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ABSTRACT

Disappeared streams are streams that have been buried, removed, or moved as part of the
urbanization process. We identified disappeared streams in the Portland, Oregon
metropolitan area using historical topographic maps for four time periods, and related them
to the history of urban development. The historical maps were used to identify streams
visible in older maps but not shown in a more recent version. From 1852 to 1895, 15% of
streams disappeared, but the majority of streams disappeared between 1896 and 1953
(65%). This trend continued mainly in suburban areas after 1954 with 12% of streams being
removed from 1954 to 1989 and 8% from 1990 to 2017. Stream disappearance can be
linked to residential development and prior conversion of land for agriculture depending on
the area and time period. Mapping disappeared streams can help urban spatial planners
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identify where stream daylighting or restoration could be targeted.

1. Introduction

Disappeared streams are streams that have been bur-
ied, removed, or moved as part of the urbanization
process. Throughout human history, streams were
rerouted into pipes and tunnels (buried) as population
grew and city growth increased impervious surface
areas (Brown et al., 2018; Chang et al., 2020; Hopkins
& Bain, 2018; Napieralski & Welsh, 2016). Urban
streams have also been altered to limit flooding
(Abbott, 1994) and provide building sites for homes
and businesses (Willingham, 1983). Burying or other-
wise removing streams can have a number of negative
impacts, including increased peak flow and reduced
baseflow (Chang, 2007), increased pluvial flooding
(Bae & Chang 2019; Houng & Pathirana, 2013;
Rosenzweig et al., 2018), and damage to aquatic eco-
systems (Stammler et al, 2013). Because of their
important roles in the urban environment, it is essen-
tial to know the location of urban streams and their
changes over time in relation to urbanization.

A number of researchers have mapped disappeared
streams using geographic information systems (GIS).
Elmore and Kaushal (2008) mapped the locations of
disappeared streams within a major tributary of the
Chesapeake Bay using high-resolution aerial photos
and land cover data paired with a 10m resolution Digi-
tal Elevation Model (DEM). They found that while
20% of all streams were buried, small streams were
more likely to be buried than larger streams. They

suggest multiple explanations, including the higher
cost of burying larger streams and the perennial
nature of larger streams compared to smaller streams.
Similarly, others have mapped disappeared streams in
Detroit, Michigan, comparing the amount removed in
the cities of Ann Arbor and Warren while exploring
the concept of urban stream deserts (Napieralski
et al. 2015; Napieralski & Carvalhaes, 2016; Napier-
alski & Welsh, 2016). Disappeared streams have
been mapped in conjunction with sewage lines in
Pittsburgh, Pennsylvania (Hopkins & Bain, 2018),
and with a focus on land cover changes in the Lake
Thunderbird watershed in Central Oklahoma (Julian
et al., 2015). Mapping urban stream burial can reveal
the history of urbanization practices and subsequent
impact on urban hydrology (Napieralski, 2019) but
also guide city design and planning (Napieralski,
2020).

While low-impact development or best manage-
ment practices can be used to lower the hydrologic
impact of stream removal, the natural flow cannot
be fully renewed to the stream’s original state without
stream restoration (Askarizadeh et al., 2015). Stream
restoration has positive impacts on hydrology, redu-
cing peak flow and sediment delivery (Ahilan et al.
2018) while increasing house sales prices (Netusil
et al,, 2019). For stream restoration efforts to be effec-
tive, we first need to know where and when streams
disappeared and how the history of land development
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is associated with stream disappearance. Thus, this
study examines the spatiotemporal pattern of disap-
peared streams in the Portland (Oregon) Metropolitan
area since 1852 and has two main objectives: (1) Map
disappeared streams for four time periods (1852 -
1895, 1896 - 1953, 1953 - 1989, and 1990-2017) and
(2) Relate housing development to stream
disappearance.

2, Development history and study area

Many stream networks have been moved or buried
due to Portland’s urban development. Founded in
1851, the city initially built its economy as a shipping
hub for the region (Gibson & Abbott, 2002). Portland
experienced a large wave of development in the early
twentieth century because of a boom in population
growth following the Lewis and Clark Centennial
Exposition in 1905. During the Great Depression,
the city received federal aid for highway construction
and built a new airport, resulting in the loss of streams
and wetlands. World War II saw many workers move
to the area to work in the emerging shipbuilding
industry (Gibson & Abbott, 2002). As it did elsewhere
in the country, 1950s suburbanization resulted in a
home-building boom in the Portland metropolitan
area. After a period of economic stagnation in the
1960s, the metropolitan area experienced continued
growth from the 1970s until the present as residents
moved back into old neighborhoods as well as the
expanding suburbs.

