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Evaluating Watershed Management within a River Basin
Context Using an Integrated Indicator System

Min Goo Kang1; Gwang Man Lee2; and Ick Hwan Ko3

Abstract: Factor analysis is used to develop an integrated indicator system that evaluates the state of watersheds from three perspectives
�subindexes�: water-use management, flood management, and environment and ecosystem management. The system, which has a total of
nine indicators, is applied to evaluate the state of watershed management in the Han River basin, South Korea. For all the subindexes,
preliminary tests, namely, the Kaiser-Meyer-Olkin test and the Bartlett test of sphericity, are conducted to evaluate the suitability of the
data collected for factor analysis. The variables related to each subindex are then grouped into three factors �indicators� with the variables’
statistical characteristics taken into account. The results of the application of the system to the case study show that the indicator system
reasonably depicts the state of the watersheds in the Han River basin and can be effectively applied to resolve concerns in watershed
management; the system is one of the inevitable elements in the adaptive watershed management process. Examining the correlations
between the indicators proves that the selection of the indicators and their variables is appropriate from a statistical perspective. In
addition to providing evaluation information about the state of watersheds from multiple perspectives, the system can be used as a
preprocessing step for watershed management modeling regarding the choice of watershed variables within the context of river basins.
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Introduction

People all over the world have taken an increasingly strong inter-
est in the management of their water resources and have re-
quested that their governments improve the availability and
quality of the water as well as conserve aquatic ecosystems.
Therefore, watershed management is defined as satisfying the
public’s request, supplying amenities for citizens’ lives, and man-
aging the watershed so it can be sustainable and the ecosystem
can be conserved �Reimold 1998�. To accomplish this, all fields,
such as water use, floods, the environment and ecosystems, and
social and economic systems �Cai et al. 2002, 2003�, need to be
considered within the context of integrated water resources man-
agement �IWRM�. IWRM is defined as the coordinated manage-
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ment and development of water resources, land, and related
resources for maximizing social and economic welfare, without
deteriorating the sustainability of the ecosystems �Global Water
Partnership Technical Advisory Committee �GWPTAC� 2000�.
Moreover, in recent years, it has been thought that this approach
will reduce damage from natural disasters, improve water avail-
ability and quality in rivers, conserve ecosystems, and provide
various amenities for nearby communities �GWPTAC 2000; As-
sociated Programme on Flood Management �APFM� 2004; U.S.
Environmental Protection Agency �USEPA� 2008�.

When watershed management is considered, various stake-
holders, the general public, and related organizations first must
work together to establish the management goals. The general
goals of watershed management are to use the natural resources
within a river basin context in an economically efficient and so-
cially equitable manner, while taking the environment and eco-
systems into account. Within this context, effective watershed
management is adaptively carried out by a process that includes
establishing goals, evaluating the watershed’s condition, identify-
ing and implementing site-specific measures to ameliorate the
state of the watersheds, making postimplementation evaluations,
and adjusting the project schedule as necessary �Heathcote 1998;
Freedman et al. 2004; Panel on Adaptive Management for Re-
source Stewardship �PAMRS� 2004; USEPA 2008�. Especially, an
evaluation system is necessary for reviewing the state of the wa-
tershed and adapting the project schedule to changing circum-
stances. Evaluation is also necessary for postmanagement of
measures. The effectiveness of a river basin-wide project is often
not immediately apparent, as attaining the objectives typically
takes a long time. Therefore, an evaluation methodology needs to

be developed for adaptive watershed management.
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Several studies concerning the evaluation of watershed man-
agement have been constructed �He et al. 2000; USEPA 2002;
Sugumaran et al. 2004; Kang et al. 2005; MDNR 2008; Scorecard
2008�. Especially, the U.S. EPA �2002� developed the Index for
Watershed Indicators �IWI�, which is composed of seven condi-
tion indicators and eight vulnerability indicators. The pollution
information website, Scorecard �2008�, provides the results of the
evaluations of 2,262 watersheds in the 50 states of the United
States and Puerto Rico using the IWI. In this program, the evalu-
ated watersheds were classified into seven groups, and a water-
shed management strategy was proposed for each group. He et al.
�2000� proposed a conceptual framework for integrating hydro-
logic and biological indicators that can evaluate variations in hy-
drologic and biologic conditions due to land use changes in
multiple watersheds, and Sugumaran et al. �2004� presented a
web-based environmental decision support system for environ-
mental planning and watershed management. However, these
two indicator systems are limited to assessing the results of
land use changes and prioritizing local watersheds in terms of
environmental sensitivity, respectively. Therefore, evaluating wa-
tershed management in a way that considers the social and eco-
nomic systems, laws and institutions, and users is difficult when
using these systems. Kang et al. �2005� developed an integrated
index for measuring water resources sustainability within the
context of river basins. The writers grouped the indicators into
four subcriteria �economic efficiency, social equity, environmental
conservation, and maintenance capability� in terms of the hydro-
logic cycle, water quality, social and economic systems, and
user participation. An analytic hierarchy process was used to de-
termine the relative weights among the indicators and the sub-
indexes. These related research results revealed that the systems
presented more recently are difficult to apply for watershed
management evaluation from the perspectives of water-use
management, flood management, and environment and ecosys-
tems management within a river basin context. Therefore, to
quantitatively evaluate watershed management from these per-
spectives, a new indicator system that can evaluate watershed
management by systematically integrating all of these subcriteria
is needed.

