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Abstract A majority of streams in Korea have been
channelized and their adjacent flood plains have been
converted for anthropogenic land use, especially in
urbanized areas. Fortunately, recent elevated public rec-
ognition to the stream ecosystem has led to governmental
efforts to conserve riparian areas. In this study, a simple
method to prioritize locations for riparian establishment
was developed at a watershed scale based on spatiotem-
poral change of riparian forest area. The developed method
was applied for the Ansung and Sapkyo watersheds, which
were under consideration for the stream riparian area
establishment by the Korean Ministry of Environment.
Two riparian forest indices, Riparian Forest Index (RFI)
and Riparian Forest Change Index (RFCI) were developed
to represent spatial and temporal change of watershed
riparian forest, respectively. LANSAT satellite images
with a 30 m x 30 m resolution were used to estimate the
two riparian forest indices. A precautionary approach,
which intends to preserve the existing riparian forests as
much as possible, was applied by ranking sub-watersheds
based on the two riparian forest indices to prioritize loca-
tions for the riparian establishment at a sub-watershed
level. The results showed that overall urban land cover in
riparian areas increased while forests and cropland
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decreased over the past 25 years. More importantly,
riparian forest removal occurred more rapidly in the
riparian area, which is one of the most important niches for
riparian ecosystems, as compared to the entire watershed.
Most riparian forests appeared to be located upstream of
the watersheds, and thus it is important to develop man-
agement measures to preserve existing riparian forests
from human activities. The developed approach could be a
useful tool that can assist policy makers to prioritize
locations for the riparian area establishment. However, this
method has limitations of only considering riparian forest
area and therefore, other aspects such as stream morphol-
ogy as well as ecology needs to be incorporated into
riparian area determination process as they become avail-
able in the future. In addition, considering that substantial
portions of riparian areas have already been disturbed, the
restoration aspect of the impaired riparian also needs to be
investigated further.

Keywords Riparian forest - Land cover analysis -
Prioritization - Riparian area establishment - Riparian index

Introduction

Urbanization with rapid economic growth over the last
several decades has intensified urban land use for the ever-
growing metropolises in Korea. Subsequently meandering
streams were straightened by embanking and channelizing
river systems, and natural flood plains were transformed for
anthropogenic land use. During the course, the various
environmental and ecological functions of the riparian
areas including wildlife habitats, sediment and contami-
nants reduction, surface flow retention, and landscape
improvement, were deteriorated (USDA Forest Service
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1998; Parkyn 2004). Fortunately, public concern about
riparian area degradation has been elevated in Korea
leading to the governmental efforts to restore or rehabilitate
stream ecosystem. The Cheonggae stream restoration
completed in 2005 gained enormous popularity and
became a milestone of the Korean stream restoration pro-
ject. Afterward, the Korean Ministry of Environment
launched a River Ecological Restoration Project in 2005
planning invest approximately a billion dollar every year
until 2015 for the ecological restoration of impaired
streams mostly in urban areas (Korean Ministry of Envi-
ronment 2007).

Gregory et al. (1991) outlined the important relations and
dynamics riparian zone by defining it as the area of direct
interaction between terrestrial and aquatic ecosystems.
Riparian areas have been defined and named differently by
individual researchers, and include terms such as riparian
buffer, vegetated filter strip, vegetated wetland, riparian
forest buffer, etc. (USDA Forest Service 1998). For the
establishment of riparian areas, adjacent land use is of great
importance among other factors including slope, stream
order, vegetation type, hydrology, and soil (USDA Forest
Service 1998; Wenger 1999; Hawes and Smith 2005).
According to Alexander et al. (2007), headwater streams
have profound influence on the biological integrity of entire
river networks. Harding et al. (1998) found that past land use
is a determinant of present species diversity in streams and
conversion of forest to agriculture may result in reduction in
biodiversity. Riparian vegetation serves many physical and
biological functions such as sediment trap, flood control,
nutrient uptake, and support for diverse community of spe-
cies (Naiman et al. 1993; Lowrance et al. 1997). Especially
when riparian zones are forested with trees, additional ser-
vices including stream temperature moderation, carbon
sequestration, structural habitat for amphibians, birds,
mammals, and aquatic organisms (Bentrup 2008). As such, a
riparian forest buffer provides an important habitat for
riparian ecosystems, and is closely related with ecological
stream integrity and high biodiversity.

