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Abstract — The Driver-Pressure-State-Impact-Response (DPSIR) framework assume causal relationship from
driver and pressure indicators to state and impact indicators, from state and impact indicators to response indica-
tors, and from response indicators to state and impact indicators. However, quantitative analysis of such dynamic
relationship is rare because only short times series are available for ecological variables included in the DPSIR
framework, which makes it is difficult to estimate dynamic relationship. The first goal of this research is to present
empirical evidence for the dynamic relationship that is assumed in the DPSIR framework. To do so, we set up the
assumed dynamic relationship as the alternative hypothesis and carry out hypothesis testing. To overcome the diffi-
culty arising from short time series, we have tried the approach of discretizing continuous variables. The second
goal of this research is to present a simple dynamic model of DPSIR variables. This model will help improve the
DPSIR-based scenario analysis. The empirical analysis of this research is based on Geumgang estuary data.
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Table 1. Geumgang Estuary Indicator System

Indicators

Population

Agricultural production

. Livestock production

Driver . .
Industrial production
Port traffic

Rainfall volatility

Wastewater

Organic waste

Pressure
Untreated wastewater

Untreated organic waste

Geumgang biochemical oxygen demand(GBOD)
Geumgang chemical oxygen demand(GCOD)
Geumgang dissolved oxygen(GDO)

Geumgang total phosphorus(GTP)

Geumgang total nitrogen(GTN)

Coastal chemical oxygen demand(CCOD)
Coastal total phosphorus(CTP)

Coastal dissolved oxygen(CDO)

State

Shellfish production(SFP)

1 t
fmpac Seaweed production(SWP)

Access to sanitation(ATS)

Response . .
P Wastewater inspection(WWI)
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Table 2. Dynamic Relation between Driver, Pressure Indicators (X)
and State, Impact Indicators (Y)
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Table 4. Dynamic Relation between Response Indicators (X) and
State, Impact Indicators (Y)

Y Y
GBOD GDO GTP GTN GBOD GDO GTP GIN GCOD CDO
X Population 48 48 35 46 X ATS 48 48 7 2 7 47
kkok k% k% * koskosk ks ok *3k *sk
Port traffic 20 25 25 24 WWI 48 48 7 2 24 36
kokk kkok kkok ok ok kK k kK k kK k k% kkok
Agricultural Prod. 4 33 4 3 Y
e e e e CTP  CTN CCOD SFP  SWP
Industrial Prod. 28 28 33 27 X ATS 12 48 48 37 15
HAk *ok Hok *kok Hkok Hkok Hokok Hkok Hkok
Livestock Prod. 13 19 7 8 WWI 24 36 24 39 48
Kkk RS KKK *kk skokok skokok skokok oKk ok sk
Rainfall Vola. *2*2 i“* *z N *Z " The figures reported are the estimates of /¥, the most significant lags. *,
*kkkk shown next to the figures indicate statistical significance at 1%,
Waterwaste 16 18 18 2 5%, and 10%, respectively.
kokok kkok kkok kK k
Organic waste 26 18 18 2
T T T o) we AR agieRT 2 7hs o) Aok iR A%
Untreated waterwaste 16 18 18 2
*kk ok ok *k [* 72 a2} 2] w2, 7P o B 2 J\]X]—— 4871
Untreated organic waste 26 18 18 2 AR Arh= dfAo] 7hssitt S e A alo] Al dFL
M S L b b e = E B e A R I AR A s
The figures reported are the estimaf[es 'of I*, tht? most gigqiﬁcant lags. *, o)t BAA SoAS B Ao RE AL ZejuiAr) ufo-
** *** shown next to the figures indicate statistical significance at 1%, 5 o1s . _ o
5%, and 10%, respectively. FYet Ao o) & F5- 4 1y A gkl 7t 20
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able 3. Dynamic Relation between State, Impact Indicators (X) an 3} <Table 4= AFE]-2J3EQ 015} Wk Q01 7F EEjEiA|e] that 274

Response Indicators (Y)

Y

ATS WWI
X GBOD 43 8
ok ok koK
GDO 22 8
% sk ok
GTP 41 18
KoKk kK%
GTN 34 34
koK koK
GCOD 41 41
sk ok sk ok
CDO 47 36
ok ok
CTP 34 34
CTN 12 12
sokosk * &k
CCOD 48 48
ok ok koK
SFP 11 47
ok ok
SWP 44 44
KKk kKK

