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Abstract The Stream/River Ecosystem Survey and Health Assessment has been carried out regarding the
ecological health of the streams by the Ministry of Environment (MOE), South Korea. However, the sources of
impairment of the stream ecosystem and the interactions between the sources, stressors, and the responses of
impaired streams have not been taken into consideration. The purpose of this study is to propose the establishment
of diagnosis systems for the impaired stream ecosystem because of the need to incorporate the same in the making
of the policy to enable the recovery and improvement of the health of the impaired streams or river ecosystem.
First, we define the concept of a diagnosis of the impaired stream or river ecosystem through a literature review.
Second, through case studies [e.g., US CADDIS (Causal Analysis/Diagnosis Decision Information System),
AUS. Eco Evidence, EU WFD (Water Framework Directive)], we try to develop the diagnosis system for the
making of policy. In this study, the diagnosis system that is proposed consists of eight steps including the basic
data collection, detecting or suspecting impairment, defining the impaired stream reach, identifying the biological
impaired cases and listing the candidate causes, illustrating the interactive conceptual diagrams between stressors
and responses, investigating the stressors-responses in the field, verifying causes and identifying the probable
causes of the impaired cases, and summarizing and proposing the restoration of the streams. The results of this
study will support and enable efficient decision-making for sustainable stream restoration and management based
on the diagnosis of the probable causes for the impaired complex and the diverse stream ecosystem.
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CADDIS (Causal Analysis/diagnosis Decision Information
System), &3 2] Eco Evidence, 18| 1 3-H 2] WFD (Water
Framework Directive)] 39| AHH|E 24 L 8|23} ).

1) CADDIS
CADDIS+ U.S. EPA°A] Stressor IdentificationS 7]
oz 2 WYANAY YESE ALUAS srofs}
shaTe U BUd Bag AnE AT 99 AL
& T Z73:o|th(EPA, 2017). CADDISE £
A1 (Stressor Identification: SI), &2, AE
2 91z} 9 HE-3-(Sources, Stressors and Responses), 9l
9 -§-8 (Examples and Applications), B|©| & 4] (Data
Analysis), 123 {13} d|o]E]H|o] A (Causal Databases)Z
7450 glom, A2 AuE Hust §r1deE A7
= B9 A2EOR ol 2olA A (Fig. D).
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‘ Detect or Suspect Biological Effects ’
<4 L
Stressor Identification
> I Define the Case | <€
€
l List Candidate Causes I
Decision-maker A As Necessary:
and Acquire Data
fi
o e | Evaluate Data from the Case l e
Involvement € Iterate Process
’ Evaluate Data from Elsewhere
€L
l Identify Probable Cause |
e
—)I Identify and Apportion Sources l(—
Management Action: =
> Eliminate or Control Sources, Monitor Results

—){ Biological Condition Restored or Protected k—'

Fig. 1. Define the Case fits into the Stressor Identification process
(EPA, 2017).
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2) Eco Evidence
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A3l 7Ret= T (Nichols et al., 2011).
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Adaptive management cycle

Eco Evidence framework

1. Document the nature of the problem and draft the
overall question (hypothesis) under investigation

Objectives

)

Review

2. Identify the context in which the question is asked

—/

D

3

Desired outcomes

3. Develop a conceptual model and clarify the question

Document revisions
to all steps

Strategies

y—\r—\r—\r—\r—\f—‘

Report : Y
Adiust Actions " — —_ " ]
4. Decide on the relevant cause-effect hypotheses
Evaluate s —
and learn sdlect s ise conceptual
i elec 5. Search and review literature, and extract evidence model and previous
Assess effectiveness v performance T steps if necessary
indicators
Monitor Do 7. Catalog and weight the evidence ]
Revise hypothesis
Implement actions 8. Assess the level of support for the overall question if needed i.e., in light of
and Strategies (hypothesis) and make a judgment inconsistent evidence

Fig. 2. Eco Evidence framework stage (right) and how managers and stakeholders use Eco Evidence (left) (Nichols, Susan and Webb, 2017).
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%tH, Eco Evidence= CADDIS®} Th 24 9 AEHA
22 AAE A EY £ 7HEE HAESHH, 23
AEE 38l A e} shy A9 7ol g5,
F&dol 7H 7ol =2 FES At (Horne et
al., 2017).
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3) WFD
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Pressure, State, Impact, Response),
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Performance indicator that measures the ‘distance’
between the current environmental state and the desired situation (good ecological status)

Good ecological status is defined as the state of the system in the at of any anthr
biological deviation from what would be expected under natural/undisturbed (reference) conditions

.