Claggett et al. (2010) have developed a simple approach
of estimating riparian forest cover change over large areas
and implemented to a county area in Maryland from
1993/1994 to 2005 to evaluate the efficacy of riparian res-
toration efforts. To determine locations to establish riparian
areas for water quality management, Randir et al. (2001)
have developed a prioritization method at the watershed
level by integrating geographic information, the relation-
ship between land criteria and effects, and the travel-time of
runoff water in Massachusetts, USA. Tomer et al. (2009)
reported two landscape analysis techniques for identifying
and mapping locations for agroforestry buffers to effec-
tively improve water quality. One approach was to use soil
survey information to rank soil map units, while another
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utilized topographic and streamflow information to identify
locations for effective interception of water moving towards
streams. However, most previous approaches have focused
on water quality protection and thus little attempt has been
run to prioritize locations for riparian area establishment
from the riparian ecosystem conservation point of view.

The objectives of this study were (1) to investigate and
compare the spatiotemporal change of riparian forest, (2)
develop appropriate indices to represent spatiotemporal
changes of riparian forest area, and (3) to prioritize sub-
watersheds for the establishment of riparian areas using the
developed riparian forest indices. The developed method
was applied for the Ansung and Sapkyo watersheds to
determine priorities at a small watershed scale. These two
watersheds were chosen since these two were under con-
sideration for the stream riparian area establishment by the
Korean Ministry of Environment.

Materials and method
Information on the study watershed

The two watersheds of Ansung and Sapkyo were selected
in this study. These two study watersheds are located in the
midwest coastal region of the Korean peninsula and have
experienced rapid urbanization for the past several decades.
This required government to develop measures to conserve
the riparian buffer areas. Thus, the Korean Ministry of
Environment has launched a study in 2008 to develop an
effective way to establish riparian area, which provided a
primary motive for this study.

Estuarine dike reservoirs were constructed downstream
of both the study watersheds in the early 1970s. Streamside
buffer area conservation was important in this region for
riparian ecosystem as well as reservoir water quality pro-
tection. The size of each watershed is 1,655.7 and
1,649.9 km* for the Ansung and Sapkyo watersheds,
respectively. The study watersheds were further divided
into sub-watersheds based on the confluences of major
streams. Accordingly, the Ansung watershed is composed
of 18 sub-watersheds while the Sapkyo watershed includes
16 sub-watersheds as shown in Fig. 1.

The two watersheds are adjacent north to south and have
very similar climatic characteristics (Table 1). Annual
mean precipitation over the study region is approximately
1,250 mm, which is also similar with the annual mean
precipitation of the Korean peninsula. The watershed out-
lets are located adjacently at the southwest corner in the
Ansung watershed and at the north part of the Sapkyo
watershed (see Fig. 1). The Ansung watershed has been
intensely urbanized, particularly in the northern part; where
the Suwon Metropolitan area is located. In contrast,
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Fig. 1 Maps of the study
watersheds and their sub-
watersheds

Table 1 Mean climatic data for the study watersheds from 1971 to 2007 (KMA 2008)

Watershed = Temperature (°C) Precipitation =~ Mean Wind Relative Sun Atmospheric
- (mm) evaporation (mm) speed (m/s)  humidity (%) radiation (h)  pressure (hPa)
Mean  Max Min
Ansung 11.8 17.1 7.1 1,275.3 1,103.0 1.6 70.6 6.1 1,016.8
Sapkyo 11.6 17.5 6.3 1,242.0 1,047.8 1.5 72.7 7.0 1,016.9

urbanization in the Sapkyo watershed has occurred spo-
radically and agricultural paddy fields are located in the
downstream area; which is the northern part of the
watershed.

