Years)

Number of Beach Closings

Costs of Beach Closing Days

Value of Coastal Recreation Days
Changes to Coastal Property Values
Change in cultural traditions resulting in
social dislocation/ Change in livelihood
* Level of user conflict

Source: PP 50-51

Source: PP 111-112 A Handbook for Measuring the Progress and
A Reference Guide on the Use of Indicators for Integrated | Outcomes of Integrated Coastal and Ocean
Coastal Management - ICAM Dossier 1, IOC Manuals and | Management. 10C Manuals and Guides, 46;
Guides No. 45. UNESCO 2003 (English). ICAM Dossier, 2. Paris, UNESCO, 2006
(English)

FIGURE 3.8: Common Outcome Indicators for Integrated Coastal Management (ICM) suggested
by the Intergovernmental Oceanographic Commission (IOC) of UNESCO

Summary Conclusions

The key points concluded in this report fall into three major classes — each
established by the structure and content of the three sections of the report.
First, a review of dozens of regional, national and international reports released
in the years immediately following the change in millennium can be said to
focus, minimally, on two significant and connected points.
—> There is a clear and evolving need to better integrate the views of the
natural science, social science and management communities to establish
a greater sense that the core questions of the new millennium are more
integrated, synergistic and complex than at any point in history.
- There is an associated need to develop better organizing frameworks that
better represent these needs and that move toward a stronger information
-based management effort.
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This report argues that the Driver-Pressure-State-lmpact-Response framework — if
effectively embraced and consistently applied can be a valuable tool to coastal
and environmental policy.

Second, as is evident from the assessments and conclusions of numerous
international and national reports and programs directed at sustainable
management of the coastal and ocean areas, the emerging consensus is that
effective environmental management requires an integrated, ecosystem perspective
that includes humans and that decision-making and program evaluation be
information driven. As is revealed through a review of US programs that employ
indicators, the way in which we measure sustainable development is still driven
by history, when information needs were described differently than they are now.
However, as is also evident, programs are increasingly focusing much greater
attention on the development and utilization of environmental and socioeconomic
outcome indicators to refine and assess management policies and practices.

Third, monitoring and information management strategies need to evolve that are
driven more by emerging and evolving management needs than linked to historic
approaches that may or may not hold the same value now that they once did.
We appear to be at a critical crossroads of determining the most effective way
to identify, rank, collect, assess, use and report information for management. A
user-driven, outcome indicator protocol to meet these new needs is generally
described in this report. Its detailed application to Korean coastal management
could provide substantial benefit to the successful allocation of management
resources and responses in future.



288

REFERENCES

Belfiore, Stafano, Julianne Barbiere, Robert Bowen, Biliana Cicin-Sain, Charles Ehler,
Camille Mageau, Dan McDougal and Robert Simon. 2006. “A Handbook for Measuring
the Progress and Outcomes of Integrated Coastal Management, UNESCO
Intergovernmental Oceanographic Commission (IOC) Manuals and Guidelines, 46;
ICAM Dossier, 2. Paris.

Benoit, Jeffrey R., and Cory Riley. 2002. Establishing Baseline Information on
Environmental Indicators and Performance Measures for the National Estuarine Research
Reserve System. Urban Harbors Institute, University of Massachusetts Boston.

Bowen, Robert E. and Catherine Crumbley. 1999. Evolving Principles in Coastal Management:
From Concept to Action, in Dennis L. Soden and Brent S. Steel, Handbook of Global
Environmental Policy and Administration. New York: Marcel Dekker

Bowen, Robert E. and Cory Riley. 2003. Socio-economic indicators and integrated coastal
management. Ocean & Coastal Management 46: 299-312.

Coastal Ocean Policy Roundtable. 1992. The 1992 Coastal Status Report: A Pilot Study
of the U.S. Coastal Zone and Its Resources. Newark, DE.

Coastal Resources Center and Rhode Island Sea Grant. Access to the Shore: A National
Overview. Narragansett, RI: University of Rhode Island.

Culliton, T. J. 1998. Population, distribution, density and growth. In NOAA’s State of
the Coast Report. Silver Spring, MD: National Oceanic and Atmospheric
Administration.

European Commission 2002. Towards Environmental Performance Indicators for the European
Union (EU). A European system of environmental indicators, First Publication.

Florida Department of Community Affairs, Florida Coastal Management Program. 2000.
FACT: Florida Assessment of Coastal Trends. Tallahassee.

GESAMP, United Nations Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection, and, Advisory Committee on Protection of the Sea (ACOPS),
2001. Sea of Troubles, GESAMP Reports and Studies 70, 2001

GESAMP, United Nations Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection, 1996. "The Contributions of Sciences to Integrated Coastal
Management”. GESAMP Reports and Studies No. 61, Rome, 1996

GOOS, 2003. Coastal Panel of the United Nation’s Global Ocean Observing System
(GOOS). “The Integrated Strategic Design Plan for the Coastal Observations Module
of the Global Ocean Observing System” (Panel member and co-author). GOOS Report
No. 125.

GOOS. 2005. Coastal Panel of the United Nation’s Global Ocean Observing System (GOOS). An
Implementation Strategy for the Coastal Module of the Global Ocean Observing System.
GOOS Report No. 148. 10C Information Documents Series, No. 1217.

GTOS, 2005. Coastal GTOS Draft Strategic Design and Phase | Implementation Plan.



251 289

By Christian, Robert, D. Baird, Robert E. Bowen, David Clark, Paul DiGiacomo, S. de
Mora, J. Jimenez, John Kineman, S. Mazzilli, G. Servin, L. Talaue-McManus, P.
Viaroli and Helen Yap. GTOS Report No. 36. FAO, Rome.

Harrington, Jennie and Maggie Mooney-Seus. 2007. Workshop Report: National Core
Coastal Indicators Workshop. Maritime Institute, May 1-2.

Hershman, M. J. et al. 1999. The effectiveness of coastal zone management in the United
States. Coastal Management 27:128.

IIED, International Institute for Environment and Development, 2002. National strategies
for sustainable development: the pressure state response framework.

I0C, Intergovernmental Oceanographic Commission, ICAM Programme, 2003. “A
Reference Guide on the Use of Indicators for Integrated Coastal Management,” Paris.
ICAM Dossier No. 1, 2003.

IPCC, Intergovernmental Panel on Climate Change, 2007a. Climate Change 2007: The
Physical Science Basis. Contribution of Working Group | to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Paris.

IPCC, Intergovernmental Panel on Climate Change, 2007b.  Climate Change 2007:
Impacts, Adaptation and Vulnerability.  Contribution of Working Group 1l to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Paris.

IPCC, Intergovernmental Panel on Climate Change, 2007c.  Climate Change 2007:
Mitigation of Climate Change. Contribution of Working Group Il to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change. Paris.

MEA, Millennium Ecosystem Assessment, 2005. Ecosystems & Human Well-
being: Synthesis. World Resources Institute, Washington, D.C.

LEAD, Livestock Environment and Development Initiative, 2002. Livestock and
environmental toolbox; pressure state response framework and environmental indicators.
www.Virtualcentre.org/en/dec/toolbox/Refer/Envindi.htm.