Components of the watershed management system include
land use, ecosystems, water resources, social and economic sys-
tems, users, and laws and institutions, and the system is highly
complex. Hence, parsimonious indicators are necessary to sim-
plify the evaluation of watershed management. To evaluate wa-
tershed management in a holistic fashion, variables related to the
system are also grouped together under several indicators. If the
characteristics of each component and the relationships among
the variables are not considered when the indicators are devel-
oped, then the correlations between indicators may be high, and
could cause the watershed system characteristics to be measured
repeatedly. To avoid this situation, the multicollinearity among
the variables and the indicators in the same subindex must be
examined before the evaluation index is developed. Recently, to
extract the primary factors, which are independent of one another
and composed of highly correlated variables, factor analysis has
been employed �Iyer and Jha 2006; Zhang 2006; Nandagiri and
Kovoor 2006; Kang et al. 2007�. These research results have dem-
onstrated the applicability of factor analysis for extracting the
primary factors that influence a system or a phenomenon. There-
fore, in this study, factor analysis is employed to deal with the
multicollinearity and group separate variables into several factors
�indicators� according to statistical characteristics. The principal

aims of this study are the following:
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• Development of an indicator system using factor analysis to
evaluate watershed management �IEWM� within the context of
river basins;

• Test of the applicability of the IEWM using the Han River
basin in South Korea, as a case study basin; and

• Suggestion of appropriate measures to improve watershed
management according to the evaluation results.

Development of an Index for Evaluating Watershed
Management

Methodology

Factor analysis is a multivariate statistical analysis method used
to analyze the interactions among variables. It is generally used to
group related variables into several factors and to summarize the
information obtained from them concerning a system or a phe-
nomenon. If the correlation between the extracted factors is low,
each factor can be used as a descriptive variable when developing
multiple regression equations. Factor analysis often sheds light on
connections between variables, and the relationships among vari-
ables can be described by common factors. After the correlated
variables’ variance structures were checked, the variables are
grouped into the same factor. In factor analysis, p variables, such
as x1 ,x2 , . . . ,xp, are expressed by m potential factors, such as
�1 ,�2 , . . . ,�m, and p error components, such as �1 ,�2 , . . . ,�p as

x1 = �11�1 + �12�2 + ¯ + �1m�m + �1

x2 = �21�1 + �22�2 + ¯ + �2m�m + �2

]

xp = �p1�1 + �p2�2 + ¯ + �pm�m + �p �1�

where �11 ,�12 , . . . ,�pm=factor loading of each variable x to factor
�, respectively.

The factor analysis procedure is divided into several steps.
First, a correlation analysis between the variables is conducted.
Second, the data’s suitability for factor analysis is tested. Gener-
ally, these preliminary tests include the Bartlett test of sphericity
and the Kaiser-Meyer-Olkin �KMO� measure of sampling ad-
equacy. The KMO measure is the ratio of common variance to
unique variance, as shown in Eq. �2�. A value close to 1 indicates
high common variance, while a value close to zero indicates high
unique variance

KMO =
� � j�k

rjk
2

� � j�k
rjk

2 + � � j�k
qjk

2
�2�

where q=nondiagonal element in the antiimage correlation ma-
trix that is composed of partial correlations among variables;
r=nondiagonal element in the original correlation matrix;
j=number of variables; and k=number of potential factors �Friel
2008�. The Bartlett test of sphericity is employed to check
whether the correlation matrix is an identity matrix. To do this, a
chi square is computed approximately and tested for significance

as follows:
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�2 = − ��n − 1� −
1