Landcover analysis within the riparian buffer

Land cover data at a resolution of 30 m x 30 m from
LANDSAT satellite images were obtained from the Water
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Management Information System (WAMIS) of the Korean
government and utilized for the riparian land cover anal-
yses. The WAMIS provides the land cover data at 5-year
intervals from 1975 up until 2000 online. Land cover was
classified into seven categories, i.e., urban areas, forests,
water bodies, wetlands, grassland, fallow, and cropland
areas. For this study, urban areas, forests, and cropland
were emphasized in the analysis since forests are natural
while the other two are anthropogenic.

A stream order map (STOM) and a national/local stream
map (NLSM) were obtained from WAMIS and used for the
riparian buffer analyses. The STOM was generated based
on a 1:25,000 scale map using the Horton-Strahler classi-
fication method (Knighton 1998; Zhang et al. 2007). This
method is one of the most popular stream classification
methods and involves three major principles: (1) the trib-
utary which originates at a source and has no tributary is
designated as stream order one, (2) the junction of two
streams with same order u is designated as stream order
u + 1, and (3) the junction of two streams with unequal
u and v is designated as steam order max (u, v) (Zhang
et al. 2007).

National and local streams refer to streams designated
by the Korean River Law. National streams are managed
central government in Korea and their stream orders are
mostly greater than 4. Local streams are administrated by
local government and their orders are mostly less than 4.
The streams topologies in the STOM and NLSM are line
and polygon, respectively. This is because the STOM
was delineated from a map, while the NLSM was gen-
erated from satellite images which allow for drawing a
water body into a polygon. The orders of the national
and local streams in the NLSM were mostly greater than
5, which appeared to be located relatively downstream
and composed of less than 10% of the total streams
length.

The two stream maps needed to be merged for the
riparian buffer analysis. The STOM was overlaid onto the
NLSM and the superposed part of the STOM was removed
(see the schematics in Fig. 2). Since most national and
local streams are downstream, the remaining STOM can be
considered as headwater streams. The widths of the head-
water streams were assumed to be 3, 5, 8, and 12 m for the
stream orders of 1, 2, 3, and 4, correspondently. The widths
were somewhat arbitrarily determined to be less than 15 m,
which was the average width of the streams measured
randomly on the NLSM map. The buffered STOM and
NLSM with the same topology of a polygon were con-
solidated into a stream map. The riparian buffers were
generated with the buffer widths of 30, 60, 90, 120, and
150 m in which land cover compositions were analyzed
spatiotemporally.
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Definition of two forest area indices

Two indices were defined based on the riparian forest area to
evaluate the riparian status. This is based on the fact that the
larger the riparian forest is, the more likely it is that the
riparian ecosystem will be healthy and, therefore, the ripar-
ian forest may be a good proxy indicator of riparian integrity.
Accordingly measures to preserve the healthier riparian area,
that is, the larger riparian forests, need to be implemented.
Riparian forest areas within the riparian buffer width of
150 m were utilized to estimate both the riparian indices.

The first index was the Riparian Forest Index (RFI),
which is defined as the ratio of riparian forest area to total
riparian area at a sub-watershed scale.

REI Forest area

" Total ripari (1)
parian area

The greater the value of the RFI means the healthier the
riparian area and implies a higher priority in the riparian
area establishment from the viewpoint of riparian
preservation.

