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1. Introduction
1.1. Study Overview and Objectives
The Walla Walla Basin is a bi-state watershed in northeastern Oregon and southeastern
Washington that drains into the Columbia River (Figure 1). The Walla Walla River and its
major tributaries, Mill Creek and the Touchet River, historically supported large
populations of cold-water fish species including Spring Chinook (Oncorhynchus
tshawytscha), Bull Trout (Salvelinus confluentus), and Steelhead (anadromous O. mykiss)
(Pfeifer et. al, 2003). Human activities affecting aquatic and terrestrial habitat inside and
outside the basin since Euro-American settlement have precipitated sharp declines in these
populations. The 19th and 20th centuries were marked by the draining of wetlands, land
clearing, dam building, river channel manipulation, and water diversion to make the basin
suitable for agriculture. However, such activities have degraded the riparian and aquatic
habitat important to native salmonids.

Figure 1: The bi-state Walla Walla River Basin.
One of the greatest barriers to salmonid survival in the Walla Walla Basin is thermal
water quality. The 2002/2003 Total Maximum Daily Load (TMDL) temperature studies
carried out on the three major basin rivers found that water temperature often reached
lethal levels for salmonid species. The Oregon TMDL assessment conducted by the Oregon
Department of Environmental Quality (ODEQ) and the Walla Walla Basin Watershed
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Council (WWBWC) in 2000 found that seven-day moving average temperatures on the
main stem Walla Walla River exceeded the Oregon state water quality standard 1 on 36 of
the 43 study sites on the Walla Walla River (Butcher et. al, 2005). The standard was also
exceeded at all seven study sites on the Touchet River and Mill Creek (Butcher et. al, 2005).
The ODEQ/WWBWC TMDL assessment cited increased in-stream flows and increased
shade as the most critical factors for lowering the currently high water temperatures to
meet thermal water quality standards.

In-stream flow issues are being addressed basin-wide through irrigation efficiency,
minimum flow agreements, and aquifer recharge. These activities lower water
temperature by adding cooler water to the channel and augmenting flow 2. However, the
ability of stream flow alone to reduce summer water temperatures is limited because of
variability in annual precipitation and competition for water. Therefore, other factors that
affect stream temperatures, such as shade from riparian 3 vegetation, must also be
addressed. Beschta (1997) cites solar radiation as the “singularly most important radiant
energy source heating streams during daytime conditions.” Beschta (1997) found that an
un-shaded stream only reflect about 10% of incoming solar radiation, leaving the
remaining 90% available for heating. Bohle (1994) found the presence of riparian 4 cover
which deflects solar radiation was significantly related to maximum summer water
temperatures in northeast Oregon streams. Furthermore, the findings of the TMDL
assessments have resulted in the Washington Department of Ecology (WDOE) citing a need
for a 45 % average increase in riparian shade on basin rivers to reach natural stream
temperature conditions (Baldwin et. al, 2007). Other agencies, conservation groups,
farmers, and citizens in the basin also recognize the importance of riparian vegetation for
stream health. Several federal and state programs focus on re-planting riparian vegetation
for resource protection.

The promotion of riparian vegetation restoration is an important investment for the
future, but it does not have the capacity to shade streams for many years. It is therefore
critically important to conserve existing riparian vegetation for the ecosystem services it
currently provides. The first step in ensuring existing riparian be conserved is to identify
where it has been historically and where, through current zoning rules, it might be most
susceptible to degradation. A few such studies such as the TMDL assessments have focused
on potential riparian vegetation conditions, but to date there have been no surveys
assessing historical trends for the Walla Walla Basin. The goal of this project was to assess
the historical extent and trends of vegetation and land use in the near-stream environment
using GIS analysis tools and historical aerial photos to detect and quantify changes.

1The

state of Oregon requires stream water temperatures remain below the biological criteria of 18°C (64°F) for salmon
migration and rearing (Butcher and Bower 2005).
2 See (Butcher and Bower 2005) for expanded explanation of stream-heating process.
3
For an overview of riparian zone definitions see Appendix 1.
4 Riparian defined in this study as the area within 500 feet of each side of the channel mid-point.
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The primary study questions were:
•
•
•

What are the current 5 riparian vegetation conditions and how have they changed
over time?
How has land use affected the extent of riparian trees in the basin?
What might future riparian conditions be, given the current trends?

In order to answer these questions we applied the following procedure:
• Develop a GIS-based aerial assessment method to quantify riparian tree extent and
change through time
• Utilize that method to assess specific reaches of Walla Walla, Touchet and Mill Creek
subbasins.
• Share results with local and regional policy makers and resource managers to
inform decision making

The purpose of this study was to further the scientific understanding and add to the ongoing public dialog in the basin about salmon recovery and land-use planning. This study is
an effort to advance the WWBWC mission to “…deal with issues in advance of resource
degradation, and enhance the overall health of the watershed…” through collaboration and
research (WWBWC, 2002).
1.2. Study Area

The Walla Walla River Valley 1,330 square mile basin ranges in elevations from 6,387
feet of Oregon Butte in eastern side of the watershed to 340 feet at the western confluence
with the Columbia River (Figure 2). Approximately three-quarters of the basin lies in Walla
Walla and Columbia counties in Washington, and the remaining one-quarter lies in Oregon
in both Umatilla County and a small portion in Wallowa County to the east (Figure3)

5

Defined as the condition shown in 2006 NAIP aerial photographs.
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Figure 2 Walla Walla Basin with Riparian Study Reaches
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Figure 3 Walla Walla Basin and County Zoning Boundaries

The Walla Walla Basin was first inhabited by Native American tribes who used the land
for hunting, fishing, and gathering. Since Euro-American settlement in the 1830’s and 40’s
the basin landscape has been characterized by the change to extensive agricultural use.
The basin’s rivers have also been affected by land use change since they were channelized
and manipulated for irrigation and flood control purposes. In this study we assessed such
land use changes on reaches of the major basin rivers in order to understand the
interactions between land use and riparian trees. One section of each of the Walla Walla,
Mill Creek, and Touchet Rivers (Figure 2), with a diversity of near-stream land uses, was
chosen for investigation (Figure 2). The methodology and selection for each of the
particular study reaches in described in the Methods section of this document.
1.3. Riparian Habitat & Land Use Interactions

The Walla Walla Basin is an ecologically diverse area with land types including
grasslands and sagebrush at the downstream end of the basin and several kinds of forest,
riparian areas, and wetlands in the upstream section. The diversity of the landscape allows
for various land uses including logging, farming, and ranching as well as industrial,
commercial, residential, and municipal uses. At times these land use activities come into
Page 11

competition for space and resources with fish and wildlife habitat. Historically riparian
vegetation was cleared for other land uses, and local resource managers are concerned that
these activities could continue to further deplete the near-stream riparian vegetation. The
consequence of depleted riparian vegetation leading to higher water temperatures is that
salmon and Endangered Species Act (ESA) recovery efforts focus extensively on increasing
flows as a way to offset the temperatures through water quantity which further pressures
irrigators to bypass more irrigation water rights. Thus, this study focused particularly on
the interplay between riparian habitat and two major land uses in the basin: agriculture 6
and development 7.
1.3.1. Riparian Vegetation and System Potential

To understand a riparian system’s potential, it is important to understand the
changes it has undergone to reach its current condition. Upon arrival in the Walla Walla
Basin the first Euro-American explorers described the riparian areas along the Walla Walla
and its tributaries as thick with riparian trees. For example, in 1806 Lewis and Clark noted
a “profusion” of trees along the river and an increase in the density of “timber” as they
traveled upstream from the mouth of the Walla Walla River to the mouth of the Touchet
River (Lyman, 1918). However, they also noted that it wasn’t until their trail crossed the
lower Touchet River that adequate firewood was available.

In the 1840’s explorer John Charles Fremont noted “…dark lines of timber…” along
the banks of the Walla Walla with “…occasional spots along its [the Walla Walla River’s]
banks, which appeared to be clearings…” (Jackson et. al, 2007). When Captain Mullan
arrived in the basin in the 1850’s he created maps showing great densities of riparian trees,
especially along the Walla Walla River (Bower, 2003). However in Mullen’s map these
trees seemed to dissipate toward the confluence with the Columbia River, suggesting
decreasing densities of large tree stands and riparian shade coverage. Today hardwoods
are present in the lower portion of the river where they are allowed to grow, so it is
difficult to fully understand what the potential is for large wood debris in the lower system.
These accounts serve as a reference point for understanding historical riparian conditions
and the change that has occurred since the early to middle 1800’s when riparian vegetation
was more plentiful (see Bower 2003, for a historical vegetation reference summary).
1.3.2. Agriculture

The Walla Walla Basin has a fertile and productive dry-land and irrigated
agricultural economy. Crops produced have included wheat, barley, rape seed, alfalfa, peas,
orchard fruits, and more recently, wine grapes. In 2007, over 800,000 acres were
harvested in Umatilla, Walla Walla, and Columbia counties: the three main basin counties
(Table 1). Additionally, over 50% of the land area in each county was in farms in 2007
(Table 1). It should be noted that while Walla Walla County is nearly entirely within the
watershed, the acres shown in Table 1 reflect values for all of Columbia and Umatilla
6
7

Agriculture is meant to be pastures, orchards, and farmland in production and fallow (Table 4).
Development is defined as residential, municipal, and industrial land uses for the purpose of this study.
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counties. Most of the agriculture takes place on the valley floor and floodplains of the
major rivers, which historically put agriculture and riparian vegetation in competition for
space, although today federal and state conservation programs focus on the restoration of
riparian vegetation buffers 8. Figure 4 shows the generalized land use types throughout the
watershed area (Figure 4).

