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rbanization imposes a variety of
watershed changes that profoundly

. affect ronoff processes and the
downstream surface-waler drainage system.
These changes include not only the most
obvions manifestation of urban develop-
ment, namely impervious surfaces that cover
the land, but also the associated vegetation
clearing, soil compaction, water-conveyance
modifications, riparian-corridor alterations,
hurnan intmsion, and import of chemical
contaminants that invariably accompany
such development. These pervasive,
landscape-level changes commonly affect
virtually &ll areas of an urban watershed.

Downstream channels reflect these
watershed changes in a variety of ways.
Increases in peak flows have been best
documented, with the discharge of floods of
a given recurrence interval typically -
fncreasing by factors of about 2 to §.
Recent, more sophisticated monitoring and

numerical modeling of urbanizing drainage

basins show that the duration of any given
flocd discharge, summed over the time
period of gage record or simulation, may |
increase by an order of magnitude. Such
modeling also shows that the frequency of
“large’ flows, recognized by the discharge
necessary to accomplish significant erosive
work ¢n the channel form, may increase by
nearly two arders of magnitude—from once
or twice per decade to several times per
year (Booth, 1991).

Physical conditions in channels also
change as a result of urbanization. Some of

those changes are a direct consequence of
development and human habitation—
riparian cotridors are cleared, channels are
straightened, and logs are removed from

channels in the name of tidiness or for fire-

wood. Other changes result from the
increase in flows delivered from the up-
strearn basin. These flows transport more
sediment as a result of increased flow dura-

“tions and accomplish more channe! erosion

as a result of the increased frequency of
large floods. Geomorphic work on the
channel is increased even as the resistance
of the channel to that work, typically de-
trived from the ronghness and armoring
properties of bank vegetation and large
woody debris, is reduced. Urban channels

_are thercfore deeper, wider, and ¢ommonly
incised; they are also more homogenous
- with little of the morphological variability,

such as alternating pools and riffles, that
characterizes chanmnels in more undistucbed
settings.

The chemical composition of urban
stort water also diffets, sometimes drama-
tically, from predevelopment conditions.
Although measured data vary widely be-
tween systems, increases of up to one order
of magnitode are typical for most pollutant
classes, including solids, nutrients, metals,
and bacteria.. Constructicn-phass impacts
van be particularly severe on stream sys-
tems and wetlands with small drainage
Areas.

In summary, landscape alteration
affects aquatic system function, primanly

545




The work from which this copy was made did not include a formal copyright notice or
statement. This work may be protected under U.S. Copyright Law (Title 17, U.S. Code),
which governs reproduction, distribution, public display, and certain other uses of
protected works. Uses may be allowed with permission from the rightsholder, or i the
copyright on the work has expired, or if the use is "fair use" or within another exemption.
The user of this work is responsible for determining lawful uses.

NOTICE
Warning concerning copyright restrictions:

The copyright law of the United States (Title 17, United States Code) governs the inaking of photocopies
or other reproductions of copyrighted materials. '

Under certain conditions specified in the law, libraries and archives are authorized to furnish a photocopy
or other reproduction. One of these specified conditions is that the photocopy or reproduction is not to be
“used for any purposes other than private study, scholarship, or research.” I a user makes a request for, or
Jater uses, a photocopy or reproduction for purpose in excess of “fair use,” that user may be liable for
copyright infringement. '

This institution reserves the ﬁght to refuse to accept a copying order if, in its jlidgrnént, fulfillment of the
order would involve violation of Copyright Law.

Courtesy of

- NOAA Central Library
Interlibrary Loan
SSMC-3, 2™ Floor, E/OC4
: 1315 East-West Highway
. Silver Spring, MD 20910-3282
| USA
“ http/fwww lib.noaa.gov

E.Tuniwchit3l




Watershed '93

by the physical processes of reduced soil-
moisture storage by compaction and

paving, direct human intrusion into streams

and wetlands, and import of pollutants, In
recognition of these dominant processes,
we have collected sets of physical, chemi-
cal, and biological data from a wide variety
of lowland streams and wetlands in King
County, western Washington State. We
sesk both a threshold of significant aquatic
system degradation, which appears from our
data 1o occur at a rather well-defined level
of arbanization, and insight into the pro-
cesses by which that degradation occuss.
Culy with such insight are subsequent
efforts at mitigation or protection likely to
be successfal,

Choice of Parameters and
. Methods of Data Collection

" We have chosen to consider data
“ from both streams and wetlands because

.. . these two classes of aquatic features are

intimately interconnected in the water-
sheds of western Washington., The

structure of these features is evaluated
through measurement of physical

: . such as bankfull width and

. depth for channels, or fluctuations in
water [evel and water chemistry for
wetlands. The function of these aguatic
systems is measured by biological