Mills, Elizabeth. 2005. Understanding Coastal Trends: How Indicators Can Improve
Coastal Zone Management. Proceedings of the 14" Bicennial Coastal Zone Conference,
July 17-21. New Orleans.

NOAA, National Oceanic and Atmospheric Administration, 1998. State of the Coast.
Silver Spring, MD.

NOAA’s Spatial Trends in Coastal Socioeconomics (STICS) 2004. Northeast Coastal
Indicators Workshop Meeting Summary. January 6-8

http://marineeconomics.noaa.gov/socioeconomics/

OCRM, Office of Ocean and Coastal Resource Management, 2006. Update on Coastal
Zone Management Act Performance Measurement System, U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, National Ocean Service.

OCRM, Office of Ocean and Coastal Resource Management, 2007. Coastal Zone
Management Act Performance Measurement System: Contextual Indicators Manual,
Working Draft March, U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, National Ocean Service.



290

OECD, Organization for Economic Cooperation and Development, 1993. OECD core set
of indicators for environmental performance reviews, Paris, 1993.

Olsen, Stephen B. 2003. “Frameworks and Indicators for Assessing Progress in Integrated
Coastal Management Initiatives,” Ocean and Coastal Management 46: 347-361.

Pew Oceans Commission, 2003. “America’s Living Ocean: Charting a Course for Sea
Change — Summary Report”, May 2003.

http://www.pewoceans.org/oceans/downloads/oceans_summary.pdf

Planning and Management Consultants, Ltd. 2000. The National Dredging Needs of Ports
and Harbors. Carbondale, IL.

Pogue P. and V. Lee. 1998. Effectiveness of State Coastal Management Programs in
Providing Public

Pomeroy, R.S., J.E. Parks, L.M. Watson, 2004. How is Your MPA Doing?: A Guidebook
of Natural and Social Indicators for Evaluating Marine Protected Area Management
Effectiveness. IUCN, Gland, Switzerland and Cambridge, U.K.

Simon, Herbert A. 1962. "The Architecture of Complexity," General Systems
Yearbook 10: 4364.

The Heinz Center. 2003. The Coastal Zone Management Act: Developing a Framework for
Identifying Performance Indicators. Washington, D.C.

Turner, R. Kerry, Roy Brouwer, Stavros Georgiou, lan J. Batement, 2000. “Ecosystem
Functions and Services: An Integrated Framework and Case Study for Environmental
Evaluation,” The Centre for Social and Economic Research on the Global Environment
(CSERGE). ISSN 0967-8875.

UNEP, United Nations Environment Program, 1999. GEO-2000:UNEP’s Millennium Report
on the Environment. London: Earthscan Publications, p. 150.

UNEP, United Nations Environment Programme, 2000. Global Change of Infoterra to
UNEP-Infoterra: Enabling Countries to Build an Integrated Environmental Information
Service. UNEP/INF2000/WP/3, 11 September 2000.

Urban Harbors Institute, 2002, Weir River Area of Critical Environmental Concern Natural
Resources Inventory. Massachusetts Executive Office of Environmental Affairs.

U.S. Ocean Commission, 2004. “An Ocean Blueprint for the 21% Century: Executive
Summary”. 22 July 2004.
http://www.oceancommission.gov/documents/full_color_rpt/00b_executive_summary.pdf



252 291

g2 )

re

okt X|EA|A 2st BE=AL

Shaol T ANLRIOME AHA| 7 [272 "HOITAL X[ ZA|A 0 2het oA77E
A5l ASLICL HEXALS] SA2 lokzia|HA 2t ol 7k 7|20] == o
A cIotzmAloll Zhet E2MIE ufef, dotetnt AlsldMA dEfe| FIIA Hy, ookt
oz Aol giky S2 melsP| flet pekie| X|EE MESPY| fIEh ALt

F5te] 742 (otZA} X|EIHLo|| CHEH 7IEE AIZ2 A0[A & Z0|0d, SeLy
2 SAY M8zt Mozl 2|7{50] HX{5HAH| HIZO0| EFE LT, BHEAICEIE X

o
3ol F0ig SR
ZAFEiLIC,

2007. 10.
X|od zHolodtel
&} (02)2105-2773
A (02)2105-2779

O|HY : jychoi@kmi.re.kr

rol
I
o
09
i
=
J
iz
140
b

oo oo
i
]
k>
B oz




292

Part A. S1OHAE|ZALO] Zt5t M2
[BOXE 1] Hor2e|HA ACAEHRAL JHR
e ZMHE
olotalz|y HM4zx olotziz|y Al Mx (AEjZALSl L8 §)
1 xo|_1_§;}7o=l:3(|)_|-}\|_-| K& . AL TR KL X2
= S = [ T 11
0 giotel Mo st olxmat |, (E SIS, o oo o
_l:l_ . — B Sl . . . = . X X =
- B el S ook 2 xfelo|g ; e i e W Sxisl g1 715 =
'A|7|'X4H-|°|'DH5L:1 ) CVIS . o T n_ol’-i olghi:':-_—ﬂ =)
= e T Ye 4) LA : oo} LA . FAEHZQN S
5) ClOMISHUXIAIA : RYSHUR[AIM - HHIHQAIM S
O HaAFA}
- J|ETAZD} SHOMO L AE S| - = =
AN SIS - sjoi - ey Sof simusiol - vspmE 3l
o = -~ —eTe - SiOHM - MEHH Sof BE7} giotof OjXl= Y&
o]
- ZA|ZAL
- Kloi5lAH - SHOIM - K[E - DAl J2 . KA L K2 L A
0 HLUFA} o xh_%g?”E.H%F'I_E I8 -2 2 2752
- 010|-7(-||j|A’:l0:4|_9| Al%”E '?“lal'o:i _ X_}-‘?—-IOIP?' gmﬁ Ny N b1y =TI 1==F yE=TR= | R T | =
E3s _\.LI_‘O_LB E_l.ﬂ O|7(-|E|i Xlod S .ol T TL "Uo I'E o= }_L x = =)
RPS\ESN SoT= T L OIOIRNSHR|A[A  RHSHEIKIAIA - HH|Z AN F
T - O101H[ALR0| oiokekAof O|X|= A&

(o] |->|
>~
T
ogk
e
>
=
0t0

21
H
HI-4Jog

T, Bk, S7I0IF, oo, O1EA S, XHSBH(GohM, MBI,
], BHMR] ¥ FEMMA] HE, YA, HMAHET)

L —o) O

Im20x

N
h
Rl
[=]
4L
i

A, 9IA NB, AR EXN=EE o Bale, ol o JFpe
<

Ofo o
ol

r=
i
S

[}

Ok |
o

AE, 2= X AR, oflAX| A7, BRIAIR & RIS

%
®
e
f
0

0

opre
\arok
for OOk
%3_1
i‘ (ﬁ
>
oM

Bigl RO [ASR|o] X[NElE, e,

r
0

(YO >=
3k
SkQ
R
RaliY
0rek
retofor
o
rlok m
0N S
i
Bl
S
270
il
%10
[
Ofok ol
vy
[2>os-
ik
-
12 &
>ox
oxrak
rollolol-n
=
FL?OE
S
[Gox

