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LESSONS FROM A FLOODED LANDSCAPE

n the soggy morming of February 6,
O 1996, Grant, a fluvial geomorphal-

ogist at the Corvallis Lab, logged
on 1o the Internet to check the gauging
stations in and around the HJ. Andrews
Experimental Forest, about 100 miles
southeast. When he saw that the McKenzie
River was going up 1,000 cubic feet per
second every hour, he knew some serious
chaos was at hand,

Grant and Fred Swanson, a Forest Service
geologist and Andrews Forest project
leader, headed immediately for the moun-
tain forest. After all, the last major flood
event, in 1964, had predated both their
research careers.

Both reacted viscerally to the scene of the
flocd, once they were literally standing in it
during the next two days. "There is a

dramatic power to such a huge landscape
event, a feel, a smell to it” Grant says. "It
was absolutely the high point of my
career to date, the field experience you
dream about.”

Swanson vividly describes the kahwoomp
sound of giant boulders rumbling along the
streambed, and the "Rip City!" experience
of watching whole old-growth trees, with
root wads intact, racing down river chan-
nels. He recalls standing beside a flooded
main channel watching the rapid approach,
trunk first, of an old-growth tree captured
by floodwaters, “The tip of the trunk
lodged in the bank right at my feet. Then
the force of the current took the rooct wad
and swung it around to lead downstream
The current yanked the treetop out of the
bank, and on it went.”

A, The 1996 flovd erystallized scientists” tiinking about flood effects and dynamics.

“This is when the physical work of the
landscape gets done,” says Grant. "More
sediment and debris of every kind, from
the boulders and the trees to the finest
silt, entered the main streams in those
24 hours than will in probably the next
40 or the previous 30 years.” And thus
more dramatic change was wrought upon
the landscape than will occur again until the
next "big one.”"

“One thing the ‘%6 flood has really empha-
sized,” says Swanson, “is the tremendous
value of Forest Service watershed research
in hanging together through all the decades
of boredom. 's a tricky balance between a
maniacal persistence in collecting baseline
data while very little seems to be happen-
ing, and yet responding 10 the current fash-
ions in science or the latest management-
policy issue.” For it is precisely those boring
baseline data, decades’ worth of them, that
let researchers truly “measure” the events
of the flood. Their patterns through the
decades of boredom provide a context for
understanding majer flaod events.

For it i precisely those boring
baseline datz; decades worth.
of them, that let researchery
truly “measure” the eventy
of the flood..

Frad Swanson

Decades of bovedom:




EDITOR’'S NOTE

The PACIFIC NORTHWEST RE-
SEARCH STATION serves saciety
by iniproving the understanding,
use, and management of natural
resources. This monthly publication
presents science findings for peaple
wha make and influence decisions

about managing land.

In ourfirst issue, we describe
research that reflects our responsive-
ness to natural events and our ability
to address issues over time. Floods
can bring tragedy in the wake of their
destruction. Floods also aré a natural
process dhat has shaped our land-
scapes. We hope that our scientific
information heips peaple make wise
choices that inflwence floods assaci-

ated with forest lands.

The next issue of Science Findings
will examine another aspect of cata-
strophic disturbances. We will
present findings on how anadromous
fish are affected by the dynamics of

aquatic ecosystems.

As our first issue of Science Findings,
this represents a beginming. We will
be making improvements in content
and layout as we go along and
welcome comments. We alsa would
like to expand our initial distribution.
If you have ideas abont improving
this publication or naines to add to
our mailing list, please contact:
Cindy Miner

Pacific Northwest Research Station
P.0. Box 3890

Portland, Oregon 97208
(503) 808-2135
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A Floods do the physical work of e landscape,

LEGACY OF KNOWLEDGE BUILDS
FROM THE FLOOD OF ‘96

ather than dramat
ing ideas about
dynamics, the '96 flood
crystallized many of the hypatheses, according
to Swanson. Perhaps its most valuable legacy

Iy changing exist-

has been to encourage n

ways of thinking.