*, or a slight

A

{}

a + 5 T T
Classification to one of the Directive’s five classes:

High, Good, Moderate, Poor and Bad
Deciding if a particular ecological status or potential class can be assigned to a water body depends on whether the
\ quality element worst affected by anthropogenic alterations matches its normative definition for that class

N

/ Monitoring: Three types of monitoring are described in Annex V of the WFD:
SURVEILLANCE, OPERATIONAL and INVESTIGATIVE

- Surveillance : - holistic understanding of the catchment {including future trends)
- validates pressures analysis
- Operational : - determines the need for action

- monitors the effectiveness of measures

{}

Most sensitive to pressure:

Operational monitoring is about elements most
sensitive to pressure*, as derived from the
pressures and impacts assessments

X

Quality elements:\
Their value is only indicative of the distance from their
optimal performance conditions. Parameters indicative of
each of the quality elements monitored, which are selected
during surveillance mon'\toring/

Fig. 3. WFD framework (Voulvoulis et al., 2017).

( System: Catchment b
Catchments are fundamentally different from each other (both in socio-political and natural conditions)
System State: Ecosystem Health
\ An expression of system structure and function J
‘- Ecological Status: B )

Management:
Pregrammes of Measures
{PoMs) that reduce the impacts
of anthropogenic pressures*® in
order to improve system state
{ecosystem health)

* Informed by the Pressures
and Impacts Assessment (aims
to understand the sources of
potential degradation and the
degree of risk for water bodies
with regards to failing to achieve
the default good status objectives).
It identifies the sources of various
pressures on the water
environment exerted by the socio-
economic activities (drivers} and
clarifies the interrelationships
between the human and
freshwater systems with respect to
changes in water quality
(state/impacts). It delivers a
systemic understanding the cause-
effect relationships between the
environment and various
anthropogenic activities taking into
account the essential features of
the system of interest .

B

517 ¢t =232l PoMs (Programme of Measures)
52 &83t9 WFDY EXE A3ttt (Borja et al.,
2006; Voulvoulis, Arpon and Giakoumis, 2017). &4
CADDISY Eco Evidence®} Zro] HA A Q1 XA A7} 4
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o 299 £AUL BEel] AT A Bue ANL B
Aot Aol 23S F1 gtk
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WO FAESZ AFsto], R 7o B A|AH Y
Aol mjf Fot WE A BdS & 4 Qo 2L
DPSIR, PoMs 59| ZgQlea, =213 E3) 354
o|iL Al JIpA £A o] o|Fo| AL it} o]e}F 7
o] HHHE ArY o] Hon &F o1 wWE dTo|E
7} o] F0]x] 11 9 o1}, CADDISY Eco EvidenceA 8 H®
O] AAA A7} #5550 YA gof Xk o|sfstar =3
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Table 1. Difference between Diagnosis Systems Cases.

System CADDIS Eco Evidence WFD
Accessibility + On-line application + On-line application and software * On-line application
Write + Write separately + Written in software + Write separately
Data set + Conceptual model program + Write step-by-step results on software * None
Information + Describe in detail such as + Download available online » Download available online
scope basic research data, related » Manual provided + Analysis framework and

literature, analysis method
- Present diagnosis case

manual provided
- Present diagnosis case

External + Vulnerable due to limited + External data can be attached + Link to research Institutes and

Information internal information University sites

Notes + All information is provided in + Not based on field surveys + A lot of data in the relevant data
document form * Not actively used by the government * No systematic diagnosis system