D!
0xo
re

o
o
olr
3
'
ng
Rl

0.
Al

r
(¢

i s DT 12l SRl 2L Ao AT A
HrSRRRIAIS, SOPIMAIY S, O oA 2K, @A 42X
I |2 $7{Ek olokxIAl Si5t AlMSIEIE =7

Tad 22 Uepl B2 xx 2 S [EAM S8, ook

=

ok olot~
o.to,rg
=T
Jm
T

iz
o >
o3l

4

a
O
ot

01z
oz

016

o0

[*]

R

:

r

|'0
0

rar
fo

Iros
-
gk
Rl
0x
ok
ror
ok
Q
ro
OQEO
<
0to
=
a
40

Q
H1
M=

0
i
ul
% 00k
_?.nl_'
M
Q
)

J
r

0
>
i
I
o
=
]
o
o
0d
o
i
>
=
40
N
B
ol

T
0
I
[
ook

ro4o’

o=
B
g
oy
4
3
oot
nay

ba!

alQ,

ZHEE

r

ollm
r2
iy
nle
=
0

J_l-..j =)
0.|?£|__|
rergr
L ofok
ra o
rx
HL
40
rok
9l0|-
2

rollgﬁ
ok ot
Hol[2
S
Jﬂom
e |
S
>
nx-
0
30
rok

_l?j

0
:

12

00t i
2=

rorek

fo
gt
rom
©

540
]
o
Hn

>
)
e
il

_}'%J
0.
T |

0.

il
orn

>
et
_l?[

W

=
|'l|II
2L
rok
-
12
A >
12
J

o
mII
=

2 SEDEE CAfEE
5 EAfelole BixlsjiLofzalR xlx
fEbAE, HpEIxR AR

HIFT
HI
=)
0t0
X
ok
ro:
gkol-

)
o
Jal

HL

N

ok

r>
it
ra
=

i

]

Tot

)
H1

>

1219

X
for
X~
=
rx
>~
it
o
Olor
X!
=
3

T I-I'.‘,;:I_'
oy
—ME| o




252 293

A1, QIQHEIR[R0l| {5101 2002~2004AMEK| HAQHMEZALZ} ~iEl Zd0f CHol 21 Al
Aure

© AokE|zAte] g3t W, A7) 5 AvkAel Akl dha o A o ol

@ clar o] 2AIA U8S 2 wE A ofu A% £AE AAET gl AL
ot olr}

® & ne

ORI

A2. IOWIEIZAIS AAsls 230l 2EE Tololalm AZisRILIR
QAo e BE BAte] Tt AR E 4 4510] ok 1A - o] § - ko]
g ghelo] A AAska vlghe] eoke] Al - ol§40 % sorsty] Sla Atk
© AP AHARGS HAAGA G Ak US| A Adatar o] 418 Fel
Agatel gojo] ofat AR S Tt o AU 4 ok 279 S F8]
olat Ao,
® A47F5t Aeel2 A 918 4 FAA0R Aok 3 clolpe] Ko
w3l7] $Iat Aotk

O e AR A 5 Eik
°

do

® 7] EP -
A3. SR oHEETALS] EHEE FAOEI HUSKILIR(PUERIE HallFML
O ( ) =R 2AREAY WHE A
@ ( ) BARELE QAN R
® ( ) EAbATel dieh WA A 7] a(Reit)
@ ( ) EARY AR EA
® ( ) EARET B8] o
® ( ) EAPETE A - AL of
@ ( ) 7| e
Ad. = HAKL! HRHHEZALE 57| 2l UHZ sfiof & Atek2 Fol2t 42}
SHULIII(RUERIE HohFMR)
O ( ) AMFHE RUEs] g Al 2ARES] ERAA A
@ ( ) QA AL RARE T AJLB AR (1) v
® ( ) G S A S ofe] ARRA L AR DA YA A HAF R
S AA Ul d
@ ( ) 7 AE7h AEA, A27h 5 vt olsjuAAE HE o
FAH A 4 2 =9
® ( ) 71 Eb:



294

Part B. H21Z2| X|& ERel 7| o et M

MO

& 7oA odokeiz| X|EAMAIE Ck2nt 20| 571 20l2 ERSIUSHICL.
XEE= MiU=T
| olol ootel ziz | NS DS eiok 2oislel o] ZalE Siof sleid el wE 2
S EEE S| oo ssimp| 2x
2. ofoh Zizh - MERZ| | olot Zm - MEr| ol MSCioH ZRIS S5t aizio] A B
3. otolR|a} 7|5} Sof ciu[st olokiah ot 7
4, Qlolx|otAls] BAJsl| oot X|oiAlslo] ENZ TRist X|ZTISH ABIAHA YA =0
5. olol Zjefia | Clerst ofsRiAxlel Ao BXInt 2SR HHUE 75
B1. 2{olM MAISH 57IX| dotrkz|e| X|EEFVE EIFSICt 3}*“477}”

O st ® 14 1gth @ Ero-sm ¥
@ 7] Ef:

B2. 2loflM HAISH 571x| oiotziz|o| X|EERI| EIGHIA| 2T, 1 0|f= Lol nf?
L= FUHHoF g 2ot AL FAHNoZ Z(lsh FA| HIEUCL

B3. 57fX| dekzlz| X|EE0F & oietzle| YAMAHRHES 12islof EHo[ 10080| &
UCE FFE AFTAP| BT

=/

=H= =
x|_u_ o= Jé-II

oA |w|(d~
O | ox | o | oX | ox

B4, ololiole] X|EE MHsH= o /0] TRfH0F B SR8 TIES PAULIN e

tHZ 7[sh FAUAIL.
@ ( ) AU, AR A o, AR deAE & A dud
@ ( ) A Tt s 480l
® ( ) A SV Y vavke A
@ ( ) At gAY A871sA
® ( ) AEE Aot W o e HEA
® ( ) 71



252 20

Part C. O} oioHlla| X|E M0 2t M=

(%145 3) DPSIR(L58
I Aol A= AQHAYE
H

oF dd dsty] Hohe A AALS A
Aato] AAg A WA AEsty Sy whebd S Y vkt 1kt
of A8 AR - ARA BT FRAom fds FHsl gd 7z
DPSIR(Driving Force-Pressure-State-Impact-Response) - & &85} 122} gyt
X Erz =R
T4 QIQHER|0| St L|SHEY, US| HH S HAIK AFQ| AlSIZHA
(Driving Force) ZHO|L} S
e oiotoZ Relsl= SYVINRHY, 525 H FolelelEd, Moyt
(Pressure) st S olotatdel Ao ges F= 29
el (State) YEN(S)= lokeidol SHIsH sk A
o4&H(impac) %F?éé*EHQ} ZIRASHALE[H 0]9] - TIA| S i of7 1A Jix| &4, 2
°° OF Q5 MM ofdEd S
CH=(Response) AEfLE FER0lo| o FLE MM, =X S HE=H S

&% (Driving Force)

e=i({Pressure)

HAH Aol Msl2iHE Hatet
g2 eleH HalalE
o) 1P}, EAIS, KPS
EX0IB 2], AP}

elzh/xidEt ol olxlE #lael
2 ojol ThE DIAIE B9
o) &4, s/AeiEAY,
YR, WEH S stAY S

Ci2(Response)

Aped - AbE|2 M 2270 Ha}
ofgE XS fiE B, Wy

=

o) SHEC), ciotmalE, 7 S

Abefl(State)

elzRgiglad o] Fats| S4 W}
ol} +8x 5, FRLSSE WD
YECILH R g, S ME 2| K]S

HEH{impact)

MEIZHY, B galo 2
B UEl S} THRIof DE A
off) D] ojate A, flExIS,

YES Y ruE s

=H : Bowen, Kim, Wiggin(2007)



296

=N
of

o]
ol

(e}

o
N
20
(G|
it}
=
o)
oy
o )
1 -
e mxg
mﬁ W ey
ool 2R

sz_o%mmm W_MM

= N il
o™ ﬂx_ﬁuc;ot
Ko 15 °F %] T %0
O

—_

ol
oo

~—

x
petad

?.

