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Preface

The following materials were compiled as background information for individuals who
will be participating in a workshop entitled "Methodology and Mechanisms for Management of
Cumulative Coastal Environmental Impacts,” to be held in Narragansett, Rhode Island on May
6th and 7th, sponsored by NOAA’s Coastal Ocean Program. They consist of selected articles
and excerpts from reports authored by individuals who will be making presentations on specific
methodologies (S. Leibowitz, C. Hunsaker, S. Williamson, G. Shaffer and W. Eichbaum); an
article by a respondent to the methodologies panel (C. Contant); and materials authored by two
individuals who were unable to participate in the workshop (B. Bedford and J. Gosselink). Also
enclosed with these materials, but sent as a separate document, is "Making Decisions on
Cumulative Environmental Impacts: A Conceptual Framework, " World Wildlife Fund, 1992, co-
authored by workshop presenter Frances Irwin.

It is the hope of worksbop organizers that participants familiarize themselves with these
materials prior to the workshop so that discussions can start from a shared understanding of the
basic concepts and approaches presented by the authors. These materials may also serve as a
valuable source of information for participants who wish to pursue particular approaches in more
detail after the workshop.

In organizing the workshop and selecting these materials, an attempt has been made to
identify state-of-the-art methodologies for assessing and managing cumulative environmental
impacts. Whiie the focus of the workshop is application in a coastal environment, methodologies
developed in other contexts are included as well.

During the last three years there has once again been a resurgence of interest in research
and writing about assessment and management of cumulative environmental impacts. However,
due to our particular focus, these workshop materials only inciude a fraction of the valuable
material in the literatore. These materials are intended for the limited use of workshop
participants only, and are not to be reproduced for wider distribution.

Alison Rieser Barbara A. Vestal, Project Coordinator
Associate Professor and Associate Director
Director, Marine Law Institute Marine Law Institute
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Increasing the Scale of Analysis: The Challenge
of Cumulative Impact Assessment for Great
Lakes Wetlands

Barbara L. Bedford
Cornell University
ithaca, New York

INTRODUCTION

“A fundamental incongruity confronis those
who regulate or study wetiand ecosysiems. The
scale 2t which they observe human impacts on
wetiand resources 10 be accumuiating is far
greater than the scaie at which they ask ques-
itons or make decisions. Ennire wetiand land-
scapes bave been aijtered inadverienatty
througn the cumulative effects of numerous
localized individual acuions. insights gained
through research conducted at one site and on
one process cannot provide straightforward
answers about the consequences of multiple
imeracting processes operaung at the scale of
watersheds and landscapes.” (Preface 1o Bed-
ford and Preston ., 1988b)

1 thus described in an earijer work what [ here
refer 10 as an incongruiry of scaie in both the way we
conduct saentific inquiry and the way we reguiate and
manage the environment Within the reguiatory
world, il is referred 1o as the problem of cumuiative
Impact assessment

This paper presents the conceptual framework for
resolving that wcopgruity for wetlands of the Great
Lakes. | argue thai the prumary need is for a shift
upward in the level of anaivsis at which we conduct
assessments. Rather than the individual project. dis-
charge, or site, the munmum tevel of analysis needs 10
be that of the landscape — watersheds, individual lake
basins., and the coture Grear Lakes Basin. | then
discuss various clements necessary (o making thar
shift: puidelines for establishing temporal and spanaj
bounaarnes. a funcuonal approach to ciassifving wet-
lands and wetland tvpes within the Greal Lakes
Basin, the information required to provide a coniext
for decasion-making at larger tcmporal and spatial
scales. aod a provisional set of goals for the caure
wetland resource base of the Great Lakes.

In developing the framework, [ have drawn heav-

ily on my own previous work (Bedford and Preswon,
1988a: Preston and Bedford, 1988) and several of the
articles in Bedford and Preston (1988b), especially
Leeand Gosselink (1988) and Brinson (1988).

DEFINITIONS, SCALES, AND
BOUNDARIES

Conventional vs. Cumuiative lmpact
Scaies

Regulations published by the Council on
Environmentzl Quaiity to implement the 1969 U.S.
Natiopal Environmental Policy Act define cumula-
tive impact as: “the impact on the environment which
resuits from the incremental impact of the action
when added 10 other pasi, present, and rcason-
ably foresceable fature actions regardiess of what
agency ... or person undertakes such actions. Cumuia-
tive impacts can resolt from individnally minor
but collectively significant acuons 1aking place
over a period of time (40 CFR 1508.7)." (Bolding
miné.)

The fundamental aspects of this definition (see
bolding) dictate a change in perspectve -- an iNCrcase
in the ievei of analvsis both temporaiiy and spauaily
(Figure 1). The scale for conventional impact assess-
ment has been that of a parvcular development,
project or discharge. For conventional cumulative
assessments. the scale increases to that of an indivi-
dual wetland, within which severai projects or acuvi-
ues are considered. | have argued that the appro-
priate scale for weilands is even larger -- “that of
interacung systems of wettands located within water-
sheds, landscapes, and regions. The assessment then
becomes bounded by the distribution (spaual and
iemporal) of the resources of concern and considers
the iotal effect of all human activities and their
interrelationships oo ail weuand functions within
these landscape sysiems” (Bedford and Presion,
1988b). If the resource of concern is the Great Lakes,
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Figure 1. SPATIAL SCALES OF CONVENTIONAL AND CUMULATIVE

IMPACT ASSESSMENT

then wetlands of the entire basin nesd o be com-
sidered in assessments,

Why Use Larger Scales

The reasons {or increasing the scale of analvsis are
both political and scientific. First, the shift in scale is
consistent wath the expressed policy of the inter-
nattonal Joint Commission to adopt an ecosysiems
approach to the Great Lakes (Nationai Research
Counci and The Roval Sodety, 198%), with the U.S.
Natopal Eagvironmentai Policy Act (see above), and
with vanous pieces of state and federal wetiand jegis-
lation. The wetiand funcuons vaiued by sociery and
frequently invoked in legisiation -- hydrologic, water
quality, and life support funcuons -- are not the
product of a singic wetland but of a wetland's reta-
tionship 10 other wetiands, other ccosvstems, and
other land use tvpes. They derive from the role
weuands play as components of larger iandscape
unuts. Consider, for example, wetland water guality
functions. [nputs from terrestnal svsiems, as weil as
wetland charactenistics, influence the effect a wetland
may have on dOwnsiream waters. And because out-
puts from one SVSIEm are inpuis (0 another, spaual
retationships of wettands to other ecasvstem tvpes
within a landscape influence the movement of poliu-
lants within that landscape (Whigham et al., 1988),
Migratory watertowl, thai us¢ both uplands and wel-

lands for breeding and feeding (Cowardin et a

and breeding (Myers et al, 1987), further em:i:g
the need for larger scale anatyses. Analbysis, pias:z
and reguiatory decisions shouid be made, theretc:
with regard 10 these relationships of one system
another.

Secnnd. both the development and mainienan
of weuands within a landscape reflect large-sc
faciors and long-term processes, as well as more foc
processes (Gorham. 1957, Damman, 1979; Ge
1985; Winter, 1988). Landscape and regional va
ables such as climare, topography, geology, soi
vegetation, and land use paterns determme hyds
logic variables which in tura determine if wetian
will form, where they will form, and what their b
geochemical properties will be. Wetlands within 1
Great Lakes Basin formed over thousands of ye
following the rewreat of the Wisconsin glacat
some 10,000 years ago (Heinseiman, 1963; 19
Friedman and DeWitt, 1978). Geis (1985) ideatf
variables correlated with shoreline morphology a
hydrologic regime as the pnmary features defini
the environmental gradients alomg which Gr
Lakes wetlands devetoped.

Third. the scale at which degradation and los
have occurred and are occurring is far larger thaa |




individual site, or even sub-watersheds. The panern
has reversed from one of scanered local impacis and
losses 10 loss or degradation of most of the wetands
within the eatire Great Lakes Basin. No singie inven-
101y for the basin as a whoie cxists, nor a definitive
baseline against which to judge the precise exient of
losses (Weller, 1988). Yet a clear picture of the
magnitnde of wetiand losses emerpes when assess-
ments of individual poroons of the basin are con-
sidered together (Tabie 1). The western end of Lake
Erie. once an exteasive marsh of approximatety 4000
km?2, now coniains oniy about 150kmZ of wetiands,
most of which are diked (Herdendorf, 1987). The
Green Bay pornon of Lake Michigan has lost
approximatety 60% of the coastal marshiand thas
existed in the 1840s at comparabic water levels (Har-
s et al.. 1977). Other portions of Lake Michigan, as
well as other takes, similarly have experienced exzen-
sive losses.

Of the wetlands that remrain, the geaeral picture is
one of degradation. with muitple impacts of human
acuvites accumutating over ume. Histonc trends of
increasing human impact on Great Lakes wetlands
have been well documented (Trautman, 1977; Mud-
roch. 1980 Herdendorf et al, 1986: Herdendorf,
1987: Stuckey, 1989; Colburn, this volume). The com-
bined effects of agriculture (draining, diking, pesu-
ade and fertilizer runoff), lake commerce (dredging
and disposal), water levet reguiation (Bedford et al,
1976), construcuon of roads and raitways, residential
development, wetand diking, and point and non-
point discharges of pollutants, including toxic
substances (sece Evans. 1988), have resulied- in
eutrophication, alterauon in historic patterns of
water fevel fluctuauon, elevated concentrations of
heavy metals and toxic substances (e.g., PCB's) in
sediments, fragmentauon of habitat, Joss of diversity,
and invasion of €XOUC Species in MOS! remMAlnIng
werands.

RUDIMENTS OF A BASIN-WIDE
ASSESSMENT

Although additionai work specific t0 the Great
Lakes would be reguired for impiementauon, the
rudiments of a basin-wide assessment of the cumula-
tive effects of wetland loss and degradation can be
outlined at this stage on the basis of previous work
for other systems (Preston and Bedford, 1988 Bed-
ford and Preston, 1988a: Lee and Gosselink, 1988:
Gosselink and Lee, 1989). The basic elements for
such an assessment are: (1) guidelines for establishing
the spatal and lemporal boundaries of the assess-
ment; (2) a funcuonal classificauon of wetlands in the
basig; (3) providing context for decision-making; and
{4) establishing goals. Major progress in each of these
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aress can be made for the Great Lakes Basin with
systemauc effort

Becanse the poiiticai decision aiready has been
made to view the entire set of lakes as an ecosvstem
(National Research Council and the Roval'SOGety,
1985), and because waiershed boundanies for the
lakes are well-known, guidelines for scrung spatiai
boundaries do not need t0 be esmublished For the
Great Lakes, the approprinte scaies for
cumuiative effects are (Figure 1): (1) the sub-water-
shed — the watersheds of major sireams and rivers
feeding into individual lakes: (2) the drainage basin of
cach individual lake, which wouid subsume all the
sub-waiersheds: and (3) the drainage basin for the
entire Great Lakes, which subsumes all individoal
drzinage basins. These scales then establish the spa-
tial boundaries for assessment in a straightforward
and obvious way at the boundaries of the individual
and aggregated watersheds (see Botis and Krushel-
nicki. 1987).

Where temporat boundaries for the assessmem
should be se1 are 1ess covious. The CEQ definition
refers to “past” and “reasonably foreseesbie future
actions” but doesn‘'t sav how far into the past nor
what is the reasonably foreseeable futnre CQlark
(1986) correcily identified a2 cumuiauve cffec as
occurring if the system in question had norx recovered
from a previous disturbance, no matter how iong ago
the dismrbance occurred. Preston and Bedford
{1988) adopied this basis for setting time scales and
recognized the several time scales over which proc.
esses controlling different wetland functions operate
and recover. Lee and Gosselink (1988) and Gosselink
and Lee (1989) cmpbhasized the long time scajes of
S0me eCOSYSIem processes (2.8, development time for
a bottomiand forest) and the permanence of many
rypes of wetland alterations. They also noted the
practical reality that historic data for wetland func-
tions scidom go back more than 20-50 vears. Given
the lack of hisionc dama for Great Lakes wetland
funcuons. | suggest that we use structure for defintng
the boundaries of “past” — L&, the pre-sertiement
arez of weuands A rational basis for serng the
boundary inio the future is less easily defined but
cernainly shouid include at ieast one 10 two human
generanons (i.e., 20-40 vears).

Functional Classification

If all the wetiands of the Great Lakes Basin are to
be considered, thea some basis for simplifying the
diversity of lypes must be ideatified in order to
develop a picture of the resource as a whole without
overwhelming data bases and the decision-maiing
process. In Bedford and Preston (1988a), we devel-
oped the ranonale for such 2 simplificauon We
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Table 1. SOME ESTIMATES OF CUMULATIVE WETLAND LOSSES

FOR VARIOUS SECTIONS OF THE GREAT LAKES

| GREAT LAKE & SECTION | % LOST SOURCE
| Lake Superior ‘ 7
| Lake Michigan
Green Bay ~ 60 Harris et al. 1977
Nornern indiana 271 IDNR 1987
[in Weller 1988]
Michigan - various sectons 50-72 Jaworsid & Raphael 1978
[in Weller 1988]
~ i Lake Huron 2
| Lake St. Clair > 41 Herdendorf et al. 1986
Michigan ’ -72 Jaworski & Raphaet 1976
[in Edsall et al. 1988]
Lake Erie
| Ohio since ~ 1950 > 56 Weeks 1975
| since - 1850 - 93
Michigan ~ 62 Jaworsiki & Raphael 1978
' [in Herdendorf 1987)
Lake Ontario
\Western end - Niagama River 1o
Oshawa 83 McCullougn 1977
Canadian shore west of Bay
of Quinte - various secoons 8-100 Whillans 1982

North shore - Oshawa through
Prince Edward County 11 McCuliough 1977




referred 10 it as 3 funcuonal grouding or aassificanion
because it was based NOI ON SDECIES COMDOSIION OF

communairy properties but rather on characlenstcs of

wetands that determine their funcuomng. The
scheme we proposed was based on threc synthetic
variabies which strongly influence funcuomng: iland-
scape vanables conmoiiing hydrology, geomorpho-
logy and position in the landscape, and soil proper-
ties. Hydroiogy directiv or indirectly determmes all
structural and funcuional charactenstics of wetiands,
How iong, how often. and when wetiands are fipoded
derermines rates of biogeochemical processes and
vegemtion patterns. Paths and rares of water move-
ment control the wansport of pollutants and sedi-
ments. Classifving wetiands on the basis of geomor-
phology and landscape position stratifies them
according to their landform and surrounnding land-
forms. These parterns influence water movement,
vectors and rates of water transport and nutrienat
regpumes within wetands, and the openness of the
welland 1o exchanges with adjacemi svstems. For
cxampie. weriands fringing lake shores are far more
open 10 excpanges with the lakes thap wetiands
behind barner beacnes that are wnfrequentiy breach-
ed. Soil properues suongly influence vegeuuon
dvnamics and biogeochenucal cveling, including
phosphorus retenuon (Richardson, 1985), and the
accumuiation of metals and toxc substances in sedi-
ments (Feijtel et al, 1988; Gambrell and Panick,
1978; 1988). Refined soil measurements are aot
necessary for classificauon purposes but broad-scaie
differences in percent orgamic matter (highfow),
mineral content (highflow), soil depth (shallow/
deep), and parncle size (muck/peat, sandiclay, eic)
can differenuate wetlands on the basis of vanables
suongly correiated with funcuon.