- Utilized in EPA and many states

« Focus on Water Management Policy
Integration

NEH F& 2dy) 22 b2 gA oA ol X Uste= 3
B2 =of glo] F&H shHe gt FEUAE Adsta
o|& s Adst= Wete 2 A Atk Ado] & FHgEof gl
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£ CADDISE 7|¥te g sttt 1e|ar ZdeoA 3
SRS Adsr] Y3l 7Y Aol He A £
A& CADDIS®} Eco EvidenceE #3113}t £3] Eco
Evidence?] £#2 38t £3 DBE &&3to] a4
B0 248 Tt F&dde Addt= do] gagt
A5E5S DBt Hsholal A|A A ZAE npst
of Fof gt AU et B AGAA A ol &
2 Ak A 9 93} 23 9] DB3HE 125ttt fl& ot
oF 9 Zck Aato] gk A e SHoA £ DA A
olAl= WFDAA &-8311 Sl BUHHS 18kl
olu] Zujell A o]FojX| 1L Q)T WFD2] EYE -2 ¥
£ Fofstal o] & As] fd YA BAS v
A1 o] Zoj At T3 T2 A A B A7k AFSF -
A &0l 2L Fol 37 A JAYAHA &
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A B4 QlojA] JIEA - A A a4 E 15T

Fed e Feddd 1 Aol 3y 28 B 9
e S AAR R £-E] A8 2 AdAA= &
STHA 2 45+ Th(Table 2).

Table 2. Proposed Diagnosis system.

Stage 1  Basic data collection
Stage 2 Detecting or suspecting impairment
Stage 3  Defining the impaired stream reach
Stage 4  Identifying biological (e.g., fishes, epilithic diatoms,
benthic macroinvertebrates) impaired cases
Listing candidate causes (e.g., sources, stressors and
responses)
Stage 5 Illustrating the interactive conceptual diagrams between
stressors and responses
Stage 6  Investigate stressors-responses in the field
Stage 7 Verifying causes (sources, stressors and response)
Identifying the probable causes of the impaired cases
Stage 8  Summarizing
Proposing the restoration of the streams
2 &, A A4 F5, eE -8, A2, 7
2718 5 W sy BEE AE e e =
e A7kl o3 WA LAS BFE EFshe] Al FLHH
oz EQe 2 Sl ARG YU 7| ZARE v}
goz e AN B4 2 (ALANS FH)S 3
Ssha, B B AU AT $Y A, 5Y 7w
o FEsHS APk FRAAL 7k FEAA B2
< Fuste, gy PR FU 12AR 7 2 S
X BAL Stol WG gy A w2 e 3RS
o 4k 71FOE At
2) ot SMEHA| & B
A& vt A A3 B 3 F FEAEEE,
AR B FAFTE, olF Bedd] A48 BHERE
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’“/%‘EHZH TJL_%J‘H 7‘1‘4—8— S A EA L A7 ol

74194 —r% *l Hd *EEMI 473749 FEdAH 24
2|3 Aol M BEHQ JAEA 7]E0] B 5 3L

oz AUAAS FANL o2 AA 2 2= 9}
fe AT SAYA A% Boh A A B 2
e AT W 1 gL 4

P4 BobaTtel wet sk flde) 29, 49
o AUE FRHOE BAFORH A

o) 48 5 elol ot HEE AN Aol ol 3
A7t SRATALANA A oiore MY 5
A ATt oln] Tl AL BB J1EWelA A
342 PA glom, ofgf FoA AT glo]

‘\—‘

o] W3 I AadL ASHAS 2 A At
& AGdA A= AZ DAZA GE Aoy AT A
A7b o] QA gk webA DA A7 FAHow &g
=2 d, st Aol b e Hrf gkt 74
50| AF Ao WA FAH R FAEoof gt
a87] Y= A A7 B7HEa o B4
9 & A, A EYE PSS ofeE2s AdAAY A
1YL St st 58 Ala"o] 5 Eojof gttt shd
&S A A9y 3 Aol ol gt EEA
= 23 7] gl 74 skl fEn Bed ARE
2l =3o] Zasirt ofof F& Ao A= ofn
o] ARkl dg wobS Q3 sk 7|, b g
A BoF 8|3 sHHT §9 A Aofst=
Wt 4 23 s HE das fsl A
4 B7HEAIE E8StEE AQkgit
1291 20| o|=ojx|7] SJoIA ek vle] A
1S Z13lH =L2o] "ol 3F9 Eco Evidenced 7
$ole A&H o2 13 23 {=E DB 93\0
], n]=9 CADDIS E3t 21} ¢|o] g o] (Interactive
Conceptual diagrams, Literature database)S &3}o] o
A 252 AFsta o Eg ’\@H AwE &8
+ =S Lopl Aol=EE TESYO, AL} 2 ulA
E7F 2ROl A &§ 7hedt Ad ¥ T2 AR v
A3t 3hd & I A E o2 ZHYUYIE AT