First, the news story in the natural forest is

that

fleods are not just about a lot of v
Yes, there's a lot water, but all the time
that story is developing, uncountable diverse
processes are happening in stream channels
on hillslopes. Many of them cennected.
debris
vater or

ater,

the hillslopes there are landsli
quantities of snow absorbing
ious rates, and interactions

ng at v
een the stream and

the road system. In
annels, there is rising wat
woad, and sediment input ranging in size from
silt throu to boulders. Everywhere,
the transfer of potential to kinetic energy

moving

The linking of all these processes creates wi

rbance cascade: some
effect and get larger
ore like an unroling

ly. F
flow starts with saturated soils that

quite ra
de

begin to liquefy. Some flows never make it
into the first smal

hamnel g up by an ol
failure to

The rug is unrolled, the

energy spent.

But if they do gather encugh mass, they'll sta
taking cut some streamside shrubs and logs,
increasing momentum and power on their
way to the main channel. By this time, they're
big enaugh to take on large stands of alder,
shift boul the size of Volkswagen bugs,
add their weight to the force of the flow
through the channel. The snowball effect,
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Jor subseguent older stands to fail fn 1996

eeds of 20 to
30 miles per hour, even remnant stands of
old-growth along the channel cannot abways
withstand the impact of such 2 channelized
mass. The flood is intractably at work.

With sufficient force. and

/ Each flood sees a different landscape. Where the 1964 flood knocked dovwn old growth, it paved the way

And yet here is one of the apparent para-
doxes of a big flood event: despite all the
drama and the devastation, the landslides,
the debris flows, and the channel alterations,
some parts of the landscape escape almost

fects of the flood were
not uniform between basins, streams, or
even adjacent reaches of the same stream
Are flood effects completely random?

unscathed. The

Mo. Consider the flood's perspective, Grant
suggests: each flood sees a different land
scape. In their moments of chaos, previous
floods changed the landscape, and in the
decades of boredom, land use and vegeta
tion also altered the scene,

For example, if 2 reach of stream was
gouged down to bedrock by a debris flaw
30 years ago, it prowides less resistance to
subsequent debris flows, which therefore
have more available energy to transport
both waood

wd sediment downstream. I
accumulations of wood remained along the
high flow line of a st t
levees” acted as buff
areas behind them. If a

“wood

firs got knocked down last time, the alder
that succeeded in its place was less likely to
withstand the

d to the gath-
ts of one flood
for the next flood.

ering mass, Thus the ¢

leave their footprin

Owverall, the 9
of

ood produced a pattem
regular disturbance,
changes in small channels affected by debris
flows, and in reaches of the main stem that

greatest

were unconstricted by bedrock and there-
fore able to accommodate channel migra-
tion. Changes in populations of stream
organisms reflected
large changes in som

areas and neo
detectable change in others
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Sally Duncan is a seience eommunications

planner and writer specializing in Forest re-
source issues. She lives in Corvallis, Oregon.

COMPARING RESPONSES TO TWO FLOODS

and management activities do affect how a flood plays out
across the landscape, in a sense because they intensify natural
instabilities in the system. As the two activities with the great-
est impact on the landscape, logging and road building come under
particularly close scrutiny. Both affect the quantity of waody debris in
small channels, the fie
and the interaction between streams and roads or bridges.

equency of mass movements from hillslopes,

How do we accurately track the effects of management] By
comparisons ower time, Witness the differences between the ‘64
and the '96 floods.

“In 1964, there had been 15 years of fairfly constant logaing, the
read system had been built into the watershed from lower eleva-

tions, on the flood plains and midslope,” explains Swanson, “and its

bjective was to move logs efficiently. not to consider landscape
effects” Furthermore, there had been no big flood events in the
previous 20 years to thoroughly “clean” the system, thus leaving a
lot of big trees and logging debris to work major change in the
stream system,

But by 1996, there had been 25 years without much logging or
road construction, and that big floed just 32 years before.
Specifically, in 1964 as much as |5 percent of the basin area had
clearcuts younger than |5 years, and about 80 km of roads the
same age, whereas in 1994 there were only 2 percent of
clearcuts and less than 20 km of roads less than 15 years old.




“Younger plantations are thought to have a
higher susceptibility to sliding because of
reduced root strength and possible effects on
soil-water movement,” says Swanson, 5o slide
numbers from plantations were lower in the
*96 flood, In addition, road building methods
had been modified substantially because of
lessons from the ‘64 flood; road related slides
were reduced by about half in 1996,

There was simply less large woody debris
and fewer unstable slopes and roads to
contribute to massive structural change.