" utilization, which is judged to integrate
the suite of urban induced cffects and to
provide the best aggregate measures of
“quality” or “degradation.” We have
evaluated biofogical parameters quanti-
tatively by species and population
counts, and more qualitatively by rapid
field assessment of habitat quality. :

. Urbanization is similarly diverse in

" characterization. Several parameters have

been used by past workers (e.g., percentage |

of area urbanized, percentage of area served
by storm sewers); all are strongly cross-
correlated, and so to some extent the choice
is a matter of personal preference. We have
" elected to cast all data in terms of the :
. petcentage impervious area in a watershed,
using typical impervious-area ratios for
individual land uses; this parameter can be
uneguivocally measured and is particularly
well correlated with the runoff processes
that we judge are most significant. We also
have independently measured conditions of
the riparian corridor because these areas are
directly connected to aquatic systems and

- similarly sized drainage basing in western

becaust many jurisdictions are actively
regulating these zones independent of
broader, watershed-level controls.

Cormrelations Between
Urbanization and Aquatic
System Function

In aggregate, the physical changes
imposed by urban development on the
Jandscape result in a decline in function of
aquatic systems, This fact is evideat to any
resident of such a watershed, similady
intuitive is the cbservation that degradation
ncreases as development progresses,
However, it is much more difficult to
quantify decline in fanction and identify its
relationship with upstream urbanization.

‘We have sought such a relationship
by use of both new and existing dasa,
relying heavily on biological indicators of
stream and wetland function. Fish use in
streams has been investigated directly by
Lucchetti and Fuerstenberg (1993}, who
considered the differences in relative
abundance between two species of salmon,
cutthroat trout {Onchorynchus clarki) and
coho salmon (0. kisutch), that have
significantly different Life cycles and
habitat requirements. Catthroat trout arc
tolerant of small-sized and relatively
homogenous habitat; cobo salmon, in
contrast, require a varied physical environ-
ment that includes large pocls and a stable
substrate. Figure 1 shows the relationship
between populations and watershed
impervious-area percentagss for cight

Washington (ranging in drainage area from
10 to 30 km®). The daza show little in the
way, of a discrete “threshold” but indicate
that population changes may be measurable
at rather low levels of urban development
and become quite significant much beyond
10-15 percent.

Similarly, the relationship between
fish habitat and wban development was
evaluated by rapid field assessment along
140 km of stream channel in two drainage
basins (Soos and Hylebos Creeks) in King {
County. Habitat was classified as excel- ¢
lent, fair, or poor on the basis of pool:siffie
ratio, channel roughness and diversity, and
observed fish use, The tatal coniributing
area and impervious-area percentage of the
watershed above cach channed reach was
measured, with total areas ranging from 2
to 110 km?* and impervious areas ranging
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from 2 to 50 percent, The results are
graphed in Figure 2; marked degradation
occurs at about 8-10 percent impervious
area with almost no exceptions on either
side of that value.

Data collected from 19 wetlands
throughout King County (Reinelt and
Harner, 1991; Richter et al., 1991} suggest
a similar pattern, Wetland function was
characterized by measurement ef hydrol-
ogy, water quality, soils, plants, and
animals in these wetlands from
1988 to 1990. Water-level fluc-

the intuitive knowledge that

increased levels of urban development yield
increased degradation, althongh this par-
ticalar data set is deficient in impervious-
area percentages between 4 and

14 percent, With one exception (JC28,
with only moderate water gnality degrada-
tion and alrost no WLF as a result of
exceptionally permeable watershed soils
and a very stable regional grovikd-water
table), all wetlands with impervious-area

tuation (WLF) was chosen as the
primary measure of hydrology
because it integrates muerous
factors governing wetland hydrol-
ogy, including wetland-to-water-
shed area ratios, level of water-
shed development, wetland
morphometry, outlet conditions,
and soils. Mean WLF was used
int this analysis because it is less
influenced by evaporation and
summer drying. Water quality
amalyses examined 21 variables,
including nutrients, metals, and
bacteria, with a majority of
samples collected during the wet
{November-February) and dry
(Juty-September) seasouns; con-
ductivity, total suspended solids
{T88), and fecal coliforms (FC)
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showed the greatest systematic
variation {Reinelt and Homer,
1991). The diversity and abun-
dance of amphibians, collected in
pitfall traps and supplemented by