N

(B
=>

)

o

s

Aol oM ok fo o
M ood i

&



S MER H2 e

skar Qloh wheba] & & Kol A A Fola X &2z
2 A|EE A5ty d
5% x{]—g’—aﬁ F 5?“1 & Hot7hA
L2ZEOE

Az
of EH /ﬂﬂ“l} @Q‘éé QEU* - ‘il“ E/\]"ﬂ ;qud,
L‘I’l ﬂr;‘ﬁ]r A B9 9 yha] urokS AAJEF £ glon,
= oi}s}% ANARS AETO RN HH A 94
AEA O & ‘:‘] a&A0= Yol 7FsFA| 1, 5k ARA
of tigt etz ZRE GAT = S Ao|tt

o o &

jpee fEel A Mg BHEkT 1

A AGAAE At

o, 55,
Yol B SAEA e
ARHOR FEU 5 9l Wt
Wl SAEA B 24 L A% BHETE B
SEE D %fw A B sforol sl o8

[e]
Aed W) 1 0] AR B AT £ 4
e ATAAZ Astn AAH FeHS D £ 7

o] & Q77 AR E ool & 4 9tk

FRAEHA FAELdY AGAA = olA Az DA ol 5t
A AL BT SHLR Qs B71H A HHAA
AHAA F5& AP oFste oz=o] ot shd 4

Al et A7k gol olFl A1 9rlE st s
YA AT WA ok 8| 749 AL RETHe] of
AR a2 Aol A UYolA {AZS 7}AL)
wteb] SHA fleo] 99l 29T 1 do| HAS BH &
GHel JAERE ASHE AHQ S Wrko] £
EIJ- 7 3§ 9 AWt 25 o] DB3tEojof sttt FF

2 Aol A AR vhe} o] s ko] JESo] DB
SHE A A& o2 e A7E A Eo] 2L AT Al
Foll AAAA =G 3 ol FdETHE A 8 A
HA G bt JAFEA e oiA EEAQ sHd
2 HE T 5 e EUE W+ S Aol

¢

4 8
B A7E Aed s SuEAe) Aefs Ausin
7 Aol Y Fek] U A e WA

£ TS5 A B8 s B stk A E A
g 249 A7 BrHE s SH Y Fike] iRk kA
RS & o 3ol shd 5 | Helo] id 2R AR

e 5] A Uslolt Fde] WASHA B A
2R RUAE TR /10 vl &
oA ekl 3 AAZ ABAAZ Alkstel kA2
5 71 700) 98 FHSHSACh Bl 5, 599 IS B
Aol Selutete] B ABRAE Attt F seA2
FAE, 71242 24, 5 #Wﬁl e B, e 7
A%, Ae 435 L A 949 £5 8 24 7
Ao AT L 4 He 2l w2 FYRY 2L 50 2
Ao ol2ofA glek. olefst ATAAL 1A A
of Bsha Rt B4 a:lom Ao storet 4
9o om =9 9 e Yore AAlstel B A1

[e]
A AU 5 ek

MAPHE o9 (A3t
Ao (A2t AFHzRA
ﬂﬁamw 24, ARE (FFYeL A2 RS @
AL (PN RAT 24 B AT L =0l
m MR (A A zA s @4, 2R (8
SALR AT S LG} FHAL), o] Poh (A=
1:}]31_,7_ Az A 204

Az skat wpaabg), of
13t 24, He (A=sta

o A
[
3}

HXZ|E 7§ AA: I.W. Lee, J.A. Lee, S.W. Lee, A&
7 9 BX4: JW. Lee, S.J. Hwang, M.H. Jang, D.H. Won,
K.J. An, H.J. Park, 93 ZSFZA]: T W. Lee, Y41 W A:
JW. Lee, J.A. Lee, = 91 HAE:S.W. Lee, J.A. Lee. &
E AR =R Ane] BYSGTL, 20 AL 7
Esta FYstsy T