The Columbia River, Willamette River, and John-
son Creek have a history of flooding, with notable
Portland area destructive floods occurring in 1861,
1894, 1948, and 1972 ( U.S. Army Corp of Engineers,
1973; Willingham, 1983). Eight recorded major floods
of the Willamette River and four of the Columbia
River occurred by 1936 with the great flood of 1894
being the most significant. The United State Flood
Control Act of 1936 sponsored projects to reduce
flooding across the United States, which included
stream channelization and the construction of flood-
walls, levees, dams, and reservoirs. For example, his-
toric wetlands and floodplains were filled in and
natural streams were straightened in the Johnson
Creek watershed during the Works Progressive
Administration era in the 1930s, which resulted in
the loss of meandering streams. The modifications of
natural channels increased flood risk in low lying
areas along the Johnson Creek (Chang et al.
2021; Fahy et al.,, 2019; Hong & Chang, 2020).

The study site encompasses the area within the
Portland urban growth boundary combined with the
Johnson Creek watershed boundary (Figure 1). The
Portland urban growth boundary was established in
1973, and limits development outside the boundary
(Abbott, 1994). While the urban growth boundary

has encouraged dense development within the bound-
ary and limited sprawl, the boundary has expanded
about three dozen times to accommodate increasing
population and employment growth by the regional
government.

3. Materials and methods

Historical topographic maps were used to locate both
where and when streams disappeared. The four
periods studied, based on the availability of historical
United States Geological Survey (USGS) georefer-
enced topographic maps, were 1852-1895, 1896—
1953, 1954-1990, and 1990-2017. The range of time
periods was necessary because the entire area of inter-
est was not mapped in the same year. The 1852 map
was the exception as it was not a USGS topographic
map. This hand-drawn map dates from the founding
of the city. Although it does not encompass the entire
area of interest, it does show notable streams that were
disappeared before the first USGS topographic map of
the area was created. This map thus needed to be geor-
eferenced before it could be used. Scale varied across
the hand-drawn 1852 map, making any assessment
of positional accuracy difficult at best. Disappeared
streams in the 1896-1916 period were digitized from
the topographic maps with a map scale of 1:62,500
while the topographic maps used for the 1954, 1990,
and 2017 periods had a scale of 1:24,000. The smaller
scale (1:62,500) maps likely had fewer features rep-
resented, and were certainly less accurate than the lar-
ger scale maps. Also, earlier maps, which relied on
plane table surveying (1896-1916) where maps were
drawn in the field from a high vantage point with a
sighting device, are likely less accurate than those
that used aerial photos to survey (1954, 2017).
Historical and current (USGS) topographic maps
were downloaded from the TopoView website (Garr-
ity, n.d.) for the study area. Table 1 shows the digital
raster graphics (DRG) used within this study and
their scale. Large-scale Digital Line Graphs (DLG) of
hydrography lines, available from 1975 to 1990, were
obtained from the USGS Earth Explorer website
(US Geological Survey, 2020) in either native or
Spatial Data Transfer Standard format and then con-
verted to shapefile format using the DLG2SHP free-
ware program (Kerski, 2020). Both the topographic
maps and DLGs were transformed into a common
projected coordinate system (UTM, NAD83) using
ArcMap 10.7.1 (ESRI, 2020). Both DLGs and DRGs
were used as guides to help identify locations on the
USGS topographic maps where streams were visible
in historical maps but were not visible in more recent
maps, representing disappeared streams. Each stream
location was on-screen digitized using ArcMap 10.7.1.
After the disappeared streams were identified, each
location was compared against a high resolution
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Figure 1. Map of the Portland metropolitan region with major rivers and streams.

(0.15m) aerial photo from 2013 and also compared to
the Regional Land Information System (RLIS) stream
routes layer obtained from the Portland Metro Data
Resource Center in 2003 (Oregon Metro, 2020).
RLIS stream route data includes both existing streams
and buried streams, but it does not identify type
within its attributes. Thus, the aerial photo was used
to validate that an identified stream disappeared.
Streams that were re-routed were also identified as dis-
appeared streams.

NHDplus hydrologic geospatial data layers were
used for Hydrologic Unit Code (HUC) 12 watershed
boundaries, as well as water body areas, which were
used to show the major rivers in the study area
(USGS, 2017). The Federal Emergency and Manage-
ment Agency (FEMA) 100-year (1 percent annual
chance) National Flood Hazard Layer (NFHL) repre-
senting floodplains was obtained from the NFHL Arc-
GIS Viewer.

The year that a building was constructed was
obtained from RLIS tax lot data. Tax lots that inter-
sected disappeared streams were selected and then
the average and oldest year of building construction
for each disappeared stream segment using the spatial

join tool in ArcMap 10.7.1. We used both average and
oldest year built since the former represents neighbor-
hood age while the latter indicates the initial stage of
development. The intersect tool (ArcMap 10.7.1) was
used to create points where the disappeared streams
intersected the boundaries of Portland’s Census
Block Groups (CBG). Subsequently, the Split line at
point tool was used to split each disappeared stream
by CBG to calculate the stream density (m/km?).
Stream density was calculated by dividing the total
length of disappeared streams in each CBG by the
area of that CBG.