The second index defined was the Riparian Forest
Change Index (RFCI), which takes into account the land
cover changes over 25 years from 1975 to 2000. This index
reflects the vulnerability of riparian forests to being con-
verted for other anthropogenic purposes, such as urban
areas or croplands, into the prioritization process. The
RFCI is formulated as follows:

RECI — Change in forest area over 25 years

(2)

where the forest area change is the forest area of 1975
subtracted by that of 2000. Although riparian forest data
are available every 5 years since 1975 to 2000, the overall
change of forest area for the study period was considered
into the RFCI calculation. This was because the riparian
forest areas in most sub-watersheds were changed in a
linear manner. Thus, overall change was thought to be an
appropriate representative of riparian forest change.

The RFCI can take a positive or negative value
depending on whether the riparian forest area increases or
decreases. The greater RFCI value indicates the greater
increase or the smaller decrease in riparian forest areas for
positive or negative values, respectively. Therefore, a
watershed with a greater RFCI value implies that the
riparian forest area was less disturbed by human activities
and accordingly less urgent for the riparian preservation as
compared to those with rapid decrease, i.e., smaller RFCI
values. Since the urbanization process has been underway
in both watersheds, riparian forest areas also would have
been decreased over the time and thus negative RFCI
values are expected.

Forest area in 1975
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Fig. 2 Schematics of the
prioritization process at a sub-
watershed scale

- Line type

Stream Order Map (STOM)
- Generated at 1:25K scale

National/Local Steam Map
- Mostly greater than 5 in STO

- Polygontype

v

- Incorporate STOM into national/ local stream map

- Erase overlapped STOM line and edit dangling line

- Convert STOM line to polygon by buffering to stream width

-Assume stream widths of 3, 5, 8, and 12 m for the
stream orders 1, 2, 3, and 4, correspondently

Map merging

v

- Analyze forest area within riparian buffer
spatially as well as temporally

- Buffer widths: 30, 60, 90, 120, 150m

- Land cover data: 1975~2000 in 5-year increment

- Define two riparian indices: Riparian forest area
index (RFI) and change index (RFCI)

- Estimate both indices within 150 m buffer

Land Cover Analyses

v

Prioritization of Sub-watersheds

- Rank sub-watersheds by each riparian forest index
: Descending order (Max to Min)

-Determine priority by ranking based on the RFI values subtracted
by the RFCIxWeight(1.25) values

Prioritization of sub-watersheds for riparian forest
conservation

The baseline of determining priority for riparian forest
establishment was to preserve current riparian forest areas
as much as possible from being converted for other
anthropogenic land uses. To realize this rule, two approa-
ches based on riparian forest indices were applied: a static
approach which takes into account the latest riparian status
using the RFIs and a dynamic approach which considers
the historical change in riparian forest areas using the
RFClIs.

The two riparian forest indices, that is, the RFI and
RFCI were estimated for each sub-watershed of the Ansung
and Sapkyo watersheds. The two riparian indices have
different implications from the viewpoint of riparian
preservation. The greater RFI values mean the greater

presence of riparian forests in the riparian area and thus
higher priority for riparian preservation. In contrast, the
larger RFCI values indicate forest area increase or slower
forest disappearance from the riparian area, and accord-
ingly lower priority.

To consider both static and dynamic approaches col-
lectively into the sub-watershed prioritization process, the
two riparian indices were combined by subtracting the
weighted RFCI value from the RFI value for each sub-
watershed. An arbitrary factor of 1.25 was multiplied to the
FRCI value as the weight on the forest dynamic aspect to
emphasize more urgency to stop or reduce the disappear-
ance of riparian forest area. This is because more rapid
removal of riparian forest was thought to deserve more
attention when it comes to riparian forest reservation. This
abides by the baseline of the maximum preservation rule of
the existing riparian area as described previously.
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Then the sub-watersheds were ranked by the subtracted
values for each study watershed, i.e., Ansung and Sapkyo
independently. Thus, the larger the riparian forest area (the
greater RFI values) and the more rapid the forest reduction
rate (the smaller RFCI values), the riparian area of the sub-
watershed should be established with a higher priority. The
ranking of the subtracted values became the priority for the
riparian area establishment.