A funcuonal classificauon for Great Lakes wet-
lands could be deveioped by modifving Brinson's
(1988) scaeme 10 make 1t more specfic 1o the Great
Lakes. Brinson f 1988) offered an mitial basis for
and landscape position. He distinguished rivenne,
basin. and fringing Wetlands because of fundamental
differences 1o charactenstics of these types of svstems
that controi elemeni cvcies affecung water quaiiry. A
provisionaj classificauon for the Great Lakes (Table
2) would differenuate four major classes of wetlands:
(1) lakeshore, (2) estuanne. (3) rivenne. and (4)
wetlands occurmng within watlershed basins dramning
into the lakes pbut not themseives in surface water
coniact wath the lakes or their tnbutanes. The in-
fluence of this last tvpe of wetland on the lakes might
be exened throueh effecis on groundwater moving (o
the iakes or through their role as habiat {or speqies
using the lakes. Conversety, creaung a surface water
connecuon by draining these wetiands into tnbu-
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anies wowd be expecied to influence downstream
water guaiitv. Wetlands frinping the lakeshbores
would be divided further 1nto those on shorelines and
directly in contact with the lake (lacustrine). those
behind barrier beaches or sand spits but with some
surface water contact with the take (bamer), those
separated from the lake bv dikes (diked). and those
situated behind dunes that may not have surface
water contact but are likelv in subsurface contact
through porous sands with the lake-level water able.
wettands, likewite, may need to be further differenti-
ated where essential differences among them indicate
major effects on funcrioning. Whether or not
dﬁmumﬁkelvamdmmjmeﬂmmbe
evaiuated by exmining existing knowiedge of vari-

ables dc::nmmng hydrologic relationships (Bedford
et al, 1976; Winter, 1988; Novitzki, 1982) and soil
properuies.

To this provisional functional classification must
be added some basis for differentiating and evaju-
aung biotic diversity. While manv Great Lakes wet-
lands are seriousiy degraded. other wetiands support
large populations of waterfowi (Bookhour et al,
1989), hundreds of species of vascuiar plants (Kedady
and Rezrnicek. 1985; Stuckey, 1989), as well 28 uncom-
mon piant communities and plant species (Carol
Reschke New York State Natural Heritage Program.
pers. comm.: Crispin, this voiume). Efforts aiready
underway 10 identify and protect areas of high biotic
diversity or unique naturat keritage vaiue (Reporn of
the Great Lakes Science Advisory Board, 1989; Cris-
pin, this volume), along with elemmears of the North
Amernican Waterfowl Management Plan (US. Fish
and Wildlife Service and Canadian Wildlife Service,
1986: U.S. Fish and Wildlife Service, 1988), couid
provide the basis for integrating habitat and diversity
funcuons into a functional classification for the Great
Lakes.

Providing Context for Decision-Making

The essence of cumuiative impact assessment
reguires that decisions be put in context. Comuiatrve
effects, by definition. are landscape level. long-ierm
phenomena. They occur as the consequence Of
oumerous human activities 1n weuands and weuand
landscapes over time. Focusing on individual sites,
projecis, Or spedies necessarily misses these larger.
scale and lopger-term patterns. Decision-making that
1s to be effecuve at the scales reievant to the Great
Lakes as an ecosystem. therefore. must be put in the
contex1 of past and future actions affecting wetlands,
as weil as current patlerns of impacts.

That context can be provided by deveioping a
common geographic information system (GIS) for
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Table 2. PROVISIONAL FUNCTIONAL CLASSIFICATION
FOR GREAT LLAKES WETLANDS

LAKESHOREFRINGE WETLANDS
lacustrine
barrier
diked

Interdunal

ESTUARINL

RIVERINE

WATERSIIED BASIN WETLANDS

Figure 2. SCHEMAVTIC VIEW OF THE GREAT LAKES

TOVAL WETLAND RESOURCLE

iligh Quality, Uncommon Types

Ecologically Infact

Lcologicaldy Degrinled
R

Hesturation Possible

Irreversibbe
Lass

Kemating

Loyt




Great Lakes weilands. Such a svstem counid be used
i0: (a) document historical panerns of wetiand loss.
(D) describe historical patterns of wetland degra-
dation. (c) deveiop a peographic analysis of present
trends in loss and degradation, and (d) establish a
dvnamic data base that locates and summanzes jnfor-

mation on wetlands bv funcrional class and quality, as
well as by individual lake, With such a system svail-

abie 10 them. decision-makers would have the 100is
for traly increasing the scale at which informavion on
wetiand processes and impacts is pathered, tracked
thiough time, and anaivzed. A conttx would be
provided for decisions at several scales, from local
permus to the setng of basin-wide priorities for
protecuon. reguiation, or special management. Prin-
cipies for the use of a GIS in land resources assess-
ment are well established (Burrough, 1986) and its
manyv advantages for cumulative im assessment
already have been described by Johnsion er al. (1988).
Baiiey (1988) has identified some of the pitfalls
assoclated with creating map overiays - either
manually or with a GIS — {or assessment or pianning
purposes.

Establishing Goais

The most difficult but essential component of
cumulative impact assessment is establishing goals
for the resaurce under considerauon (Lee and Gosse-
link, 1988. Gosselink and Lee, 1989; Bedford and
Preston. 1988b). Goals may be based on scieatfic
information but they are values, aot facts, and as such
cannot be ob;ect.rvehr defined. Some goals may con-
flict with others. Nonetheiess, as Lee and Gosselink
(1988, p. 600) point out:

*Goal setung determines the ievels of cumula-
uve effects that are 10 be interpreted as im-
pacs. Goals dnve the interpretation of the
direcuon a proposed activity will have op
mamtaming the integriry of the landscape anit.
Because the impac Of most single permt
requests in not detectaple at the landscape
level, direcuion of the impact with respect 10
the goai should be the reguiatory concern,
rather than just absolute magnitude of the
individual impact aod its simificance 1t contn-
buting Lo degradauon of flood storage, waier
quabry, and life supporn funcuons.”

A general goal for Great Lakes wedands is impli-
cit 11 agreements aiready reached berween the United
States and Canada to resiore the integnty of the
Grear [akes ecosystem. As Steedman and Regier
(1987 have argued, wetiands will play a central role
in rehabilitaung the Great Lakes Based on my own
gualitauve assessment of the current status of Great
Lakes wetlands. | suggest below a set of provisional
goals. These goals wiil need 1o be refined and modi-
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fied on the basis of discnssi0n among reievant parues.
They are oficred here as the deparrare point for those
discussions.,

My formulation Of these goals is based on a
quﬂuammmlhmacqwedmnmmngenst-
ing knowiedge abour Great Lakes weuands. That
pmshstmnveyedmammndepmm

wmemm:mofma-‘m
zykmemofmeenmhmmnmemm
wetland resource as it existed at the time of
settiement of the Great Lakes Basin, then the current
picture is represented by the relative sizes of the
internsal boxes, The area below the thick horizontai
line represents a minimal estimate of what has been
lost since settiement time. No exact estimates for the
cutire Great Lakes Batin exisus, but there is little
doubdt thar more than balf of the original wetiand
base has been lost. The actual figure s probabily a
good deal higher, given that exiensive areas had been
drained for a well before we making
inventories of wetlands (Weeks, 1975). Much of that
loss is irreversible, cither literally or practicaily; cities
now occupy many former wetiand sites (e.g., Monroe,
Michigan (Herdendorf. 1987)) and miilions of acres
have been drained so Jong for agricuitural purposes
that soiis and hydrology have been aitered severely.
Restoration would be prohibitively expensive and/or
would require an uarealistically-long time frame.
Some areas remain where bhydrologic paterns sup-
portive of wetland deveiopment could be restored.

The largest fraction of wetiands repuining, repre-
sented as the area above the thick honzonual lize in
Figure 2, are ecologically degraded, usmally for
several reasons (see discussion above). Only a small
fraction of the original wetland resource base is
ecologicaily intact with their structore and function-
ing still largeiy undisturbed. High quality sites and
sitzs supporning uncommon wetiand communities, or
uncommon plant Oor animal species. are bul a uny
fraction of what once was a rather large weuand
resource base.

The artows 10 the left of the bax (Figare 2)
indicaie the areas where we still have choices. [ would
argue that for those wetlands in the rwo boxes indi-
cated by the upper arrow our choice should be preser-
vauon with no loss or degradation allowed, The
cumuiatve joss and degradation 10 Gate are 30 grext,
and ecologically intact and high quality sites are such
a small fraction of the originai resonrce, that we have
no latitude left if we are 10 retain even remoants of
our wetiand heritage and exampiles of sysiems ffom
which we might learn to resiore other sysiems. Only
in the arca indicated by the lower arrow (Figure 2) is
ihere room for decision-making. It is for these rypes
of wetiand that goal setring will be critical for guiding
those decisions.
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Given this guaiitative picture, { offer the following
Zoals as a provisional basis for cumuiative impact
assessmeat of Great Lakes wetlangds:

a. Manage 10 increase 1otal arex in
wetiand, Wetland area has been reduced
significanttv withip the basin. if any further loss
is permurteq. it shouid be only from aireadv
degraded sites and should pe compensated with
resioranon of other wetiands.
b. Mamage to susizin Or increasc the
diversity of wetiand “types.” The Great
Lakes at one time ungoubtedly supporied a rich
diversity, not onty of species, but of different
types of wetlands. Loss and degradation have
reguced that original diversity. For example,
diked marshes and cattail marsies are now
among the more common types, while fens and
sedge meadows are uncommon. An effort shonid
be made to describe and restore some of the
ongnal richness of wetjand speqes and
communIues.
c. Manage to preserve uncommon and high
quality sitex. In no case shouid a high quality
sitz Of an uncommon Type be destroved, There
are aiready 100 few of them. While some peopie
might disagree on what constitutes a high quality
site, an uncommon type 1$'atl objective
assessment that can be¢ made on the basis of an
inventory of all types and anaiysis of their
reiative frequeacy within individuai lake basins
and the enure Great Lakes Basin, Ontano
already has made significant progress in
ideatifying “provincially significant wetlands”
(Glooschenko, 1985). The work of The Nature
Conservancy in the LS. and The Nature
Conservancy of Canada on Great Lake wetiands
(Crispin. this volume) can kelp define what
consurutes 2 high quality site. i general. high
quality sites are sies tittle disturbed by human
actvity.
d. Manage 10 sustain or improve funcrion.
While structure generatly reflecys funcuon,
wetiands may rewan some semblance of wetland
structure and yet show impaired functioning
(e.g. lrondequoit Bay, Green Bay). These
functions inciude the capacity 10 support a
diverse assemblage of plants and animals and to
regulate the flow of nutnents, sediments, and
other polintants moving through them.
Assessing effects on funcuons is difficult but any
acuvity that has major effects on the magnitude
and the spatial and temporat patierns of water
flow s likely to influence funcuoning and should
be examined intensively.

c. Mauage 10 sustain dynamic stracture.
Great Lake wetlands were formed and are
maintained because of naturat historic patnerns
in the flows of water, nutrients and other
ciements. and sedimenrs into them, These foros
are dynamuc and their natural paterns most be
mmmdmmewmmmbemm

off from natural water flows, and
WMMMWMM
(Bedford et al., 1976; Keddy and Reznicek,
1985). Because water icvels have flucnated
historically, wetiands must have the sparial
flexibility to absorb short and
fluctuations on their landward and lake sides.
Dikes and other structures that constrain the
sparial exteat of flooding, or impede water iow,
destrov this flexibility, Stabilizing water levets
aruficiaily or reguiating ousiee the range of
historic fluctuations eliminates the dynamic
pauerns that allows a diversity of wetiand
species and communities 10 exist.

L Manage 1o minimize fragmestation.
Large blocks of wetland that have not been cut
up or encroached upon by human activity are
uncommon eiements of the Great Lakes
landscape. Such fragmentation not only
infiuences the flows of water and elements, it
also influences the movement of animais and o
capacity of the wettand to sepport large

popuiations of wildlife or species that require
large territories or distance from human acxivil

(Harris, 1988). Every effort shouid be made to
retain such jarge tracts inmact.

SUSTAINABLE REDEVELOPMEN

Susuainable development of the biosphere t
become 3 common theme of thase sceking 10 |
1egrate environmentai concerns with developms
(World Commusion on Environment and Devei
ment, 1987). Those working in the Grest Lal
region. which conumins two of the most deveiop
coungries io the world, now recognize that sustxing
the Great Lakes region means “redevelopment” ©
regional ecosystem degraded by expioimtive devek
ment in the past (Regier and Baskerviile, 1986; Stex
man apd Regier, 1987; Harris et al., 1990). The Gn
Lakes wettands have been part of that pauem
exploitation. At this stage in history, we still have 1
potennal 10 reverse that partern. [f we are 1o do tk
decision-making cannot be limited t0 narrow pot
in space and time, but must take the broader view.
this paper | have outlined the rudimenis for lak




that broader view and proposed some reqionai godis
as poms for discuzmon in hopes of mowving the
peopie of the Great Lakes region toward sustainabie
redeveiopment of their wetiand heritage.
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DEFINING AND ANALYZING CUMULATIVE
ENVIRONMENTAL IMPACTS '

CHERYL K. CONTANT AND LYNA L. WIGGINS

Increasing recognition of the accumulative nature of many environmental
problems has led the courts, regulators, and practicing analysts to seck a broader,
clearer, and more comprehensive definition of cumulative impacts. By examining
previous discussions of these impacts, we suggest that a cumulative impact
analysis of individual projects must consider two categories of contextual issues:
the relationship between a proposed project and other development activities,
and the complex and often non-incremental effects of a development activity on
many natural systems. A new, comprehensive analysis approach is proposed to
reflect these categories and contexts. Critical elements of this approach include:
an increased emphasis on improved monitoring of both environmental conditions
and past development activities, and enhanced modeling of both development
patterns and natural systems' responses. Finally, techniques to accomplish these
tasks are discussed.

Introduction

Several recent environmental problems illustrate the cumulative nature of the
impacts of human development activities. The Global 2000 Report 1o the Pres-
ident (U. S. Council on Environmental Quality 1980} cites global problems of
diminished biodiversity, build-up of carbon dioxide, depletion of the stratosphenic
ozone layer, and acid rain as significant cumulative impact problems. Closer to
home, many urban communitics have become aware of the cumulative effect of
increasing development on transportation congestion, air pollution, and the avail-

Address correspondence w: Prof. Cheryl K. Conant, Gradusie Prograum in Urban and Regional Phnnh;,
University of lowa, lowa City, LA 52241
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ability of infrastructurc (such as water, sewerage systems, and landfill capacity).
Even ex-urban and nural arcas have scen cumulative consequences resulting from
farmiand destruction, soit erosion, and agricultural chemical contamination of
groundwater supplies. Present assessment and management approaches appar-
ently have failed to predict and control the cumulative nature of human devel-
opment actions and their impacis (Beanlands et al. |986; Hirsch 1988).

The significance and currency of these eavironmental problems is undeniable.
In each case, individual human activities produce impacts that may be insignif-

* icantly small. When combined with other past, present, and future activity,

howcver, these small impacts become cumulatively significant. Resolving many
such problems, therefore, may be closely tied to an improved understanding,
analysis, snd control of the cumulative environmental impacts of single-project
level sctivitics {Sonntag et al. 1987). Yet, definitional, scientific, and admin-
istrative limitations have severely constrained the development of effective cu-
mulstive impact analyses at the project-level (Dickert and Tuttle 1985; Roots
1986). These concemns over defining, predicting, and controlling the cumulative
consequences of development activities remain the focus of continuing investi-
gation, debate, and analysis.
_ In thin paper, we define 8 framework for cumulative impact analysis at the
Individual project level. In developing this framework, we begin with a careful
study of the evolving, complex, and often muddy definition of cumulative im-
pacts. We consider the role of regulatory language, interpretations by the counts,
and studics by academics and practicing environmental analysts in adding further
depth and complexity to the topic. Two categories emerge in our formulation
‘of cumulative impacts: effects resulting from a project’s relationship to other
development activitics, and effects produced by an activity's presence within a
“pet of many natural systems. We conclude by proposing an approach for cu-
mulative impact analyses of individual projects. Our approach emphasizes the
importance of monitoring and modeling efforts for the two categories of cu-
mulstive impact issues.