Source: Adapted from Lucchetti and Fuerstenberg, 1993.
Figure 1. Relative fish ase, King County stresms,

egg-mass chservations, were used
to characterize animal use in wet-
lands {Richter et al., 1991),
- The five variables noted

above (WLF, conductivity, TSS,
FC, and amphibian species) were
used to compare wetland function
with pescentage impervious area
in the wetland watersheds, Each
variable was scored from (¢ to

j 100, where 0 represented the jeast

! degraded value in the entire data

! set and 100 the most degraded

y value. (tker scores were as-
signed proportionally between
these two extremes. A “water
quality” score was calculated as
the mean of the three watcr qual-
ity variabies; it was then averaged
with WLF and amphibian scores
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(Figure 3). These data support

~ Figure 2. Quality of observed fish habitat.
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percemtages above 14 percent had scores

greater than 50 percent, whereas thoss
below 4 percent had scores below 40.

Causal Relationships Between
Development and Function

Although the above examples clearly
display a linkage between aquatic system
function and urbar development, they do
not offer much insight into the causal
relationship(s) between the likely vectors of
urban impacts (c.g., flow, water quality,

_ physical intrusion) and the resulting

changes in function. To achieve such
insight, we must seek data that successfally
isolate the effects of one urban develop-
ment parameter from all others. To date,
our information is largely restricted fo
measures of flow quantity, channel size,
and condition of the riparian comidor; but
additional investigation of water chemistry
changes is probably warranted as well.

The effects of changing the riparian
comidor can be evaluated by measurement
of channel charactetistics along a stream
reach with varying adjacent land use.

Along one such western Wash-
ington stream {Leach Creek, with
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a drainage arca of about 9 km?),
bankfull channel widts and
sadjacent bank conditions were
measared at 20-m intervals along
2 tom of channel (Figure 4). An
average 0.6 m of channel
widening bas occurred wherever
the native bank vegetation had
been altered or removed, This
increase, about 17 percent, is
trivial in comparison to the
potential magnitude of cata-
strophic channel incision but a
substantial fraction of the total
“equilibriam”™ channel widening
normaly associated with urban-
induced flow increases (Hammnex,
197Z; Booth, 1930). More
generally, comidar condition and
_habitat quality were corrclated in

Figure 3. Relative wetland degradation.

two other basins (Figure 3); nots
that good habitat guality is not
guaranteed by covridor condi-
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tions, but an absence of signifi-
cant riparian vegetation virtually
assures degraded habitat.

) Changes in flood discharge

from urbanization are likely to
affect aquatic systems most
directiy by an increase in

~ streambank instability and
channel erosion. We discriminate
between siabie channels, with
little or no erosion of their bed
and banks, and unstable channels

] that display long continnous

i) 06 400 - GO0 00 1000 1200 1400 1600 1800 200G 2200
DISTANCE {m downsiream of datum)

banks indicative of severe
downcutting and widening. To
characterize the increase in flows

Figure 4. Correlation of channel width and bank vegetation, Leach

Creek, Washington.

imposed by urbanization, we have
used a continuous hydrofogic
model (HSPF; USEPA, 198410
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simulate the increased frequency of egnaling

“or exceeding the discharge with a recurrence

of 10 years under forested conditions (Q,,
w)» This discharge was chosen as an index
value of the total hydrograph because
moderately large storm flows are commonly
observed 1o affect strearn-channel form and

“to move large streambed material (e.g.,

Sidle, 1988). The cormelation between -
observed channel stability (indicated by the
X's and O's of Figure 6} and frequency of
Q,, . under currem conditions (vertical
scale of Figure 6) was determined for four
tasins having HSPF simufation of both
forested and cutrent land cover. A consis-
tent threshold of change is seen foc those
basins with a present-day recurrence of 2
years or less for the discharge equal to Q,,
(solid horizontal line in Figure 6, using the
annual flood series). This threshald of
instability also can be recognized simply by

upstream basin; again, a value of about 10
percent {dashed vertical line in Figure 6)
seems pivotal,

. These two factors, decreased corridor
integrity and increased flows from the
upstrearn basin, are typically interdepen-
dent because urban development teads
affect both, Different management strate-
gics apply to these two areas, howaver, anl
so discriminating their respective effects on

~ the stream system is valuable. Steedman

(1588} correlated the biclogic function at
209 stream sites in southern Ontario,
Canada, with land use and riparian comidor
(Fignre 7). As with our data (Figures 2 and
5), both watershed

~ measuring impervious area percentage in the

complete retention of streamside buffers
{i.e., “percentage riparian forest™ equals 100
percent), impervious-area coverage much
beyond this range will lead to nearly certain,
measurable degradation.