Table 1: 2007 NASS Ag Census Agricultural data for major Walla Walla Basin counties.

8

Figure 4 Land use in the Walla Walla Basin (Saul, et al. 2002).

Vegetation buffer: A strip of land planted with vegetative cover that shields sensitive areas from degradation.

The Conservation Reserve Enhancement Program (CREP) partners’ federal, state,
tribal, and private entities to further protect environmentally sensitive areas through an
incentive-based approach (FSA, 2009). Data from the 2007 NASS Agricultural Census
indicates that over 220,000 acres in the three basin counties were enrolled in federal
conservation programs including CREP. Columbia County had the highest enrollment with
12% of farmland in conservation programs.
1.3.3 Development

Although there is some new industrial development in the basin, such as wind
farms, many basin resource managers have expressed the greatest concern at possible
riparian habitat loss with increased residential development. The Walla Walla Basin
currently supports approximately 53,000 inhabitants in Washington (HDR, Inc. 2006) and
approximately 11,500 in Oregon (Pfeifer et. al, 2003). The population is expected to
increase on the Washington side 18% by 2015 (HDR, Inc. 2006) and about 12% in Umatilla
County by 2015 (Oregon Department of Economic Analysis 2009). While much of these
increases would be expected primarily inside urban growth boundaries, a proportion of
those increases would be reflected in the rural residential areas along the streams and
rivers of the basin. This is why basin resource managers have stressed the importance of
adequate county zoning rules to help protect against any further degradation.
1.3.4 Riparian Policy and Regulation

Existing policy affecting riparian vegetation in the basin is either incorporated into
land use planning, water quality protection, or endangered species regulation. Land use
planning in Oregon and Washington limits the density of new residential development and
applies environmental rules to regulated land uses. Walla Walla and Columbia counties are
required by the state of Washington to develop Critical Areas Ordinances (CAOs). Under
the CAOs, fish and wildlife habitat, wetlands, and other sensitive ecological areas are to be
protected from development (HDR, Inc. 2008), although small developments or single
family residences are often exempted from these restrictions or permitted. In Oregon,
Umatilla County Zoning Code also limits construction in the riparian zone (Umatilla County
Department of Land Use Planning, 2008).

Water quality regulation at all levels of government also has some effect on riparian
vegetation by promoting its use to buffer runoff, erosion, and pollution. For example,
Oregon has recognized the role of riparian vegetation to improve water quality under
Senate Bill (SB) 1010, the Agricultural Water Quality Management Act. SB1010 mandated
basin-specific management plans, and in the Walla Walla Basin the establishment of
riparian buffer strips was identified as one of the most important management strategies to
reduce stream temperature, erosion, and water pollution in the Walla Walla Basin
(WWLAWQAC, 2007). However, SB1010 does not proactively enforce the water quality
rules and recommendations but rather addresses complaints levied against landowners
and works with them to alleviate water quality problems before penalties are assessed.
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Both states have completed Total Maximum Daily Load (TMDL) assessments (Oregon 9
2006, Washington 10 2008) for the main rivers and tributaries of the basin. The non-point
source water temperature TMDLs focused on riparian vegetation as the primary step for
reducing non-point thermal-loading of the waterways. This processed set goals and
timelines for implementation to achieve the mass-loading goals which are outlined in each
of the plans and required by the federal Clean Water Act (1972).

While these state and federally backed programs provide timelines and steps to
improve riparian conditions the most prevalent and useful of all the various regulations are
likely the county zoning process. This is because entities planning to build or make
regulated changes to their private or public properties, typically need to go through the
county planning department to apply for various permits. The local process is therefore
likely the most influential regulatory effort in controlling further development of riparian
zones in the basin.

2. Methodology

2.1. Geographic Scope & Study Reach Selection
When considering the scope of these study reaches, we needed to consider the various
types of riparian zones in the Walla Walla basin that range from the semi-arid lowlands
near the confluence with the Columbia River to the conifer forest headwaters of the Blue
Mountains. During the Walla Walla TMDL process the basin’s riparian zones were further
categorized into five sub-zones based on field and aerial survey work by the assessment
team (Butcher, Bower, 2006). They identified the zones to be (from mouth to headwaters);
Lower Deciduous, Lower Shrub-Deciduous, Deciduous, Deciduous-Conifer, and Conifer
zones. The study area names provide evidence as to the predominant shade producing
vegetation in each of these sub-zones. That assessment provided this study with the
backdrop by which to assess the most consistent study-reach locations and provides
context to the wide variably in riparian zones in the Walla Walla basin.

Rather than assessing the entire length of the Walla Walla, Mill Creek, and Touchet
rivers, specific study reaches were assessed in this study. Study reaches were selected by
the team using 2006 National Aerial Imagery Program (NAIP) aerial photographs to locate
areas that met three important study criteria. First, the study reaches had to be areas
significant for fisheries habitat. Arguably, the entire river length is important for salmonids
during migration but we focused on areas in each stream system important for passage,
rearing and potential spawning. The second criterion was to include reaches that had the
potential for riparian vegetation establishment under current conditions and policies. On
many sections of the three rivers riparian habitat cannot grow or be restored due to flood
control measures, so these sections were generally not considered in study-reach selection.
Aside from the habitat and riparian vegetation requirements, each study reach met a third
criterion to include areas that have experienced, or likely face relatively high levels of near9

http://www.deq.state.or.us/wq/TMDLs/wallawalla.htm
http://www.ecy.wa.gov/programs/wq/tmdl/WallaWallaTMDL.html

10

stream development. This third criterion allowed us to specifically investigate the
interactions between riparian trees and development, one of the fastest growing land uses
in the basin.
2.1.1. Walla Walla River Study Reach

The north and south forks of the Walla Walla River begin in the Blue Mountains
southeast of Milton-Freewater, Oregon in Umatilla County (Figure 2). After the forks
converge, the main stem flows north and then turns northwest at the Oregon-Washington
Stateline, into Walla Walla County, and toward the Columbia River. The Oregon section of
the Walla Walla River is diked by private and US Army Corps of Engineers (USACE) levees
for flood protection of farmland and the city of Milton-Freewater, Oregon. Much of the
upstream levee channel was also straightened and deepened by USACE after the 1964/65
flood (Wolcott, 2009). The levees end about 2.5 miles south of the Washington Stateline
which represents the beginning of this study reach. There are privately constructed levees
in the Washington reach of the Walla Walla River, however, it is not as extensively
channelized as in Oregon due in part to the decrease in topographical gradient. Of the
three rivers, the Walla Walla is the most significant “bi-state” resource because it provides
a majority of the surface water irrigation supplies while at the same time providing access
to a majority of the high quality salmon habitat in the headwaters. The study reach was
also chosen to allow this assessment to examine possible riparian and land use planning
differences between the two states.

The Walla Walla River study reach begins at Tum-A-Lum Bridge in Oregon (Figure
5), which is the north end of the levee section, and ends 10 miles downstream at the
confluence of Mill Creek, southwest of the town of Walla Walla. This study reach was
chosen in order to capture a section of the river that did not contain levees but flowed
through land used for a diverse set of agriculture, industry, and residential uses.
Additionally, the study reach was chosen outside the USACE levee section where any trees
greater than four inches in diameter are removed to protect downstream bridges and
structures from damage by large logs (Wolcott, 2009). Finally, the study reach is upstream
of the sage and grasslands which is characterized by smaller riparian vegetation not
investigated in this study (Figure 5).
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Figure 5 Walla Walla River Study Reach – Tum-a-lum Bridge (OR) to Mill Creek
Confluence (in WA).
2.1.2. Mill Creek Study Reach

Mill Creek flows out of the Blue Mountains in Oregon, east of the city of Walla Walla
and runs through town on its way to the confluence with the Walla Walla River in
Washington (Figure 4). The section that flows through the city of Walla Walla is contained
in a USACE constructed series of levees and a concrete channel for approximately seven
miles that are used in combination with Bennington Lake Reservoir for flood control. The
upper reaches of Mill Creek have also been straightened and manipulated somewhat by
landowners for flood control (Wolcott, 2009). The 13-mile long Mill Creek study reach lies
entirely within Walla Walla County. It begins southeast of the city of Walla Walla at the
Oregon-Washington Stateline and ends just downstream of the divergence of Yellowhawk
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Creek (Figure 6). The study reach encompasses the entire Washington section of Mill
Creek upstream of the USACE flood control levee. Additionally, the reach was selected
because the upstream section of the Mill Creek study reach is characterized by forest and
rangeland, two of the many land types we hoped to capture in the land use assessment, and
for its proximity to Walla Walla urban growth areas and its substantial residential
developments.