Defining Cumulative Impacts

:Ova' their relatively brief history of use, environmental analyses of proposed
.’developmenl_lctivitics have examined primarily the direct impacts of a single
-iptopoced action on a particular et of critical environmental components. De-
pending on the severity of the anticipated impacts, project modifications or other
_lmp.c( management techniques were then prescribed to lessen or eliminate neg-
ative environmenta! effects. This process of predicting and minimizing the con-
sequences of a single action has not adequately considered the accumulative
nature of some ¢lfects, the nonlincar responses of some natural systems, nor the
linkages between a single action and other related activities (Viachos 1985; Roots

cumulative impact analysis evaluates the consequences of multiple activities and
sources of impact on & larger set of environmental components (Clark 1986).

Typically, these additional analysis requirements exceed the theoretical bases
and practical capabilities of most individual project-level environmental assess-
ments (Hirsch 1988, Stakhiv 1988). Along with providing accurate predictions
of the direct consequences of an action on zn environmental parameter, cumu-
lative impact analyses require placing a proposed action and its impacts in the
context of other existing or expected actions and existing or expected environ-
mental conditions {Cowart 1986).

A recognition of these context-based considerations forms the foundation for
defining cumulative impacts and their analysis. The courts and governmental
regulators have been actively involved in defining the appropriste scale and scope
of cumulative impact considerations. Similarly, practitioners and analysts have
attempted to further develop the concept of cumulative impacts. Both scts of
activities lead o an enriched definition of cumulative impacts and an improved
understanding of the tasks needed for an effective and complete analysis.

Litigative and Regulatory History

Much of the early concemn over cumulative impacts of development projects
came from atiempts by developers to segment large projects into smaller units
{Merson and Eastman 1980). Project segmentation was designed to avoid the
detailed assessment requisements imposed on these collective activities that were
expected 1o produce more than minor impacts. This method of avoiding costly
and time-consuming environmental analyses was challenged in the courts in the
carly 1970s. At issuc in these cases was the sppropriate timing for & detailed
analysis and the scope of activities 10 be included in that analysis.

In Scientisis’ Institute for Public Informaiion, Inc. v. Atomic Energy Com-
mission (ELR 19732}, the court defined an “irretrievable commitment of re-
sources” to an averall planned project as the critical test in determining whether
a given action was sufficiently connected to subsequent contemplated actions 1o
warrant a full, detailed analysis. In another case that same year, Indian Lookout
Aliiance v. Volpe (ELR 1973b), s different court concluded that if a proposed
scgment of a project had “independent significance or utility,” then an analysis
was required only on the single scgment, not the entire project. The sceming
contradiction between these two court-defined provisions led 1o a continuing
struggle in the courts 1o identify the appropriste timing and scope of assessments
for the interrelated, but potentially separable, parts of related development actions
{for example, Minnesota Public Interest Research Group v. Burz and Trout
Unlimited v. Morton).

In 1975, the Supreme Court clarified earlier rulings on the timing and scope
of the impact analyses of scgmented projects in the landmark case, Kieppe v.
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projects need to be included in cumulative anzlyses, and that contemplated or
anticipated projects nced not be addressed. This finding suggested that similar
development activities in a region need not be considered together in an impact
analysis unless they had been formally proposed as a program or set of proposals.
When u series of intimately connected proposed actions were identified, however,
the court suggested (quitc boldly) that an environmental region may be a more
appropriate scale for a cumuiative impact analysis than the smaller project area.

Strong reaction to this narrowed scope of mnalysis ensued from both the

" environmental community and the President’s Council on Environmental Quality

(CEQ). In response, CEQ promulgated more inclusive language in its 1978 NEPA
regulstions (U.S. Council on Environmental Quality 1978). Specifically, the
regulations require that connected, similar, and cumulative actions be grouped
together in an analysis. Included in the grouping of actions which would warrant
& common analysis are thosc activitics that: (1) arc interdependent parts of a
larger action, (2) automatically trigger other actions, (3) have cumulatively sig-
nificant impacts when viewed with other proposed actions, or {4) are similar
enough in time or geography to other reasonably foresecable or proposed actions.

In addition to defining the appropriate scope of activitics to be included in
impact analyses, timing considerations are addressed, in part, through the “tier-
ing"” process. In most sitvations, an individual proiect proposal is part of a larger
program of activitics (Hapke 1985, p. 10289), that is, a “branch in a tree of
planned actions.” By ticring, analyses are performed early in the planning process
on a s¢t of related or connecied actions. Subsequent analyses of specific project
m)ponll are then reviewed in the context of these detailed environmental anal-

.::y‘-“'

e tln the context of cumulative impact analysis, this tiering mechanism establishes
the legitimacy of grouping together geographically proximate or similar types

~ of activities to examine their overall impact.! Through tiering, cumulative im-

pacts arc considered early in a program planning process and within the context

"of the larger branch of related activities (Barney 1981).
: _'Anil}ytic and Conceptual Development

. Se\renl rescarchers and practitioners in the past decade have suggested compre-
- benuve approachcs to considering cumulative impacts in project review. By
: dleﬁp_;gg typologics for cumulative impacts, these analysis highlight the key

2y

" ¥To tacilitata the -Ill)'lll o! s pdlkul. sction’s ¢ffects in the content of other actions, new 10ols have been
developed. Them progr My (suck a3 the analysis of furure offshore gas
quuuurlvuhlm“ devel ), wnd regional devel {vach as analywes
performed for Lake Tahoe, for the Chenyuh Iay of chrough Florida's » development of regional impact process)
llhuudyu.nlu;cmmhecormoms#’m‘ time frame and spalial arca is eanmined in otal w
deweming theiy total impacy. vamdmlmﬂmlwﬂdupwpﬁmuu therefore, require Emited
cwmisulutiva pnalysey since the pr have already contidered these impacts. These
bwpiw sealyscs, biowever, wni iﬂ be weak in pﬂdml wpecific subsequent development actions and changes in
r—dm resulting from precesdent-sciting oy prowth-inducing activitics,

elements 1o be considered in their assessments. Most typologies focus on the
processes by which human activities produce cumulative effects within a naturai
system. Included in many of these typologies are the natural systems processes
of accumulation (Clark 1986), delayed response (Baskerville 1986), triggers and
thresholds (Preston and Bedford 1988), nonlinear functionat relationships (Bed-
ford and Preston 198B), and synergism (Vlachos 1985).

Baskerville (i986) characterizes cumulative impacts into three groups that
reflect his concern for the way natural systems respond to extermal plessures
His first group results from repeated “incremental insults to the system.” Each
increment adds 1o the previous increments over time. His second group i ‘the
situation where a single action or some limited set of actions results in a system
change in structure or dynamic. Exposure to & cancer causing agent exemplifies
this type of impact. The initial exposure incident might have appeared benign,
but its introduction into the system created changes in its structure that produce
significant cffects much later in time.

The third group of cumulative impacts noted by Baskervilic corresponds to
the accumulation of impact by cycling over space and time. He cites the clear-
cutting of forests as an example. Although the impact of one clear-cut aréa may
be partially mitigated by natural processes of recovery, these new species may
not be the proper oncs. As the natural balance is shifted by clcar-cutting and
recovery over time throughout a forest, the impact actually moves through various
cycles, migrates around the forest, and changes the overall natuie of the forest
in a cumulative manner.

Beanlands and others (1986) developed another typology of cumulative effects
that focuses on the sources of such natural system impacts. In particular, they
include: time-crowded perturbations, space-crowded perturbations, synergisms,
indirect effects, and nibbling. They use the concept of crowding to refer 10 the
effect resuiting from the inability of a system to recover from an earlicr or closer
periurbation before a new one is present. Total effects that are qualitatively or
quantitatively different from the sum of the effects of the individual disturbances
arc synergistic. Indirect effects are those impacts produced atl some time or
distance away from the initial perturbation, or by some complex pathway; nib-
bling is the impact resulting from the incremental insult of repeated actlom on
an asca gver time.

These earlier efforts are summarized by Sonntag et al. (1987} into a fourplrt
typology of cumulative impacts: (1) lincar additive effects, the impact of incre-
mental smal] additions along a linear cause-effect response relationship; (2)
amplifying or exponential cffects, the result of an incrsmental addition that
produces a larger effect than earlier additions; (3) discontinuous effects, the
impact resulting from exceeding a threshold or the crossing of a stability bound-
ary; and (4) structural surprises, multimedia and multisystem impacts that may
produce long-term changes in natural systems’ responses 10 further perturbations.

Issucs conceming the relationship between development actions and their
cumulative impacts on the natural environment were raised in a series of research

soed] MuUsTUCIIALY JAnEMwny) SurzAreoy pus Suniyo( - SUFSLy P JwBUO)



vi

projects investigating cumulative impact assessment in the Corps of Engineers
regulatory program (Contant 1984; Stakhiv 1988). Stakhiv (1988) views cu-
mulative effects as the result of two sets of processes: summation of significant
effects and the integration of systemic effects and consequences. He, therefore,
recommends sssessment procedures that document impacts sasociated with changes
in the impetus for growth (economic and social) and impacts that sccumulate
within and/or modify the structure of & natural systzm.

In the typology developed by Contant (1984), cumulative impacts wre the

- result of additive and aggregative actions producing impacts thal accumulste

incrementally or synergistically over time and space. Additive actions refer to
repeated similar activities, while sggregative actions correspond to groupings of
dissimilar activities. lmpacts of both scts of actions sccumulaie in an incremental
{nibbling) fashion and/or combine synergistically (inmeractively) 1o produce ef-
fects other than those occurring directly or indirectly from the actions. In later
work, Contant and Wiggins (1989) add “growth inducement” to reflect their

.obscrvation that certain activitics can alter the rate of development of new ac-

tivities in an arca. This growth-induced impact recognizes the precedent-setting
effect of some activities in stimulating even greater development than previously

anticipated.

Components in a Cumulative Impact Definition

Developing a comumon set of concepts Lo describe curnulative impacts has seem-
ingly alluded the courts, regulators, and researchers, alike. Many analysts have
focused on the forms of development activities that produce cumulative impacts;
others have concentrated on the functions of natural systems and the ways that
impacts sccumulate, interact, or produce systemic changes. These two categories
of issues, which refiect the two contexts into which a proposed action must be
placed, are particularly useful in identifying the key components in a general
definition of cumulative impacts.

The first sct of issucs documents the presence and influence of past and current
development activities, a3 well as the expectation of future development. These
other activities may be similar or differcnt, connected or unconnected, te the
proposed action. The interrelationships between and accumulation of develop-
ment activities establishes the context for an individual proposed project, and
defines the cumulative nature of development actions. Effects resulting from this
cumulative nature of development actions may be largely ignored or underes-
timated in most impact assessments of individual projects.

The second broad category of issues included within our definition of cu-
mulative impacts describes the cumulative nature of the effects of development
actions. In particular, these componenis refer primarily to the natural system
context of development activitics. Cumulative changes 1o a natural system include
tho nibbling away of a resousce base by repeated actions; the crowding of a

TABLE 1. Components in Cumulative Empact Considerations

Conteat of other development activities Conicxt of many natural systetn

Incremental cffects {resulting from Unanticipated responses
unphonitoned past and curfent
development} Crowding (time or space)
Futurc development actions Symemic changes:
Synergism
Structural changes
Growth inducement Cycling

Regional structural development changes Interactions across sysiems

resource base (in time o space); unanticipated (or nonaccumulative) responscs
of a natural system; systemic changes including synergistic responscs, structural
changes, or cycling; and interactions across natural systems.

Taken together, these two general categories yield a much broader and com-
prehensive definition of cumulative impacts. Our typology suggests that cu-
mulative impacts include two categotics of effects that result from the contexts
within which a proposed project is piaced. Table | summarizes the components
of cumulative impacts that result from the two contexts: other development
sctivities and many natural sysiems.

By noting that a particular project is part of a larger set of anticipated or
unanticipated development activities, our typology adds the effects of other
activities to the definition of cumulative impacts. Simple, incremental impacts
are considered cumulatively significant when placed in the context of other past
and current development activitics. Further, cumulative impacts result also from
failing to include the effects of future development actions, unrecognized growth-
altering changes, or shifts in regional development structures.

A recognition of the complexity of impact processes in natural systems adds
many of the concerns noted by scientists who have identified that the simple
addition of impacts over time and space does not account for all of a project’s
impacts. Many cumulative impacts result from the project’s perturbation to a
varicty of natural systems. Effects that exceed a system’s ability to recover, are
unanticipated (that is, non-finear or discontinuous), cause structural changes
within the system, or occur interactively across several systems arc included as
part of this category of impacts.

Elements in a Cumulative Impact Analysis

To be comprehensive, therefore, an approach for considering cumulative envi-
ronmesnta) impacts of indjvidual project proposals must include mechanisms that
capture the interrelationships of development activities and the complexities of
natural sysiems' responses fo perturbations. In this section, we propose a general
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approach o cumulative impact analysis that responds to these contextual issucs
and is built upon the tasks of menitoring and modeling. Although numerous
approaches have been used or proposed for use,” none has explicitly recognized
the effect of 8 project’s contexts (other development actions and natural systems)
on the analysis of cumulative impacts. This new approach, depicted in Figure
1, includes parallel scis of analysis activitics for the two cetegories of cumulative
impact considerations.

A primary task necessary for cumulative impact analysis is monitoring for

. both categories of impacts. To ensure the proper consideration of past devel-

opment activitics, menitoring identifics and tracks development actions by type,
by location, and over time. Further, monitoring also includes the collection of
data on a st of socioeconomic sysiem parameters that describe factors affecting
the nature and rate of development activity. Monitoring is also essential within
the naturs} systems context. For the systems surrounding a proposed project,
time scrics data are useful in identifying existing environmental conditions and
In providing a database for understanding systems’ responses, thresholds, and
in ions.

. The next major set of tasks requires modeling of both development patters
and natural systems’ responses. Within the context of other development activ-
ities, data on past ectivitics and sociveconomic system parameters are used to
develop and calibrate regional land use deveiopment models. Outputs of these
models provide forccasts of the type and nature of future development actions,
yiclding a more comprehensive picture of the incremental effect (“insult™) of a
project in relation to other past, present, and foreseeable future development.
In addition, the enhanced land use modeling cfforts can identify a particular
project’s ¢ffect in shifting the structure or type of regional development, or in
changing existing rates of growth,

For nawral systems, modeling effonts focus on understanding the responses
of those systems when perturbed by development activities. “Crowding™ can be
examined by determining the recovery lime (or space) needed for a particular
system when perturbed by a development activity. Other, more complex, re-
sponges can also be modeled for the variety of natural systems affected. Included
in thise responses are those unanticipated effects resulting from exponential or
discontinuous functiona! relationships, as well as system-wide changes such as
ﬁm:ﬂelayed effects, cycling, or structural alicrations. A final issue to be captured
In these modeling efforts includes the responses resulting from interactions across
aatural systcms. Models based upon ecosysiems, rather than more nammowly

*For & complets discusaion of several of these approaches and kechniques, see Contanl and Wigging (1939) In
ackditios, specific geaeral spproaches have beew proposed by Stakhiv (E998), Sonntag c1 ol (19473, Pewerson e
al. (1987), and others.

Contexi of Context of
Dewelopmens Propesed Many Naturol
Activifies Peajuct Sxstems
{
Monltoring |
Past and Cument Actions i Monitoriag
l Mabaral
Monitoring | Sysers'
Syswm Iimmetm |
Ho:dlng ' Modeling
Regional Land Use I Nutural Sysiems’
Dcvelopment : Responacs
\.
Incremental Future Crowth | Unanticipated E‘zﬂ:;ngi Sysiemic
Effects Development| | lnd | Resp Changed
Actiong | \ /
Regional : Interncrions
Structural L Across
Changes Expecind Sysemy
Comuistive
lmpacia

FIGURE 1. Approach for cumulative impact analysis

defined natural sysiems, ¢an cnhance capabilities in making these cross-system,
cross-media impact predictions (Procnt 1987; Hunsaker et nl.l.989).