Results and discussion

Land cover composition of each sub-watershed

Fractional composition of land cover for each sub-watershed
was estimated using the latest land cover data in 2000. As

presented in Fig. 3, the three major land cover types are
urban areas, forests, and cropland. Urban fractions of the
sub-watersheds are overall greater in the Ansung watershed
than the Sapkyo watershed. This probably reflects the fact
that the northern part of the Ansung watershed is highly
urbanized where the Suwon metropolitan area is located
(sub-watershed ID 12). Cropland fractions appeared to be
similar for both study watersheds, while forests occupy more
fractions in the Sapkyo watershed than the Ansung water-
shed. The sub-watersheds in which cropland areas take up a
substantial portion are mostly located downstream of the
Ansung (sub-watersheds 7, 8, 15, 16, and 17) and Sapkyo
streams (sub-watersheds 2, 3, 15, and 16). The overall frac-
tions of urban areas, forests, and cropland to the entire
watershed were 11, 36, and 40% for the Ansung watershed
and 6, 44, and 40% for the Sapkyo watershed, respectively.

Fig. 3 Land cover composition a  OCropland BForest OGrass BWetlands OFallow B Urban B Water
of each sub-watershed in 2000 1
for a the Ansung and b Sapkyo
watersheds
0.8
§ 0.6
°
=
i
= 04 -
= | (05 i
0.2 ml ' Flel o I =1 1I—I=
N — L (=
0

b OCropland B®Forest O Grass

6 7 8 9 10 11 12 13 14 15 16 17 18Entire
Sub-watershed ID

B Wetlands OFallow ®Urban = Water

1

0.8

0.6

Fraction

0.4

0.2

@ Springer

5 & 7T &8 9 10 11 42 13 14 45
Sub-watershed ID

L =
16 Entire



Paddy Water Environ

Within the riparian buffer width of 150 m, respective
fractions of urban areas, forests, and cropland areas were
10, 31, and 46% for the Ansung watershed and 5, 46, and
39% for the Sapkyo watershed, respectively. Overall
fractional trends of riparian land use were similar with
those for entire watersheds. Forested portions of the
riparian area decreased by about 5%, and cropland portions
increased by about 6% as compared with fractions for the
entire Ansung watershed. The fractions of riparian land
cover for the Sapkyo watershed were similar with those of
the entire watershed. This implies that the Ansung riparian
areas were more disturbed by anthropogenic activities than
the Sapkyo watershed.

Temporal changes in riparian land cover

Historical changes in riparian land cover were investigated
every 5 years over a 25-year period from 1975 to 2000
within each riparian buffer width of 30, 60, 90, 120, and
150 m. Both study watersheds showed increases in urban
area and decreases in forest and cropland areas. As shown
in Fig. 4, the area changes increase almost linearly with the
increase of the riparian buffer width.

The Ansung watershed experienced a more rapid land
cover change, particularly in urban areas, than the Sap-
kyo watershed. A riparian area of 82.5 km® within the
150 m buffer width was urbanized over the 25-year
period in the Ansung watershed while 43.5 km® was
converted to urban areas in the Sapkyo watershed. These
areas are equivalent to 5.0 and 2.6% of the respective
watershed areas, which indicates that almost twice the
urbanization occurred in the Ansung watershed than the
Sapkyo watershed.

