AN OVERVIEW OF THE KOOTENAI AND YAKIMA
RIPARIAN COTTONWOOD PROJECTS.

1.0INTRODUCTION

Riparian vegetation and especially cottonwood and willow plant communities are
dependent on normative flows and especially, spring freshette, to provide conditions for
recruitment. These plant communities therefore share much in common with a range of
fish species that require natural flow conditions to stimulate reproduction. We applied
tools and techniques developed in other areas to assess riparian vegetation in two very
different sub-basins within the Columbia Basin. Our objectives were to:

Document the historic impact of human activity on alluvia floodplain areasin
both sub-basins.

Provide an analysis of the impacts of flow regulation on riparian vegetation in two
systems with very different flow regulation systems.

Demonstrate that altered spring flows will, in fact, result in recruitment to
cottonwood stands, given other land uses impacts on each river and the limitations
imposed by other flow requirements.

Assess the applicability of remote sensing tools for documenting the distribution
and health of cottonwood stands and riparian vegetation that can be used in other
sub-basins.

An overview of thiswork is presented here, more detailed information is provided in
three separate reports as below.

1. Theimpact of flow regulation on riparian cottonwood forests along the
Kootenai River in Idaho, Montana and British Columbia.

2. Theimpact of flow regulation on riparian cottonwood forests along the
YakimaRiver.

3. A comparison of remote sensing tools for assessing the distribution of
riparian cottonwood forestsin the Columbia Basin.

Each is presented as a stand alone report and is available at the BPA website as separate
document. Appendices to the major reports are included as separate files to minimize file
size.

This work was funded under the innovative projects program of the NWPPC and BPA.
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2.0 STUDY AREAS

Maps of the study areas are provided in the separate reports. A description of some of the
essential differences between the sub-basins is provided below.

Kootenai River: TheKootena River is an international sub-basin with one major
reservoir (Libby) mid-way on the portion of the river we looked at. There are few dams,
none of which have significant storage, in the headwaters of thisriver. Irrigation
removals are minor but diking for agricultural has had major impacts on the lower portion
of the river. The hydrograph below Libby dam is highly regulated. Over the last decade,
flows on the downstream reaches of this river have been manipulated to create a series of
artificia spring freshettes aimed at stimulating spawning in white sturgeon. This gave us
the opportunity to observe the response of native cottonwoods and willows to these
experimental flow releases.

YakimaRiver: The Yakima River has severa storage reservoirs in the upper reaches of
the system. The mgjor aluvial floodplains lower on the system support extensive areas of
intensive agriculture. A significant proportion of the annual flow is removed from the
river for irrigation. Agriculture, settlement and regulated flows have had a significant
impact in the floodplain portions of the system. Flows vary substantially over the season
in amanner that is referred to locally as “flip-flop”. In this sub-basin our project
benefited substantially from collaborative research activities on the aluvial floodplains of
this system. A Bureau of Reclamation project, the Y akima Reaches Project under the
direction of Dr. Jack A. Stanford of the University of Montana Flathead Biological
Station has completed extensive work on the basic ecology of these alluvial floodplain
areas.

3.0METHODS
We applied six major tools is assessing riparian vegetation in these sub-basins.

1. A regional overview using Landsat and other data sources.

2. A historic assessment, using air photo interpretation comparing photos over a 50 to 80
year period, of riparian vegetation and land uses in three study reaches (5-12 kmin
length) along portions of the main stem riversin each sub-basin.

3. An assessment of the present distribution of cottonwood, using a range of remote
sensing tools, in these study reaches.

4. An assessment of the health of riparian vegetation and cottonwood stands, based on
vegetation transect data collected at 30 to 60 sites in each sub-basin on point bars both
within and outside the major study reaches.