6
�2p + 1 +

2

p
���ln�S� + p�ln

1

p
� � lj� �3�

where n=size of the sample; p=number of variables; �S�
=determinant of the matrix �S� of the sums of products and cross
products from which the intercorrelation matrix is derived; and
lj = jth eigenvalue of S. In this test, rejecting the null hypothesis
indicates that one or more of the correlations in the correlation
matrix are statistically significant �Friel 2008�. Third, the initial
factors that have passed the first two preliminary tests are ex-
tracted from the correlation matrix of the variables. Then, the
appropriate number of factors is generally determined using one
of three methods: the minimum eigenvalue method, the scree-plot
method, and the cumulative percentage of variance method. In the
minimum eigenvalue method, factors that have eigenvalues that
are greater than the restricted value are chosen. In the scree-plot
method, the scree-plot presenting factors and their eigenvalues are
used. After the scree plot has been examined, the factor that has
an eigenvalue deviating from the exponential distribution is cho-
sen as the marginal factor. In the cumulative percentage of vari-
ance method, each factor’s variance is explained and compared. If
the accumulated variance is higher than the minimum value
�60%�, the number of factors is determined to be appropriate.
Fourth, variables are grouped into the primary factors using the
principal component method, and then each variable’s factor load-
ing is generated. Finally, factors are rotated to make the relation-
ship between the factors and the variables more definite.
Generally, orthogonal rotation, called the Varimax method, is
used, and the variables are grouped into several factors. Then, the
factor loading of each variable is computed, and the factor score
of each factor is computed for further analysis �Zhang 2006�.

Case Study Basin

Using the Han River basin in South Korea as a case study basin,
the applicability of the IEWM is tested. The area of the basin is
23,293 km2, and the length of the river is 487.1 km. The basin is
located from 126° 41� to 129° 02� E and 36° 30� to 38° 55� N.
The average rainfall in the study basin is 1,170.8 mm. Using an

Fig. 1. Location of the Han River basin and watersheds in South K
Watershed 1018
existing hydrologic unit map, the basin is subdivided into 19 wa-
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tersheds. In general, a digital elevation model �DEM� is used to
subdivide river basins into many small watersheds. Then, these
small watersheds are merged into subbasins or watersheds, based
upon the social classification, administrative district, and other
particular project objectives. Fig. 1 shows the boundaries of the
watersheds in the Han River basin, and the basin subdivision has
been used in South Korea �Ministry of Construction and Trans-
portation �MOCT� 2005�. Among the 13 dams in the basin, two
large multipurpose dams, Soyanggang Dam and Chungju Dam,
are located in the upstream portion of the basin for flood control,
water supply, and hydropower generation. The upstream area of
the river basin is much less developed and industrialized than its
downstream counterpart. The middle portion of the basin features
a vast plain that hosts a prominent agricultural district, while the
downstream area contains a higher percentage of urban land use
�impervious surface�. Therefore, the water quality of the upper
basin is better than that of the lower basin due to several dams
that manage water quantity and quality. On the contrary, in the
middle of the basin, which includes Watersheds 1006, 1007, and
1016, around the points where tributary rivers that run through
built-up areas merge with the Han River, there is poor water qual-
ity. In addition, in the downstream area of the river basin, which
includes Watersheds 1018 and 1019, the water quality is poor due
to the greater pollutant loads from industrial zones in the area.

Collection of Related Data

To conduct factor analysis, data related to each subcriterion are
collected and subsequently classified into six categories �user,
land use, water resources, law and institution, social and eco-
nomic system, and ecosystem� that refer to the reports of the
watershed investigation project and statistical survey conducted
on the Han River basin in 2001 �MOCT 2005�. To arrange the
data according to the categories, a geographic information system
�GIS� is used. In this study, the GIS is also employed to compute
the IEWM value using theme maps extracted from the database

Seoul, the capital and the biggest city in South Korea, is located in
orea.
and to analyze the spatial distribution of the data.

© ASCE / MARCH/APRIL 2010
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Extraction of Each Subindex’s Indicators

Water-Use Management Subindex
The Bartlett test results show that, as shown in Table 1, the 12
variables are appropriate for factor analysis at a significant level,
0.000, while the KMO measure for these variables is 0.55.
Among the variables, the amount of investment in territorial de-
velopment and conservation variable is measured using the total
amount of capital invested in river improvement projects, con-
struction and infrastructure management, forest conservation, pre-
vention of natural disasters, and recovery from damage. The
number of factors is determined to be 3, of which the cumulative
variance explains 75.8% of the total variance. Finally, using the
Varimax method, the variables are grouped into three factors:
water-use infrastructure, water resources availability, and drought
prevention. Table 1 shows the factor loadings of the variables that
compose each factor and each of their relative weights. The
squared factor loading indicates the percentage of a variable in
the variance that a particular factor explains. The relative weight
of each variable is computed according to the ratio of each vari-
able’s factor loading to the sum of the absolute factor loadings of
all variables, respectively. A comparison of the factor loadings of
the variables of the indicators reveals that all the variables are