OlHEA £ Aol FAolT BE ARSE 45T
of ol ols|FE ol 7} it

AT o] Ee TNl AW 2AHA AL A
24 0 A9 FEAT DAY A DS weksUT
AM} o] =82 AZYstE KUATAY T2 18] o)
S gy

o A

e

REFERENCES

An, K.J., S.Y. Kim and S.W. Lee. 2018. Analysis of Relative
Importance of Socio/Economic Factors in Establishing
Diagnosis Systems for Impaired Stream Ecosystem. Jour-
nal of the Korea Society of Environmental Restoration



10 0|Z8 - 0lg? - gall - Y= -

Technology 21: 13-26 (Korean).

Borja, A., I. Galparsoro, O. Solaun, I. Muxika, E.M. Tello,
A. Uriarte and V. Valencia. 2006. The European Water
Framework Directive and the DPSIR, a methodological
approach to assess the risk of failing to achieve good eco-
logical status. Estuarine, Coastal and Shelf Science 66:
84-96.

Horne, A., A. Webb, M. Stewardson, B. Richter and M. Acre-
man. (Eds.). 2017. Water for the environment: From
policy and science to implementation and management.
Academic Press.

IMPRESS, W. 2003. Guidance for the analysis of pressures and
impacts in accordance with the Water Framework Direc-
tive. In Guidance Document prepared by WG IMPRESS.
Auvailable online at http:/forum. europa. eu. int/Public/irc/
env/wfd/library, accessed at (Vol. 7).

Jeon, S.H. 2016. Some Problems and Improvement of Domestic
System for River Environment Assessment. Journal of the
Korean Society of Hazard Mitigation 16: 305-317 (Kore-
an).

Kim, H.J., S.J. Lee and K.G. An. 2010. Comparative Analysis of
Ecological Health Conditions Before and After Ecolog-
ical Restoration in Changwon Stream and Nam Stream.
Korean Journal of Ecology and Environment 43: 307-318
(Korean).

Kim, M.J. 2007. Suggestions for Ecological Stream Restoration.
Korean Society of Environmental Impact Assessment 16:
59-68 (Korean).

Kim, Y.J., H.N. Kim and O.M. Lee. 2012. The biological assess-
ment of water quality using DAIpo and TDI of Paju Eco-
logical wetland. Korean Society of Environmental Impact

Assessment 21: 229-238 (Korean).

Lee, Y.K. and S.W. Lee. 2012. Stream Classification Based on
the Ecological Characteristics for Effective Stream Man-
nagement - In the Case Nakdong River -. Journal of the
Korea Society of Environmental Restoration Technology
15: 103-114 (Korean).

Ministry of Environment. 2017. A study on Aquatic ecosystem
reference stream (II) (Korean).

Nichols, S., A. Webb, R. Norris and M. Stewardson. 2011.
Eco Evidence analysis methods manual: a systematic
approach to evaluate causality in environmental science.
eWater Cooperative Research Centre. Also available on-
line at http://tinyurl.com/Eco-Evidencemanual.

Nichols, S.J., M. Peat and J.A. Webb. 2017. Challenges for evi-
dence-based environmental management: what is accept-
able and sufficient evidence of causation?. Freshwater
Science 36: 240-249.

U.S. EPA (Environmental Protection Agency). 2017. Causal
Analysis/Diagnosis Decision Information System (CAD-
DIS), https://www.epa.gov/caddis, Office of Research and
Development, Washington, DC.

Voulvoulis, N., K.D. Arpon and T. Giakoumis. 2017. The EU
Water Framework Directive: From great expectations to
problems with implementation. Science of the Total Envi-
ronment 575: 358-366.

Webb, J.A., K.A. Miller, M.J. Stewardson, S.C. de Little, S.J.
Nichols and S.R. Wealands. 2015. An online database and
desktop assessment software to simplify systematic re-
views in environmental science. Environmental Modelling
and Software 64: 72-79.