IT
1

2) x|

b AL
1) S2%

I}

F

1
—

ol

ar

ok=

o

o

o

% DPSIR(F-

7Vs)

2N

7
it
I

=
5

==

/

O
KM
_un_

d|

i

2=
b A EX| QIS EX| = HE

yai)

- CHK|

K|

0fo

L
(=]

A2

H

2) AlxE A
Al

=

S-

?./

o

1

- COD Alefie} 5
- TN AlEHe} 5

- O

|

=

EXlo|&
A
2|

ofo}
!




x
'l

252 297

?_

IT
sy

2) X

1) Eo=

k{2,

{21E 2IX], TH2)

A

=

A2 2

eI,

Gl

°

A
T

s

(BOD, TN, TP)
o

2 225

(e}
HElZ2K

2|, SSEA| o

B

x|E
Z-a et 5
S AX
T BEE/
7|ZAIE
s

e

By
=y
S|

- 9

- ol Aefet 5

- 20 o
- Ofa

2= 2 - F=X g

wl
ol
i

I
I
ur

2|
ok
2(0474

I

H S
z

Q10k

O
pr

2

O

A% 719

il

]

k

=
=]

A=A

- Pl v 2

22|

|

247 vhghel,

o
=

oho| 712l
[o]e!

)




298

Il Aokt - 2HEHH EH

1. ‘QIOIAE - Ml 2 20} 5 MR S7lsio} & HMBHEE Po0[21D M2
Aupike
@ ook - SFRELY 47 - el
© NFEE AAY B
® Aodajore] A2H BA - 529
@ NPT, A4 5 AL AP el
©® ok AeA RUEY % FURAES B3 def skt
® et :
2. ‘0ioh ZEH - M| HA 2Olof SiTiste XEo| Bt el
1) AAE AR FAES FHAFAAC W] FoHe N HolFAIA 0.
O 23 F05H] e O FRAUS O HE @O FRF O 30
2) AN A3 F DPSIR(FES-2He-Ae-oda-t3) R.0lo] sgshs o] VES o
WA 2.(FE7H5)
2) XE7=x
X ) S5 D P) S| I |R
olot M= | - 2 | 517 S oiole] MSECIRR|S
Clop g | g EEIN

- o - lote| BERV Y=

ERESKY, LS, HE2HHY XY By
U N

W |SS, OSHEEST, S
§_—rL0=1 AT I

, TRARAE

H3X|Y - 22X = XoISIAEFMR o HA

b |

- clokzi|eelLy MU Bt Bix

o

oloRRiE|X|dAlE & MOEA - ZEMOior HAH|IE

0
i
I
>
|'O
_9|I=
1o
=
2
=
ro
oH
_9|I:
o
=
o
Mo

XIo15HO M

SX| ol syt

.
=
0L
{
o
B
>
==
o
oz
1=
=
N}
°




x
p'ad

252 299

?_

IT
T

2) |

1) 8%

k

=

il

H

Nk
o

A
T

OHEX)
M K

|
——

-{(O

4

&zl
<t o

E g

" K[

~ u:_._u401xo
R o BB &
REAT w B =
_u_ux._J.A._‘ ._._.Em_h_r__ o=
woa Mo RO R
Wmawaﬁmﬁ@u% n_xﬂﬂﬁ
N HO im0 s R R E RO
= © S ey i 5. R TN
of Tt o I P owr T oE 0 0 7
B < METH N R R
ol TR0 K of[0FioF 3| R Flion
0 % % 31 % & 2| i

=
[=)

-
=]
4
7
S

oo}

A
37rH ol
oo}

b
=¥

ol

=
T

+2 of

=1
=21

2=

()

pr

e
9] IRk Ak - AR A BArol A e

it

- SHYME DUEE Al oiF

E:

5} 5417] By ek

¢

3) Sl AlAE A
713




300

1. ‘ois 2oF & PUNZ FZIsHor & HM=H= FA0ELD WZSHILIN?
l
1)
=

O A2

@ AsfHd - FoF A %
©® YA GA A v
@ AHA YA AA A A
©® ATHPARAL B RARL AR 5

® 71&

2. ‘Qloif3) 2O0jo| SHEtst= KIFO| Bt ZHRIIC

) ANE AR FAEE PHFAA L. W7 SR HES HolFUA .

O H3 Fa5p gk @FRA UL O BE @ HR% O WP Fad

2) AN A 5 DPSIR(FEE-2e-Ael- e 3) 20lel S5t o] VES 3 7
WAL (FES)

=

2 XEPE
Pk 1) 8.
D|P|S | R
- Bi5p HEE
I\t z
g Lye | - O 2 e
/T o
- 7)2 eig}
- EHE, R[ZI S RjoirfsH LAkl
ey | | = | = |
stomay | B X S Tiotipli lgt ol - AR TleHE
HEx|Afed | - SRS TMBIE
o HAR | - sfztoz olst olRAisA S
X
B Rotryet viaichmlael Seof S8s
- ClQIRHEH CHE[BH KIf0laHRIAIR} l4] 42
shotlAl | - sor = &Ml sk Hig
SXICHE | - AADLERS AIA
- olokRfsh F[okx|ede| ol
- CHOIRBHURIAIY 5=
Ristas|of
- 00 (=)=
x4 22| ooixlisl CHEAMA V5 75
- sfjozl Bx 04N
- SiOHOREE] 212 S IR JiE]
Metors | - MEAlDS
AL BRI . MEnfTA SReEY




252 301

3) $lol AAE AR 9 A TS ol A Tefshof & A EA} olrte A AU A
7] v,

Sk ol%

IV. oioh X|oiAls| &Als}

1. ‘0loh X|otAlE| ZMsp Hof £ MF oz S7Iso} & HuSES 2ojolaln Azts
Aluz?