4. Results and discussion

The initial 15% of stream length loss documented by
this study occurred before the first USGS topographic
maps were released. This accounts only for stream loss
in the city of Portland as covered by the 1852 map, but
most of the study area was sparsely populated prior to
the twentieth century. Portland’s population grew
from 46,385 inhabitants in 1890-301,815 inhabitants
in 1930 (Abbott, 1994). The surrounding regions
within Portland’s urban growth boundary did not
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Table 1. Sources and descriptions of maps.

Map name Year Method Scale Source

Location of streams (1852)

Portland 1852  unknown unknown  City of Portland

Archives

Location of streams (1896-1916)

Portland 1905  Surveyed in 1896 1:62500 USGS

Oregon City, Boring 1914 Surveyed in 1911-1912 1:62500 USGS

Tualatin 1915  Surveyed in 1915 1:62500 USGS

Troutdale 1918  Surveyed in 1916 1:62500  USGS

Location of streams (1954)

Camas 1954  Aerial photos and planetable survey in 1951, field check  1:24000 USGS
in 1954

Damascus 1954  Aerial photos in 1952, field check in 1954 1:24000 USGS

Gladstone, Linnton 1954  Aerial photos, stereioplanisgraph in 1952, field check in  1:24000 USGS
1954

Mount Tabor 1954  Aerial photos, planetable survey, photogrammetric 1:24000 USGS
methods in 1951-1952, field check in 1954

Lake Oswego, Sandy 1954  Aerial photos, planetable survey, photogrammetric 1:24000 USGS
methods in 1952, field check in 1954

Portland, Vancouver 1954  Aerial photos, planetable survey, photogrammetric 1:24000 USGS
methods in 1951, field check in 1954

Sauvie Island 1954  Aerial photos, planetable survey, photogrammetric 1:24000 USGS
methods in 1951, topo 1953-54

Location of streams (1982-1996)

Linnton 1990 Aerial photos in 1952, revised 1990, edited in 1995 1:24000 USGS

Mount Tabor 1990 Aerial photos in 1951-1952, revised 1990, edited in 1995  1:24000 USGS

Oregon City 1982  Aerial photos in 1955-1974, 1981, edited in 1982 1:100000 USGS

Beaverton 1984  Aerial photos in 1981, edited In 1984 1:24000 USGS

Portland, Sauvie Island, Vancouver 1990 Aerial photos in 1951, Revised in 1990, edited in 1995 1:24000 USGS

Camas 1993  Aerial photos in 1951, revised in 1993, field checked in  1:24000 USGS
1994, edited in 1996

Location of streams (2014-2017)

Damascus, Gladstone, Lake Oswego, Linton, Mount 2017 Imagery 2014 1:24000 USGS

Tabor, Portland, Sandy, Sauvie Island, Camas

in proximity

Kilometers

1896 - 1953
— 1954 - 1989
1990 - 2017

Disappeared streams symbolized
by oldest year a house was built

Incorporated city boundaries

Figure 2. Map of disappeared streams symbolized by the oldest house construction date in the proximity of the former stream

locations.
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Figure 3. Map of disappeared streams symbolized by the average house construction date in the proximity of the former stream

locations.

witness the same amount of population growth as
Portland in the same time frame (Abbott, 1994). The
oldest houses still in existence (built starting in
1879) adjacent to disappeared streams in the study
area are located in downtown Portland (Figure 2).
The majority (65%) of identified stream length loss
occurred between the years 1896-1953. Many houses
built on these disappeared streams were likely con-
structed many years after the stream was removed. A
possible explanation is that the stream was first
removed for agriculture, and the same land was later
developed into housing (Han et al, 2020; Julian
et al,, 2015). A 1908-1910 report from the Bureau of
Labor Statistics confirmed the prevalence of agriculture
and fruit orchards in Gresham, Beaverton, and Hills-
boro (Hoff, 1911). The City of Damascus, Oregon,
was founded in 1867 and was incorporated into the
Portland Urban Growth Boundary in 2004. However,
most of the streams disappeared in Damascus were
already removed before 1954. In contrast, in Lake
Oswego and along the Columbia River, streams disap-
peared from 1990 to 2017, likely associated with new
infill commercial and residential development.
Suburban growth heightened from 1970 to the pre-
sent within Portland’s urban growth boundary. For
example, the City of Gresham’s population increased

by 229% from 1970 to 1980 and 107% from 1980 to
1990 and the City of Lake Oswego’s population
increased by 54% and 36%, respectively, during the
same period. The City of Beaverton’s population
increased by 72% from 1970 to 1980 and 67% from
1980 to 1990, while the City of Portland’s population
decreased 3% and grew 19%, respectively, during the
same period (US Bureau of Census, 1992). Population
growth outside of urban core likely led to development
that covered or moved streams that were identified as
disappeared between 1954-1989. Many of the streams
disappeared after 1954 are in the western suburbs of
the metropolitan area.