Figure 6 Mill Creek Study Reach – Stateline to City of Walla Walla Urban Growth Boundary.
2.1.3. Touchet River Study Reach

The Touchet River is located north of Mill Creek in Columbia and Walla Walla
counties (Figure 3). It flows out of the Blue Mountains in Washington through the towns of
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Dayton, Waitsburg, and Prescott before turning south toward its confluence with the Walla
Walla River near the town of Touchet. The overall river has some privately and publicly
constructed levees for flood control around Dayton and Waitsburg and other areas where a
narrow valley floor and county roads constrain the river further (Wolcott, 2009).

The 17-mile long Touchet River study reach begins at the US Forest Service Boundary
about 12.5 miles upstream of the town of Dayton, WA, and ends about 1.5 miles
downstream of the town (Figure 7), with its entire length within the jurisdiction of
Columbia County. The study reach flows through forested and agricultural lands in the
upstream sections and also flows through the town of Dayton. This study reach was
selected for its importance to in-stream fish habitat and potential for development near the
town. Like Mill Creek, this reach was also selected because of its location in forested and
range land types.

Figure 7 Touchet River Study Reach – Umatilla FS Boundary to downstream end of City of
Dayton City Limits.
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2.2. Study Period & Aerial Imagery Selection
The study reaches were assessed using several time series of aerial photos (Table 2).
The oldest and most recent available photo sets dated from 1939 to 2006 on the Walla
Walla River and Mill Creek, while only photo sets from 1964 through 1996 were available
for the Touchet River. All photos were taken by the US Department of Agriculture (USDA)
and available through the USDA Aerial Photography Field Office (APFO) or local agencies.
Note that the 1939 photos are the earliest known aerial flights of the area that
systematically documented land use.
Walla
Walla
River
1939
1957
1996
2006

Source
WDOE 11 and
Whitman
College
Archives 12
APFO 13
USDA Data
Gateway 14
online

USDA Data
Gateway online

Mill
Creek
1939
1957
1996
2006

Source

Touchet
River

Source

-----

-----

WDOE and
Whitman
College
Archives
APFO

USDA Data
Gateway online
USDA Data
Gateway online

Table 2: Aerial photo sets uses in study

1964
1996
2006

APFO
USDA Data
Gateway
online
USDA Data
Gateway
online

The 1996 and 2006 photo sets were accessed online as georeferenced, mosaic photo
sets. However, the 1939, 1957, and 1964 aerial images had to be scanned, then
georeferenced into Arc GIS for analysis. Margot Irvin at Visual Map Solutions preformed
the georeferencing process as a subcontractor to the WWBWC. Touchet River was not
assessed for 1939 period because a complete photo set for that period could not be located.
Additionally, no aerial imagery existed for all reaches for the same year in the mid-1900s.
Therefore photos from 1957 were used for the Walla Walla River and Mill Creek and the
1964 photo set was used for the Touchet River for cross comparison purposes. All study
reaches were assessed for 1996 and 2006.
Notably, the 1964 and 1996 photos were taken in the same years as major flood events
in the basin. This would be important because they would likely show riparian areas with
high disturbance from channel forming-changing flows. The exact dates each photo was
taken were not available from the USDA; however it is likely they were taken during the
summer months to capture the crop plantings for USDA’s purposes. We did not deem it

Photo set provided courtesy of the Washington Department of Ecology Spokane office.
http://www.whitman.edu/content/penrose/archives/
13 http://www.fsa.usda.gov/FSA/apfoapp?area=apfohome&subject=landing&topic=landing
14 http://datagateway.nrcs.usda.gov/
11
12
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inappropriate to use flood-year photos in the assessment because they allowed us to
incorporate the effects of natural disturbance into our survey of riparian trees. Finally, the
1996 photos were used because there were limited complete photo sets available, and we
were particularly interested in the land use change over the last 10 years due to the
increase in development, so the 1996-2006 comparison helped us answer our study
questions.
2.3. Process Steps

2.3.1. Boundary Creation

The first step to create land use data output from the aerial photos was to define the
boundaries of the study reaches. With the reaches’ start and end points identified, the river
was further delineated by creating a line along the channel mid-point or thalweg at a
1:2000 scale for each aerial photo series year (Figure 8). A study area boundary was then
created 500 feet on each side of the channel mid-point for the entire length of the study
reach in GIS (Figure 9). This 500 foot buffer also defined the riparian zone in this study. An
extensive review of the scientific literature and land use policies showed that there are
many definitions of “riparian zone” (see Appendix 1). However this definition and buffer
width was chosen as a way to capture the changing streamside conditions and floodplain,
and allowed for natural channel migration over historical time (Figure 10). This issue is
addressed further in Methods Section 2.3.3.
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Figure 8 First step in delineation – channel thalweg is digitized.
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Figure 9 500 foot buffers generated for each bank of study reach for each aerial photo
series year.
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Figure 10 Historical variations in riparian buffer and thalweg delineations due to
meandering river (Yellow 1957, Red 1996).
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2.3.2. Land Use Delineation

The three main land uses categories for this study were riparian vegetation,
agriculture, and development. The Agriculture category represents the most extensive land
use in the basin while non-agricultural Development category represented the one that was
most likely changing due to population growth (Table 3). In this study riparian vegetation
was defined as near-stream trees clearly distinguishable as trees in the aerial photographs.
Smaller vegetation such as shrubs was more difficult to distinguish in the imagery and was
not identified as trees, although they can provide some riparian benefits. It is important to
note that while other basin studies (e.g. TMDLs) further distinguished trees into size
classes and estimated shade density benefits, this study focused more generically on the
larger tree classes which provide the most benefit to riparian habitat through shading and
large woody debris contributions.

Riparian Trees are identified in this study as those trees visibly adjacent and
connected to the live flow stream channel. Other trees located in the buffer delineation but
not directly adjacent to the active channel were delineated as Riparian Trees, off-channel.
They were distinguished apart because they were not as likely to provide direct shade to
the stream 15 but still have a current role in vegetation regeneration and recruitment, and
as the river migrates over time these trees may once again be directly adjacent to the active
channel.
Land Use Category
Agriculture

Description
Pastures, orchards, and crop lands in current use, including fallow.
Urban and rural residential development such as lawns and homes,
Developed
industrial development, roads, bridges, parking lots, and other
buildings and structures.
River
River and ditch channel area including banks and gravel bars.
Trees directly adjacent to the stream and continuous stands of trees
Riparian Trees
where part of stand is adjacent to stream
Riparian Trees, offTrees and continuous tracts of trees directly adjacent to the stream
channel
channel.
Non-agricultural, undeveloped, and non-forested lands such as
Other
rangeland and the edges of tree lines not under crop production.
Includes ponds.
Table 3 Studies riparian zone land use GIS categories.

In addition to the agriculture, developed, and the two riparian tree categories, the
analysis required the further delineation of two additional categories; River and Other. The
River category was required in order to delineate the river channel, banks, and sandbars,
while the Other category encompassed a diverse set of land use types that did not fit cleanly
into any of the categorical focus areas of this study including bridges, roads, etc. Grasslands
and rangelands were included in the Other category instead of the “Agriculture” category
Off-channel riparian trees can provide shade to the stream where the riparian zone is very steep as in a narrow canyon.
However our study areas were flat near the stream.

15
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because it was not possible to see if they were used for grazing purposes from aerial
photographs.

The next step was to digitize the right and left banks buffer zones of each aerial
photo series into one of these land use categories. The different land uses were separated
by digitizing polygon boundaries around each of the categorical areas (Figure 11). By
converting them into polygons they could be used to calculate areas in acres for the next
step in the analysis process. The result was a river buffer cut into many polygons with
defined area and assigned land use type as colored shapes inside the delineated buffer
areas.

Figure 11 Colored polygons depict the various land use categories used to calculate areas.
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2.3.3. Analysis

Analysis of land use changes for the various photo series was a two-part process.
First, the areas of the polygons in each land use category were summed to provide the total
acreage of each land use, by reach, by year. These values were converted to percentage of
total riparian area thus providing a comparison value between years.

This analysis indicated that there were recognizable changes in coverage
percentages from year to year, however it did not provide a sense of what or how riparian
trees and land use interacted, or how an individual point on the landscape changed through
time (‘Was a riparian area being converted to development or agriculture’?). This lead to
the second step in the process where utilizing established GIS change detection techniques
(Bare, 2004; Barnes et al., 2009; Jenerette et al., 2001), John Schaeffer of Juniper GIS
Services, Inc. 16 was able to analyze how site-specific polygons progressed from one land
use category through the study years (Figure 12).