With this analysis approach, cumulative imp'nc.t consudc_rauons can be more
rigorously and more thoroughly included in indwudua! project l.ss-:ssmcn-u. Py
understanding the importance of the context ol a particular project, monitoring
and modeling of both development activities and natural systems bccm.ne es-
sential elements in cumulative impact analysis. An emghasls o'nlmoml.or!ng
activitics improves the capability of the analysis approach in describing existing
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conditions (for development activities and environmental systems) as a baseline
!‘or future comparisons and assessments. Expanding the scope of modeling to
.mcludc more sophisticated methods enhances the considerstion of cumulative
impacts resulting from nonlinear, discontinuous, synergistic, or cross-media ef-
fects. These improvements should result in more comprehensive assessments
and more thorough inclusion of cumulative impacts in project-level decisions.

. Implications for Cumulative Impact Consideration

Incorporating this new assessment approach into project-level decisions will
require significant improvements in existing administrative and managetial sys-
lems, Previous attempts at cumulative impact assessment have taxed the scientific
and organizational capacity of most governmental or consulting offices (Contant
1984; Dickert and Tutile 1985; Cowart 1986; Stakhiv 1988). These shoricomings
should ot lead to ignoring the problems of cumulative impact analysis; rather,
limitations should be identified clearly and potential solutions identified.

A major limitation in most cumulative impact analyses is the lack of detailed
monitoring information on previous development projects and several key en-
vironmental parameters (Dickert and Tuttle 1985). By identifying the need for
this information on both sides of the panaliel structure for cumulative impact
analysis, pew or improved information management sysiems will be needed.
Fortupately, recent developments in geographic information systems (GIS} and
remote sensing may provide the opportunity for improviag the monitoring and
tracking of project data and environmental systems’ conditions (Johnston ct al.
]908; Contant and Wiggins 1989; Hawkes et al. 1989),

* Llmitations resulting from the lack of scientific understanding of natural sys-

_tems® pheoomena further constrain the capabilities of most cumulative impact

analyses. Vastly improved modeling efforts for natural systems are essential to
incorporste cumulative mpact considerstions in profect level decisions. Some
of these improvements will require greater investments of resources; others will
fequire a shift in the types of systems studied. For example, understanding
wetland cumulative impacts will require greater expenditures for basic research
and data collection (Preston and Bedford 1988). Additional research on under-
standing the interactions between several natural systems will necessitate analyses
of a pew level of systems, known as ecosystems. Present research on ecosystem
models is producing promising, but admitiedly limited, resulis (Hunsaker 1989;
Hunsaker et al. 1989).

.. Similarly, more comprebensive modeling efforts are necessary in understand-
ing and forecasting the complex processes in socioeconomic systems that produce
land use development. This improved understanding would aid in predicting
future development activitics, in identifying growth-altering projects, and indi-
cating changes in economic development pressures. Oulputs of these models,
however. must be provided at the approptiate scale. and indicate the various

]
:

locational and spatial interactions that occur in regional development processes.
Recent advancements in combining GIS and land use models may provide the
data and scientific capabilities to make the required spatial land use and devel-
opment forecasts (Densham and Goodchild 1989; Harris ' 1989).

A final set of limitations noted by most analysts refiects the inability of existing
managerial systems to control expected cumulative impacts (Peterson ct al. 1987,
Hirsch 1988; Stakhiv 1988). In many cases, management of cumulative impacts
relies on “yes/no” decisions about & project with modifications made to the
original design 1o mitigate cumulative impacts. This limited form of impact
management does not refiect the complex nature of the accumulation of impacts,
nor the idiosyncrasies associated with the context within which the impacts occur.

Incorporaling ncw management mechanisms for controlling expected effects
is the critical Anal step 10 a complete discussion and congol of cumulative
impacts. Some suggested approaches have included an additional layer of re-
view specifically for cumulative impact considerations {Peterson et al. 1987),
greatet use of programmatic impact asscssments (Hapke 1985), or use of a
“graduated scale” for both project reviews and modifications (Contant and
Wiggins 1989).

At the heart of most of these suggested cfforts is an attempt 10 resolve the
mismatch that is often present between the level at which a cumulative impact
occurs and the jurisdiction through which control efforts can be exercised (Bean-
lands et al. 1966). Under present conditions, even the most well-developed effors
10 control cumulative impacts within a series of jurisdictions can be thwarted by
inaction by a single entity within the impact area (Deakin 1986). Cumulative

impacts that are felt at a regional scale (Stakhiv 1988) can only be addressed .

through planning processcs directing development af that same scale (James et
al. 1983; Sonntag ct al. 1987). Therefore, adequate control of cumutlative impacts
requires regional planning and coopemation.

This cal) for regional planning is not as simple as one might think, however.:

Cowan (1986), in his discussion of Vermont’s Act 250, suggests that & state
land use program designed 1o control cumulative impacts is not enough. Proper
planning processes are necessary 1o monitor development activities, define the
relevant policy goals, determine appropriste management strategics, and adopt
the proper control actions. Under these enhanced regional planning conditions,
an enlightened and proper control of cumulative consequences is feasible.

Combining improved monitoring and cnhanced modeling with more imagi-
native management can lead to more thorough and rigorous cumulative impact
analysis at the project level. Added resources will be necessary to accomplish
these improvements, but the sesclution to some environmental problems may
rest on our ability to identify and control the effects of individual projects with
benign direct impacts, but cumulatively significant impacts. Recognizing the
importance of projects’ natural and developmental contexts is a significant first
step in improving cumulative impacl analysis.
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Chapter 111

Integrated Coastal Management

DEVELOPING A SUSTAINABLE VISION

Most indicators suggest that, throughout the country, human impact upon urban coastal areas
continues at a level of severity that threatens the biological integrity of many marine systems and seriously
impairs their capacity 1o produce a full range of goods and services valued by people.

Given the importance of coastal areas 10 society, managing their social and economic uses in a
susiainable fashion should be a central tenet of government policy. In the absence of controls, coastal
resources are unpriced and widely accessible, and the market fails 10 reveal social values or restrain use.
Therc is a need for a complele system of resource valuation capable of identifying the consequences and
opportunity costs associated with various patierns of resource use. Unfortunately, such a comprehensive
100] does not exisl. Some work has been done, particularly in the area of human uses of water resources,
but it is significantly incomplele, especially with respect to the full range of human values, the
consequences of health effects, and ecological values. Thus, there is no comprehensive set of economic
100ls capable of developing .nd implementing an optimal cnastal management stralegy that meets society's
goals.

In the absence of such a capability, reversing trends of degradation in an effective and efficient

manner is more difTicult. [t requires, at the east. that society formulate a clear vision of the coast's future
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and identify the tasks necessary to achieve that vision. The concept of integraied coastal management
(ICM) is a starting point for that vision. This concept is associated here with two general objectives: |
restore and maintain the integrity of coastal ecosysiems, and 2) to maintain important human values ar
uses associated with those resources.

Recently, the Environmental Protection Agency, through its Science Advisory Board, explored
problem of making its management programs more relevant 10 ecological imperatives in Reducing Risk
Serting Priorities and Strategies for Environmental Protection (EPA 1990). In a substantial sense the
methodology for integrated éoastal management set forth in this report is a further step in the general

direction proposed in the EPA report.

OBJECTIVES OF INTEGRATED COASTAL MANAGEMENT
v To restore and maintain the iniegrity of coastal ecosystems, and

e To muintain imporiant human values and uses associaled with those resources.

PRINCIPLES AND METIIODOLOGY FOR A SYSTEM OF INTEGRATED COASTAL MANAGEME

Imponant changes in the 1wo decades since the passage of the Clean Water Act suggest that
integrated coastal management 1s achievatle. Two developments, one social and the other technical, a:
worth highlighung:

o Toduy. a far greater proportion of the public cares about the environment in general and
coastal arcas in particular thun 20 years ago. This awareness is a potentially powerful political force
can be cffective 1n drving admittedly complex processes to useful conclusions.

v Additionally, imporiant techmical progress has been made over the past 20 vears in source
reducuon, treatment systems, outfalls, and modeling of ssstems. Although sctentific knowledge about

coastal processes is far from complete, it s far advanced over that of a generation ago. Beyond mere
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scientists and engincers also understand in a more sophisticated way the nature of how coastal processes
operate. Finally, modern computing and other data management tools have given scientists and others for
the first time the capacity 1o organize, analyze, and display this complex of information in a way which is
accessible 10 technical analysts and lay persons alike.

Integrated coastal management is an ecologically-based approach to environmental management
and is therefore in many ways a departure from the technology-driven strategy which has characterized the
national effort since the FWPCA of 1972, especially in urban areas where 2 major emphasis has been
appropriately on the construction of sewage treatment plants. In fact, to a certain extent ICM is analogous
to the water-quality-based efforts which preceded the 1972 amendments and which were thought 10 have
been largely ineffectual. Two decades have passed and it is now time to reconsider the validity of an
ecologicaliy-based strategy especially in highly complex situations. As noted above, the public attention to
environmental issues and the scientific undersianding is vastly more pronounced than was the case in the
19605, and therefore the basic likelihood of environmental action is enhanced. In addition, there is now a
well developed regulatory svstem, with permits, inspection and enforcement procedures, capabie of assuring
that identificd obhgations are. in fact, met. This system is now being complemented by the development
of an cconomically-hased incentive system which may add even greater force to the compliance imperative.
Perhaps most criucally, it is now necessary 10 assure thal scarce public economic resources are spent on
those management options that will have the maximum positive impact. Society can no longer afford 10
spend large amounts of money solving unimporiant problems.

The foliowing discussion of integrated coastal management sets forth a set of interlocking
management principles and a related process. The fundamenial objective of this system is 10 allow for
improved identification of imporiant prioritics and better allocation of resources (o the identified

problems. An integrated system is interlocking and iterative, that is, each of the principles builds on and

FOR REVIEW ONLY--DO NOT CITE, QUOTE, OR REPRODUCE




Cumulative Coastal Environmental Impacts Workshop

influences others. The following discussion identifies these six principles and suggests how they can be
applied in a coherent and logicai fashion.
Principles

The following principles should underlic the development of an integraied coastal management
system and the institutions necessary 10 implement jt:

1. Coastal management's overall objective is 10 maintain ecological processes and meet human
needs for goods and services. Accordingly, management actions need to be developed on the basis of tl
best science available about ecological functions as well as a comprehensive understanding of human ne
and expectations, which are both tangible and intangible.

2. Management objectives should be expressed as water and sediment quality, and other
environmentally based goals. Using environmentally based goals allows flexibility in the methods used !
achieve those goals, while assuring that ecosystems are protected at the desired level.

3. Comparative assessment of risk, and available management concepts should drive the selecti
of management options. This approach will assure that a rational basis is used for focusing action and
resources on the most important problems. A dynamic and iterative planning process should integraie
risk-based analysis with evolving scientific undersianding and human expectations. The process is a
contlinuing one and allows for incremental decision making when that is the prudent course. On the o1
hand., it also provides a context for making the high cost or risk decision most likely 10 be correct in th
face of scientific uncertainty. This integration requires a stable institutional base for the planning proc

4. A uransdisciplinary perspective is critical to coastal problem solving. While specific disciplis
such as chemustry, biology. and hydrology and their integration through environmental engineering
principles will always be central to this transdisciplinary perspective, increasingly fields such as economi
law, and sociology are importiant components of marine management. Maintaining systems for routine

exchange and analysis among professions is essential (o help managers gain a comprehensive understan
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PRINCIPLES OF INTEGRATED COASTAL MANAGEMENT

Management actions are based on the best available scientific information about
ecological functions, as well as a comprehensive understanding of human needs
and expectations which are both tangible and intangible.

Management objectives are cxprcs'scd as water and sediment quality and other
environmentally-based poals.

Comparative assessment of risk, and available management concepts drive the selection
of management Options.

A transdisciplinary perspective js critical 10 coasial problem solving.

The ICM process functions in a context that is responsive to scientific uncertainty
about the funclions of coastal svstems.

ICM is driven by both science and engineering, and public expeciations.

of coastal problems. With a linked analytical sysiem, disciplines could assist more effectively in
formulating 3 transdisciplinary management response. Such a system should integrate scientific,
enginecring. and other information into management practice in a timely and flexible fashion.

5. This system should funciion in a context that is responsive 10 scientific uncertainty about the
funcuons of coastal ecosystems. Accordingly, 1t is based on the premise that how these natural sysu;.ms

respond to stresses from pollution events, overfishing, sedimentation. or encroachment on habitat is not

it is the human acuvines at the source of these stresses that must be reduced or changed. Managing from

this perspective ¢levates coastal presenvation concerns into dav-to-day public policy considerations such as
pe p > YP
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how 10 meet housing needs. transporiation needs, and other sustenance needs while protecting the
environmental quality of the coasts.

6. Integrated coasial management is driven both by science and engineering, and public
expectations. Especially important, therefore is the requirement that there be significant opportuniti
public participation and involvement throughout the process. Appropriate public vatues are not onh
economic or recreational, but also those arising out of an ethical and aesthetic concerns for protectic
the environment.

Process

The process of integrated coastal management is composed of the following elements which :
applied in the sequence they are discussed. Elements at the bottom of the list are not less imporiani
earlier ones and should feed back into the former. The flow chart in Figure I1I-1 gives a simple sche
view of the relationship among the elements.

1. Set Goals. At the oulset of the development of a management plan, it is important 10 d
a well-informed undersianding of the goals and expectations held for a coastal region and the range «

* environmental problem areas Lhai require further attention. Management has two primary objective:
protect the fundamental functions and biological richness of the ecosystem, and 10 maintain irni'mna:
human uses. The siarting point of integraled manageinent is 10 identify the problems threaiening th
goals. Two imporiant tasks must be completed to meel these objectives: 1) define critical (imponai
environmenial processes in lime and space using existing information and data; and 2) define and
rationalize the variety of human expectations about uses and benefits to be derived from the coast.

Environmernial Processes. All coastal systems are not the same. There will be variations in 1
functions of natural processes. In a particular system the important elements of these processes mut

identified with sufficient precision so that management can protect them. The definition of processe
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Figure III-1 Process of Integrated Coastal Management
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issues inevitably leads 10 a system for setting priorities, forcing decisions about issues that are more
important 1o address than others in order 10 mainiain ecological and human health.

Human Expecrations. Societal values and needs with respect to a particular coastal system als
vary from region 1o region. Often there are conflicts among various interests, and changes in values
needs will occur over time. Initial management sieps must seek 10 understand the existing range of
expectations. This understanding will further contribute to an appreciation of those elements of the
natura! systems that are important for protection

Once imporlanl. environmental processes and human expectations have been identified, the
anthropogenic conditions thal threaten their maintenance can be determined.

2. Define Geographic Extent of Concerns. It is imponant to address environmental problen
the scale on which they occur. Thus, integraled coastal management must be based on adoption of a
relevant environmental domain with appropriate aquatic, lerrestrial, and atmospheric components. T
starting point for defining-the geographic extent of an issue often will be the coastal area of concern,
or all of its walcrshed, and other areas as dicfated by important related marine and terrestrial proces:
For example. concerns about pelagic fisheries likely would suggest concern over a large area. The pr
of defining the geographic exient of an issue should also take into account sources of problems and ¢
demands on the sysiem, such as for the products produced in the coastal arca, which create stress.

Only rarely will there be a perfect coincidence between either the variety of ecological domai
the various sources of degradation, or the boundarics of adminisirative jurisdictions. However,
approximations of such areas. both as a means to facilitate identification and location of the mast
important environmenial processes and most immediale or significant sources of degradation, can be
developed at a scale which is consistent with appropriate management actions. An overall goal ia

adopting relevant environmenial domains is to minimize the number of significant causes and effects
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laking place outside the domain and maximize the effectiveness of management measures that can be
taken within the domain.