@ AAA Y AAH 0|1 A% A 34
@ olorx]olzul o] ko] A FRAF

® Aue ot A A4

@ ot PN T3 AL AL
® o

® 7]

F
it

ol oA e

2. ‘odeh X|9AlE| gdsf Zofol siEshs X|mol ket ZALICh
) AAE A FREE AeiFAAlL. Bt sjgsle MaE HojFAA L.
O 3 T88HA o= @ F85HA ok @ HF @ T8 Oy T8
2) A A 5 DPSIR(A-& - - A el- F-tl5) L2l sigste 2ol VRS 8l
FAHAL(F571HE)



302

2 AEPE
D P S | R

x|z 1) Ee=

QdololT B MASE HIE
ololol7l = 60M| 0|4 HIE

ofo}x|od
oy | - ook Aleil BAxi
DA P TV T
- Roirhgraist A= 5 ojAiEE
orormoy | SIS BN £ ol viag
BTELCT | - AR, Cloliaa S 2vEk Aa
TS |- lolol glolet Zeivix
- ojglol T Hisls
oAl
- ofA BrAS sig ol wal
otorRjodel | 2t xlofeblieial &l Al

oy | - BRI

ATojetH 3 BiskE
clokzi|X|A2lY OIS - JHERE=oIc
e lalr=3

ENEEROEE

oE o
oo |- HHEE R
oaxies) |- HEAE0IE =N 2 2
R I
s | - siesSE ez
iz - Sieat $A S sizAE

3) $loll AN AE 9 A xte] FAskelA welshof & AL ek A% ]
s FA7) B,

Xz oIz




252 308

@@@@@@-“

2.

9
r_g
= N
T

_|T.

>

Gl
of

0
Ii
FL|
O]

7lsj0} B HMSES R0[D AZBRILIN

A s S0 A 9 ae o

71

il

10k HEHA 2opof| siEohs K|ZOf 28 ZLEL

1) AAE A F8ES QAL W] gshs HaS HojFAl L.

O A8 S85H4 G @ T8 s @ HE @8 O Uy T8

2) MM A3 5 DPSIR(A-& - - AE-dF-tl5) L2l sigste 3o ViE 3l
FAAL(F57s)

2) KEPx
plP[s]I1]R

x|E 1) 325

- CIOKIR ¥ - MIZ(RIA, T 5)

Sl o | - 22H % XX olokzia] k|
olormz| 2Rt 2 ot o[FT
ofolzia|x| | - ORRRIXIAHIE 2 U Al o
i 42l
oy | - odolmEIX|oiAE B
olot- 32t OfBHAE S LSS
Z=niz)F| Py - o
Al of SHYFE ey HsEI A
PR BRWUAE 2450t pixy
o|si2kAIX
'°H§o?| H . Z3ae) 221 = xiolsiER Aois
[=}
oloimz| 2R 3 T
ololmz| NS - 271 A2 U MK} W
olor=stat o
| Rjototas| - B WRAIEIA| etotzie| x| - olzipigy




304

3)001]xi/\% I e=Ke} 2 5 Z1s ok & e ]
o %Jm ﬂ}%ﬁqg oba| el Abs] S Ekol A eslor 3 A E7 ekl A 7]

1= ol

A wua) AN aAbERi



oITAL R|E MY S 9/t MEIF HIIM
1. glghtz| 2ot S2kE
> 1% MEZA 2ol
EREX-ER | 237
w27 BB
e E e {215
oorR| @ ArE] 23} {105
0_4 U-H:H‘—jﬁ ‘lS.U
0.0 5.0 10.0 15.0 200 25.0
71 SI0IM FIAIEH 571K olotpizle] XIEESEI} ERSSICT AZtsHAILIN
© Eetgste. @ 1A Ot Q) EEebA b
L 2{ollM HMA[SE 57 X| ookEiz| 20t T HAMA SQEE 1184510 H4E Ho10{ FHA|
sof A FRE 45
At A e ( )
Ak 5l ( )
A - AE A ( )
AR AALE] 243 ( )
oAt Anjd A ( )
A 1007




of

=

g g7

1|

gt

i

r

(=]
=

]|

=

VA#.Oné..-auﬁaa.-.Gn/_n.,\vn.,\vn.«un.ﬁun.«unénénéa.-.G..-.Gn.-.Gn.,\vn..\vn..On.ﬁun.ﬂun.ﬂunénéA-.A-.A-...-.Gn..OA—.n..\vn.ﬂuA».A».nénén-/_
#o iy
~ o
wH m
W;]vor.m _ &) el ma
ok e Ul ke S ofy
r B E Zoi 2t T ORI =
) =X ﬂﬂ\ﬂ 4 .#MFT oK =
I e ! 1o o T s K| =
Or._., ) = B o ﬂvﬂ B j._ rl " 7o = ~ EE ET
i = N P Bom| g e do =T = N gl fn .
™~ = <+ H IH im0 o nTa\ﬂ/uno N = | o
rl,éo 1 bl "L = iorl 4| so = Ju‘__L_uLn,MO Zoigh X1 QA — \ L
—_ F X ~ oln A0 imoi ol S =i M1 O NE| — <+
S e e E =T o P Jﬂ\;o\lo (ot Rl Rl - 1 P o Pty o |
R o g I 3 I ) n N s P e e P i B e I B e
E%@ﬂ%%%&%% T o - L o o o R RS B T R 0
gl Ho X o T i T P oo - ! = To =i ol =
— B = iyl — [l TN L ~ < — RCBI[MOIRY ROL
Xﬂ]oﬁﬂLuxA‘manﬁmx nArLk/‘o - HLw/ruﬂ_/rLaH\,@ﬂMv_ﬂm_ﬂﬂr‘_;ﬂoﬂTimov,E Ny~
B e o e L W e b S0 B o bl Fe Y P S e O ) S '
T No! R Vs K- g e | o Bl Yl ISl G U K =T NS oot o T BT BT
o T N BN )R ST U R SR §-w! o o0 B i RO i S = | T SR i 2 e
=it e B S T o ol T B =t BT g i o IE L e < <%
[ S Byl rc P RS B /vt o Z01 B . i g i J R ol T | B ™ —f
o T o T BT o A o Lol BT T 2 T | g AV 44 R s o RO 0 o BT R T
TR I el e R e s K B s e IO o P S e g L e I B O o kil B L
o %0 S8 R LSS | < T BT B ok e | G | i oF R i s R 80 Ko BE | 4 Re B N ¢
= Hoi BB Wi afoi B B R | XF 50 TR XM 0| O = [ BRiNi o T EY: o Mo T B of)| TF G of | To B i wlr
do do Il ~ul o T T B
o' o Iy < {F iy el o
R B ) T ) T = A
i 3 B B = BT

306
2. ZOf |
7t HAeH
> 1 &




2 =3 307

=2

ol £ Hy}

i
AL

7L A

D 2R ERk

ro N I
o | of
No | N
of
= w
D@ %) %) — | » nw - w»n o o oloaiaox o
o Mu o
. - o —~ o
ToR > = SRS (=
I ® s £ =
o & mn ioF — %rm of *
o i ~ Mo or & — = = i
Hlo = ) - o
S M CINEE £ | ® — |
or o =N B =) O X foroy
[ a " g3l - T zo © B’
o | = |+ N = oy i =X = = 8
ool = SHIUE R O SO | i K
iy ~ N S )
@ [ MM =l N i i o X X m__.u =
SR PON RAGIE S L © o o & 63
A~ Z° Lroi H _ E._._y_ o} o ~o i B x &3
olm S NS I Y jatil ~ o ~ o | = = e
R 5= X Mg X W R X o X
o = W Tlm B N ! Mo | No | No o w28 T
= O oty X X KT = % o
’ B3 <
Tl xR EE S Foa | TR EenBRleR
. S € =
i T T e MEREaE T T |2 e T o 4
Ko : =5 ®® % g Moo o i BB | B0 go B =
® AN B B B ¢
1H
oln o
58 | o
,N
—_—
o
No =]
B | = Tw B = o =
| ® B o % o - . ar
S o ch o Hw o | R0 ;:no B
| ! o o ¥ P 17ro
= B < NE B oF = E | Hoxa EEN