The figures reported are the estimates of /¥, the most significant lags. *,
** k% shown next to the figures indicate statistical significance at 1%,
5%, and 10%, respectively.
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Table 5. Dynamic Relation between Driver, Pressure Indicators (X)
and State, Impact Indicators (Y): Discretization

Y

GBOD GDO GTP GTN

X Population 3 1 4 3
*kok ok ok *kkk kkok

Port traffic 1 7 29 24

kkok *okk *kokok kkok

Agricultural Prod. 2 35 4 3
ok k *kokk *okk kkok

Industrial Prod. 44 10 10 3

ok ok kkok ok ok *

Livestock Prod. 27 46 13 22

ok ok kkok oKk koK ok

Rainfall Vola. 10 43 2 38

koK k kkok kK k kK ok

Waterwaste 8 23 34 48

kK k kkok kK k koK ok

Organic waste 31 23 34 16

kK k kkok kK k koK ok

Untreated waterwaste 8 16 34 6
ok ok kkok ok ok kk ok

kokk kkok ok ok ok k

Untreated organic waste 42 14 1 22
kK ok kskosk ok k kokok

The figures reported are the estimates of /*, the most significant lags. *,
*% %% shown next to the figures indicate statistical significance at 1%,
5%, and 10%, respectively.
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Table 6. Dynamic Model of State, Impact, and Response Indicators

GBOD(t) = 1.07*ATS(t-48)

GDO(t) = 0.31*ATS(t-48) + 0.02*WWI(t-48)

GTP(t) = 0.48*ATS(t-7) + 0.04*WWI(t-7)

GTN(t) = 0.23*ATS(t-2) + 0.02*WWI(t-2)

GCOD(t) = 0.27*ATS(t-7) + 0.02*WWI(t-24)

CDO(t) = 0.04*WWI(t-36)

CTP(t) = 2.47*ATS(t-12) + 0.11*WWI(t-24)

CTN(t) = 1.88*ATS(t-48) + 0.24*WWI(t-36)

CCOD(t) = 1.28*ATS(t-48) + 0.30*WWI(t-24)

SFP(t) = 4.60*ATS(t-37) + 0.49* WWI(t-39)

SWP(t) = 3.24*ATS(t-15) + 0.33* WWI(t-48)

ATS(t) = - 0.07*GBOD(t-43) - 0.17*GDO(t-22) - 0.09*GTP(t-41)
- 0.13*GTN(t-34) - 0.10*GCOD(t-41) - 0.04*CTN(t-12)
- 0.03*CCOD(t-48) - 0.04*SFP(t-44)

WWI(t) = - 0.69*GBOD(t-8) - 2.83*GDO(t-8) - 1.25*GTP(t-18)
- 3.35*GTN(t-34) - 1.71*GCOD(t-41) - 1.80*CDO(t-36)
- 1.80*CDO(t-36) - 1.01*CTN(t-12) - 1.48*CCOD(t-48)
- 0.20*SFP(t-47) - 0.40*SWP(t-44)
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Table 7. Dynamic Model of State, Impact, and Response Indicators:
Discretization

GBOD(t) = (1/2) * [0.05*ATS(t-6) + 0.04*WWI(t-46)]
GDO(t) = (1/2) * [0.03*ATS(t-2) + 0.05* WWI(t-13)]
GTP(t) = (1/2) * [0.05%ATS(t-5) + 0.04*WWI(t-8)]
GTN(t) = (1/2) * [0.05*ATS(t-5) + 0.03* WWI(t-15)]
GCOD(t) = (1/2) * [0.04* ATS(t-12) + 0.03* WWI(t-21)]
CDO(t) = 0.02*WWI(t-48)
CTN(t) = 0.04*WWI(t-36)
CCOD(t) = 0.05*WWI(t-24)
SFP(t) = (1/2) * [0.04*ATS(t-21) + 0.05*WWI(t-20)]
SWP(t) = (1/2) * [0.04*ATS(t-40) + 0.04* WWI(t-12)]
ATS(t) = (1/5) * [- 0.03*GBOD(t-16) - 0.04*GDO(t-9)
- 0.02*GTP(t-25) - 0.04*GTN(t-30)- 0.02*SWP(t-44)]
WWI(t) = (1/7) * [- 0.03*GBOD(t-9) - 0.05*GDO(t-12)
- 0.03*GTP(t-25) - 0.04*GTN(t-42) - 0.02*CTN(t-36)
- 0.04*SFP(t-20) - 0.03*SWP(t-23)]

Pl'(y,, ‘ llz_l):Pr(yi,/:_” /1_1) o] 7]’X_]°]’
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ojm =,

_ 1
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