The greatest absolute change in land cover area occurred
in riparian forests, which are known to be one of the most
important niches for riparian ecosystems, and are assumed
to be an indirect indicator of riparian health in this study.
Forest areas of 90.2 km? (5.5%) and 74.2 km? (4.4%)
disappeared from the 150 m riparian buffer over the last
25 years for the Ansung and Sapkyo watersheds, respec-
tively. In fact, most riparian forests are located upstream of
the watersheds (see Fig. 3), i.e., sub-watersheds 1, 2, 9, and
10 for the Ansung watershed, and 4, 5, 6, 9, 19, and 13 for
the Sapkyo watershed. This finding, therefore, indicates
that the riparian areas adjacent to headwater streams have
decreased steadily over the decades primarily due to human
activities, such as urbanization and agriculture. Thus, some
management measures need to be developed to preserve
the riparian areas near headwater streams. Cropland
decreases within the 150 m buffer was similar for both
watersheds, at approximately 35 km?, and accounted for
about 2.1% for each watershed.
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Fig. 4 Land cover changes in riparian area over the 25 years from
1975 to 2000 for a the Ansung and b the Sapkyo watersheds. The
positive values in the primary y-axis indicate the area increases in
urban land cover (open circle) over the period, while negative values
in the secondary y-axis represent the area decreases in forest (filled
square) and cropland (filled triangle) land covers

Prioritization of sub-watersheds for the establishment
of Riparian areas

Riparian land cover within the buffer width of 150 m was
analyzed spatiotemporally and utilized for the sub-water-
shed prioritization process. The reason why 150 m was
chosen was that this distance is similar with the minimum
average habitat radius of wild amphibians, which is an
important resident in the riparian area (Semlitsch and
Bodie 2003). The riparian width of 150 m also covers the
required distance for the stream water quality protection by
trapping non-point pollutants (Wegner 1999).

For each of the two riparian forest indices, the sub-
watersheds were ranked separately for each study water-
shed and summarized in Table 2. The priority of riparian
preservation was determined by ranking the RFI values
subtracted by the RFCI x 1.25 values (the (c¢) column in
Table 2). Figure 5 clearly shows the relationships of the
preservation priorities in association with the RFI and
RFCI indices. The higher priority for preservation is

@ Springer



Paddy Water Environ

cl 02e0 L90°0— 9€T0 81

i4! 86C°0 LY0'0— 6£C0 L1

cl £8¢°0 SLO0— 68C°0 81 0€T0 680°0— 8IT°0 91
91 6LC0 €900 86¢€°0 I €0 LIT°0— L8T°0 Sl
Il L8E0 €800 16¥°0 9 Sero Y01°0— S6C0 4!
4 SL90 L200— 1¥9°0 L Yo 260°0— 01€0 €l
4! [€€°0 8600 Y010 S 434\ orro— ¥6C°0 cl
el §SE0 ¥10°0— 8¢€€°0 01 99¢°0 100°0— G9¢0 Il
I 8LLO 080°0— LLY0 € €¢s0 881°0— L8TO 0l
S 999°0 ¥80°0— 19670 I S¥9°0 €ero— 0810 6
SI 92¢0 0cIo 9LY"0 Sl Syl 050°0— €61°0 8
L LLSO LSO0— 90S°0 91 6vC’0 1ro— 0r1°0 L
€ 00L°0 IL1°0— 9810 L1 124\ €100 09¢°0 9
(4 19L°0 8CI'0— 109°0 6 L6€0 080°0— L6T0 S
9 7290 €L0°0— 1€6°0 8 X440 1L0°0— 1€€°0 4
6 c0s°0 191°0— 10€°0 €l 81¢€°0 §20'0— L8TO €
0l (4340 w00— 08¢0 4 160 00— 9¢1°0 (4
8 92<0 LET'0— §ee0 C ¢85S0 wro— LSY'0 I

((9) jo Supyuer) () (sT1 ((9) yo Supyuex) ) (sT1
Kuong X (q) — (&) (@) 1044 (®) 149 Amotig X (q) — (®) (@ 104¥ (®) 144

paysiarem oAydeg paysiorem Junsuy I paysiojem-qng

eate uerredil Jo JUQWYSIGRIS? AY) J0J SPAYsIdlem-qns JO UONBZNLIOL] ¢ dqeL

pringer

A's



Paddy Water Environ

a 0.6 0.05
ORFI XRFCI
0.5 X
O X 0.00
O a
0.4 4
4 0.05 =
=" 5
= 0.10 £
0.2
o1 -0.15
X
0.0 -0.
0 2 4 6 8 10 12 14 16 18 20
Final Ranking (Priority)
b 08 0.15
ORFI XRFCI | y
0.7 0.10
0.05
0.6 4
[%¢]
£ 0.00 =
S 05 e
Z =)
= 0.05 =
~ =~
0.4
-0.10
0.3 0.15
0.2 -0.20