Table 1. Variables of Factors �Indicators� Extracted Using Factor Ana
Relative Weights

Factors �indicators� V

Water use infrastructure Percentage of impervious surface

Amount of investment in territorial

Percentage of irrigated dry fields

Percentage of groundwater use

GRDP per person

Percentage of population engaged i

Water resources availability Amount of groundwater available p

Amount of water resources per per

Amount of water resources reserve

Drought prevention Percentage of area suspected of suf

Percentage of cumulative area expe
past 10 years

Percentage of irrigated paddy fields

Table 2. Variables of Factors �Indicators� Extracted Using Factor Analys
Weights

Factors �indicators�

Probability of flood occurrence Probabilistic 24-h rainfall for a 10

Maximum daily rainfall over the p

Percentage of forested area

Average elevation

Watershed shape

Probability of inundation Drainage density

Percentage of area graded as havi

Percentage of cumulative area exp

Flood damage potential Percentage of impervious surface

Population density

Percentage of area covered by roa

Cumulative value of property exp
per area
JOURNAL OF WATER RESOURCES P
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closely correlated with their indicators. A comparison of the rela-
tive weights of the variables of each indicator demonstrates that
the differences in the relative weights among the variables are
relatively small, which show that each indicator is composed of
variables that clearly identify the phenomenon that each indicator
represents.

Flood Management Subindex
The Bartlett test and the KMO test reveal that the 12 variables
�Table 2� could be used for developing the flood management
subindex. The significance level on the Bartlett test is 0.000, and
the KMO measure is 0.60. Three factors are extracted from this
set of variables used to develop the flood management subindex,
of which the cumulative variance explains 84.6% of the total
variance. Finally, the variables are grouped into three indicators,
as shown in Table 2: probability of flood occurrence, probability
of inundation, and flood damage potential. The variables of the
probability of flood occurrence indicator are related to the physi-
cal and the hydrometeorological characteristics of watersheds,
and the variables of the probability of inundation indicator are
related to the inundation from overflows, levee collapses, and
poor drainage capacity. Namely, the probability of flood occur-
rence indicator measures the causes of floods, and the probability

or Water-Use Management Evaluation with Factor Loadings and Their

s
Factor

loadings
Relative
weights

0.92 0.19

pment and conservation per area 0.90 0.19

0.81 0.17

0.68 0.14

0.65 0.14

ulture �0.78 0.16

on 0.93 0.34

0.92 0.34

rmland 0.85 0.31

from drought 0.72 0.33

g restricted water supply over the 0.84 0.39

�0.61 0.28

Flood Management Evaluation with Factor Loadings and Their Relative

bles
Factor

loadings
Relative
weights

frequency 0.63 0.17

years 0.75 0.20

�0.80 0.21

�0.83 0.22

0.78 0.21

�0.90 0.37

d drainage �0.84 0.35

ing inundation over the past 10 years 0.68 0.28

0.96 0.27

0.95 0.27

0.95 0.27

ng flood damage over the past 10 years 0.71 0.20
lysis f

ariable

develo

n agric

er pers

son

d for fa

fering

riencin
is for

Varia

0-year

ast 10

ng goo

erienc

ds

erienci
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of inundation indicator measures flood results. As shown in Table
2, a comparison of the factor loadings of the variables of each
indicator reveals that the variables closely correlated with each
indicator fall into the same group. In particular, the variables of
the flood damage potential indicator, namely, percentage of im-
pervious surface, population density, and percentage of area cov-
ered by roads, are all highly correlated with one another. This
suggests that this indicator and the variables are closely related to
the urbanization of watersheds.