5. An assessment of annual and seasonal flow data for each study reach.

The methods used are described in detail in the separate reports.
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40RESULTS

Kootenai River: We found that human impacts on the floodplain were much more
extensive in the reaches below the Libby dam than in our study reaches upstream of the
reservoir. Much of the lower river is diked and most of the floodplain is now farmland.
Cottonwood stands do occur in the three downstream reaches however and we found
recent cottonwood recruitment at three transect sites that has occurred as a result of
spring flow releases for white sturgeon in the 1991 to 2000 period. The shape of these
experimental releases varied widely between years and we were able to identify the years
in which recruitment likely occurred.

Yakima River: We found extensive human impacts in all the alluvial reaches we studied.
Unlike the Kootenai River however, there is still an active floodplain, between dikes and
other constrictions, along most of the mainstem Y akima and its major tributaries. Gravel
mining has had a major impact in many areas. Very little recruitment to cottonwood
stands is occurring as a result of the highly modified flow regime in this sub-basin.
Thiswork provides a good basis for more detailed future studies that will be co-ordinated
with other research and restoration activities in this sub-basin, especialy the Y akima
Reaches Project and riparian restoration projects being carried out by the Y akima Indian
Nations.

Tools Assessment: We found that Landsat data was ineffective in providing a regional
overview of cottonwood distribution, due to problems in differentiating between
deciduous hardwood species. Forest cover available in Canada did provide a good
overview of cottonwood distribution in the Canadian portion of the Kootenai sub-basin. It
appears that new hyper-spectral satellite data may allow the separation of deciduous
species and could play arole in future work.

At a study reach scale we found that traditional visual typing of vegetation types from air
photos, ADAR and IKONOS al could be used to document the distribution of
cottonwood stands and other riparian vegetation types. Each approach had positive
attributes, some limitations and varied in cost. Hymap, a new hyper-spectral data source
(flown at low elevation) has been used to separate deciduous species in the Y ellowstone
area. Thistool will be of mgjor value in future studies of riparian vegetation.
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5.0 CONCLUSIONS
Our most important conclusions are that:

Magjor losses to riparian vegetation and ecological function have occurred in
response to regulated flows in both river systems.

There are major differences in the seasonal hydrograph and the impact of other
land uses in each sub-basin. As aresult, separate strategies for managing
regulated flows to maintain riparian vegetation are required in each sub-basin.

On the Kootenai, we found clear evidence that spring releases do in fact result in
the establishment of cottonwood recruitment, as has been documented in other
basins.

This work provides the science and the conceptual tools for managers to integrate
the requirements of cottonwood and riparian vegetation into the complex mix of
flow demands found in each sub-basin.

Thiswork has also alowed us to develop tools that can be used effectively and
efficiently to document the status of riparian vegetation along riversin other parts
of the Columbia Basin.

The recent report by the Independent Scientific Advisory Board on salmon recovery
strategies provides an analysis of the various planning strategies in the Basin and good
advice on future direction for restoration work. They note that natural disturbance events,
such as flood events, have not been given sufficient consideration in past planning. They
also indicate that management is moving from more artificial management strategies
toward the restoration of ecological function. A move toward more normative flows on
regulated riversis acritical element of this strategy and should be an important feature of
future restoration efforts. We see our work as an important element in this move toward
more normative conditions that will generate important benefits in re-establishing
ecological function and providing important habitat improvements for both fish and
wildlife species.
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deciduous species. It can also be flown in conjunction with DEM data for detailed work
to identify recruitment areas. It can aso be flown with a new high resolution color
camera that provides color photography 18 cm (5 in) resolution, in digital format (Marcus
et al. 2001).

6.0 CONCLUSIONSY RECOMMENDATIONS

For future work to provide regiona or sub-basin overviews of riparian vegetation we
would suggest that:

DEM can be used to identify alluvial floodplain areas on basin wide scale.
Landsat is an option where the identification of deciduous speciesis al that is
required.

BC Forest Cover datais a good option in the Canadian portion of the Basin.
Hyper-spectral satellite data should be tested to seeif this data can effectively
differentiate deciduous species aong rivers.