In many situations the result of this analysis may produce both a variety of environmental domains
and parallel sets of variable jurisdictional boundaries. As the problem analysis progresses, decisions can be
made about the most logical way in which to draw areas for specific management and concern as a
funcilion of knowing what problems are important and what management options can be used to address
them.

3. Assess and Compare Risks. An assessment and comparison of risks to ecological systems and
human health across the full specirum suggested above should be completed before management options
are selected. The risk comparison should guide decisions for setting priorities. Ideally, risk management
decisions should place the burden of control on activities that may significantly harm humans or the
environment. While risk assessment methodologies are not fully developed and comparisons of human
risks with ecological ones are difficult 1o make, even a qualitative examination driven by the goals set for
coastal management will subsiantially improve the priority setting process. The continued refinement of
risk assessment and comparison methods using the basic concepts of dose, exposure, and hazard is crucial
10 inlegraicd management.

When an integrated understanding of environmental degradation and deterioration in human use
has been developed, choices for priority atiention can be made on the basis of the relative importance of
issues within the total complex of problems. 1n addition to deciding which problems are important to
solve, this analysis should also include a component that artempis to define an understanding of what level
of protection or management is required in order 10 mect established goals.

An integrated understanding of the sources of degradation provides the basis for choosing those

control options that will yvicld the greatest net benefits. A comprehensive display of the relative risks and
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their causes is the essential ingredient 10 a strategic approach to management. It is also critical 10
decisions about allocating societal resources io those problems that are of most immediate importance
The science of natural systems often will be undersiood imperfectly. A comparative risk analy
can contribuie 10 maximizing the probability that more important problems will be addressed first.
However, uncenainty may occasionally be so significant as to not allow for a clearly rational choice; a
social values may appropriately demand that preventive action be taken. Where such value laden cha
are made. they are likely 10 be better informed if made within the context of strategic assessments of
comparative risks and with input from the public who ultimately provide the necessary resources.

4. Develop and Compare Aliernatives for Risk Management. Coastal problems cannot be

managed successfully as separate iﬁsues. such as pollution or wetland loss or fisheries depletion. The:
at least two reasons for the need o integrale such pressing issues. In the first instance, apparently
separatc issucs arc intcrrelated. Thus. fisheries declines could be due 10 overfishing, pollution, or fail
reproduction duc to loss of tidal wellands. Secondly, resources are scarce. In the foregoing case of
fisheries loss, it would be ideal 10 define the most likely cause of the loss and then design manageme
options addressing that specific problem. Thus, risk management sirategies must be devised 10 add;c
most imporiang elements in the complex siructure of problems in an imegrated fashion--one that asu
important sources of risk and achievable managemenli alternatives.

Risk managcment decisions should be made through the consideraiion of priority problems &
light of available management options, resources, administrative and legal structures, and other faciex
relevant 10 solutions. Consideration must also be given to the tradeoff between expenditures and bes
both with respect to different solutions (o the same problem and solving different problems.

Not al} problems need to be addressed using the same kinds of sirategies. While a standards

based reguizaiory system may be essential to providing a basic framework of governance, other technit
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such as economic incentives, sireamlined management, land use policy, and education will be appropriate
for particular problems. ’

Too often society perceives that the problem of a coastal environment is singular or one-
dimensional. Thus, enormous efforts are made 10 improve a sewape treatment plant or to eliminate the
presence of a particular chemical, yet problems remain. As suggested above, more frequently, degradation
in resources is due 10 the combined effects of a number of human actions or to a condition which is not
the most obvious. While correcting one probiem might mitigate environmentat harm for a brief period of
time, long-term prolection and restoration may rot be accomplished. This situation does not mean that
all problems need 10 be addressed with equal vigor simultaneously. It does mean that choices must be
made about which problems 1o solve in a context that considers the multiplicity of causes and effects and
maximizes the expenditure of resources on those issues which are important.

These four sieps described together constitute the Dynamic Planning Process. This process
whereby values, ecological processes, comparative risks, and strategies are developed and assessed musl be
considered as a dynamic and continuing planning process. Such a process is needed 10 capture interactions
where onc action may lead 10 another, to recognize new problems, to respond 10 new knowledge, and to
recognize and correct mistakes. This process is an iterative exercise in which choices are made about how
10 anticipate and resolve conflicts and set priorities among multiple uses before environmenial harm is
done. [n order 10 give reality to the planning process, it must be tied to some system of allocating uses in
the coastal environment. These systems can inciude a broad spectrum ranging from land use controls, 10
regulatory systems with permits, 10 protecied area proerams such as marine sanctuaries.

The dynamic nature of the planning process is the core concept that allows for feedback between
the various elements of the methodology. At one scale there are a series of interactions among the
planning process, the conduct of scientific activity and the establishment of implementation programs.

Wilhin the planning process ilself there are numerous ilerative steps between the various functions.
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Perhaps the strongest connections exist between the comparative risk assessment and comparative risk
management activities.

5. Rationalizing Institutions. Institutions and mechanisms of governance must be rationalize
a fashion which is capable of meeting the demands that an ecosystem-based management initiative wil
dictate. Ideally, one might strive to create a single management institution responsible for all aspects
management within an entire coastal ecosystem. In & world with existing institutions, government
boundaries and variable ecological boundaries, however, the development of an ideal institution will
be possible. However, an improved system of coordination, and communication among institutions cz
far 10 remedy the current, highly fragmented governance structure,

It also may be necessary 1o create new institutions and structures to meet certain managemen
needs. For example. a significani land use management objective may only be able to be implemenies
with a change in the relation between local and state governments. While theoretically achievable, if
change is politically impossible, in fact, it imposes a constraint On managemen! OpLions.

6. Selection and Implementation. Once alternalive management options have been develope

choices must be made about the aliernative 10 be implemented. Inevitably the choices result from a
potitical decision making process that may involve exccutive and legislative authorities among several
jurisdictions. and entities having different missions and levels of authority. This political process is a:
integral part of coastal management. In the first instance, fiscal, regulatory, or institutional realities 1
pose constraints that make certain options impossible 10 achieve. Infiexibility in environmenial laws .
regulations make it diflicult 10 implement an 1CM approach effectively. The existence of such constr
will force reconsideration of management options. In addition, failures 10 use scientific and related
information may result in insufficient atiention to the coastal problems s0 that hard choices are avoic
Finally, if public expectations and values are igl;orcd it may be difficult 10 implement recommended

alternatives,
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7. Monitoring. Integrated coastal management must include a comprehensive monitoring effort
that focuses on factors of significant ecological, human health and resour;:c use importance, or the
processes that are crucial to them, and the control measures which have been put in place. In general,
such a monitoring system will not only measure the status of water quality from a chemical and physical
sense but will also take the pulse of the biologic regime. The results of monitoring function as a feedback
mechanism to modify management actions, direct new research, and provide information for pubiic
accountability. The products of monitoring are the essential glue that allows integrated coastal
management 1o take advantage of the new factors of public concern about and the technical capacity to
understand environmental problems.

8. Information Management. Monitoring and research develop the data thai drives an integrated
data management system. Integrated coastal management can only be accomplished if monitoring and
other data for environmental systems are managed in a way that allows managers and other interested
parties to appreciate and make decisions about the whole. As noted, in the last decade, for the first time,
significant capacity has been developed which permits a much greater degree of comprehensive
undcrsianding. This new capacity consisis of Lhree essential elements: significant increases in raw data;
enhanced models for analyzing this data: and powerful hardware and sofiware 10 manage the daia. While
data and models will never be complete or perfect, the increased capacity t0 manage them does provide an
ability to integrale available data in a fashion that subsiantially enhances the prospect of integrated
management. I is this information that helps 1o continually refine the understanding of the nature of
particular coastal problems, expands the capacity 10 carry oul comparative risk assessment ang
management. and ultimately allows for the development of new options for implementation when needed.
Finally, it provides the picture as 10 whether efforts have succeeded or failed.

9. Research. An ongoing research program to continually refine the capacity 10 carry oul the

various elements of the dynamic planning process is essential. Altempting o carry out each siep of the
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process will suggest questions to which there are only incomplete answers. Furthermore, research coug
with monitoring will develop new information that might suggest additional questions. The sysiem mu:
fosier the formulation of these issues and the making of decisions 10 provide for appropriate research
efforts. The need for more research need not become an excuse for doing nothing. To the contrary,
display of problems, comparative risks, and management options with an undersianding of unceriainty (
allow decisions to proceed where problems are severe.

CONCLUSION

Integrated coastal management is a ri‘gorous and difficult process. It is needed for situations t!
are scientifically or governmenially complex, costly, risky or otherwise fraught with a degree of uncertai
Accordingly. it need not be used for those problems which, upon initial examination, present a relative|
simple solution.

While integraied coastal management may be useful most ofter in complex ecological systems
extend far bevond the limits-of an urban area, it is also a useful analytical and management methodolo
when decision-makers arc faced with problenfs having a predominantly urban theme. In urban areas,

- sources of human perturbation of the marine environment and their effects are often highly complex.
Urban areas aiso rarely affect adjacent marine resources in splendid isolation from events in freshwate:
watersheds or the distant ocean. Finally, public resources are always scarce and must be allocated 10
correcting those probiems having the highest likelihood of imporiant environmental benefits. Integrau
coastal management provides a context for considering all of these complexities and then deciding wha
important 1o be done in the urban setting.

Integrated coastal management is an iterative process. As discussed. there is continual feedbac
among the various components of the methodology. Equally importantly, the entire process can be us

for a particular situalion with an increasing level of precision over time. For example, a quick analysis
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might be carried out in a mauler of days using existing information. The result of such 3 rapid exercise can
set up the dimensions of a more protracted process by identifying gaps and problems that require focus.

For the elected official this apparently complicated process should have utility because it will
produce clearer choices which allow, and may even force, the political process to allocaie resources to the
most important problems. In essence, the process allows the political decision-maker to strike a balance
between the expectations of various publics with respect to the facts as presented by technical professionals
and reach a conclusion about implementing achievable management options. While those responsible for
political choice and implementation need not necessarily undersiand, or even participate in, every aspect of
the science or planning of integrated coastal management, it is a process that produces rational choices
and allows for their refinement and medification over time.
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Figure 3. (a) Disturbance regimes, th) forest processes, (c)

environmental conslraints, and (d) vegetation
patterns, viewed in the context of space-ltime
domains (from Urban ¢ al. 1987, page 120;
Copyright © 1987 by the Amcrican Institute of
Biotogical Sciences, reprinted with permission).

functional unit. Typicully, ecosystems ecology deals with such concepis
as external, physicul, forcing functions; nutrient cycling; trophic struciure;
and community diversity. These concepts have linle meaning at the lower
level of the hierarchy. Bottomlund forest ccosysiem characterization
enables one to estimate the "cascade” effect of human activities; for

example, to trace the impact of a hydrologic modification to the forest
vegetation and from there through the forest's trophic levels.

A final level of bottomland forest systems organization is that of the
landscape. While there is considerable overlap between concepts
conceming ccosystems and landscapes (see Gosselink ¢t al. Chapter 17),
the latter term is usually reserved for large heterogeneous areas composed
of several ecosysiems that are spatially and temporally linked and that
function as an integrated unil. The importance of spatial patterns in
landscapes is explicitly recognized. Landscapes have their own
properties, related to large areas and to long time frames. For example, a
river is a complex system of many paris that function together as an
integrated whole, Headwaters, upland slopes, floodplains, terraces, and
river channeis are all spatially and struciurally integrated and interrelated.
River systems cannot be fully understood by a study of these individual
parts; their interrelationship is a fundamental property of the system.

The concept of a spatial and temporal hierarchy of bottomland forest
systems organization has a number of implications that influence our
understanding of these systems and the way we manage them.

1) Management of individyal processes of species generdily ignores
the integraled nature of bottomland hardwood forest systems. As a result,
related processes are ignored, and the resulting management actions ofien
have unforeseen and undesirable side effects. For example, flood conirol
projects are too often designed 10 minimize on-site flooding, with litile
regard to impacts on water quality and biota, or even on resulting
downstream Mooding and/or secondary effects to the biological integrity of
downstream reaches. Since bottomland flooding regimes determine the
quality of most of the valued services of bortomland forest systems, such
a focus maximizes flood control at the expense of other services.

There has been considerable effort devoted to the development of
evaluation systems for rating botiomland hardwood forests and other
wetland ecosystems. Evaluation protocols such as the Habitat Evaluation
Procedure (HEP, U.S. Fish and Wildlife Service 1980), the Golet
Evaluation System (Golet and Larson 1974) and the Wetland Evaluation
Technique {WET, Adamus et al, 1987) were developed with the idea of
rating the services of a specific wetland site, or of comparing the relative
value of services provided by alternative sites. They all focus on the first
level of bottomland forest systems organization, site-specific processes.
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If models are correctly bounded, the WET and Golel procedures deals
quakitnively with second level (ecosystiem) processes such as primary
production, flood reduction, and water quality protection. No cutreny
rating procedure adeguately addresses third Jevel (landscape} processes.
Indeed 1the ¢optext value of a specific site (1hat is, its confext in (he
lundscape) can only be evaluated if that context is assumed 10 persiyy
through time, This presumplion is unwarmanied in the absense of an
implemented aatural resource managemem plan for the entire walershed
landscape. For example, the value of a riparian site for Mlood abatemen
thanges if other Mood detention areas are isoluted fromthe river by levees,
if 2 dam is constructed across the river upstream, or if land clearing
increases runolf.

2) Botontand hardwood [orest systems operale as inlegraied
[ungtional units. This statement is related 10 the previous point. Rather
than managing to maximize one service al the expense of other services,

evaluation und management procedures should recognize the inlegrated
functioning of bouomland hardwoed forest systems, and manage 10
optimize for the greatest combined value of afl services. At a minimum,
management decisions should be based on an explicit recognition of the
balance between gains in one service and the loss of others. An excellent
example of the integrated functioning of botlomland hasdwood forest
systems is the functional role of the elevation gradient found at many sites,
As elevation changes across a floodplain, Meoding frequency, depth, and
duration also change. As a result, soil characteristics and vegetation
patterns also change in relatively predictable ways (see Chapters 12 and
14). Biotic and geochemical processes related 10 soil saturation,
inundation, and accessibility (primary productivity, nutrient recycling,
decomposition, fish reproduction) also change predictably across this
gradient (Gosselink et al. 1981). One issue discussed at length in the first
workshop was whether classifying bottomland hardwood forest sites
according to flooding {(and reiated vepetation and soil) zones was a useful
management devise (see Clark and Benforado 1981). Despite
considerable evidence that ecological processes change predictably across
the gradient, and despite conseasus about the utility of the zonal concepl
for organizing and communicating some types of information about
bouomland forest systems, workshop paricipants rejected the idea of
using zones as a manapgement tool precisely because the concept ignored

the integrated nature of the bottomland ecosystems along complex
environmental gradienis. Repeatedly individuals and workgroups
emphasized thal the functions of each bottomland "zone" (as defined in
Chapters 12 and 14) changed as water levels changed. The land-water
interface moves up and down the zones with changes in river stage, and as
this occurs the ecological processes associated with that interface move.
Thus, while the idea of rating zones (for example, giving highest priority
for preservation to the annually flooding zone, and progressively lower
priority to higher zones), scemed to be a reasonable regulatory innovation,
it ignored points repeatedly made in the workshops: (a) zones are
interdependent, that is, the quantity and quality of water, materials, and
biota in a particular zone depend on changes that occur as these items
cross and interact with other portions of the floodplain ecosystem; (b)
functional processes move among zones, depending on flooding depth;
and (c) different zones perform different {or very similar) services and
support different (or very similar) flora and fauna at different seasons,
depending on Nooding.