Environment and Ecosystem Management Subindex
The results of the Bartlett test and the KMO test indicate that the
14 variables �Table 3� are appropriate for factor analysis at a
significant level, 0.000, and with the KMO measure, 0.61. Among
the selected variables, the econature index and the green-nature
index have been used for evaluating the state of districts from
several perspectives in South Korea. The green-nature index
evaluates the naturalness of a plant community according to the
extent of human interference and is classified into 10 categories.
The econature index is used to classify the environment and the
ecosystems according to the distribution of endangered and
protected species, ecological characteristics, presence of native
species, and spectacular views, and is subdivided into three cat-
egories. The same method applied to develop the previous two
subindexes determined that the appropriate number of factors
was 3. Their cumulative variance explained 85.4% of the total
variance. The extracted variables are regrouped into three fac-
tors: possible deterioration of water quality, water quality man-
agement, and ecosystem conservation. Table 3 shows that all
variables are closely correlated with their respective indicators.
Especially, all variables contained in the possible deterioration of
water quality indicator, except for the percentage of population
engaged in agriculture variable, are highly correlated with one
another. However, the variables should be included in this indica-
tor since they are closely related to the urbanization of water-
sheds. As expected, the percentage of population engaged in
agriculture variable is negatively correlated with the indicator
since this variable is the reverse of urbanization. A comparison of
the relative weights of the variables of each indicator reveals that

Table 3. Variables of Factors �Indicators� Extracted Using Factor Analysis
and Their Relative Weights

Factors �indicators�

Possible deterioration of water quality Pollutant load of BOD

Pollutant load of T-N

Pollutant load of T-P

Population density

Percentage of area covered b

Percentage of impervious sur

Percentage of population eng

Water quality management Number of registered cars pe

Percentage of population eng

Percentage of annual BOD to

Percentage of forested area

Ecosystem conservation Percentage of area classified

Percentage of area classified

Percentage of area restricted
the differences in the relative weights among the variables are

262 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
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small, which demonstrates that the variables selected for evaluat-
ing environment and ecosystem management are well grouped
into each indicator.

Computation of Indicators, Subindexes, and IEWM

To compute each indicator’s value, the variables are first made
dimensionless �Sullivan 2001, 2002�. The dimensionless values of
the positive variables are computed as in Eq. �4�, while Eq. �5�
presents the equation used for negative variables

Vpositive =
Xmax − x

Xmax − Xmin
�4�

Vnegative =
x − Xmin

Xmax − Xmin
�5�

where Xmax and Xmin=maximum and minimum values in a set of
variables, respectively; Vpositive and Vnegative=positive and negative
dimensionless values, respectively; and x=variable of a particular
watershed.

Then, the indicator value is computed as follows:

Ij =
wv1V1 + wv2V2 + ¯ + wvnVn

wv1 + wv2 + ¯ wvn
�6�

where wv1 ,wv2 , . . . ,wvn=relative weights of the variables, re-
spectively; V1 ,V2 , . . . ,Vn=dimensionless variables; n=number of
variables; and Ij represents the jth indicator. The relative weights
of the variables used in this study are shown in Tables 1–3 for
each indicator.

Next, each subindex is computed as follows:

SIk =
ws1I1 + ws2I2 + ws3I3

ws1 + ws2 + ws3
�7�

where ws1, ws2, and ws3=relative weights of the indicators, re-
spectively, I1, I2, and I3=values of the indicators; and SIk repre-
sents the kth subindex value. In this study, the indicators are
assumed to be equally weighted, and 0.333 is assigned as each

vironment and Ecosystem Management Evaluation with Factor Loadings

Variables
Factor
loads

Relative
weights

0.99 0.15

0.98 0.15

0.97 0.15

0.99 0.15

s 0.98 0.15

0.98 0.15

n agriculture �0.66 0.10

n �0.90 0.29

n industry �0.87 0.29

t value 0.66 0.22

0.63 0.21

her than the “7th” on the green-nature index 0.87 0.36

“1st” on the econature index 0.80 0.33

public by law 0.74 0.31
for En

y road

face

aged i

r perso

aged i

targe

as hig

as the

to the
indicator’s weight.
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Finally, the IEWM value is computed by integrating the sub-
indexes of water-use management, flood management, and envi-
ronment and ecosystem management as follows:

IEWM =
w1WUM + w2FM + w3EEM

w1 + w2 + w3
�8�

where w1, w2, and w3=relative weights of the subindexes water-
use management �WUM�, flood management �FM�, and environ-
ment and ecosystem management �EEM�, respectively. These
subindexes are also equally weighted in this study and therefore
possess the same value �0.333�.