For future work at a study reach scale we would suggest that:

Air photo interpretation of ortho-mosiacs is an effective tool where cost is
[imiting.

Hymap provides the best available data where higher levels of precision are
required.

Assuming that the cost estimates suggested in Marcus et a. 2001 prove out in other
studies, Hymap is the tool of choice for future work in mapping riparian vegetation in the
Columbia Basin. Where flow regulation is an issue, this level of mapping should be done
in conjunction with vegetation transects established perpendicular to the river bank, in
which elevations and distance from the water’ s edge are recorded (See the methods
sections of the other reports associated with this project). Transects remain the most
effective tool for monitoring, in detail, the response of vegetation to changes in flows.
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Appendix |. Available sour ces of satellite imagery and data.

Table 1 lists all current remote sensing satellites. Table 2 lists planned satellites expected

to be launched over the next two years.

Table 1: Current remote sensing satellitesin operation: May 2001- Excludes

meteor ological satellites (ERSC, 2001)

Satellite No. of || Resolution
Name Source Launch|| Sensors Types Channels|| (meters)
OrbView-2 . . .
||(78 Star) US/Orbimage || 1997 SeaWiFS || Multispectral 8 1130
|SPOT-4 France 1998 VI Multispectral 4 1150
|NOAA-14 us 1994 AVHRR || Multispectral 5 1100
|NOAA-15 .

NOAA-K us 1998 AVHRR || Multispectral 5 1100
|NOAA-L us 2000 AVHRR || Multispectral 5 1100
IERSl ESA 1991 ATSR Multispectral 4 1000
ERS-2 ESA 1995 ATSR Multispectral 4 1000
SEEURS’ Russia 1994 | MSU-SK |[Multispectral| 1 600
IRS-P4 , .

(Oceansa) India 1999 OCM IMultispectral 8 360
Terra .
(EOS AM-1) us 1999 MISR Multispectral 4 275
ICBERS-1 China/Brazil 1999 WFI Multispectral 2 260
|EO-1 us 2000 LAC Hyperspectral| 256 250
Tera . 250,500,
(EOS AM-1) us 1999 MODIS || Multispectra 36 1000
NOAA-14 us 1994 WIFS Multispectral 2 188
|I RS-1D India 1997 WIFS Multispectral 2 188
Eﬁu RS Rusia || 1994 | MSU-SK |Multispectral| 4 170
CBERS-1 China/Brazil 1999 IRMSS Multispectral 1 160
L andsat-5 us 1984 ™ Multispectral 1 120
IL andsat-5 us 1984 MSS Multispectral 4 82
CBERS-1 China/Brazil 1999 IRMSS Multispectral 3 80
IRS-1B India 1991 LISS | Multispectral 4 725
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|I RS-1C India 1995 LISSHII Multispectral 1 70
IRS-1D India 1997 LISSHII Multispectral 1 70
Landsat-7 us 1999 | ETM+ | Multispectral| 1 60
IRS-1B India 1991 LISSHI Multispectral 4 36.25
|L andsat-5 us 1984 ™ Multispectral 6 30
Landsat-7 Us 1099 | ETM+ |[Multispectral| 6 30
EO-1 us 2000 ALl Multispectral 9 30
EO-1 us 2000 Hyperion |Hyperspectral 220 30
ERS-2 ESA 1995 AMI Radar 1 26
ERS-1 ESA 1991 AMI Radar 1 26
IRS-1C India 1995 LISSHII Multispectral 3 23
IRS-1D India 1997 LISSHII Multispectral 3 23
SPOT-2 France 1990 HRV 3 20
SPOT-4 France 1998 HRV Multispectral 4 20
CBERS1 China/Brazil 1999 Multispectral 5 20
Landsat-7 us 1999 | ETM+ | Panchromatic| 1 15
Terra Us 1099 | ASTER |[Multispectral| 14 | 15,3090
|(EOS AM-1) e
RADARSAT Canada 1995 SAR Radar 1 9-100
IEO-l us 2000 ALl Panchromatic 1 10
SPOT-4 France 1998 HRV Panchromatic 1 10
SPOT-2 France 1990 HRV Panchromatic 1 10
|| RS1C India 1995 Pan Panchromatic 1 5.8
IRS-1D India 1997 Pan Panchromatic 1 5.8
IKONOS Space Imaging | 1999 IKONOS || Multispectral 4 4
IKONOS Space Imaging | 1999 IKONOS || Panchromatic 1 1
ImageSat : :
EROSA1 International 2000 ||Panchromatic | Panchromatic 15
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Table 2: Planned remote sensing satellites as of May 2001 - Excludes meteorological
satellites (ERSC, 2001)