Figure 12 Process to convert Delineated images into raster files for change detection
analysis.
16

See appendix 2 for detailed information on the process.
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First, the land use delineations were overlaid with grids of 10 by 10 meter cells
(Figure 12). This converted the land use delineation polygons with smooth lines to a
Raster image 17. The Raster images divided the study area into cells with assigned
coordinates. While the cells didn’t change over time, the land use type inside each cell
potentially did, providing a tool for consistent comparisons through the years. As the
riparian buffer boundaries changed due to historical changes in the channel thalweg, it was
required to only include the areas that all the buffers had in common. The change
detection assessment areas were therefore somewhat slightly smaller than the actual
buffer extents for each year, but the loss was not considered significant. Using the Raster
images the land use category for every cell was then sampled and compared between years.
The results provided the ability to track which land use was being converted (or not) to
another during the period between photo years. For example, that a particular cell was
agriculture in 1939, changed to riparian trees 1957, and remained riparian trees in 1996
and 2006 (Table 4).
Land Use Change Progression
Riparian Trees Changes To
Agriculture
Riparian Trees Changes To Development

Result
Riparian trees lost
Riparian trees lost
Riparian trees
Any land use
Changes To Riparian Trees
gained
Table 4 Logical progression for Change Detection analysis and intended result.

Of particular interest were the land use changes that either resulted in an increase
or decrease in riparian trees on the study reaches. As agriculture was the most prevalent
land use in the basin and development was the fastest growing, we specifically investigated
the change from riparian trees to agriculture or development as well as the change from all
land uses and covers to riparian trees. The change detection output summarized the
number of cells, acres, and percent total acres that followed the change progressions we
investigated (Table 4). Outputs were then used in MS Excel to create graphs and analyze
trends. An example of the change detection output is shown below in Table 5.

17

Land Use Change from 1939 to 2006 on the Walla Walla River
Change Progression
Number Of Cells Acres % Total Acres
Riparian Trees to Agriculture
1040
26
3%
Riparian Trees to Developed
321
8
1%
Any Land Use to Riparian
Trees
10444
258
28%
Other Changes
11682
289
31%
No Change
14262
352
38%
Total
37749
933
100%
Table 5 Example of change detection output.

Raster: A spatial data model that defines space as an array of equally sized cells arranged in rows and columns, and
composed of single or multiple bands. Each cell contains an attribute value and location coordinates (ESRI 2009).
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3. Results
The results are divided into the two steps of the analysis outlined in the previous
section (landscape trends and change detection). The results indicated general trends on
the study reaches of the three main basin rivers. They are intended to be an exploratory
survey and no attempt was made to perform any statistical analysis on these trends.
However, the results do appear to be varied enough that this team recommends that
statistical trend analysis is conducted in the future.
3.1. Overall Land Use Trends
3.1.1. Walla Walla River

In the Walla Walla River reach the majority of land was under agricultural
production for all photo years, however, that steadily declined through time. Agriculture
declined from 61 % to 50 % in Land Use Coverage (Figure 13) which translates to a 19%
overall reduction using Change Detection (Figure 14). The decrease in agriculture appears
to coincide with an increase in riparian trees and development, as they were the only land
use categories with an overall increasing trend from 1939 to 2006 (Figure 13). Specifically,
the percent of study acres in riparian trees increased approximately 2.5 times between
1939 and 2006, and developed land increased nearly five-fold (Figure 14).
All other land use categories had decreasing trends including a decrease in total
acres identified as river. A loss in river habitat may be related to the increase in riparian
trees in that riparian trees stabilize banks and reduce erosion. The decrease in off-channel
riparian trees may also be correlated to an increase in near-stream riparian trees if the offchannel trees became connected with the near-stream stands of trees. Finally, the other
land use category decreased, which may have some connection to the coinciding increases
in development and riparian trees if they replaced land in the other category.

Page 29

Figure 13 Total land use on the Walla Walla River study reach (1939-2006).
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Figure 14 Walla Walla River % land use change (1939-2006).

3.1.2. Mill Creek

The results indicate the most prevalent land cover in the Mill Creek reach for all
years was riparian trees (Figure 15). Unlike the Walla Walla River, which saw a definite
increase in riparian coverage from 1939 to 2006, the coverage of riparian trees on the Mill
Creek was nearly the same in 2006 as it was in 1939. That is not to say that riparian tree
coverage did not vary, however. It decreased from its highest level of 50% of the study
reach in 1939 to its lowest level of 34% in 1957 (Figure 16). An increase in agriculture
from 22% to 28% of the study reach in 1957 coincided with the decrease in riparian cover.
However, like riparian tree coverage, agriculture appears to have remained stable overall
through the 67 year period with only a 4% decrease between the first and last assessment
year. Similar to the Walla Walla River, development on Mill Creek increased six-fold over
the study period. The only other land use category to increase was other but due to the
diverse nature of the category little can be understood about changes in this category.
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Figure 15 Mill Creek Land Use Coverage Results
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Figure 16 Mill Creek % land use change (1939-2006).

3.1.3. Touchet River

The Touchet River study reach uniquely did not appear to have a predominant land
use for the study period. Rather, three land use types (agriculture, riparian trees, and
other) evenly divided 80% of the reach and the other three (developed, off-channel
riparian trees, and river) evenly divided the remaining 20%. Areas designated as other
were higher in this study reach, which should be examined further in future studies. Also it
should be mentioned that because of the lack of the 1939 photo series for this reach, a true
cross reach comparison is difficult. Over the entire study period agriculture, other, and
riparian trees were the most prevalent land uses each making up between 20% and 40% of
the study area, depending on the year (Figure 17). Of these three categories only riparian
trees increased, about 23% overall between the years of 1964 and 2006 (Figure 18).
Agriculture showed a declining trend and other showed no trend.
Developed, off-channel riparian trees, and river land use categories each
represented between 5% and 9% of the study reach over the study period (Figure 20). Of
these land use categories, the most significant change was in development which increased
77% overall. Notably off-channel riparian trees also decreased by 10% and development
may have contributed to this decrease. As previously mentioned, the off-channel riparian
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trees were not necessarily lost as they may have been incorporated into the near-stream
stands of riparian trees and delineated thusly in subsequent years.

Figure 17 Total land use on the Touchet River study reach.
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Figure 18 Touchet River % land use change 1939-2006.

3.2 Change Detection Results
3.2.1. Walla Walla River

The results of utilizing the GIS Change Detection method outlined earlier (Table 4)
to track the potential transitions between the major land use categories are shown in
Figure 19. This figure shows both the sequential changes between each year as well as the
overall changes in the Study Period category; a direct comparison between 1939 and in
2006. The Walla Walla River reach results indicate that only one of the three change
progressions represented a notable change. The category Any Land Use to Riparian Trees
showed an increase of approximately 28% of the study was converted to trees when
comparing 1939 to 2006. This category showed an increase of between 7% and 20 % for
each change detection period step. Less than 3% of the total study area for the assessment
period was converted from agricultural or developed land use to riparian trees, which
coincides with the increase in riparian trees over the entire study period.
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Figure 19 Land use change progression results on the Walla Walla River.

3.2.2. Mill Creek

As on the Walla Walla River, Mill Creek appeared to show a net gain percentage of
other land uses being converted to riparian trees (Figure 20). The greatest change in
riparian trees to agriculture on Mill Creek (about 10%) occurred between 1939 and 1957
and proportionally was nearly three times the amount found on the Walla Walla River.
This may be due to the closer proximity of this study reach to the City of Walla Walla urban
growth boundary, or may be due to other topography differences between the two reaches.
However, in the Study Period category (1939 to 2006), the Riparian Trees to Agriculture
change progression was lower (7% of the study area) indicating a decreased rate over time
in the removal of riparian trees for agricultural uses. Additionally, the assessment period
from 1957-1996 saw the greatest increase in riparian trees on the reach. The conversion of
riparian trees to developed land uses remained the same for each assessment period, only
representing about 1% of the study area, which means very little riparian tree acreage was
lost to development within the 500 ft riparian buffer.
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Figure 20 Land use change progression results on Mill Creek.

3.2.3 Touchet River

As in the previous two reaches, the Touchet River’s Any Land use to Riparian Trees
category appears to indicate a net increase in land uses being planted or allowed to change
into riparian trees. The progression of riparian trees to agriculture or development
represents 2% or less of the study area for each assessment period (Figure 21). Riparian
trees have actually replaced other land uses in much greater numbers with an overall
change of 18% of the study area from 1964 to 2006. However, the conclusions drawn from
the Touchet River results are more limited as only three photo sets (spanning a period of a
little over forty years) could be located for analysis compared to the four sets used on the
other two reaches (spanning nearly 70 years).
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Figure 21 Change detection results for the Touchet River.