308

34 g7t

|

| MAM
S|

9l

=
—

4d 7

i
AL

x TP A A A

Lt A

A of s A

3]
o

tOP

A7 71l B

‘X]}:\E—

ks

=°] ot A A A

@ A5

28 A7) Hhgh

DS nH
o ~
~| £ i
R N o
2 F= |TL
w X oo
Al | B |5
1 — OM vl —_
ojn ol o ~X7ON
7o | o I | T | RO
— T
Pla T |mT ey
oo AR i N
| B | R | R =
0 J!E —_— .
i MU mﬁ oo %o o
I P o B R i
Y WMM @m Mn_n. oy | M N
= _§L I S o = | A
— | T —_ o =
Tlawn | PE e | TR
Mg | EN | x| B
M| ip o | X0 | = o ox!
ol 1 o s )
o | o 7| E wo =t | BT W
¥ | ol ol ap ol | <7 R | T N
A | BB || x| BT E
UNO
T =z Bl I
= - N o
b | B WL M o do
y X
| R =r = I o
e mo " "
= = o
=

~
Irdle|lo|le|e|e
o
<
Tk |le|le|lelele
i
1o
o @ e|le|le|e
750
w @ e|le|le|e
ﬂvo
" olo|lo|lo|le
or
=
HMO
o Jo | =o
= S I M
| X %o
wﬁ M | M| °
A I or
P | o = | "
= 7| T
=




2 =3 309

Zh SrijH |l

i
i

Al

3 EE = = = =
Eh B ik 4 i i
J— —_— o o o o
o a
o T a7 a7
= = = Z |2
= T ~ : = ~ o
: ol T ; 57 o 3 4 o o) o | ol o
, = o 4 , = B 5 4 B B | B
@ @ @ @ @ &) ) @ @ @ @ @
Lil® ® ® ® ® ® ® ® ® @ ® ®
® ® ® ® ® ® ® ® ® ® ® ®
© © © © © © © © © © © ©
@ (@) @ (@) ® (@) ® (@) ® (@) (@) (©)
S S S S S S S} S S} S S S
@ ) © @ © ) (GD) © (GD) © ) @
@ @ @ @ @ @ @ @ @ @ @ S)
@ @ @ @ @ @ @ @ @ @ @ @
@ @ @ @ @ @ @ @ @ @ @ @
) ) ) ) ) ) ) ) ) ) ) )
@ C) @ @ @ C) @ @ @ @ C) @
© © © © © © ©) © ©) © © ©
© © () © () © © © © © © ©
® ® ® ® ® ® ® ® ® ® ® ®
() © () © () © () © () © © ()
) &) ) @ ) [ ) ) ) ) [ )
< = < = < P : : . o o eyl |
S I e 2222 | |B et
<+ <+ <+ <+ oF oF B! B- B! ol do
T |w | a7 o TE x|z = | °
B B B B Br B S = P = B
TR | TR | | " 5 | 2P| P | P p =
oA | AR | oA S| o R BT G - TR ol o o
BE | BT | BE 3= fer) rer) T BT TR o B




310

Lt. Qlekxis) =of
> 11X} Z2= Ho}

LA A3t 85
R 37
715Het A5 diS| - i £ E}% 38
- 7]& Wt 3.9
-, AR 5 AAAE HAguE 3.7
oy | AR S A ole oy - Al Ay 39
Lorol e A 42
PAA ] AAA o B B e
b - S ro R oIk oA Al E Y E 35
& el WA as £gbe 42
- dAoba) diulst Aojol ARt 914 38
sebda |- st % A4 A vE 41
A2 - AAEYET A4 4.0
- AorAs HeFA e At 38
1=l 2] o A A AL 4 39
=) =] ok
:H;ij}% - AAE e AA 5 3.9
1 e ot Bz wA 18
-t o R Y s 5 AR A 3.6

D> 24 ST I}

7t R|Ee| ELE Hy|
(O A8 FasH4 b= @ T84 o @ EEg @ T8 - F 89
ayds |2 | zaxs FRE
- 1097 AAA e A LS S
- A AP 4.00]4F0] MRS S Z7bo S
- ArgHE WA ou] A ar, % S
A o - 35 101k AHRIEA 2l 5 Al |
AA g Asl Qg ae S
Al 2] - 107 AAA ) w e o v} 5 (k) | |
Fop - AelAa) oA Pel () 4) R
- AR AZAA AL R
- AP M|ALG] F ARH AR T4 R
- A9FY AERAE ot AdAe o4 | R
- dwd sy B =o|9) Wes I
e - slekAl o] AAE GG AR siekl Aol ||
wsrg || 18 e
FUASl 02 o559 [
- < 307 AkA Y 7] ‘1‘ By Wess | D




i A

S 23 3171
JetAof o5

T
[e)

A 71l B

“

Al

v
3t

- DPSIR 0] u}

[¢]

™
oju
o%

&+
o
3 1

X T

i
%o 1

ok o))
o BR

lo] o]zo]al A2
# AR

o

-
[¢]

7(1)“

714
F2E 7t

=

4

o« &
[e}

.2
=

AR |8

34 g7t

|

=0] of ol A A A

| MM
x
RS

°

9l

=
—

§ 417 v

4d 7

o

i
El

w0 TPolA A A

puzel
8
B
="
%o

SECETE

pzel

%
Le]

=~
O

X

Lt A

O

S HIkE

°ll

=N

®

| ®|® @66 @ 6|00 @ B ® 6 G O ®

2]

Zh WrijH| 2
T

iz
AL

Al

SECENE

1 P2k A &ff <]

oF 1=




cf, ook Zgk -

> 1A 2% 87t

YEYA =of

LA A3 T8k

A s oS |- AL 13 5 AUy AesnddAe 43
s S ol - ool W e Es 43

- FARTAY, PR, RS S AY WA
4.2

I A
AR SRR SAA, S
oo 279 B4 AL ;

- EX] Z Az H AR o WA 37
clormeel ) AL 0 38
- Ak A A e A AR - RN HAM S 39
e 44 W S 33
- ookl Aol Bl Hala 38
Adefetd A H |- FAF A A iy et v 37
3 SRR AR A o) 35
Aok HAS 40
- 7““(03%.’5“)4 HA SE 38
- Folm A Ff 2.9
- Eﬂ{oHOP Zo| gl mA 3.6
Sl 0] W 37
Ak Akt - AAA |- HA S ols A 27 AT 35
AR ek WA 37
e e 37
ey 37
S A s A AL 38
T qgug 40
Fgaw olg [ Eeew A AR AF 35
el 44 9 e A A4 39
aggn -y AR AR SEE AL 40
W o) - Ay - A /Y A 4.0
‘L CBUH B4 wY 37
B o e o B 39
oo} - SOk E e A oL 38
AR A 2] e |- Aok 9l SN A B AR e T 37
“elor el el A9 g ol 35