3) The regulatory focus on an individual site ignores the contextof ©

that site in the landscape, The ecological value of a site depends in part on

its position in the landscape. For example, construction in a bottomland
hardwood forest site upstream from a reservoir could threaten an urban
water supply. Or, clearing a bottomland hardwood forest stand near a city
could have a larger adverse effect on huniers, than clearing a similar stand
many mifes away from an urban area. Although the concept of landscape
context is broadly recognized, from a wetlands regulatory perspective it
has been difficult o address. Current §404 regulations consider
ecosystem processes, but generally the focus has been on site-specific
functions and services. Early evaluation approaches and procedures dealt
strictly with site-specific conditions but not the landscape contexts in
which wetland sites exist. More recently, WET (Adamus et al. 1987)
began to broaden the focus of functional assessments by evaluating the
opportunity and significance of a particular wetland process which may
occur in a wetiand, but landscape contextual considerations and their
influence on the functional attributes of a particular wetland at both site-
specific and landscape scales are narrowly interpreted.

4) lmporiant_ecological processes occur at landscape scales.

Landscapes, as integrated ecological units, are characterized by processes
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that have meaning only at landscape scales. Fortunately, these processes

can often be measured at specific poinis in the landscape, the measuremen
reflecting the funclional integrity of the whole system. For example, the
hydrograph at a specific point on a river is a funciion of precipitation over
the upstream portions of 1the watershed, land use on the watershed, the
frequency and intensity of upsiream human activities that affect water
flows, watershed slope, and soil characieristics. Similarly, waler quality
at a specific site on a river, reflects upstream loading, which in wrn s
controlled by all the above parameters. l.arge, continuous tracts of
bottomland hardwood florest were identified by boih the wildlife and
ecosystem processes workgroups as landscape structures with functions
and attributes that transcend the average size of individual §404 permit
sites. Large forested bortomland tracts consist of a diverse array of
subsystems that have the polential 10 support a Tull sel of species with
narrow habitat requirements, especiatly those species adapted to forest
interiors.  These tracts mainain spatially helerogeneous paich-dynamic
processes whereby shade-tolerant and shade-intolerant species can occur
in all life stages. They enhance genetic interchange and diversity, which
are especially important 1o maintain viable populations of large, terrestrial
organisms. They also maintain faunal assemblages that have community
and trophic inlegnity.
ite-specific (o nn al adequately wi mul

¢ffects. Cumulative eifects are, by their nature, landscape-level
processes. They can be characlerized as occuring in [live general
categories: time and space crowded, synergistic, indirect, and nibbling
(Beanlands and Duinket 1983). The additive impacts (which result from
nibbling), occur as a result of human activities on many different sites,
which taken together have significant effects on the structural and
functional integrity of the environment. Since evaluation of the
environment of a single site through assessment techniques such as HEP
or WET considers only the impact of modifying thal sitg, it cannot and
does not consider what happens to the whole landscape when many
different sites are modified. Thus, almost by definition, a site-specific
focus does not consider the landscape, and therefore ignores cumulative
cffects.

RECOMMENDATIONS FOR BOTTOMLAND HARDWOOD
FOREST MANAGEMENT

ticrarchical considerations, as discussed above, lead to a number of
recommendations for management of foresied botlomland wetlands.

1) Regulation and management procedures must focus on_the
landscape as well as on sitc-specific impacts. Section 404 of the Clean
Water Act, and atiendant regulations and guidelines (33 CFR § 230, 40
CFR § 320-30), provide for regulation of dredge and filt activities in
Waters of the United States, including wetlands. Section 404 does not
regulate development of upland sites. Nevertheless, because uplands,
wellands and waterbodies (within river basins or hydrologic units),
function as an integrated whole, effective management of bottomland
hardwood forest wetlands requires that upstream and upslope ecosystems
be managed as pan of an integrated landscape. As discussed above,
landscape managemenl is necessary to: (a) maintain landscape-level
ecological properties; (b) maintain the functional integrity of individual
sites within the landscape, since these siies are influenced by what occurs
around them; and {(c) control cumutative impacts.

2} Alandscape focus requires preplanning. As pant of the federal
Section 404 permit process, judgments about human actions in wetlands
arc made by permit specialists in response to individual permit requests
prepared by project proponents. If regulatory actions are 10 maintain and
restore the physical, chemical, and biological integrity of the nations's
waters, as required in the Clean Water Act, they must be made in the
context of plans for the entirc landscape. This follows from previous
arguments; if decisions are made on individual sites from site information
alone, there can be no effective management of the landscape. And if the
landscape degrades because of the cumulative effects of many site-specific
decisions, the individual sites will also degrade, because they are pan of
the landscape. This implies that decisions about sites should be made
only in the context of Jandscape plans. Such plans must be formulated
and articulated prior to local decisions (Gosselink and Lec 1989, Lee and
Gosselink, 1988). Although site evaluations are primarily reactive,
landscape evaluations muss be apticipatoty, setting the conditions for site
development.
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implementation,  Assessment of the ceologrcal condition of a landscape
WAL AS 3 MECESSURY Precursoer 10 s namagement. Assessment provides
information about the condinon and porential of the landscape system,
trom which gouls and plans can be formulated (Gosselink et al Chapier
17, Gosscelink and lee 1989} Such assessments should focus on
lundscape-scale processes, not details of individual sites, (Tables 6 and 7
in Chapter 17 list such processes and suggest indices by which 10 measure
them.) Goal-senipg forces all interested partics 1o reach consensus about
the desired future of the 1014l resource, not selecied aspects of it Finally,
planning is the process of implementing the goals through prioritized
actions at specific locations within the assessment unit, Within this
context, permit decisions should be based on the “direction” of the impact
of the proposed action with respect to the goals (Lee and Gosselink 1988).
Generally, permits would be approved if camulatively they move the
landscape system loward stipulated goals. Permits would be denied if
proposed projects move the landscape sysiem away from approved goals.
This kind of process requires monitoring of the system and provision of
an "institutional mmemory” so that actions are recorded as they occur, and
implementation strategies can be revised as the landscape system
approaches the goals.

RECENT DEVELOPMENTS IN WETLANDS REGULATION

The bonomland hardwood forest workshops were held during a time
when both the scientific and regulatory communities were becoming
increasingly concerned with the issue of cumulative impacts.  Since then,
several workshops and/for symposia had cumulative impacis as their major
focus and a number of articles on the subject were published (Bedford and
Preston 1988a, CEARC 1986, Gosselink and Lee 1989, Wiiliamson and
Hamilton 1989). One of the workshops, held by the U.S. Environmental
Protection Agency (EPA) in January 1987, was initiated specifically to
develop more systematic cumulative impact assessment methods within a
consistent conceptual framework. In the Preface to the published report of
the workshop, Bedlord and Preston (1988a) pointed to the "fundamental

incongruity” that confronts those who regulate or study wetland
ecosystems. “The scale at which they observe human impacis on weiland
resources 10 be accumulating is far greater than the scale at which they ask
yuestions or make decisions. Entire welland Jandscapes have been altered
inadvertently through the cumulative effects of numerous localized
individual actions. Insights gained through research conducted at one site
and on one process cannot provide straightforward answers about the
vonsequences of multiple interacting processes operating at the scale of
watersheds and landscapes” (p. 561),

In subsequent anticles in this EPA workshop publication this theme
is repeated many times. In their summary article Bedford and Preston
(1988b) stated: "The primary conclusion to be drawn from the articles and
the workshop is that improving the scientific basis for regulation will no
come merely from acquiring more information on more variables. It will
come from recognizing that a perceptual shift in temporal, spatial, and
organizational scale is overdue. The shift in scale will dictate different --
not necessarily more -- variables 10 be measured in future wetland research
and considered in wetland regulation” (p. 752).

The excellent articles resulting from the EPA workshop focus
primarily on documentation of cumulative impacts lo hydrology, waier
quality and life support funclions of wetland ecosystems; and on
conceptual approaches (o measuring these impacts. The emphasis was on
how o “scale up"” rescarch to make il consistent with the scale of
management problems. The workshop did not address how, given
appropriate lechnical information, cumulative impacts can be managed.

In contrast, the recommendations of the National Wetland Policy
Forum, which mel during 1987 and 1988, focused on action programs to
solve a number of wetland problems, including the cumulative loss of
wetlands. The Forum was an EPA-commissioned effort to develop
national policy recommendations by individuals representing a cross-
section of groups most interested in wetland issues. Participants included
representatives of environmental organizations, academic interests,
developers, farmers, foresters, and tocal, state and federal agencies. In its
final report (Conservation Foundation 1988) the Forum recommended a
national goal of "no overall net loss of the nation's remaining wetlands
base in the short term, and an increase in the quantity and quality of the
nation's wetlands resource base in the long term” (p.3).

L]
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One of a number of specific recommendations for implementing the
no net loss goal is advance planning. “A major clement in these reforms is
increased emphasis on advance planning 10 guide our wetlands prolection
and management programs. The Forum recommends all slnlcslundcn:;k'e
the preparation of State Wedands Conservation Plans to provide a ba.:ng
for all subsequent acquisition, regulation, and other wetlands protection
and management activities. These efforts, which should rcﬂ.cctllocul Liand -
use plans and other socictal vilues, should result in the nation's wc{lunds
programs anticipaling needs and problems rather than merely reacting to
them” (Conservation Foundation 1988, p. 4).

The no net loss policy, if implemenied, would elevate the :c.lnlus of
wetland mitigation, since presumably dredge and fill permits lha.l involved
"unavoidable losses” would impose conditions for wetland creation and/or
restoration 1o offset the losses. Currently, mitigation is cnrrit_:d oul
without much regard for whether created wetlunds replace the services of
the developed site in a landscape context (L.arson 1987, I'(usl'cr afnd
Kentula 1989). Federal guidelines stale a preference for on-slltc. in-kind
ti.c., local) replacement of werlands that are impairc.d. but it has been
exiremely difficult for regulators and wetland scientists to adc'lr-css the
yuestion of functional equivalence, especially as related o pF)SIll()n zfnd
function of wetlands within watersheds. Advance plannmg,‘ whlf:h
establishes a blue print for the fulure of a landscape unit, could identify
key sites for wetland creation and/or restoration, that would enhance
overall landscape integrity (Gosselink eval. 1990).

REGULATORY STRATEGIES TO IMPLEMENT
PLANNING WITIl A LANDSCAPE FOCUS

Welland Regulation under Section 404 of the Clean Water
Act
In the United States, the principle regulatory tool to protect wetlands
is Section 404 of the Clean Water Act, and assc?cial.ed U.S. Army Corps
of Engineers (ACE) and EPA regulations and guld_elmes (33 CFR §§ 320-
330; 40 CFR §230). Aside from initial unceraintics about 'hf: regulatory
intent of the Act and the incremental clanfication of the regulations through

successive court challenges (Anonymous 1988), the chief hindrance to
effective regulation is probably the incompatibility of cumulative impact
issues with site by site permil review. By definition, a site-specific focus
cannot limit cumulative impacts, except in the most restrictive case of
denying all §404 permit requests. That is, in the absence of landscape-
level planning, there can be no effective mechanism 1o decide how much
development is enough, or 10 allow development of one site but not
another, if the site evaluations are equivalent. Under current
administration of §404, the development of one site often sels a precedent
for the approval of all similar permit requests (or types of projects), since
the criteria for permit approval are usually the same regardless of
landscape context. This inevitably leads to an "all or none" syndrome, in
which environmental activists are pitted against development interests over
isolated issues and local sites, rather than focusing on site-specific project
impacts in the context of an overall plan. '

Inability of the §404 program to manage cumulative impacts is
compounded by the issuance of nationwide permits, particularly
Nationwide Permit 26 (33 CFR 330.5 (a)(26)). This general permi,
which allows up to 10 acres of fill to be placed into headwater wetlands
(wetlands located in headwaler reaches of tributary sireams with a mean
annual fiow of less than 5 fi3 scc‘]} and in isolated weilands (wetlands
that are not bordering, neighboring, or contiguous to Waters of the United
States), effectively exempts about 7 million ha of wetlands from regulation
(Anonymous 1988), and may have led to significant cumulative impacts to
water quality, hydrology, and food web support functions throughout the
range of forested wetlands in the Southeasiern and Mid-Atlantic states .
Headwaters are critically important because they form the primary contact
between terrestrial and aquatic ecosystems in landscapes that support
bottomland hardwood wetlands. They also exist as the headward-most
member of bottomland hardwood wetland continua.

Originally, the Nationwide Permit program was designed to reduce
Paperwork and agency response time to permit requests that were
repetitive (e.g., Nationwide Permit 3 - repair and replacement activities),
which had potentially minor impacts (e.g., Nationwide Permit 1 - aids to
navigation), or which potentially impacied relatively small areas {c.g.,
Nationwide Permit 26 - headwalers, isolated or intermitlent waters).
Dredge and fill activitics permitted under Nationwide Permit 26 usually
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N proveed without requirements for mitigation.  Thus, leniency in

Nationwide Permit 26 permitting of projects proposed for headward
extensions of watersheds is, by definition, bound 10 result in incremenial,
unmitigated cumulative impacis. This situation is exacerbated by the lact
that incremental “nibbling” of headwater and isolated wetlands is common
fur three major reasons: (1) unserupulows practices on the part of project
proponents, who have been known to design projects so that individual
parcels (in development projects) are less than 10 acres {e.g., 100 acre
tracts split imo mulliple parcels of 9.9 acre); (2) high personnel lurn-over
riute within regulatory agencies, which lcads 1o Tailure 10 track the
cumulitive effects of Nationwide Permit 26 pennitting over time within a
given walershed; (3) the slow pace of incremental wetland developmem
(from an institutional viewpoint) that can occur over many years. Even
with the best institutional memory, the cumulative effects of Nationwide
Permit 26 activitics are difficult 10 excep afier years of incremental change

i a watershed.

Long Range Opportunilies for a Landscape Focus and
Planning

In the four years since the EPA-sponsored bottomland hardwood
forest workshaps, the idea that planning is a necessary precondition of
cumulative jmpact management has gradually gained recognition. For
example, the report of the National Wetlands Policy Forum states "To be
cifective, the nation's weitlands protection and management programs
must anticipate rather than react..... They should consider the whole, not
just the individual parts. In short, the programs should be based on
comprehensive planning for wetlands protection and management...."
{Conservation Foundation 1988:19). In addition, planning, which sets
the conditions for management of the weiland resource, has been
distinguished from regulation, which is one (albiet probably the strongest)
of a number of 100ls available o implement planning. These tools run the
gamut from programs of persuasion, offering incenlives and
disincentives, through regulatory prohibition, Lo acquisition. A difficulty
in both planning and implementation is that they can involve many
different agencies at federal, state, and local levels, as well as public and
private interests, whose individual missions and interests must be merged

to achieve a consensus aboul the future of the resource and to implement
the plan.  Each agency works within relatively restrictive regulations and
guidelines developed as the best way to satisfy its mission. In this context
it is appropriate to ask 1wo questions aboul our institutional capability to
address cumulative impacts. First, what agency, if any, has either the
responsibility or the authority to initiate comprehensive planning?
Second, within the existing regulatory programs of EPA (as the nation's
lead envitonmental protection agency), what flexibility exists for
comprehensive planning?

Federal Aulhority for Comprehensive Natural Resource
Planning

In the United States no federal agency, or even group of agencies,
has either the mission or the explicit authority to undenake comprehensive
natural resource planning at landscape scales. This is in part because of
the nature of the political sysiem in this country. Generally, the Jegislative
branch responds 1o particular issues with legistation taitored 10 address
that issue. Legislation, thercfore, is vsually focused on a single resource
{e.g.. water quality, rare and endangered species), and agencies with
responsibility for implementing the legistation are constrained by that
focus. They do not have a mandate for managing the landscape to
oplimize all resources. A recent report on the nation's floodplain
management activiiies (Johnston 1989), states (with reference to natural
foodplain values) "....federat, state and local programs to manage these
natural values are often not focused on the floodplain, but on the particular
resource or activity. For example, programs have been developed to
protect waler quality, bul they are not focused on managing floodplains
for water quality protection...... Floodplain management and/or protection
of natural floodplain values is typically not an explicit program objective”
{pages 7-20 10 7-21).