Another player that differs between flood

scenes is snow pack. The timescale of snow
pack registers in days and weeks, rather than

Roud building methodsy
had een modified: substan~
tially becadse of lessons from

the 64 flood: road related
dides were reduced: by
alrout half in1996.

Fred Swanson

years and decades like landslides, By affect-
ing the timing and height of peak flows, the
amount of water stored in the snow pack
can significantly exacerbate or diminish flood
effects. The February 1996 flood came on
the heels of high snowfall, as much as
112 percent of average, As the flood

HYPOTHESIZED DIFFERENCES IN FLOOD RESPONSE, 1964 & 1996
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progressed, three zones of snow effect were
apparent: a lower zone from 400m to 800m
elevation where melting from a thin,
wet snow cover added its volume to high

where a deeper snow pack first stored then
released water; and an upper zone above
1200m where a very deep pack stored much
of the precipitation and buffered the inten-

rainfall; a middle zone from 800m to 1200m  sity of the storm in the upper elevations.

Bk INDINGS
* The overall pattern of landslides and streamflows was very strongly influ-
enced by precipitation intensities, and in some areas by snowpack dynamics.

+ All floods are strongly affected by preexisting conditions and by the
legacies of human actions and natural events.

+ Floods have a wide variety of unpredictable consequences and different
effects even in neighboring stream reaches.

INTEGRATION IS THE NEW WAVE OF SCIENCE

ny flood leaves behind lasting teaching materials. But the
lessons from this flood have 2 significant new aspect to
them: integration.

“In studies of the *64 flood, the focus was mostly on a limited set of
questions in smaller watersheds, but we're now looking at larger
basins, and how material is routed through the whale system,”
Swansan explains. There is less focus on just counting landslides,
counting road failures, and inventorying channel change. Instead, the
emphasis is on "How do these pieces connect and so what?” And it
ain't easy.

“We still fall into the trap of having some people look just at a hori-
zontal view of the landscape via roads, and the people right beside
them taking just the vertical view via landslides.”

In fact, as Grant says, “"When you try to build an integrated study so
that you can understand floods as systems, the connectivity of all
these events becomes a kind of tyranny. Far from the old days when
we dealt separately with roads, channels, slides, water, or wood, we
now "get it” that the flood doesn't care. It moves through a whole

landscape, so if we want to understand it, we'd better have a good
grasp of the whole landscape. And that takes a huge effort.”

Integrated research, in a sense, tries not 10 care more about one
landscape response than another, tries to “treat” the whole land-
scape at once. After all, that's what the flood does.

Swanson notes that the focus even of an integrated research effort
can change within the span of studying a single flood. In '96, their
orginal focus was, of course, ecosystem and watershed processes,
but it rapidly turned to public safety and policy after the five south-
em Oregon deaths. Ongoing municipal water supply issues, particu-
larly out of Salem, kept the pot boiling. “We're seeing floods become
an urban interface issue, linking people with wildland hazards like fire,
wild animals, and landslides.” he says.

Remember, although researchers must respond to the information
needs of policymakers, someone has to be collecting the baseline
data. Hence although the '96 flood triggered new studies, it also
reinforced the value of long-term monitaring of such variables as
climate, strearn flow, channel conditions, and biota,
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SCIENTIST'S PROFILES

. A Research Geologist
with the PNW Research Station, has been
studying landslides and other erosion

processes in western Oregon for more

than 23 years. Swanson is also a leader

of the National Science Foundation spon-

sored Long-Term Ecological Research

program at the H.J. Andrews
Experimental Forest. He is lso leader of the Cascade Center of

Ecosystem h

GORDON GRANT, a Research
Hydrologist with the PNW Research

Station, has been studying rivers for

more than 15 Before that, his

interest in fluvial processes was sparked
by @ decade-long career as a whitewater
river guide. His research now focuses on
the structure and behavior of mewntain

streams, and the effects of forest land use, dams, floods, and other

a researc partership

involving Forest Service Research, the Willametie National Forest,

and Oregon State Univers

Swanson and Grant can be reached at:

Pacific Northwest Research Station/USDA Forest Service
Forestry Sciences Laboratory
3200 S.W. Jefferson Way
Corvallis, OR 97331

ces on rivers and watersheds in the Pacific Northw
and elsewhere, He is also a Courtesy Associate Professor of

Geasciences

ar Oregan State Universiry

Swanson:
E-mail: fswanson@fs.fed.us: phone: (541) 750-7355