4. Discussion
4.1. Riparian Trees and Land Use
In the planning phase of this study the assessment team expected to see riparian tree
coverage impacted over time by land use (agriculture and development in particular) as
they are largest and fastest growing land uses in the basin, respectively. However, there
was no trend in the study reaches that supported the expected outcome. Results from the
landscape trends analysis showed that current riparian tree extents on the Walla Walla and
Touchet rivers are higher than they were in the earliest aerial photos in 1939 or 1964,
respectively, while on Mill Creek riparian trees were at the about same level as historically.
However, it is highly likely that the historical 1939 aerial photos were taken after there had
already been significant degradation of riparian habitat from the mid-1800s to the early
1900s. Upstream logging, the development of homesteads and planting of row crops along
rivers, and the buildup of roads, bridges and towns prior to the 1939 aerial photos makes it
likely that there were prior changes from natural conditions that were not captured by this
study. The no-net-loss in riparian trees on the study reaches may be attributed to factors
such as regulation protecting riparian trees, restoration programs, and decrease in
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agricultural land use, topography as well as a possible culture shift toward placing
greater value on these areas for wildlife, hunting and other forms of recreation. The
increases in riparian trees in each study reach also may be associated with decreases in
river acreages (Figure 22). These and other factors are discussed for each individual study
reach in Sections 4.1.1 through 4.1.3 below.
4.1.1. Riparian Trees on the Walla Walla Study Reach

The Walla Walla study reach experienced an increasing trend in riparian trees over
the study period. This increase could be seen visually while doing the GIS analysis and is
shown in Figure 23 - 26. This visual evidence of the photos is also reinforced by the change
detection results which showed that from 1939 to 2006 approximately 30% of the Walla
Walla study area was converted, or had reverted, from various land uses to riparian trees.
The photo series also illustrates several possible reasons for the increase in riparian trees
on the Walla Walla study reach. First, the river channel in the 1939 and 1957 photos was
wider and had more side channels, branching, and appears to take up more space. In fact,
the percentage of the study area delineated as River decreased from 1939 to 2006 (Figure
22), which may have been due to a decrease in river length and/or width. A decrease in
channel sinuosity 18 over time would lead to a decrease in total delineated river acreage
because a straighter river would be shorter and have less area.

18

Figure 22 Comparison Percentage River Acreage between Reaches.

Sinuosity: the ratio of the stream length to the valley length (USFS, 2008) and represents a measurement of meander.

Riparian Tree Coverage
Walla Walla River 1939

Figure 23: Riparian trees on the Walla Walla River 1939.

Riparian Tree Coverage
Walla Walla River 1957

Figure 24: Riparian trees on the Walla Walla River 1957.

Riparian Tree Coverage
Walla Walla River 1996

Figure 25: Riparian tree coverage on the Walla Walla River 1996.
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Riparian Tree Coverage
Walla Walla River 2006

Figure 26: Riparian tree coverage on the Walla Walla River 2006.

The Walla Walla study reach however is considered to have low 19 sinuosity and no
large decrease or increase in sinuosity was observed over the study period (Figure 27).
Therefore, the decrease in river area on the study reach could likely be due to channel
narrowing, which is also visible in the photo series above. Narrowing may be due to
increased riparian tree coverage itself because it may have allowed for further expansion of
riparian trees both toward and away from the river as the trees reduced channel
movement and change. River narrowing may also be due to efforts to control floods or
expand land use changes (channelization and levees). Major floods 20 did occur over the
study period in 1964 and 1996 (WWCEMD, 2003) but even in the 1996 aerial photos
riparian tree coverage on the Walla Walla was higher than in the previous assessment year.

Figure 27 Sinuosity over time on the three study reaches.
Besides river channel changes, land use changes also offer possible explanations for
the increase in riparian tree coverage. On the Walla Walla study reach where riparian tree
coverage increased, all other land use categories except development decreased overall
between 1939 and 2006. The 20% decrease in agriculture appears to coincide with the
increase in riparian trees which indicates new trees may have been established on former
19
20

Rivers considered to have low sinuosity have a ratio of <1.2 (Rosgen stream classification system - USFS, 2008).
Less severe flooding was also reported on the Walla Walla 1965 and 1972 (WWCEMD, 2003).

agricultural land. Land use change from agriculture to riparian trees was not specifically
investigated in the change detection analysis so we cannot quantify this change
progression from our results. The 2007 US Agricultural Census data supports our findings
that agriculture has decreased in the basin (See Appendix 3) which may have led to
unintentional, natural expansion of riparian trees to fallow or abandoned agricultural land
near the stream. Heightened awareness of, and support for, riparian vegetation
conservation and restoration for erosion control and habitat may have also contributed to
the increase in riparian trees over the study period. However, one of the largest riparian
restoration programs on agricultural land in the basin, the federal Conservation Reserve
Enhancement Program (CREP), began in the late 1990’s so the effects of identifiable mature
trees would not be seen in this study. The visible ‘black tarps’ usually associated with
stream-side native plantings were not noted specifically in any of the study reaches during
the course of this assessment.
River and agriculture coverage appear to have had an inverse relationship with
riparian tree coverage over the study period, however developed land uses do not. Both
riparian trees and development increased on the reach, and the change detection analysis
showed no large conversion of riparian trees to development over the study period.
Development increased over the study period, but it does not appear to have caused a
noticeable decrease in riparian trees. This may be due to local land use regulations
established after 1939 that provided limited protection of existing trees from removal.

Currently, there are several regulations that provide some level of protection of
riparian zones from being altered or developed (Table 1), one of which was in place for
over 30 years of the study period. The Washington Shoreline Management Act, established
in 1972, required each county to have a Shoreline Master Program to regulate development
along larger rivers and lakes (WDOE, 2009). Jurisdiction applies on streams, or stream
reaches with greater than 20 cfs mean annual flow, and within 200 feet of ordinary high
water mark, or outside of wetlands or the 100 year floodplain. The Walla Walla County
Shoreline Master Program requires a permit for “…any substantial development proposed
within 200 feet of the wetland areas of any river, stream, or lake under the jurisdiction of
the [Shoreline Management] Act…” (Walla Walla County, 1975). Historically, a Substantial
Development Permit was needed as part of the Shoreline program if the value of the
development exceeded $2,500. A single-family residence may be exempted up to 100 feet
from ordinary high water, although it is possible to get closer to the stream with a
Substantial Development Permit (Verbal communication with Columbia County Planner,
Richard Hendrickson, 2010).
Additionally, the Growth Management Act (GMA), adopted by the Washington State
legislature in 1990, required the county planning department to create a Critical Areas
Ordinance (CAO) to protect wetlands, associated riparian habitat, and other sensitive areas
from harm by development. The Walla Walla County CAO stipulates stream buffer widths
ranging from 25 to 250 feet from the ordinary high water mark depending on the assessed
importance of the critical area (HDR, Inc. 2008). The Columbia County CAO encompasses
streams not covered by the Shorelines Master Program. Development within the critical
area requires a CAO Permit, unless the project avoids the critical area and associated
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buffer. Stream buffers or riparian habitat area widths in Columbia County vary from 150 to
250 feet on each side of the river, measured horizontally from the ordinary high water
mark, depending on stream classification and presence of fish life (See pages 35 – 36 of
Columbia County’s CAO). Exemptions may be issued under either the shoreline Master
Program, or the CAO. Also, some development activities may be permitted under these
regulations that would encroach within the listed buffer widths. Similar stream buffer
requirements exist on the Oregon section of the Walla Walla study reach in Umatilla
County. The Umatilla County Zoning Code generally requires a 100 foot setback of
development from the ordinary high water mark (Umatilla County, 2000).
Another regulation that protects riparian vegetation in Washington's forested areas
is the Department of Natural Resources (DNR) Forest Practice Rules. These rules apply on
forestlands that are undergoing, or may undergo, forest practice activities. The riparian
buffer widths are determined by: fish presence, stream width, and site class. Buffer widths
may be from 75’ to 130’ measured horizontally each side of the stream, depending on the
above listed criteria.