D> 24 ST I}

7t X|Ee £k HI|

2 =3 318

(O A8 SasH4 o= @ T84 o @ EE @ 2% © He T2
AAAE  BERE =9 A H Exye
AR, T, e, %9, TUEA ]
cﬁg‘} . 5”00‘; Z}E.‘Aéoﬂ ]I]'—E—EH %j/\ﬂ ‘%\tﬂf‘fz/\
o) gz S AL -HYF WHRES FHFP S
peeT AL FHTS s
CEERESS !
A LA A ATE AT AT
(%)
o CelkAo (] - )l T AN G
A4 St - 2 (ki) S
AmA S ok AR, A, AAE P
dolot W AR | BAY FRAAYA 15T AY
Baot v ()
ook (el )40 A wA wiskE(ar, %) P
CQelmelny el ay g wapd wa
2%k - )} W] &, )7} AAH 3]
e Colokg o] oe dltele] Ha el AW WA
Agud | R 2(%) R
e ‘woe ud - gl Slak o w24 w3 R
o MR Q) & - WL 2 A 0|3 ANE|AA A 39 |
L, R EME 71ES HEA Fot
s 7o A AIAIGE A sEEo] ofeoll Al AJAIG ‘A EATA 7] ol EbERbAlof sl A
a8 2A7] shghy ok
74 e
AE7 A *DPSIR o] W2 A ARAS efE A
3l - qergR AR WA 4 92 A ‘
o - clolkelatelAZo] A sk Al A% A5 A
P L e gaksbl B 4 9 A
CERe AERT Aol AE P4
S S SBABANR of§ 2714 Aol ool A
e AEAPRAIS] ABA - et s AR
; S CEREr Ry
olalo] oAl
19t el 559 ofas] 41 A




g

X
=

= N
® X
B =T

S

]

o
B2

@

pzel

ﬂa
B
=

7AO

o
aea

=
=3

Zh WrijH| 2

| 42 |® (@060 |0 0|0|@|0@|0 @06 0|8 |0 |x

olsjo] go|4
x|

314

. oo

ot
A~
Eay

B Mo




2 =38 315

3.0
3.0
35
3.6
3.8
3.6
3.7
3.5
3.4

T8

604 ol H&

A AR

ERE

of
T+
A A

(=]
=

[e]

2y3)

o

.u.17|.

12|

2

2} olokx| oA}
> 1X} SRk

|4
|
of e
min ~omo~oooloo Njo
DO MiIT O MO T OO [%2] O 0. 00 w
le)
n__uHT T o
Bl
o © B %
z ol T T
= T T
= ol I = E
gl - - =
= Njo o m el
o P iy
B @|x| & 7 T s
H ° TN —
o oF M_Ll e n_me ];# mlru ,,./mo
o o c.LO = ot X0 ™
PRI sy o 1of =i e
o] 1 T’ = sl = ' R X =
£ =K R ) = ﬂo T e Wrﬂ FE
— =0 . T B @ R W vl s = =o
[EL S g, oo ofJ ~° o n — ~
ol o = T =i ol X (e ==
BB AT 0 w5 ofn il 38 DO PN cid S
BE WO ge op S O R ] o el i
= e ot B e T o P o o1 | N X I< ~
B S T L I o o3 P < T R
R T \ —n —_—
O A Kl i e W B R RN g
Bl b e oa =y N o S NS O U I -
atel
o B A BT T T ol B | o ko Mo [ 1
ey e RS o B e o
MR e 9 X ) | << @ [
TN B B RS W TR .
I R N oo ) [a) w
— HO0 8
™ of {
- " MW < = ar F
- I o % |=|or 3T "
B ZO =K o1 o) _|_-_ > ol o
X o 7T KO of |==| T+ i N S
S P X §N s = = 5
X N 10 < A of No | B | o) ° N of
& =0 > o o [ |2 o %"
t:d °CL|® Kio ol il i "
™ M w B el b
.n_M_ K & ‘_Mo ~ R
ARG



316

34 g7t

|

| MAM
S|

9l

=
—

4d 7

i
AL

w0 TPolA A A

Lt A

A of s A

)
o

tOP

A7 71l B

‘X]}:L_

ks

=°] ot A A A

@ A%

28 A7) Hhgh

. ™
ol N
Jlo =
N
N 5 0y
\ | o
2| #~ |ET
_L X ol o
W |2 |2 e
—— o ]LII
oju oy o ~7 N
7o | —g BB | K T RO
X o LT LN
J ATz oI ol
BN o e | ™ A
ol o e el e o)
el | . .
EWW Nl %o ofp
X o R zo | B -
1| T = | ' < T
Pagg er 22y
B = o W | ™ .
ﬂﬂﬂc& ey n T umow
AN S b
o o ) | B o =4 | o
@ | o) o | AR ol | XM B | T N
a| B BB I-ER | o R | B T
0
Jlo
zo /F zo
| oz | o
TR N | o
o)
| B o | =r
e
=) ~ = ™ o
== ® =3 = S

~
of 75 ol
zhx|® @le ele
ny
X
Tk leolele|e|e
i
w o le|le|e|e|e
T o |elele|le|le
750
T
ololeo|e|o
of
=
HMO
Wmmu ozel L_o x°
1_ ~ — —_—
oh .mﬂ | %o a.m/o Mo
e o | B2
= ~ = s | or
P | o x| w
G3 i
50

Zh WrijH| 2

AE

o I
s = | =
N ‘LrO 1.!0
m._wm A ol Wﬂ Wu
e ol B
R e R
=B ER
) @ @
e (@ |@
® ® ®
) © ©
® @) ®
S C) @
) ) )
S) @ @
@ @ &)
@ @ )
) D) )
@ & S
® ® (©)
© © ©
® ® ®
e (@ |@
@ ) )
= |= |o
R o | T oy | BT
o | F e B
e N e
ol 5| ol ol | N =
32 o | 3 o | TV "
T | B B




2 =3 317

ap, ek AMiEA Fof

47}

IE
=]

> 1A SRE

1
Yld ~mwow~ < oo/t iooa o
Z*O <t T T N T O MO MO MMM M. M o™ o
—_
~
wmo
b O
o
Wm N Eo 2
N
W |zk | I T
— o =B | RCEL g
o = < RO o
Zoine| B JQ 2y . B
e = = Ylo N S Ivon B
Tt oy I el i PR AT
_ EUSI L o Pl PR o Ulo
—n R rﬂﬂc#or/FLHLo 717A_|11A_|Nr‘_1r
e om0 BRI A L0 ™ R el P e
S R e ed e Bl e T
D B | | oo |y | Lok O o
— TH | 7ol ol =i ois Njo| oF LBy e B
Dol e P g 3 e B o
e B | O RO | R o = R ok
o ul ol ) =
T A ﬂﬂ NN@O,&?MM N i ,,uuxmroa"aox
G P I N e e MR o e O
S S A e n K it I = et I e I B i
BB R oH| 6 S| B 60 TR Fo| 3 A R 1B B BT
BB B BB BT | Ho| BB T B B R
~ ol o
= i ﬂuo
T < Br
— e Br
— o —_—
=K w = |B =
— xa —
IH Bl e )
= = " K g
T | wT ol
| | R o
== < 5 plo = >
x| B | W T B Ry