Satellite Expected| No. of |Resolution
Name Source Launch Sensors Types Channels|| (meters)
SPOT-5 France 2002 VI Multispectral 4 1150
|NOAA-M us 2001 AVHRR || Multispectra 5 1100
INOAA-N us 2003 AVHRR || Multispectra 5 1100
‘|CBER82 ChinaiBrezil| -9 | WFI | Multispectral| 2 260
|Envi sat-1 ESA 2001 MERIS Multispectral 15 300,1200
E DEOS-| Japan 2001 GLI Multispectral 36 250-1000
‘|CBERSZ China/Brazil 2&’; 1 IRMsSS | Multispectral| 1 160
|Envisat-1 ESA 2001 ASAR Radar 1 30, 150
VE EOS|  us 2001 | MODIS | Multispectral| 36 | 250-1000
‘|Reﬁour ce?l | Resource2l Zgzérgr Cirrus Multispectral 1 100+
IRS-P6 IndialUS 2001 AWIFS || Multispectral 3 80
CBERS? | ChinalBrazil oL | IRMSS | Multispectral| 3 80
ARIES Australia 2002 ARIES-1 ||Hyperspectral 96 30
Envisat-1 ESA 2001 ASAR Radar 1 30, 150
NEMO
% uUS 2001 AVIRIS | Hyperspectral| 210 30
| 2001 or . .
Resource?l || Resource2l later? Multispectral | Multispectral 5 10, 20
CBERS?2 | ChinaiBrazil| “»2 " | cCD | Multispectral | 5 20
SPOT-5 France 2002 HRV Multispectral 1 20
France/Great| 2001 or .
XSTAR Britian later? XSTAR || Multispectral| 10+ 20
SPOT-5 France 2002 HRV Multispectral 3 10
E LOS Japan 2003 VSAR Radar 1 10
IALOS Japan 2003 AVNIR-2 || Multispectral 4 10
RIES Austraia 2002 ARIES-1 || Panchromatic 1 10
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OrbView-4 | Orbimage 2001 OrbView-4 | Hyperspectral| 200 8
|I RS-P6 India/lUS 2001 LISSIV Multispectral 7 6, 23.5
NEMO .

|@) us 2001 PIC Panchromatic 1 5
|M Tl us 2001 MTI Multispectral 15 5
SPOT-5 France 2002 HRV Panchromatic 1 5
OrbView-4 | Orbimage 2001 OrbView-4 || Multispectral 4 4

‘|Or bView-3 | Orbimage 2001 OrbView || Multispectral 4 4
Radar sat-2 Canada 2003 SAR Radar 1 3+
IRS-P5 . .