The stream setback rules shown in Table 6, and additional rules in Appendix 4, may
explain part of the increase in riparian trees if they were applied and enforced, and therein
prevented riparian tree removal due to development. But since the rules did not apply to
activities other than the construction of new buildings or structures, the other factors
discussed in this section such as river channel narrowing and decreasing agricultural
production are also critical in understanding the reasons for the expansion of riparian trees
on the Walla Walla River and the entire basin.
Finally, a recently released report commissioned by the Snake River Salmon
Recovery Board did a review of existing land use regulations and their effectiveness for
protecting riparian areas. The 2008 report by Cascadia Consulting Group Inc. provided
comparisons and contrasts for the attributes of state and local land use ordinances with
conservation easements in southeastern Washington. They concluded that “Neither land
use regulations nor conservation easements alone will protect the habitats necessary to
maintain salmon populations in the Snake River Salmon Basin. Each has its strengths and
weaknesses” (CCG, 2008).
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State

Document

Stream setback or
buffer width

OR

Umatilla County
Development Code

100’

WA

Walla Walla County
Critical Areas Ordinance

35-100’

WA

Walla Walla County
Shoreline Masters
Program

200’; 50’ minimum
for many activities

WA

Columbia County Critical
Areas Ordinance

150-250’

Relevant exceptions
Parcels <1 acre; building is shown to be outside
flood-prone area; if location of building outside
100’ setback is inconvenient given topography
or location of other buildings; 25% of
vegetation in the setback may be removed for
new development (Umatilla County Department
of Land Use Planning, 2008)
Agricultural uses are exempt; if the application
of the rules would prohibit all reasonable use
(HDR, Inc. 2008)
Single-family dwellings & agricultural structures;
streams with mean annual flow of <20 cubic
feet per second (Walla Walla County, 1975)
Buffer width may be reduced if reduction will
not reduce stream or habitat function
(Columbia County Planning Department, 2008)

Table 6: Stream setback or buffer widths by county.
4.1.2. Riparian Tree Coverage on the Mill Creek Study Reach

Riparian tree coverage on Mill Creek did not follow the same increasing trend as the
other reaches. The overall coverage of riparian trees on the study reach in 1939 and 2006
was essentially the same. The extent of riparian trees on the reach was not static over the
study period, however. Although riparian trees remained at about 50% of the study reach
for three of the four assessment years, a sharp decrease in riparian trees to 34% was seen
in 1957. Since no major floods were reported during the 1939-1957 period on Mill Creek
(WWCEMD, 2003), the loss of riparian trees during this time was likely due to land use
change or further channel straightening. Trends in riparian tree coverage on the Mill Creek
study reach appear to coincide with those in agriculture. The change detection analysis
shows that the greatest conversion of riparian trees to agriculture (about 10%) occurred
between 1939 and 1957 on Mill Creek and in the subsequent assessment period (19571996) the largest conversion of land use to riparian trees occurred bringing the riparian
trees back up to their 1939 level.
Other than 1957, the Mill Creek study reach had stable riparian tree and agriculture
coverage. This may be due to the topography of the Mill Creek study reach. As Figure 28
shows, the upstream half of the reach is quite confined into a narrow canyon before the
river flows into the valley about half way down the study reach. Land use and riparian tree
expansion in the upstream section of the study reach is limited due to the lack of space
created by the steep valley wall slopes.
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Developed land uses appear to have had little effect on riparian trees in this portion
of Mill Creek. Although there was a five-fold increase in development on the reach, the
change detection analysis also showed very little conversion of riparian trees to
development, which may have been due in part to the Washington State and Walla Walla
County land use regulations that limit the development in the riparian zone, or it may have
been a limitation of this project’s methods that included a 1,000 ft wide riparian zone and
use of a 10 x 10 meter grid that may have too coarse to capture some subtle changes.
Examination of a narrower riparian zone (e.g. 100-150 ft) may have produced more
relevant results.
River acreage also appeared to have little effect on riparian trees. As on the Walla
Walla, Mill Creek river acreage decreased over time. The sinuosity remained stable over
the study period, and although major flooding was reported in 1964 and 1996, our results
showed no net decrease in riparian trees.

Figure 28 Mill Creek study reach topography.
4.1.3. Riparian Tree Coverage on the Touchet Study Reach

As on the Walla Walla, riparian trees on the Touchet study reach saw an overall
increase between 1964 and 2006 (23% change), however, between 1996 and 2006
Page 46

riparian trees remained about the same. As discussed for the Walla Walla and Mill Creek
reaches, the increase in riparian trees may be due to river channel changes and/or land use
changes. As on the other reaches, the Touchet saw a decrease in river acreage which may
have had allowed for riparian trees to expand. Also similar to the other reaches,
agriculture appeared to have an inverse relationship with riparian trees; agriculture
steadily decreased as riparian trees increased.
Developed land use did not appear to have previously had a large effect on riparian
tree coverage. The change detection results showed little conversion of riparian trees to
developed land use. When riparian trees increased development also increased, and this is
notable because we had expected the opposite to occur. However, the Touchet study reach
is subject to the same Washington State land use regulations as Mill Creek, although they
differ somewhat by county. Specifically, the Columbia County CAO cites a 150 to 250 foot
setback around riparian zones for resource protection. As previously noted, the setback
rules may be helping to conserve riparian trees, but the effects may or may not be seen in
our study since the CAO rules were adopted in the 1990’s. In future assessments it would
be prudent to test the idea that development may be converting agriculture lands rather
than riparian areas. This could be done using the change detection analysis outlined in this
assessment.

As on the Mill Creek study reach, the topography of the Touchet study reach may
inhibit land use change. As Figure 29 shows, the study reach is fairly narrow and confined
by steep hills, especially in the upstream section. But despite the topography, our results
show that in 1996 riparian trees were increaed 30% from their 1964 level. One possible
explanation for this is that 1964 was a major flood year on the Touchet (WWCEMD, 2003).
Most of the study reach does not have major flood-control structures so it is possible that
flooding removed a great deal of riparian trees. If so, the increase in riparian trees in the
1964-1996 time frames may have been a recovery of riparian trees rather than expansion.
Another possible explanation may be the inclusion of steep valley wall within the 1,000
riparian buffer zone, and changes in forestry practices.
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Figure 29 Topography of the Touchet study reach.
4.1.4. Riparian Tree Results & In-stream Temperature

To understand what our results mean in terms of salmon and resource
management, it is important to consider them in terms of one of the most critical
environmental issues in the basin: high stream temperatures. Given our results showing
increased coverage of riparian trees on the Walla Walla and Touchet study reaches, we
expect in-stream temperatures are lower currently than in 1939. On Mill Creek
temperatures would be expected to be similar to 1939, as riparian tree coverage has not
changed overall. However, we were unable to confirm these temperature expectations due
to lack of historic data or the time and/or funding to do a modeling exercise to test this
theory. However, the benefits of riparian trees in lowering stream temperatures by
providing shade, buffering (hot) runoff, and providing channel complexity such as pools,
are well documented (Beschta,1997; Bohle, 1994; Gregory, 1991; Butcher et. al, 2005;
Baldwin et. al, 2007). Therefore, it is possible, based solely on riparian tree cover, that the
in-stream temperatures under the increased riparian tree coverage of today could be lower
than they were in 1939. By the time of our first aerial photo assessment year in 1939,
spring Chinook had already been extirpated from the basin (ISRP, 2008). However, by
2006, our last assessment year, spring Chinook had been successfully reintroduced by the
CTUIR (initiated in 2000). The increase in riparian tree coverage since the extirpation of
spring Chinook may be a factor in their re-establishment, growth, and survival today, as far
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as shade can reduce stream temperatures. However, historically, an impassible dam in the
lower Walla Walla River, as well as several other factors, contributed to the extirpation of
salmon; not just high water temperatures.

In considering the survivability and future of streams for salmon, it is important to
remember that while critically important, the ability of riparian shade to control water
temperatures is limited by two main factors:
1. The effectiveness of riparian shade in lowering stream temperature decreases with
increasing river channel width
2. Riparian trees as well as in-stream temperatures are interrelated to, and affected
by, land use, channel morphology, hyporheic flow, groundwater input, and climate
which have all been changed since Euro-American settlement.

Thus, the future survival of riparian trees and their role in creating a livable in-stream
environment are limited by the ecosystem in which they exist. In conclusion, riparian trees
must be understood as important to the in-stream environment for shade and the other
ecosystem services they provide. However, addressing the stream temperature issues in
the Walla Walla basin will require not only preserving and restoring riparian trees, but by
addressing the morphologic, hydrologic, and climatic factors that affect riparian trees as
well as stream temperature.
4.2. Future of Riparian Habitat in the Basin

4.2.1. Factors Affecting Future Riparian Trees

Many of the factors already discussed may continue to affect riparian habitat into
the future such as restoration programs and land use planning policy. To visualize and
estimate the potential positive and negative effects of land use practices on riparian
vegetation we created maps that show land use planning into the future. Figures 30
through 32 show land use zoning in Umatilla 21, Walla Walla 22, and Columbia 23 counties,
which determines how land is currently planned to be used and regulated into the future.
The zoning generally divides the landscape into agriculture, industrial/commercial, and
residential development.

The land zoned as agriculture has potential for continued increases in riparian trees
since one of the largest riparian vegetation restoration programs, the federal CREP
program, has been very successful over the past 10 years working exclusively with
agricultural producers to create riparian buffers. The Walla Walla and Touchet study
reaches could see the greatest benefit from restoration on agricultural land which is by-inlarge zoned as agriculture or ag-residential 24. But very little of Mill Creek study reach is
Provided by Richard Jennings of the Umatilla Land Use Planning Department, 2009.
Purchased from the Walla Walla County Planning Department, 2009.
23 Provided by Lisa Benzel of Columbia County, 2009.
24 Ag-residential: low density development that allows agricultural uses. “..provides orderly transition from rural to urban
land use…” (Columbia County Planning Department, 1995).
21
22
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zoned as agriculture so agriculture-based restoration projects would not have a likely
effect on riparian tree coverage.