0 2 4 6 8 10 12 14 16 18
Final Ranking (Priority)

Fig. 5 Riparian preservation priorities versus the RFI and RFCI
indices for a Ansung and b Sapkyo watershed. The RFI and RFCI
stand for the Riparian Forest Index and Riparian Forest Change Index,
respectively. The solid and dotted lines represent overall relationships
of the RFI and RFCI indices against the final rankings. In other words,
the greater RFI values or the smaller RFCI values tend to be related
the higher priorities for riparian area establishment

positively related to the RFI values while negatively related
to the RFCI values. In other words, more forest areas
existed (greater RFI values) and more rapidly disappeared
(smaller RFCI values), the higher priority for the riparian
preservation.

Overall, the RFI value, 0.46 on average, for the Sapkyo
watershed was significantly greater than 0.29 for the An-
sung watershed (P value < 0.0001). This probably reflects
the fact that the Ansung watershed is more urbanized as
compared to the Sapkyo watershed. However, the average
FRCI values were —0.08 and —0.05 for the Ansung and
Sapkyo watershed, respectively, and were not significantly

Fig. 6 Graphical presentation of sub-watershed priorities for the
establishment of riparian area. The digits on the map represent the
priority ranking for each study watershed separately. The priority
rankings are also presented in color descending from green to yellow
to orange to red

different (P value = 0.172). This indicates the riparian
forest areas for both the watersheds have decreased simi-
larly over the study period.

The sub-watershed IDs, for the five highest priorities in
the order, were 9, 1, 10, 2 and 12, and 10, 5, 6, 13, and 9 for
the Ansung and Sapkyo watersheds, respectively. Most
high priority sub-watersheds were upstream watersheds
which are located adjacent to headwater streams (Fig. 6).
In contrast, downstream sub-watersheds, where a majority
of cropland is located, scored lower in priority. This is
because this study primarily emphasized the riparian forest
to determine priority for the riparian establishment.
Therefore, another approach based on the viewpoint of
riparian restoration needs to be developed and incorporated
into the prioritization process in the future.

Conclusions

In this study, land cover in the riparian buffer was inves-
tigated spatiotemporally and a precautionary approach for
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riparian forest preservation using riparian forest areas was
developed to prioritize locations for the riparian estab-
lishment at a watershed scale. Overall, urban land cover in
the riparian areas increased, while forest and cropland
decreased. The absolute land cover change, mostly
decreases, in riparian area was the greatest for riparian
forest, which is one of the most important niches for
riparian ecosystems. Considering that most riparian forests
are located upstream of the watersheds, the reduction in
riparian forest implies riparian impairment nearby head-
water streams and highlights the necessity of appropriate
upstream management for watershed riparian forest con-
servation. A precautionary approach, which emphasizes the
preservation of current forest as much as possible, was
developed in this study and applied for the study water-
sheds prioritization. This approach could be a simple tool
to assist policy makers in prioritizing locations at a
watershed level for the riparian area establishment from a
preservation point of view. The proposed simple method in
this study has limitation of only taking into account spa-
tiotemporal change riparian forest cover for riparian area
establishment. Other aspects such as stream morphological
and ecological aspects need to be incorporated into riparian
area determination as they become available in the future.
In addition, considering substantial portions of riparian
areas already being impaired in Korea, the restoration
aspect of the impaired riparian needs to be investigated
further and incorporated into the prioritization procedure.
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