‘Iﬁ Indiagus 2001 Pan |Panchromatic 1 25

IALOS Japan 2003 | AVNIR-2 | Panchromatic 1 25

ImageSat . .
‘|EROSA2 International 2001 ||Panchromatic || Panchromatic 1 15
|Or bView-3 | Orbimage 2001 OrbView || Panchromatic 2 1-2
OrbView-4 | Orbimage 2001 OrbView-4 | Panchromatic 1 1
EROSB1 ! magefSat 2001 or Panchromatic || Panchromatic 1 0.82
International|| later?
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APPENDIX II. DETAILED STUDY METHODS
REGIONAL/SUB-BASIN SCALE

Landsat 5: Landsat 5 Thematic Mapper (TM) digital imagery was tested on a portion of
the Kootenai drainage to determine the utility of using this type of moderate resolution
remote sensing imagery on mapping cottonwood stands in this area. The Upper K ootenai
River above the Libby Reservoir in Canada was chosen as it is a reach that has had no
influences by dams and it is an area were a Landsat image from the mid 1990's was
available to the project from the Ktunaxa Tribal Council. The study areais known as the
Wasa/Fort Steel reach. Image processing was done by Eagle Vision of Cranbrook BC
using PCl's Easi/Pace image processing software on a PC computer.

The image had been previously geo-corrected with a digital elevation model and
therefore was ready for information extraction using standard supervised classification
techniques. Before classification began, the flood plain of the study area was digitized.
This floodplain mask was used to "clip" the floodplain study area out of the image so that
the classification would be applied to only this area. This was done to minimize
processing time.

Thefirst step in supervised classification is developing a classification system that
reflects the different land cover/classes in the study area including the classes of interest.
In this area the two very similar classes were of interest: cottonwood and aspen. Other
classes in the classification included: spruce, water, non-vegetated, rangeland, wetland
and agriculture.

Several training areas for each of these classes were outlined on aerial photographs. The
locations of the training areas were based on field reconnai ssance done in the summer of
2000. The training areas were digitized over the Landsat imagery on-screen and the
statistics for each of six visible and infrared Landsat bands were extracted for each class.
These statistics or class signatures were then stored and made available for the
classification process. The class signatures contain the statistical information that
represents each of the classes in the classification system. The cottonwood signature for
example contains information that is potentially different from the other classes such as
aspen or spruce. Asthis statistical process works on data ranges or limits based on a
standard deviation, similar classes such as cottonwood and aspen will overlap and may
not be distinct or statistically different from each other. Classes that are spectrally very
different from each other such as cottonwood and water should not overlap and will be
statistically different.

The classification technique used in this study is the standard maximum likelihood
classifier where an unknown pixel is assigned "the most likely class" based on the
training data statistics. In the classification process, each image pixel value is examined
and compared to the class signatures. A value is assigned to the pixd that represents the
classthat it is most like. For example, the six bands for an unknown pixel are compared
to all the class signatures. The signature class that is most like the pixel is given that
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label. If the most likely class signature is "cottonwood" then the pixd is labelled
"cottonwood" if it is most like "spruce” then it is labelled "spruce”. This processis
repeated for every pixel in the image, or in this case the clipped floodplain, and a
classification map is produced. The map contains information that has been extracted
from the raw imagery and is displayed as different colours that represent each class.

The classification process was repeated severa times to improve the classification results.
Each iteration was completed after adjusting the training areas or after combining similar
classes and regenerating the class signatures.

Landsat 7: Landsat 7 TM imagery was tested on the Y akima drainage. A similar
supervised classification approach to the upper Kootenai Landsat 5 analysis was used
where training data was used in a maximum likelihood classifier with PCl Easi/Pace
software. The training data from the IKONOS/ADAR data (1-4 metre pixels) were
overlaid on the smaller scale Landsat images (30 metre pixels) for the two study areas
and plotted. The training areas were expanded to include enough pixels to extract training
statistics from the Landsat imagery. The expanded training areas were digitized over the
Landsat imagery and the class signatures extracted. The classes used in this analysis
included: cottonwood, grass, dry grass, invasive, water, cobble and cultivated.

The maximum likelihood classifier was applied and several iterations were conducted
before the final classification maps were produced. To compare results with the IKONOS
and ADAR imagery, the area of each class was calculated and the results imported into
an Excel spreadshest.

BC Forest Service Forest Cover: See the methods section in Jamieson et al. 2001.

STUDY REACH SCALE

(see other reports associated with this project)
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