Conduslons

These results suggest remarkably
clear and coasistent thresholds of aquatic
system degradation. In this region, ap-
proximately 10 percent impervious area in
a watershed typically yields demonstrable,
and probably irreversible, Toss of aquatic

40

S5 Flezzza Goan . X

30 |-

x
w::_)&

AR

%
23
%

NUMBER OF REACHES
3

oz HE
MINIMAL  BROKEN  INTACT
CONDITION OF CORRIDOR

Figure 5. Quaslity of abserved fish habitat,

corridor conditions—Soos and Hylebos.

and riparian land
nses must be
favorable {ie., non- 25Fa o ' ! ’ 0 -
Wbﬂ“} for bel? o, Q  STABLE CHANMELS
eelﬁd?:rm& clearing is £ 20} g ... e
proportional to & ‘o ®
basinwide urban land i 5 o _
uses (the diagonsl 5 1.5 °°§ ol GENERALLY STABLE CHHANNELS
dashed line of Figure E A, o i . —

, Stream conditi 2 GO : +——t 10°yr forested =
:’)ymbenol;:mrtho:: g '° e A Zyr current decherpe
“fair” once the basin 5 el o
achieves about 30 z 95¢ @ :%X x%? o % x x

Q '
m“ty’:f:  and g { CENERALLY UNSTABLE CHANNELS
suburban densities, 2 005 10 20 30 40 50 50
aﬂl]:: co;n;gpunds 1 PERCENT IMPERVIOUS AREA IN CATCHMENT
ut 7-10 perceat
Bimpuvipdt:s area. - Figare 6. Channel} stability and land nse, Hylebos, East Lake
ven with virtually

Sammamish, Issaguak Basins.




550

Watershed "93

75

50

25

PERCENT RIPARIAN FOREST

100 =

25

50 75 100
PERCENT IFRPAN LAND USE

Scurce: Adspted from Steedman, 1988,
Figure 7. Urban effects on biotic integrity.

system function. This loss is reflected by
measured changes in channel morphology,
fish and amphibian populations, vegetation
succession, and water chemistry. Even
lower levels of urban development canse
significant degradetion in sensitive
waterbodies and a reduced, dut less well
quantified, degree of loss throughout the
system as 3 whole. In the restricted context
of weststn Washington agoatic systems, dif-
ferences between watersheds are not appar-
ently critical in determining this threshold;
but those differences do determine the mag-
nitude of the aquatic system response and
what strategics might provide effective miti-
gation.

These findings suggest that snccessful
comective measures must not simply protect
or vestore the structure of individual stream
or wetland elements. For example, buffers
around waterbodies are necessary but must
be coinbined with watershed-level restric-
tions on the rate and duration of storm water
discharge: loss of instream fish habitat can-
not e repaired by engineered structures
alone. Yet the changes to the landscape im-
posad by urbanization are probably beyond
our best efforts to fully correct them. Thus
some downstream loss is probably inevitable
without limiting the extent of development
itself, a strategy that is being used with in-

creasing frequency in this region’s remain-
ing resource-rich watersheds.

References

Booth, D.B. 1990. Stream-channel incision
following drainage-basin urbanization,
Water Resources Bulletin 26:407-417.

— . 1991, Urbanizstion and the natural
drainage system—impacts, soluticns,
and prognoses. Northwest Environ-
mental Journal 7:93-118.

Hammer, TR. 1972, Stream and channel
enlargement due to urbanization.
Water Resources Research B:1530-
1540.

Lucchetti, G., and R. Foerstenberg, 1993,
Relative fish use in arban and non-
uwrban streams. Conference on Wild
Salmon, Vancouver, Coanadia,

Reinelt, LE., and R.R. Homer. 1591,
Utban storm water impacts on the
hydrology and water quality of
palustrine wetlands in the Poget
Sound region in Puget Sound Re-
search '9] Proceedings, Puget Sound
Water Quatity Authority, vol. 1, pp.
33.42.

Richter, K.0O., A. Azous, 5.8, Cocke, RW.
Wisseman, and RR Homer. 1991,
Effects of storm water runoff on
wetland zoology and wetland soils
Sound Wetlands and Stormwater
Management Research Program, King
County, WA,

Sidle, R.C. 1988, Bed load transport
regime of a small forest stream.
Water Resources Research 24:207-
218.

Steedman, R.J. 1988. Modification and
assessment of an index of biotic
integrity to quantify stream quality in
Southern Outario. Canadian Journal
of Fisheries and Aquatic Sciences
45:492-501.

USEPA. 1984, Hydrological simulation
program—Foriman, Release 8.0, U.S.
Environmental Profection Agency,
Southeast Environmental Research
Laboratory, Office of Research and
Development, Athens, GA.