Two reasons for the reluctance of federal legislators to address
comprehensive planning are: (1) the strong tradition in the United States
against land-use planning, which is seen as abrogating rights of individual
ownership of land, and (2) the historical rights of states and local
jurisdictions in these matters (i.c., environmental federalism). As a result,
federal environmental legislation has generally avoided any hint of land-
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use planning. Rather, it has atiempted 1o protect and enhance the public
resources of air, water and federully owned or managed lands. Any
restrictions on the use of private lands have been enacted to protect these
public resources, and only afier biner baules in the Congress and in the
courts, The requirement for a permit for wetland development, ag
required under § 404 of the Clean Water Act, is an excellent example of
this type of legislition, The Act's purpose is 10 maintain and restore the
physical, chemical, and biological integrity of the nation’s waters, which
include wellands (40 CFR 328.3 (a) i-7}. Thus, regulation of dredge and
fil) activities in privately owned wetlands is justilied in 1he Act because
wellands have been shown to funciion in several ways that directly
influence the maintenance of water quality. In contrast, land management
practices in uplands, which can also stronply affect downslope water
qualily, are not usually regulied. (We refer here to such practices as land
clearing, not to the production of point source effluents, which are
regulated.)

Despite these political considerations, several Acis passed by the
Congress during the laie 60's and 70's do provide possibilities for natural
resource planning on landscape scales. The 1970 National Environmental
Policy Act (NEPA, 42 US.C. 4371 et seq.) broadly recognized natural
environmental values and incorporated them into federal decision-making
for large projecis. Although the requirement to address cumulative
impacts is specific in NEPA, in practice the Environmenial Impact
Statement is largely reactive. Environmental Impact Statement review is
not usually viewed as a comprehensive planning process, and thus has
never elfectively addressed cumulative impacts.

An earlier Act, the Water Resources Planning Act of 1965 (WRPA),
has greater potential for comprehensive planning. Although it was passed
to address the widespread problem of flood losses, in combination with
NEPA it has the potential to encourage the development of comprehensive
resource managemeni plans. The WRPA created the Water Resources
Council, which was charged with (1) assessing the adequacy of basin
plans and cstablishing principles and standards for federal participation in
river basin planning; and (2) creation, operation and termination of
interstate government river basin planning commissions. The Principles
and Standards issued by the Water Resources Council (1973) established
three "accounts” by which proposed actions were 1o be evaluated, (1) a

"National Economic Development” account, which, as implied, evaluated
the cconomic utility of the project; (2} an "Environmental Quality”
account, and (3) an account called “Social Well Being”. This document
was a major attempt to describe a procedure for standardized basin-level
planning that addressed multiple management objectives including both
economic development and environmental quality (Field 1979)

The Water Resources Council was aclive in promoting the
establishment of River Basin Commissions. Several were established in
the late 60's and carly 70's, and were required to prepare comprehensive,
coordinated plans for their region or basin.

The ambitious programs set forth by the WRPA did not farc well.
In 1982, funding was withdrawn from the Water Resources Council and
River Basin Commissions. The Waler Resources Council was disbanded,
and the River Basin Commissions gradually closed their operations. The
1983 revision of "Principles and Standards” dropped the "Environmental
Quality” and "Social Well-Being" accounts. As a result the “National
Economic Development™ account provides the sole basis for project
justification (Interagency Task Force on Floodplain Management 1986).
In the absence of the Water Resources Council, the WRPA and Executive
Orders related to floodplain and weiland management (Executive Orders
11988 and 11990) have been coordinated by an Interagency Task Force
on Floodplain Managerment (created in 1975 to develop a Unified National
Program for Floodplain Management, and formerly chaired by a Water
Resources Council representative). While this task force has sponsored
several important initiatives il does not consider itself a policy group, and
does not have the influence of the Water Resources Council.

Another Act that has potential for comprehensive natural resource
management is the Watershed Protection and Flood Prevention Act of
1954, administered by the Soil Conservation Service. This Act authorized
the Soil Conservation Service to participate in comprehensive watershed
management projects in cooperation with states and their subdivisions.
Eligible projects are limited 10 watersheds of less than 250,000 acres
(Stembridge, undated). Although the goals of the Act were water and
erosion management, it is currently being used in a much broader context,
for example as a mechanism for wetlands protection.

Generally, responsibility for land-use planning is reserved for the
states and local authorities. Staie and local govemments are in a stronger
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£ position than the federal government to institute comprehensive planning
(1) through their authority 10 initiate zoning and other land use restrictions,

and (2) because they are closer to the local problems and thus able 10 tailor
plans to local conditions. Therefore, federal legislation, such as the
WRPA and the CWA, does not preempt this authority, but through a
system of incentives encourages state assumption. For example, the
CWA encourages states (through grants for compliance) (o assume
responsibility for regulation of local water guality, including (in the 1987
tevisions), the developmem of plans for control of non-point pollution
sources. The repon of the National Wetlands Policy Foram rellects thig
wrend. "The Forum recommends that: state and local governments and
regional agencies, with the suppon and cooperation of the relevant federal
agencies, undenake wettands planning to achicve the goal of no net loss,
and that Congress allocate adequate funds 10 assist with these efforis”
(Conservation Foundation 1988, p. 19).

In summary, there is at present little Congressional, exccutive, or
federal agency encouragement or authority for comprehensive multiple
objective landscape planning, of the kind needed to nanage cumulalive
impacts. In some respects (for example, with the Water Resources
Council and the WRPA) there has been a retreat, since the 1970°s, in the
executive branch's willingness to deal with comprehensive planning.
‘Some agencies are working to instituie such planning within the authority
of existing statutes and regulations. However the nature of these statutes
ofien limits the scope of planning efforts. Nevertheless, some existing
statutes provide mechanisms 10 address cumulative impacts. [n the
following section we examine EPA's opporiunities for cumulative impact
management through its mandate for wetland protection.

EPA Opportunities for Landscape Planning and Cumulalive
Impact Management

Advance identification, Section 404 of the Clean Water Act requires

EPA and the ACE to regulate dredge and fill activities in wetlands.
Nationwide the ACE has authority to evalute and issue permits for dredge
and fill activities, but EPA has authority 10 veto ACE decisions under
§404(c) of the CWA. The procedure, as described in regulations issued
by the ACE and EPA (33 CFR §§ 320-330; 40 CFR §230) is largely

reactive (that is permit evaluations are usually initiated in response 1o an
individual application). Because the §404 permit process focuses on
individual permit sites it fails to address tandscape contextuat problems,
and thus provides no mechanism to manage cumulative impacts.

EPA, however, has authority for planning in the Advance
Identification program, as described in Section 230.80 of the 404(b)(1)
Guidelines (40 CFR Part 230). The ACE has & similar authority under
their "Special Area Management Plans”. Under §230.80 EPA and the
permining authority (ACE or an approved State agency), act jointly to
tdentify wetlands and other waters of the United States as possible future
disposal sites or arcas generally unsuitable for disposal site specification.
The results are informational, not regulatory. Any person may still submit
an application for a §404 permit regardless of the designation of the site.
The results of the advance identification process simply put the applicant
on notice about the relative probability of obtaining a permit. Thus this
program is used to improve the public's understanding of wetlands and to
provide a degree of predictability to the regulated community that does not
exist within the context of individual permit reviews. It also provides
EPA regional offices opportunities to coordinate more effectively in local
or slate planning processes. Documents developed in the advance
identification process contain wetlands assessment and other data that are
potentially useful in other wetland protection activities such as the
development of local zoning and regulations, the identification of valuable
sites for purchase or zoning easements, and for public education efforts.

Although the §404 (b)(1) guidcelines are specific as 10 the purpose of
Advance Identifications (i.c., designation of wetlands as unsuitable for
disposal site specification) EPA's Advance Identification guidelines
(Office of Wetland Protection 1989) clearly encourage a broad perspective
onh ecosystem protection and management. For example, the program can
be used in combination with ather portions of the §404 (b)(1) guidelines
to address large geographically-based issues. Advanced identifications
can be focused to reduce or reverse regional trends of wetland losses,
and/or for assessing cumulative and secondary impacts within designated
boundaries (§230.80 (g) & (h)). The preferred units for advanced
identification program are walersheds or ecosyslems because components
of these systems functionally relate 1o one another, Broad participation by
all agencics and groups with interests in the geographic area is usually
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encouraged, beginning early in the advance identification process (Office
of Weilund Protection 1989). Thus the advance idemification program
may be used as a means to initiale comprehensive planning. even though
EPA’s authority under Section 404 is limited 10 jurisdictional wetlands,

The potential of Advance Idemifications for use as a planning
mechanism for cumulative impact management is just beginning 10 be
realized, with the recent issuance of guidelines by the EPA Office of
Wetland Protection. The number of advance identification programg
initiated across the U.S. has increased rapidly in the past three years, and
scveral have been completed. They vary in size from several 10 over
100,000 ha. Documents prepared for these programs are limited 1o the
authorty under §230.80 to identily wetlands unsuitable for disposal. It is
not clear, thercfore, 10 what extent they are being used for more
comprchensive planning. One difficulty is that no agency has authority 1o
expand the advance identification program into a comprehensive multiple
objective project that can result in the development of natural resource
protection goals and bring to bear many different regulatory and non-
regulatory 1ools 1o implement the goals. Some broader authority is needed
10 accomplish this, {t could be located at the staie level, but most states are
not organized to handle programs that cut across federal and state agency
lines. The Advance ldentification guidelines (Office of Wetland Protection
1989) provide a broad perspective, and specilic recommendalions for
comprehensive planning, but their effective implementation appears 1o
require broader authority and more focused support from EPA.

i niti mulative Impact Management, As EPA
and cooperating federal, staie and private sector groups gain more
experience with and more confidence in Advance Identifications, we can
expect betier recognition and management of cumulative impacis in
wetlands. In the short term, the §404(b)(}) requirements for allernatives
analysis, impact assessmenl and impact minimization can provide
opportunilics to improve the permit review process and specifically to
address curmulative impacts. However, there are distinct administrative,
conceptual, and practical limits regarding the exient 1o which cumulative
impact assessments can be effectively incorporated into individual §404
permit reviews. These limits are defined mosily by agency time and by
staffing consiraints. As discussed above, agency personnel are
significanly influenced by lack of clear definition of “goals” for

management of an individual permit site in the context of the Jandscape in
which it occurs, by lack of “institutional memory" on the part of
regulatory agencies, by lack of familiarity with the rapidly evolving field
of landscape ccology, and by the unavailability of landscape-scale data in a
usable and accessible form,

Goals set the context for assessment of cumulative effects and their
perceived impacts on the condition of wettands. Even though the
§404(b)(1) Guidelines direct federal agencies to review "cumulative
effects” (230.1)(g)) and "secondary effects” (230.11(h)) in the context of
individual permit reviews, only broad direction is given in the §404(b)(1)
Guidclines, the ACE Regulations (33 CFR 320-330) and from the Clean
Water Act itsclf regarding standards or criteria for review of cumulative
and sccondary effects. Thus, while the agencies are required by their
guidclines to review cumulative and secondary effects, they currently have
no specific standards for doing so. In addition, while most agency
managers and staff arc relatively well trained in basic biology,
jurisdictional delineation of wetlands, and the administrative or regulatory
details of individual §404 permit review, they are relatively unfamiliar
with the new and rapidly evolving field of landscape ecology. This lack
of command of the subject matier ofien leads to review of §404 permits in
the context of what is familiar to agency staff and management (i.c., site-
specific review), and not necessarily what is most technically valid {ic.,
site specific reviews combined with landscape-level reviews).

In practice, the imponance of cumulative and secondary effects has
been recognized by relatively innovative regional offices of the EPA, ACE
and U.S. Fish and Wildlife Service. Such recognition is refiected in
documents (such as letters of denial or written recommendations for
project revisions) that address cumulative and secondary effects.
However, most of these agency comments are developed in reaction to an
individual permit request and without substantive technical support in the
form of data and/or credible models that document cumulative or
secondary effects. The lack of sound technical substantiation of such
impacits is open to successful challenge by individuals with knowledge of
current methods and data.

The main point 10 emphasize is that assessment of cumulative
impacts needs 1o be carefully and slowly implemented, and incorporated
into the standard procedures used by regulatory agencies during their
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reviews of wetland-related projects.  lmplementation should be
incremental, along with "business-as-usual” consideraions of individual
permit reviews. Because introduction of landscape-level reviews imo the
§UM process is experimental, agencies need 10 develop and maintain a
dual truck approach to penmit review. When possible, data from
cumulauve impact assessment efforts initisted under regional Advance
Identifications or Special Area Management Plans should be used 10
substantiate claims of cumnulative or secondary effects related 1o individual
permit reviews (c.g., EPA-Region Three Recommended Section 404c¢
determination for the Ware Creek, VA Project, USEPA, Philadelphia, PA,
1989). Simultaneously, agencies need to devole increased time and
resources lo Advance Identifications and/or Special Area Managemnent
Plans that rely principally on landscape-level analyses that focus on
management of cumulative impacts and anticipatory approaches to permil
reviews {Gosselink and Lee 1989).

Another elfective tool in cumulative impact management is the
“layering” of State §401(Water Quality) authority over individual as well
as nationwide permit reviews,  This approach has proven 1o be an
effective 1ool consistent with the goals of environmental federalism as
articulated by the current (Bush) administration. For example, states with
§401 permitting awhority can effectively veto isvance of individual §404
or Nationwide Permit 26 permits through denial of stne wetlands pennits
or §301 cenification.

A final suggestion regarding current approaches for dealing with
cumulative effects relates to two major concemns articulated throughout the
bottomland hardwood forest workshops by agency personnel: (1) ihe need
for a unified approach 1o the definition of wetlands under federal
jurisdiction, and (2) the need to deal consistently with agriculwral and
silvicultural exemptions in conformity with §404(f)(1} and (N(2}.

With regard 10 developmem of a consistent, unified approach for
definition of wetlands, the "Federal Manual for Identification and
Delineation of Jurisdictional Wedands"”, issued January 10, 1989 (Federal
Interagency Commitlee 1989), promises 1o go a long way towards shifting
the focus of §4(M review from questions conceming jurisdiction to more
substantive issues. This is a positive step for the national wellands
protection process. It has panticular relevance for dealing with cumulative
impacis because agreement on wetland jurisdiciional boundaries allows

participants in the §4(4 process to devote more time and cffort 10 deal with
identification of project purpose, siting alternatives outside jurisdictional
wetlands, minimizavion of impacts, and mitigation of unavoidable impacts,
as required in the §404 Guidelines. With the recent emphases on
landscape ecology and "no net loss™ of wetlands, such efforts are bound
10 incorporate landscape-level thinking into the planning processes
associated with individual permit reviews and with Advance
Identifications and Special Area Management Plans,

Section 404(N(1) & (2) of the Clean Water Act address agricultural,
silvicultural and ranching exemptions for "on-going and established"
operations (4} CFR 232.3}). The new wetlands delincation manual
clarifies regulatory jurisdiction over these exemptions. Combined with
the Swampbuster provisions of the Food Security Aci of 1985, consistent
application and enforcement of §404(N(1) & (2) can work to maintain
bottomland hardwood forest paich size and structural integrity, help to
limit non-point source inputs 10 Waters of the United States, and maintain
reasonably natural hydrologic connections with functioning (even though
farmed or forested) wetland ecosystems.

The National Wetlands Policy Forum (Conservation Foundation
1988) identified a number of pressing wetlands issues that need to be
addressed. The Forum suggested that while some of the present
regulatory deficiencies can be addressed by modifying present regulations,
others probably require new legislation at both federal and state levels.
Recognizing the slow pace of major legislative initiatives we have, in this
chapter, focused on the possibilities for improving wetlands protection
within the present statutory and regulatory framework. Summarizing
these possibilities, a three-pronged approach, operating within current
regulatory constraints, can produce significant improvements in
management of cumulative impacts in bottomland hardwood forests.