47}

IE
[=]

D> 24t ERF

2= gt

9|

7k A

o

1o

(@ A3 814 s @ $834 s O K

I
o
Njo
x @i [a [a wn [a x @i
<+ o mﬂ e mw
Lo —_ Ni
o -
L% =
N KR BC R o~ =
. —i_ -
= % i o
= N | EK NA g o
Ujo = o —
gl P T B @
I Enr R ; I T ~
ﬁ ~ m X Eo MI ﬂnﬁ .A]T
X W S R o
o S (om 2 =
P L P L A
R w X ﬂuuwmﬂ o B =
(RS TS e B (ol P o Bof =
EE R RCIN P I o
- < 00 %o T
ﬁ%ﬂﬂ ﬂ%lﬂﬂ%ﬂm
e EERLLLERTRE
o4 %) o4 B Bl B i o B o) ol Bl
BB BEEE T BN R
IH
e
Njo
o [a]
P _
= 4 w3
<o o < o © XM
N T X
52 R T
B A B R A




A of s A

°
al

e

T
[e)

A7 71l B

v
3t

F A

hal

°

47}

o
ehaiA

0} o
1w 1

=]

0ro.
)

efeel A

=°] ot A A A

| H8d ©
o Al

el
]

=
—

M 7|
28 A7) Hhgh

i
AL

x TP A A A

R n
o ~
i =
N ﬂr lﬂm
mo = PE "~
X o] =y
o — | o __
K =T o5 [e] LO
ol ° =N
ojn —
,m#.,m ol {} %o | ®o =
R oy T |
.AT ol T ,;lorﬂ
H| B | N W
oo | T R | NERe
o T . . .
xmr., mﬁ )
.
S B | R <A do
T HE | R | 2
S el ° N
T |
WIEE ER T
| oo | X° Pl | = —o
ol 1 ol S
o | o 7| Y o =
Q| ot o) | Aol | T
Q| B3| -8R Hox
70
70 o | Z
G I S
B! =] N
—=r = o
e " w
O o x
= o
=

®

Zh MrijH| 0

AE

olsje] gol4

W
S
M
o
1o _
m
ol
R B
B KO WA
N K
Nﬁ@
®
©
©)
@
@
@
Sl
@
@
@
(©)
©@
e
Nﬁ@
@]
=
"
mﬂ

318
Lt A

Cf.




=
9= 4 A5 - Nzl EM bl
TE | BAASHASES) | BANBASEP) | A&7 E(SDI)
, R 37, A, s A R
B A LS g ng Ay | usol 24 5
u | o A &7Hs W2 2 A& HeuA o o) e}
e e a2 g v . ol ALRLO. el O
oFE B T M FANALE L Grb [FA Y AL LA oz
ER = i R A 7}
A4 | AABAEAWER) | AR A EE(WEF) 2 3 8 e
18| Eldagordel) | (Lot
S EF T AE | oy mop 167 A m
8429 <, Yo, 29, |4 Bk, AESE 27pY
A3 L R O}ak R e S AR PAR gol
T e, AR, A&7k | A, A, 8, A
A8 ARA g, o 117
A2 AU ;
AR @A (uue SEdE 48| AR ugrols
D ARRL 1F S| T YYEE AR | 2R B
H} e K B 7} X];ﬂﬁo‘%ﬁ _3%5
Aoz waw B} NEHo g 37t
H7F | 2002 : 1427] =+ 1369 2002 : 237)=t3 159 27 I g
A3} | 2005 : 1467}1%?; 1229] | 2006 : 1337}1%? 429) » ;
’ A A EARA HE
- A4S A S AR | AR Aol Aue| shu ool Ho =
o] Akt A g4 sk ;zixég}j_ o1z oky A|| 7F Lze wwEy)
AR S B ol muaee gy 2a
F4has 4, B GhS HA, ESISH s ARk Lhetube gat A4
AN & s ARo|a olahE A% A
A |- %EH;Q H]J—ﬂ—i ?ilﬂ_ 713, 221 & nE| d g
e S P T R E A A
Efoh At 2 A3E ofgt noto] Wa| Mo QAN Fob,
- FE Yrof et A7 23t o7, A
s 2Astel 3 2ot e A
EIES 0
AR hERAEAS7 Vs 7191915)(2006)




25 1 YUERE
2 x '97 | 98 | 2000 | 2003 | 2010 | 2020 | 2030
[ AAYEE ]
o U EAAH(98 Eu7lA, 29) | 4533 | 449.5 | 518.4 | 613.3 | 892.2 |1,453.2|2,300.4
o Q1Y) 4,599 | 4,643 | 4,728 | 4,843 | 5,062 | 5236 | 5974
o AP ZR(F+4H], %)
- SHFA 67 | 54 | 50 | 45 | 30 | 25 | 22
- g 330 | 344 | 302 | 291 | 260 | 252 | 25.0
- AH| A 60.2 | 60.2 | 648 | 664 | 710 | 723 | 72.8
(14) (11.9) | (11.2) | (11.1) | (10.3) | (95) | (8.7) | (8.0)
[ afjeFdRt ]
o ofeFArY F7E7HA] AR
- AHAIH(98 B, wol9) 1,777 | 1,960 | 2,233 | 2,748 | 4,691 | 8,626 | 15729
(GDP H+&, %) @7) | (44) | (43) | (45 | (53) | (5.9 | (6.8)
- A - 7P ETH('98 BHl 714, Wol9l)| 2,879 | 3,176 | 3,637 | 4,477 | 7,704 | 14,289 | 26,030
(GDP #-&, %) (6.0) | (7.0) | (7.0) | (7.3) | (86) | (9.8) | (11.3)
o Aok AF olTu&(%) 332 | 333 | 335 | 338 | 350 | 37.3 | 40.6
o ¥y (V) 7414 | 7,213 | 8,440 | 9,206 | 11,643 (16,015 | 20,525
[ a3t ]
0 %9 FHAEEF(MuLE) 485 | 475 | 535 | 625 | 892 | 17227 | 1,471
- AAA =5 A& (%) 48 | 47 | 54 | 57 | 62 | 69 | 74
o & AulH o ek (WuDWT) 248 | 246 | 24 28 36 54 60
o A¢krd EHE%) 20 20 22 23 26 28 30
o YVHAA FE
- o195 e (WkE) 205 | 357 | 418 | 480 | 898 | 1,424 | 1,660
- ZAgo]y Ae 52 (3 TEU) 262 | 548 | 555 | 737 | 1,940 | 3,955 | 4,130
- & AATE L (%) 64 84 82 80 96 | 100 | 100
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