Although restoration efforts such as CREP have the potential to expand riparian tree
coverage through new plantings, there are limitations to the long term protection of these
investments. CREP is typically a 15 year land agreement between the federal government
and the private landowner. Currently there are no regulations or agreements in place to
determine how the land is managed at the termination of the program. Apart from possible
detrimental changes in hydrology and climate, existing riparian trees are not protected on
agricultural lands by the stream setback requirements reviewed in Table 6.

Existing riparian trees are afforded some protection where land is zoned for
development or residential land use where the setbacks do apply. Figures 30 through 32
show the areas affected by the setback rules in blue and yellow. The blue represents lowdensity residential development including Rural Residential, Ag-Residential, and Rural
Remote zoning, which is also low-density residential (shown in white). The yellow areas
are those designated for high density residential development within the counties’ Urban
Growth Boundary (UGB). The results of this study show that the current stream setback
rules may have effectively protected riparian vegetation by limiting building in the Rural
Residential and UGB zones as there was little conversion of riparian trees to development
and no net loss of riparian trees on the study reaches since 1939. But in the future the
importance of effective stream setbacks may increase as the population of all three basin
counties is expected to increase. Therefore, future riparian tree extent on the study
reaches within the Walla Walla River depends, at least partially, on the enforcement and
application of the land use planning rules. Future study will show whether the other
stream setback rules without language prohibiting vegetation removal are effective in
protecting riparian trees.
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Figure 30 Zoning on the Walla Walla River study reach
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Figure 31: Zoning on the Mill Creek study reach.

Figure 32: Zoning on the Touchet River study reach.

4.2.2. Study Reach Predictions

If the trends seen in this study continue, riparian trees will continue to show a net
increase in total acres in these study areas, but at a decreasing overall rate on the Walla
Walla and Touchet study reaches where more agricultural ground is converted to
development and/or riparian coverage. Using the results obtained from this study we
would predict for riparian conditions to remain the static on Mill Creek study reach.

The Walla Walla study reach has shown the most consistent increase in riparian
trees since 1939 and may continue to increase. Hydrologic and/or climate change may
affect survival, but it is not expected to decrease due to removal for other land uses, if
current trends continue. Riparian trees actually appear to have the potential to increase
due to several factors. First, the study reach is not confined like the Mill Creek study reach
so there is room for riparian trees to expand into the floodplain. Second, the study reach is
mainly zoned as agriculture which means it could benefit from agricultural-base riparian
restoration such as the CREP program. Third, some of the reach is zoned as rural
residential, but none of the reach lies within a UGB. Low-density development may have a
smaller effect on riparian trees than development in the UGB even if setback rules weren’t
enforced. Finally, the current focus by tribal groups, government agencies, irrigators, and
others on improving the Walla Walla River for salmonids and reducing stream
temperatures could greatly increase the demand for conservation and restoration of
riparian trees on this reach.

Unlike the Walla Walla, the Mill Creek study reach riparian tree coverage is expected
to continue to experience little change. Overall riparian trees made up about 50% of the
study reach in three of the four assessment years. The reach may have little capacity for
change under the current conditions due to its steep, narrow topography which would limit
land use, land use change, and the expansion of riparian trees.
Riparian trees on the Touchet study reach are expected to increase or stay the same
because they increased overall (approx. 23%), but it remained the same between 1996 and
2006. Riparian trees are not expected to decrease if current trends continue since the
change detection analysis showed little conversion of riparian trees to other land uses.
Additionally, much of the study reach is zoned as agriculture or ag-residential which means
the reach could benefit from CREP restoration as well as the CAO setbacks, like the Walla
Walla. However, it is difficult to make a prediction about the Touchet study reach because
we have less analysis and information about this study reach. As detailed in Methods
Section 2.2, the Touchet River study reach was not assessed in 1939 or 1957 like the other
reaches because no complete photo sets were available.
4.3. Study Limitations

This assessment method was limited by two major factors: scale and time. Scale
affected the depth of our assessment of riparian vegetation because it was assessed from
historical aerial photographs at a 1:2000 scale; thus, small vegetation is not visible. At this
scale our survey of riparian habitat was limited to a presence/absence of only riparian

trees which did not address other important aspects of riparian habitat complexity such as
species composition, maturity, height, and density. Another potential scale limitation was
the width of our buffer zones (500 ft on each side of the stream), especially in the narrow
valley areas of upper Mill Creek and the Touchet River. This wide buffer included some
steep, partially timbered uplands that are well outside the valley floor. These areas have
little potential to contribute as riparian vegetation or for many changes in land uses. The
use of the 10 x 10 meter grid cells may have also been too coarse to accurately assign the
land uses across that landscape, or detect more subtle changes in conditions through time.

Scale and time also limited our ability to make conclusions about the entire length of
the rivers since we assessed small study reaches. The study reaches selected for analysis
were not necessarily chosen because they were the most representative of the entire river
but because they are critical for threatened fish survival. The headwater-like topography
of the upstream sections of the Mill Creek and Touchet study reaches made them somewhat
unrepresentative of the changes that took place elsewhere over the study period because
the downstream sections are characterized by higher and more intense land use. However,
the Walla Walla study reach was characteristic of much of the lower, inhabited sections of
all three rivers. In choosing this set of study reaches, we hoped to capture riparian zones
that had a diversity of land uses including agriculture, development, and forest. Notably,
the study reaches also were not representative of the levee sections of river which are very
critical in terms of stream temperature and salmonid passage. However, given the riparian
removal requirements on the levees we did not expect to see substantial changes in
riparian vegetation since their construction.
Finally, some inconsistency in the land use delineations is inherent in the GIS methods
we used. Each reach was delineated into land use polygons by the same person and at the
same scale, however due to the differences in photo quality and human error, some
inconsistency and mistakes were made in land use delineation. However, all the reaches
were checked for errors in land use category assignment or delineation and changes were
made when necessary.
4.4. Recommendations

This study provides important data and tools that can be built upon in future investigations
on the progress the Walla Walla Basin is making toward restoring riparian conditions and
stream channel conditions. Namely it provides:
o An overview of historical trends in land use and riparian tree extent in the basin
o A baseline of current riparian tree and development information (for 2006)
o Methodology for aerial assessment and change detection
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The next steps for evaluation of riparian conditions are:

o Refine and expand the methods to:
- focus on changes of riparian buffers within 150-150 ft of the streams (to exclude
steep uplands and emphasize the areas directly associated with stream channels
and fish habitat conditions
- use smaller grid size (e.g. 5x5 m),
- measure tree species composition, age or maturity, density, and canopy heights,
- measure stream channel widths and other channel conditions,
- field truth the aerial photo and GIS work, and
- assign the land uses that were defined as other into several specific land use
groups being tested.
o Perform a statistical analysis of the refined and expanded evaluation results to
determine significance levels of changes in land use or riparian vegetation.
o Expand the change detection analysis to quantify other land use changes.
o Assess the reaches using other historical and forthcoming aerial imagery.
o Assess other important sections of rivers such as the Milton-Freewater levee area,
or the reach from Dayton to Waitsburg, or to Prescott.
o Work with land use planners and riparian restoration managers to incorporate
these results into their programs and outreach materials.
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APPENDICES
APPENDIX 1. RIPARIAN ZONE DEFINITIONS
Source
Journal Article 25

Snake River
Salmon Recovery
Board 26

Riparian Zone Definition
“…an interface between terrestrial and aquatic ecosystems extending vertically to the canopy
of streamside vegetation and horizontally to the limits of the floodplain” (Gregory, et al. 1991)
“…the interface between the aquatic and terrestrial environments.…” (SRSRB 2006).

Walla Walla
TMDL-WA 27

"…the vegetation which can grow and reproduce on a site given climate, elevation, soil
properties, plant biology, and hydrologic processes…” (Baldwin and Stohr, Walla Walla
Wastershed Temperature Total Maximum Daily Load: Water Quality Improvement Report
2007).

Walla Walla
County Critical
Areas Ordinance 29

“…Any area adjacent to surface water which possesses elements of both aquatic and terrestrial
ecosystems…extends from the Ordinary High Water Mark to that portion of the terrestrial
landscape that directly influences the aquatic ecosystem by providing shade….or habitat for
riparian-associated wildlife. It includes the entire extent of the floodplain and the extent of
vegetation adapted to wet conditions as well as adjacent upland plant communities that
directly influence aquatic ecosystems…include those riparian areas severely altered or
damaged...” (HDR, Inc. 2008)

Walla Walla
TMDL-OR 28

25

Near-stream land (Butcher and Bower 2005)

Gregory, S V, F J Swanson, W A McKee, and K W Cummins. "An Ecosystem Perspective of Riparian Zones." Bioscience, 1991: 540-551.

26

Snake River Salmon Recovery Board. "Snake River Salmon Recovery ." Document Library: Snake River Salmon Recovery Plan. 2006.
http://www.snakeriverboard.org/resources/library.htm (accessed February 9, 2009).
27

Baldwin, K, and A Stohr. Walla Walla Wastershed Temperature Total Maximum Daily Load: Water Quality Improvement Report. Olympia, WA: Washington Department of
Ecology, 2007.
28

Butcher, D, and B Bower. Appendix A Stream Temperature Analysis: Vegetation, Hydrology, and Channel Morphology . Oregon Department of Environmental Quality, 2005.