The oldest year when a house was built (Figure 2)
near a disappeared stream is an indication of when
an area was first developed, and the average house
age (Figure 3) is an indication of when the area had
a higher development level and house density. Most
disappeared streams (68%) intersected parcels with a
building that was constructed between the years
1896-1953. However, most buildings (52%) adjacent
to disappeared streams were constructed between
1954-1989. Figure 4 shows an example of a disap-
peared stream with houses symbolized by the year of
construction. The houses adjacent to the disappeared
streams were built during the same time period
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[ | House built between 1894 - 1953
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0 100
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Figure 4. A high-resolution aerial photo showing examples of houses that were built in the proximity of a disappeared stream in

the City of Portland, Oregon.

when the stream was removed. New houses were built
in subsequent years on top of historical streams (now
disappeared streams). The highest density of disap-
peared streams occurred in areas where the average
house was constructed between 1954 and 1989. How-
ever, the most recent development period (1990-2017)
has a low density of disappeared streams (Figure 5).
This low density of disappeared streams is likely
attributed to either new stormwater management
practices that minimize the alteration of existing
streams or stream restoration efforts that result in day-
lighting covered streams (Fahy & Chang, 2019). There
are many potential benefits of daylighting urban
streams since they provide multiple ecosystem services
(Palmer & Ruhi, 2019; Wolch et al,, 2014; Yeakley
et al., 2016). Streams in urban environments reduce
nutrient pollution (Beaulieu et al., 2015), support
wildlife and biodiversity in and around the streams
(Meyer et al., 2007), and offer aesthetic value to resi-
dents and visitors (Kenney et al., 2012).

The density of disappeared streams in the study
area (212 m/km?) exceeded rates calculated for other
cities. Cities in Michigan, for example, ranged from
75 m/km? (Flint) to 153 m/km? (Ann Arbor) (Napier-
alski & Welsh, 2016). Notably, the density of

disappeared streams (131 m/km?) identified from
the oldest maps in this study (1852 to 1896-1916),
was similar to the cities in Michigan. Both the maps
in the Michigan study and the 1896-1916 maps used
in this study were created at a 1:62,500 scale, which
likely did not include smaller streams. The maps
used to digitize the streams in the other periods within
this study were digitized at a 1:24,000 scale, which
likely showed additional streams within the study
area. This map scale difference may explain the higher
disappeared stream density over time.

5. Conclusions

Using historical topographic maps can be useful to
study disappeared streams from urbanization over
time. By relating stream disappearance to the year of
building construction near disappeared streams, this
study found that streams disappeared well before
buildings were constructed, possibly due to agricul-
tural land development, as indicated by the expansion
of farmlands in the region. With the comprehensive
collection of scanned and georeferenced topographic
maps available from the USGS encompassing the
twentieth century, it is possible to replicate the
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Figure 5. Density of streams per census block group (m of stream/km?).

methodology used in this article for other cities.
Depending on the development history of an urban
area, using multiple periods of maps may help both
identify a higher number of disappeared streams and
understand the stream removal process over the twen-
tieth century. The age of houses in proximity to where
streams disappeared can offer important historical
context of when and why a stream was lost.

There are some limitations of the current study.
These limitations stem from primarily relying on the
USGS historical topographic maps created after
some of the initial development in Portland had
occurred. An earlier, non-USGS topographic map
did not cover the entire study region. As a result, the
current approach is likely to have underestimated
the lengths of disappeared streams for early develop-
ment periods. Additionally, while the USGS topo-
graphic maps are good sources to describe what
happened to urban streams, they do not provide
answers as to why streams were rerouted or culverted.
Thus, future studies can take advantage of using other
archival information such as council planning min-
utes, stream engineering project design, and historic
photographs. Together with USGS topographic
maps, such supplementary information can enrich
our understanding of the social and cultural context
of urban streams removal processes.

The findings of the study have implications for
spatial and environmental planning of the city. City
planners and developers can learn from the history
of disappeared streams and incorporate streams into
their planning to limit ecological damage. Disap-
peared streams’ locations can be useful to identify
areas where stream daylighting and ecological stream
restoration may be possible. Areas of cities with disap-
peared streams may be less resilient to extreme
weather events such as flooding since water flows
into low-lying old channel areas when water levels
increase (Chang et al., 2020). Thus, original hydrologic
networks are beneficial for city climate resilience plan-
ning with their relationship with green spaces
(Napieralski, 2020).
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