Results and Discussion

Water-Use Management Evaluation

The results of the water-use management evaluation for each wa-
tershed are provided in Fig. 2. Comparing the values of the water-
use infrastructure indicator among the watersheds, Watersheds
1014 and 1009 have the lowest and second-lowest values, while
Watersheds 1018 and 1019 have the highest and second-highest
values due to development and urbanization. Especially, Water-
shed 1018 includes Seoul, the largest and most populous city in
the basin. Watershed 1009, a sparsely populated rural watershed
with little farmland, has the greatest water resources availability
indicator, while Watershed 1019 has the lowest value. Many of
these contrasting results can be explained by the presence of dams
in the upstream portion of the basin that supply water for cities
that are located downstream, where the population density is
much higher. Meanwhile, the highest drought prevention indicator
occurs in Watershed 1001, and Watershed 1006 possesses the
lowest. This indicator has a high value in watersheds in which the
potable water system’s coverage is high, the past drought impacts
are weak, and the percentage of irrigated paddy fields is high.
When the indicator values among the upper, middle, and lower
basins are compared, the indicator values of the lower and upper

Fig. 2. Comparison of the state of water-use management in each wat
availability, and drought prevention
basins are relatively higher than that of the middle basin. These
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results stem especially from the drought in 2001; the variable,
percentage of area experiencing restricted water supply over the
past 10 years, explains this finding. Overall, Watershed 1018 has
the highest water-use management subindex value, and Watershed
1006 has the lowest value �Fig. 2�. In Watershed 1018, two indi-
cators, water-use infrastructure and drought prevention, are rela-
tively higher. Also, in Watershed 1006, the three indicators are all
relatively lower. Overall, the watersheds situated in the lower
basin have higher subindex values than the watersheds of the
upper basin. In addition, Watersheds 1018 and 1019 have high
values for the drought prevention indicator because these water-
sheds contain large cities with water supply systems that have a
low degree of drought vulnerability.

Flood Management Evaluation

The flood management subindex results for each watershed are
shown in Fig. 3. Watershed 1011 has the highest value for the
probability of flood occurrence indicator, while Watershed 1024
has the lowest value. Among the variables comprising this indi-
cator, two variables, percentage of forested area and average el-
evation, are reversely correlated with the indicator. Therefore, the
integrated indicator values in the watersheds in the upper basin
are higher than those of the watersheds in the lower basin, sug-
gesting that the lower basin is more prone to flooding. Watershed
1016 has the highest value for the probability of inundation indi-
cator, while Watershed 1024 has the lowest value. Among the
three variables of which this indicator is composed, the variable,
percentage of cumulative area experiencing inundation over the
past 10 years, has a reverse relationship with the indicator, and
Watershed 1024 has the highest value for the variable. The high-
est value for the flood damage potential indicator occurs in Wa-
tershed 1001, while the lowest value falls in Watershed 1018.
This means that the indicator’s value is lowest in the basin that
has a high population density and is more urbanized. This indica-
tor is lowest in Watershed 1018 because the biggest city in South
Korea, Seoul, is located in this watershed and is prone to flood-

in terms of three indicators: water-use infrastructure, water resources
ershed
ing. After these indicators are integrated into the flood manage-
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ment subindex, Watershed 1002 has the highest value, and
Watershed 1024 has the lowest value �Fig. 3�. In Watershed 1002,
the three indicators are all relatively higher, while, in Watershed
1024, the two indicators, probability of flood occurrence and
probability of inundation, are relatively lower. These results dem-
onstrate that flood management in the upper basin is better than
that in the lower basin.

Environment and Ecosystem Management Evaluation

The results of the environment and ecosystem management evalu-
ation for each watershed are shown in Fig. 4. Watershed 1009
registers the highest value for the possible deterioration of water
quality indicator due to low pollutant loads, while Watershed

Fig. 3. Comparison of the state of flood management in each watersh
of inundation, and flood damage potential

Fig. 4. Comparison of the state of environment and ecosystem manag
of water quality, water quality management, and ecosystem conserva
264 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
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1018, which includes Seoul, has the lowest value due to its ur-
banization and high pollutant loads. In the Han River basin, wa-
tersheds in the upper basin have higher values than those of the
lower basin because watersheds in the lower basin are more ur-
banized and, consequently, have many large pollutant loads. Wa-
tershed 1009 has the highest value for the water quality
management indicator because this area is relatively less urban-
ized. When the upper and lower basins are compared in terms of
this indicator, watersheds in the more densely populated lower
basin have lower values. In terms of ecosystem conservation, Wa-
tershed 1011 possesses the highest value, while Watershed 1019
has the lowest value. Overall, Watersheds 1017 and 1011 have the
highest and second-highest values of the environment and ecosys-

terms of three indicators: probability of flood occurrence, probability

in each watershed in terms of three indicators: possible deterioration
ed in
ement
tion
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tem management subindex, respectively, while Watershed 1018
has the lowest value �Fig. 4�. In particular, these results stem from
the fact that there is a large difference in the extent of urbaniza-
tion between the two watersheds, with the upper basin experienc-
ing less impact from urbanization.