29

HDR, Inc. Walla Walla County Critical Areas Ordinance. Walla Walla, WA: Walla Walla County, 2008.

APPENDIX 2: CHANGE DETECTION METHODS
Step 1: Created a separate .Mxd for each reach so that the analysis extent for Spatial
Analyst could be set for each separate reach to the extent of the 2006 land use polygon for
each reach. While all the land use polygons were created within a 500-foot buffer of the
reach, the buffers differed because the original reaches differed over time. Setting the
extent to the newest data was done so that the extents more closely matched the current
conditions. Also, all grids would have the same extent, so that they would line up when
overlay operations were done.
The following steps were then repeated for each map.
Step 2: Converted each polygon
land use layer to a grid with 10meter by 10-meter cells, using the
center of the cell to extract the
underlying LU_num value from the
polygon land use layer.

The grids have a Value Added Table
(VAT) that displays the type of land
use by the LU_num code, and a
count of the number of cells for that
code. This can then be used to
determine the area for each type of
land use. To do this, multiply the
count by 100 (100 square meters
per cell), and to get acres, divide
that by 4046.857.

Step 3: All the girds for the different time periods were combined using Map Algebra,
which “adds” the values of the grids. Since all the grids line up, the program adds the value
of each cell in the grid with the corresponding cells in the grids “below” it. To separate the
values into separate columns the values in the second grid in the list are multiplied by 10,
the values in the third grid are multiplied by 100, and the values in the fourth grid are
multiplied by 1000. The order was set so that the earliest data was in the left-most column.
The results for a sample cell are shown
Grids (Time Sample LU
Changed
Factor
here, and for that individual cell, this
Periods)
Number
Value
indicates that the land use value in 1939
2006
2
1
2
was 6-Riparian Trees; the land use for
1996
3
10
30
1957 was 1–Agriculture; the land use for
1957
1
100
100
1996 was 3-No Trees, No Use; and the land
1939
6
1000
6000
use in 2006 was 2-Developed. This method
Value
of
cell
in
Output
Grid
6132
allows the user to track each individual
cell change through time.
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Another result of this method is that the extent of the output grid is limited to only those
cells that exist in all of the input grids. The original polygon layers had different extents
because the reaches changed over time, but now the final results are “clipped” to the area
that is common to all the time periods being compared.

Step 4: Created a field named LU_String, with at data type of text, and calculated the value
to be the same as the LU_Num field for the combined grid. With a text field, queries with
wild cards can be used, as opposed to an integer field, where wild cards won’t work
effectively. This will allow for more precise queries. Also created fields for each time period
comparison such as from 1939 to 2006 (From39to06), 1939 to 1957 (From39to57), etc.
Initially set the values for these fields as “Changed”.
Step 5: Created queries to show no change, change from any land use to riparian trees,
change from riparian trees to agriculture, and change from riparian trees to developed.
Shown below are some sample query strings. In the 1939 to 2006 sample, the query for no
change is made on the Value field, which is an integer field, because there is no need for
wild cards. In this case, any cell that has the same value in all four columns is unchanged.

Example Queries to find change from 1939 to 2006 when there are 4 time periods
Query for No Change
VALUE = 1111 OR "VALUE" = 2222 OR "VALUE" = 3333 OR "VALUE" = 5555 etc.
Any to Riparian
LU_STRING LIKE '___6' AND NOT "LU_STRING" LIKE '6__6'
Riparian to Agriculture LU_STRING LIKE '6__1'
Query for No Change
LU_STRING LIKE '6__2'

Example Queries to find change from 1957 to 1996 when there are 4 time periods
Query for No Change
LU_STRING LIKE '_11%' OR "LU_STRING" LIKE '_22%' OR "LU_STRING" LIKE '_3
LU_STRING LIKE '__6%' AND NOT "LU_STRING" LIKE
Any to Riparian
'_66%'
LU_STRING
Riparian to Agriculture LIKE '_61%'
LU_STRING
Query for No Change
LIKE '_62%'
The other queries use the LU_STRING field because wild cards are necessary and these
can only be used with a text data type. Here is how to read the queries:

In the 1939 to 2006 example for “Any to Riparian” the first part of the query has 3 space
holders “___” followed by a 6, which indicates a cell that was Riparian in 2006; the
second part of the query “6__6” takes out cells that were Riparian in 1939 and in 2006,
but they could have potentially been other land use in 1957 and 1996.

In the 1957 to 1996 example for “Any to Riparian” the first part of the query identifies a cell
that was Riparian in 1996 (3rd position) and could have been anything in 2006 (%) and the
second part of the query takes out those cells that were Riparian in both 1957 and 1996
(2nd and 3rd position.)
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Step 6: After running each query, the appropriate value (No Change, Any to Riparian, etc)
was entered into the selected records for the different time period comparisons.

Step 7: Created a summary table for each time period comparison showing the type of
change and the total number of cells for each type of change. These were saved as .dbf
tables, named like M_ChangeStats, or M_ChangeStats_39to57 in Nella\DBF_StatsFiles. Steps
12 - 14 were done with ModelBuilder to make the process consistent and quick. See
example on next page.
Step 8: Imported the individual summary tables into Excel, add fields for acres and
percent, and delivered these to WWBWC as an Excel file for each reach.
1957 changes using a layer with all 4 periods
Change Type
Frequency Number Of Cells Acres Percent
Changed
430
16773
414.47 31.51%
No Change
150
25997
642.40 48.84%
Riparian to
32
5100
126.02 9.58%
Agriculture
Riparian to
24
307
7.59
0.58%
Developed
To Riparian
114
5053
124.86 9.49%
Totals
750
53230
1315.34 100.00%

Submitted by:
John Schaeffer, GISP
Juniper GIS Services, Inc.
8-20-09

Page 62

APPENDIX 3: US AGRICULTURAL CENSUS DATA
Basin County
Approx. land area (acres)
Percent land area in farms
Total cropland 2007 (acres)
Total harvested acres 2007
Total cropland 2002 (acres)
Total harvested acres 2002

Umatilla
2,057,767
70.3%
804,065
439881
749,666
396,024

Walla Walla
813,124
83.9%
567,192
282,092
559,439
316,313

Columbia
556,046
53.3%
184,124
105,501
192,226
123,855

Percent farmland in conservation
programs 2007 31

11%

2%

16%

Total farmland in federal conservation
programs 2007 30 (acres)

158,606

14,305

47,633

Data accessed from the National Agriculture Statistics Service 2007 US Agriculture Census

Citation: National Agricultural Statistics Service. "2007 Census Publications: Volume 1,
Chapter 2 County Level Data." Census of Agriculture. 2007.
http://www.agcensus.usda.gov/Publications/2007/Full_Report/Volume_1,_Chapter_2_Cou
nty_Level/Oregon/index.asp (accessed August 20, 2009).

Includes Conservation Reserve, Wetlands Reserve, Farmable Wetlands Reserve, or Conservation Reserve
Enhancement programs
31 Data calculated using 2007 Agriculture Census Data.
30
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APPENDIX 4: OTHER BASIN RIPARIAN ZONE REGULATIONS
Document/
Regulation
LCDC Goal 5&
Admin. Rules Ch660
Div 16, 23
ORS 308A.35308A.383
ORS 215.800215.808 & HB 3564
Umatilla County
Comprehensive
Plan

Senate Bill (SB)
1010-Oregon
Agricultural Water
Quality Act

Document/
Regulation
Shoreline
Management Act

Growth Management
Act

Washington State
Forest Practice Rules

OREGON RIPARIAN ZONE REGULATIONS
Level of
Effective date
Effect on Riparian Zone
government
Describe how cities and counties were to
plan and zone land to conserve resources
such as wildlife habitats, wetlands,
State
1974
riparian
habitats, endangered species, and natural
areas.
Tax incentive for improving or
maintaining riparian habitat; complete
State
1981
property tax exemption for riparian
property within 100’ of stream
Provides tax incentives to protect wildlife
habitat on farm and forest lands if land
State
1993 & 2000
owner adopts habitat conservation and
management plan with OR Dept. of Fish &
Wildlife
Puts in place 100 foot setback from
County
2000
stream high water mark where building
is prohibited
Recommends protection of riparian
vegetation for stream temperature
1996/Adopted
State/
reduction and runoff control; Oregon
by watershed
Watershed
Department of Agriculture has the power
2001
to investigate and enforce SB 1010
regulations upon complaint
WASHINGTON RIPARIAN ZONE REGULATIONS
Level of
Effective
Effect on Riparian Zone
government
date
Regulates development along larger
State/County
1972
streams (>20 cfs) (WDOE, 2009)
Required counties to create Critical Areas
Ordinances which regulate development
State
1990
and land use near sensitive environmental
areas including wetlands and streams
(including riparian zones)
Multiple
Stream protection buffers that prohibit
State
years
logging established