Synthetic Evaluation Results

To evaluate watershed management, the integrated index, the
IEWM, is computed using Eq. �8�, and the values of the IEWM
are compared quantitatively among the watersheds. Among all
watersheds, Watershed 1011 has the highest value, and Watershed
1024 has the lowest value �Fig. 5�. Since Watershed 1011 is less
urbanized, the water-use infrastructure indicator value is low.
However, because this watershed is located in the upper basin, the
watershed’s environment and ecosystem are cleaner and more
natural, and the watershed is relatively safe from flooding. On the
other hand, Watershed 1024 is vulnerable to flooding and has
poorer water quality because this watershed is located in the
lower basin. However, because this watershed is more developed

Table 4. Comparison of Correlation Coefficients among Indicators

Indicators WUM-1 WUM-2 WUM-3 EEM-

WUM-1 1.000 �0.327 0.107 �0.91
WUM-2 �0.327 1.000 �0.161 0.20

WUM-3 0.107 �0.161 1.000 �0.19

EEM-1 �0.913 0.201 �0.190 1.00
EEM-2 �0.413 0.424 0.104 0.23

EEM-3 �0.443 0.338 0.319 0.34

FM-1 �0.513 0.347 0.005 0.45

FM-2 0.043 �0.200 �0.273 0.12

FM-3 �0.864 0.094 �0.166 0.98

Note: WUM-1=water use infrastructure; WUM-2=water resources avai
FM-2=probability of inundation; FM-3=flood damage potential; EEM-1

Fig. 5. Comparison of the state of watershed man
and EEM-3=ecosystem conservation. The boldface characters mean the indicat
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and industrialized, the watershed’s water-use infrastructure and
drought prevention are better than in other more rural watersheds.
Fig. 5 shows that watersheds in the upper basin possess relatively
higher IEWM values. In particular, the IEWM values are high in
Watersheds 1001, 1011, 1012, and 1009, which include areas up-
stream of Chungju Dam, Soyanggang Dam, and Peace Dam, re-
spectively. Watersheds 1018, 1019, and 1024, located the furthest
downstream in the basin, have the lowest IEWM values since
these watersheds are located in the lower basin, with a high num-
ber of impervious surfaces as well as high pollutant loads.

Correlation Analysis between Indicators

To analyze the correlations between the indicators, correlation
analysis is carried out using the SPSS package. In this analysis,
the significant possibility of a correlation between indicators is
compared at a significant level, 1%. The correlation coefficients
between the indicators included in the same subindex are very
small, as shown in Table 4, and they are not correlated at a sig-
nificant level, 1%. However, the correlation coefficients between

EEM-2 EEM-3 FM-1 FM-2 FM-3

�0.413 �0.443 �0.513 0.043 �0.864
0.424 0.338 0.347 �0.200 0.094

0.104 0.319 0.005 �0.273 �0.166

0.235 0.344 0.456 0.120 0.981
1.000 0.346 0.687 0.179 0.199

0.346 1.000 0.299 0.004 0.330

0.687 0.299 1.000 0.480 0.463

0.179 0.004 0.480 1.000 0.240

0.199 0.330 0.463 0.240 1.000

; WUM-3=drought prevention; FM-1=probability of flood occurrence;
ible deterioration of water quality; EEM-2=water quality management;

nt in each watershed in terms of three subindexes
1

3
1

0

0
5

4

6

0

1

lability
=poss
ageme
ors are linearly correlated at a significant level, 1%.
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the indicators in different subindexes are large, and the indicators
are often correlated at a significant level, 1%. Fig. 6 shows a
comparison of the relationships among the three indicators,
namely, flood damage potential, possible deterioration of water
quality, and water resources availability. As shown in Fig. 6 and
Table 4, the flood damage potential indicator is closely correlated
with the possible deterioration of water quality indicator, with a
correlation of 0.981. However, the water resources availability
indicator has a correlation of only 0.201 with the possible dete-
rioration of water quality indicator, signaling a weak linear cor-
relation between the two indicators. The correlation coefficient
between the water-use infrastructure indicator and the possible
deterioration of water quality indicator is �0.913. This means
that the watersheds where population density and percentage of
urbanization are high have a greater level of water-use infrastruc-
ture. However, the water quality in these watersheds is degraded
due to the high pollutant loads. The water-use infrastructure indi-
cator and the potential flood damage potential indicator are also
correlated negatively, with a correlation of �0.864. This means
that the watersheds, in which water resources may be conve-
niently used, have a high potential for flood damage due to their

Table 5. Values of the Nine Indicators for Watersheds 1011 and 1024

Watersheds WUM-1 WUM-2 WUM-3 FM

1011 10.2 9.5 99.9 90

1024 24.3 0.8 80.9 12

Fig. 6. Scatter plots for graphically comparing �a� the relationship
between the flood damage potential indicator and the possible dete-
rioration of water quality indicator; �b� the water resources availabil-
ity indicator and the possible deterioration of water quality indicator
266 / JOURNAL OF WATER RESOURCES PLANNING AND MANAGEMENT
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greater urbanization. The flood damage potential indicator and the
possible deterioration of water quality indicator have a linear cor-
relation of 0.981. This demonstrates that highly urbanized water-
sheds have a high potential for flood damage and greater
problems with pollutant loads in effluent discharges. Next, the
probability of flood occurrence and the water quality management
indicators are somewhat correlated linearly, with a correlation of
0.687. This illustrates that watersheds in the lower basin have
large urban areas and more pollutant loads, and are in locations
that are relatively vulnerable to floods. Finally, the results reveal
that the indicators in the same subindex are independent of one
another, allowing them to be reasonably aggregated into the same
subindex; the factor analysis for each subindex is valid in dealing
with the multicollinearity among the indicators.

Measures for Watershed Management

To grasp the problems of a watershed, it must be compared with
other watersheds, and countermeasures then taken to improve the
state of the watershed. In this study, to analyze the state of wa-
tershed management in the Han River basin and identify related
problems, the values of the indicators for each watershed are
compared with those of the watershed evaluated with the highest
value among all the watersheds. Table 5 illustrates the variations
of the indicators of watersheds that were evaluated as the poorest
and the best. Based upon the method developed in this study, one
can conclude that Watershed 1011 has the best management,
while Watershed 1024 has the poorest management. As shown in
Table 5, in Watershed 1011, the values of all indicators except the
water-use infrastructure indicator are higher than those of Water-
shed 1024. Watershed 1024 has high values for the drought pre-
vention, flood damage potential, and possible deterioration of
water quality indicators, while the values for all other indicators
are very low. This reveals that Watershed 1011 is less urbanized
than Watershed 1024, and located in the upper basin. As a result,
to improve the state of Watershed 1011, measures for enhancing
water-use infrastructure must be taken. Meanwhile, the priorities
for Watershed 1024 include enhancement of the water-use infra-
structure, water resources development, prevention of flood dam-
age, water quality improvement, and ecosystem conservation.
This also implicates that the evaluation system is inevitably
needed in the adaptive watershed management process, and the
evaluation results must be reflected on the watershed management
projects.

Summary and Conclusions

Within the IWRM context, an integrated indicator system is pre-
sented to evaluate watershed management, which takes into ac-
count the characteristics of both the large river basin and
individual watersheds within it. In this system, watershed man-
agement is evaluated from three perspectives: water-use manage-
ment, flood management, and environment and ecosystem
management. Factor analysis is employed to determine each sub-
index’s indicators and their variables, and variables related to

FM-2 FM-3 EEM-1 EEM-2 EEM-3

56.2 96.7 97.7 95.6 70.8

0.0 83.7 86.1 26.9 11.8
-1

.1

.8
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each subcriterion are grouped into three factors based on the vari-
ables’ statistical characteristics. The system is applied to evaluate
watershed management in the Han River basin, South Korea, as a
case study. The three subindexes and their indicators are used to
evaluate 19 watersheds. The results indicate that the downstream
portion of the Han River basin is more vulnerable to flooding, and
this portion’s environment and ecosystem state is poorer, while
the water-use infrastructure is better because this portion is more
urbanized and industrialized. These results show that the indicator
system can provide reasonable evaluation results for watershed
management in the Han River basin. In addition, the variables
related to urbanization have a significant effect on the state of the
watersheds in the river basin context.

Adaptive watershed management can proceed effectively
based on the evaluation results. Moreover, the causal relationships
among the variables can be used to develop mathematical water-
shed management models. Models can allow for an enhanced
understanding of the river basin and watershed systems within it
and be incorporated into the decision-making process to provide
information. The models must be updated with the latest data
related to the watershed system’s components and their variables
to predict future situations. Therefore, the variables extracted in
this study can be used to periodically establish a watershed man-
agement model from a holistic viewpoint, particularly in the Han
River basin. In future work, a GIS should be employed to more
efficiently integrate the variables and analyze the results spatially.
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