1) Gradually incorporate landscape ecology principles and
cumulative impact evaluation into current wetland permit reviews
that are completed under federal or similar regional, state, or
municipal authorities;

2) Expand the use of advance planning authority under §230.80 of
the EPA §404 Guidelines, and the ACE Special Area Management
Program, to address landscape level planning and cumulative
impacts assessment;

dogsypop s1oudur] (BIUNAIUONATS [EI5B0)) SANEMEND



Ly

(3) Continue 10 explore ways 10 use the comprehensive planning
authority of the Water Resources Planning Act of 1965 and the
Wautershed Proteciion and Flood Prevention Act of 1954, o
incorporate commprehensive planning at landscape scales. This
approach integrates the muliiple missions of the many lederal,
state, and tocal authorities and private interests that have a stake in
wetlunds. In the final analysis only comprehensive planning can
lead 1o clfective management of cumulative impacts, and effective
protection of forested botlomland resources.
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Landscape Conservation in a
Forested Wetland Watershed

Can we manage cumulative impacts?

James G. Gosselink, Gary P. Shaffer, Lyndon C. Lee, David M. Burdick, Daniel L. Childers,
Nancy C. Leibowitz, Susan C. Hamilton, Roel Boumans, Dougias Cushman, Sherri Fields,
Marguerite Koch, and Jenneke M. Visser

ore than one-half of the 40
million ha of wetlands in
the coterminus United

States is forested (Fraver et al. 1983).
Most of these wetlands (57%; Aber-
nethy and Turner 1987) are in the
southeastern United States. They are
charactenzed as permanently, semi-
permanently, or inrtermittently
flooded and are dominated by cypress
{Taxodmm spp.). tupelo (Nyssa spp.),
and oak (Quercus spp.). The broad
Mississipps River alluvial floodplain,
which extends trom the Gulf of Mex-
1o to southern [lhnoss, historically
supported the largest United States
expamses of forested wetlands, but
since the 1950s these arcas have been
rapidly converted to the production
ot cotton, ¢orn, and sovbeans (OTA
1984, Brinson ct at. (1981) esumated
the loss of nipanan torest at more
than 70 since presettlement days.
Abernethy and Turner (1987) calcu-

Prompt action is
needed for landscape
planning to be
cost effective

lated a 23% loss since the 1950s. In
the Mississippt River ailuvial flood-
plain alone, bortomland forests de-
creased from 4.8 million ha n 1937
to 2.1 million hain 1978, 2 55% loss
(MacDonald et al. 1979).

This rapid wetland loss is of intense
concern to environmental interests.
Forested riparian wetlands perform a
number of valuable services for hu-
mans, ncludimg moderation of down-
stream flooding, maintenance of good
water quaiity, and provision of di-
verse habitats for wildlife (Wharton
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et al. 1982). These are largely public
benefits. Aside from the economic re-
turn for resource harvests—tmber
and wildlife—benefits do not gener-
ally accrue to the land owner, bur
rather to individuals or groups down-
stream. Wetlands have therefore been
recognized as public resources and
are federally protected under the
Clean Water Act (CWA) of 1972
{Public Law 935-217). Despite this
protection, freshwater wetland loss,
and particularly forested wetland
loss, continues. The cumulative im-
pact of many individual actions, no
single one of which is parucularly
alarming, threatens the integrity of
whole wetland landscapes. Analysis
of potential solutions 1o this probiem
makes an interesting study of cumu-
lanive environmental degradation, a
phenomenon that 15 increasingly
widespread.

This article addresses general issues
in environmental planning related to
the cumulative impacrts of human ac-
uivities on the environment. We focus
specifically on wetlands, although the
problem is more general, and the is-
sues addressed and methods discussed
have broad applicauon. To set the
stage, we introduce the legal and ad-
mimistranive framework for wetland
regulation, the nature of cumulative
impacts, and the use of ecological
principles (specifically landscape ecol-
ogy principles) in environmental
planning. Next, we assess the cumu-
lative impact of human activities in
the Tensas River basin, Louisizna,
and show how the assessment can be
used for planning purposes. Finally,
we discuss the generality of this ap-
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proach and its applicability in other
CONTeXIs.

Federal jurisdiction in
forested wetlands

Discharges of dredged or fill marterial
into the waters of the United States are
regulated under Section 404 of the Fed-
eral Water Pollution Act Amendments
of 1972 [33 U.S.C. Secron 1251), as
amended in the CWA of 1977 and
again in 1987 (Public Law 100-4). In
practice, the term waters of the United
States has been defined to include wet-
lands and, specifically, most bomom-
land hardwood forests.! Although
“normal™ forestry practices are staruto-
rily exempt under Section 404(f) of the
CW A, clearing of forested wetlands for
conversion 1o uplands results in dis-
charges regulated under Section 404.2
Large areas of wetland forests were
cleared before 1972, when acuvities in
wetlands became regulated under the
Federal Water Pollution Act. For both
legal and rechnical reasons, clearing has
continued despite the protection of the
CWA.

ft has taken vears and a series of
court decisions {Narural Resources
Law Insuture 1988) to clarify uncer-
tainnes about the geographic junisdic-
tion of Secuon 404 and the rypes of
activities i exemnpts, For example, the
US Army Corps of Engineers, which
tomntly admunisters the Secuon 404
program with the US Environmental
Protecion Agency (EPA), agreed,
onlvy as recently as 1984, to apply
natonwide the decision in Avovelles
Sportsmen’s League v. Marsh [Na-
uonal Wetlands Newslerrer 1984).
Thes decision, which clarified the ju-
nisdicional definmion of a wetland
and what constitutes a repulated ac-
mviry, was not reflected n the regula-
tions that guide permut processing un-
ul November 1986,

Cumulative impacts

An important technical hindrance to
protection of forested wetlands has

Y3V CFR. 128 3b and 40 CER. 232 (e
Avovelles Sportsmen’s League v. Marsh, 715
F.2J 897, 903 n 1L Sth Cir. 1983,

‘33 CFR. Sccton 313.4.c. and 40 CER.
Seytion 232.31h, Avoselies Sportsmen’s
League v. Marsh, 715 F.2J 897, %U3 n 1l 5th
Cir. 1981

'33 C.F.R. 4§ 320-330.
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Figure 1. Locanon of the Tensas basin in northeastern Louisiana. The basin is bound:
on the east by the Mississippt River, on the south by the Tensas-Cocodrie Jevee, and ¢
the west by the Bavou Bartholomew watershed boundary and the Ouachita and Bla
Ruiver levees, The northern boundary 1s polincal, the Arkansas-Louisiana border. Wat
flows generally from north to south through the study area. Principal streams are t
Boeuf and Tensas Rivers (tributanes of the Ouachita River) and Bavou Macon

tnbutary of the Tensas River).

been the difficulty of managing the
cumulative impacts of incremental
ciearing of small tracts (Lee and Gos-
selimk 19288}, Cronulatne mmpact 15
defined n the Council on Environ-
mental Quahty repulations (which
implement the National Environmen-
1al Pobicy Act of 1969)% as;

42 USC. 43214347,

the impact on the environment which
results from the incremental ympact
of the action when added to other
past, present, and reasonably foresee-
able future acnions regardiess of whar
agency (Federal or non-Federal) or
person undertakes such other ac-
vons. Cumulative impacts ¢an result
from individually minor bur collec:
nvely significant actions taking place
over a peniod of nme. (40 C.F.R. §§
1508.7 and 1508.8)
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The CWA and regulations for imple-
mentation of Section 404 by both
EPA {40 C.F.R § 230) and the Army
Corps of Engineers (33 C.FR. §§
320~-30) require consideration of cu-
mulative impacts, but for a number of
reasons (Beanlands et al. 1986,
Horak et al. 1983} they are seldom
evaluated in permit review processes.

Wetland forest conversion to agri-
culture is a rypical cumulatve impact.
Historically, the incremental clearing
of 10 ha to as much as 2000 ha in an
individual permit has been perceived
to have no significant ecological im-
pact on a total forest system of several
miilion hectares, and the cumulative
effect of many such permitted activi-
ties has been ignored.

This failure can be understood if
the current regulatory process 15 con-
trasted with the kind of process re-
quired for cumulanve impact assess-
ment. The Section 404 permut process
focuses on the impact of a proposed
activity at an indwvidual werand per-
mit sute. In contrast, cumulative im-
pacts are landscape-level phenomena
that result from decisions at many
individual permut sites, as well as ac-
uvittes that are not regulated under
Section 404 (Gosselink and Lee
1989,. Hence cumulauve impacts are
otten external to the focus ot individ-
uai permit review. tn addinon, the
current permit process is targely reac-
nive; that 15, the decision abourt
whether or not 1o approve an acuvity
on a site 15 made In response to a
permit feguest, not m advance of it

It cumulative impacts are w be
managed, the decision at an indiad-
ual site will have to be governed by
carlier decisions made about the al-
lowable extent ot modificaton of the
whole landscape umit. Thus cumula-
nve impact management has the po-
wenual 1o change current wetland reg-
ulatory pracnices in two sigmficant
wavs: 1t rases the focus of manage-
ment from site-specific 1o natural
landscape umis. and it imposes plan-
ming on the current Sectnion 404 pro-
cess, which s largely reacove. It
should be noted thar EPA has author-
1ty tor planming under the regulauions
addressing advance 1denuficauon
procedures (40 CF.R. § 230.80;.

Techmaques tor addressing cumula-
tive tmpacts presented in recent work-
shops and pubhicanions (Beanlands et
at. 1986, Bedtord and Preston 1988,
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Figure 2. Bortomland forest areal changes
in an area covering seven parishes in the
Tensas basin since 1935. Open squares
from US Forest Service surveys (Earle
1975, May and Bertelson 1986), closed
squares from MacDonald er al. {1979),
and crosses from Yancey (1970). The
seven-parish boundary approximates the
boundary of the Tensas basin and covers
an cquwalcm area.

Clark 1986, Vlachos 19835) include

one or more of the following: check-
lists of characteristics or processes to
be considered in the analysis, matrices
of interactions among human acrivi-
ties and environmental conditions,
nodal nerworks that depict likely im-
pacts from disturbances, and simula-
tion models of ecosystems and re-
sponses to human acuvities (Risser
1988). In general, these approaches
build on widely accepted techmiques
of conventional environmental im-
pact analyses (McAllister 1980,
Munn 1973, Westmann 1985). How-
ever, there is not currently any meth-
odology for cumulative impact assess-
ment, or €ven any conceptual
approach that 1s generally accepted
by scienusts and managers. Risser
{1988) recommends conunutng the
search for a surte of cumulauve im-
pact techmques underlain by a strong
conceptual basis that incorporate re-
cent dramanic advances 1 our under-
standing of landscape ecology as weil
as new methods (e.g., remote sensing
techniques' for landscape analysis.

Gosselink and Lee {1989) descnibed
a methodology for cumulatve impact
assessment and management that n-
corporates both planning and a land-
seape-level tocus. It has three compo-
nents:

® Assessment. The charactenizatuon of
cumulanve effects on both the ecolog-
ical structure and the functional eco-
logical processes in a designated land-
scape unit,
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® Goal-setring, Agreement by public
CONSENsus on environmental goals for
the assessment area, based on the
assessment and consistent with regu-
lations under the CWA.

® implementation. The development
of specific plans to implement the
goals, based on the landscape struc-
ture and function of the area thart is
assessed.

The need to manage cumulative im-
pacts on a landscape scale requires
that the boundaries of an assessment
unit encompass an area that is, to the
extent possible, ecologically closed to
water and nutrient flows {so that
forces external to the basin can be
minimized) and also large enough to
satisfy the home range and habitat
requirements of the farthest-ranging
animal species of interest (e.g., the
black bear or the Florida panther).
The larter requirement has a double
benefit. It ensures that the analysis
will address the protection of the tar-
get species, and in so doing it also
encompasses a diverse group of spe-
cies with smaller ranges. Pragmauc
considerations such as political juris-
diction and map scales also influence
the choice of boundaries. Gosselink
and Lee (1989) recommend bound-
aries that enclose areas of 1 million ha
or more that are natural hydrologic
watersheds or drainage basins.

To characterize an area this large,
the proposed cumulative impact as-
sessment methodology focuses on a
limited number of landscape indices
that reflect ecological structure and
hvdrologic, water-quality, and biotic
funcrions. By landscape indices, we
mean simple, measurable properties
that integrate ecological processes
over large areas. For example, a
stream water-qualiry record reflects
water chemistry conditions in the wa-
tershed above the sample stanon.
Long-term data records are used, thus
enabling a nime-series analysis of sys-
tem change.

Landscape ecology and
natural resource conservation

Troll (1950) defined landscape ecol-
ogy as the study of the physicobiolog-
ical relationships that govern the dif-
ferent spaual units of a regien. h
deals with large areas and the interac-
tion of parts within these areas. Thus
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the emphasis is on the patrern of the
landscape and how pattern influences
ecological processes or funcrions
(Forman and Godron 1986, Turner
1989).

Of particular relevance 1o cumula-
tive impacts is the stady of island
biogeography, a field pioneered by
MacArthur and Wilson (1963, 1967),
and the application of that knowledge
to the design of ecological preserves
(Diamond 19735, Harris 1984, Mar-
goulis and Usher 1981, May 1975).
These studies are concerned with the
size and shape of patches in the land-
scape, thetr 1solation from each other,
and the influence of these factors on
species diversity. Whereas in the pio-
neering studies the patches were is-
lands 1solated by water, in applica-
tions to natural preserves the patches
studied were forests, isolated by
grasslands, agricultural fields, or
other human barriers,

Diamond (1973, summarized five
landscape principles tor natural ce-
seTves:

® Spectes nchness increases with for-
est area.

® For a mven total forest area, one
large reserve wall suppurt more na-
nve, Interior speaes than two or more
smaller ones.

® For 2 piven torest area, disjunct
patches that are close will support
mote spedes than patches thar are
tarther apart.

® Disjundt forest patches connected
bv strips of protecred habrat are pref-
crabie o nolated patwches (the pro-
tected cormdors taabitate ammal
movement between patches and pro-
vide graduat ecotones between similar
habitar ovpes.

® Orher things bemg equal, a areular
reserve 18 preterable tooa frmear one,
because the tormer maximzes dis-
persal distances within the reserve
and mimmizes the edge relanive to the
ntenor,

We use these principles inthe follow-
ing cumulanve impact discussion, al-
though we recogmze that conwider-
able controversy surrounds the
apphicanon of insular tiology to ap-
phed convervation issues (Moss and
Harns 1986, Schonewald-Cox et al.
1983, Simberlont and Abcle 1982,
Simberloft and Cox 1987, Soule and
Simberioff 1986).

Assessing cumulative effects in
a river basin

We have assessed cumulative effects
tn the Tensas River basin in north-
castern Louisiana. We illustrate the
feasibility of a landscape-level assess-
ment and the ulity of this approach
for natural resource conservation
planning.

Description of the Tensas basin. The
Tensas basin study area is composed
of alluvial bottomlands of the Missis-
sippi River. This river overflow area is
defined as wetlands for jurisdictional
purposes under Section 404 of the
CWA. Boundaries correspond with
Louisiana Denartment of Environ-
mental Quality Hydrologic Segments
0809-0812, which agree closely with
US Geological Survey (USGS) Hydro-
logic Units 0805001-0805003. The
basin comprises approximately 1 mil-
lion ha (Figure 1), an area large
enough to sustain a viable population
of black bear (Nowak 1986). Thus
the choice of boundaries did not pre-
clude the option of managing the ba-
sin for the largest endemic mammals.

The climate of the study region is
characterized bv mild winters and
warm summers. Temperatures range
from an average of 9° C in winter 1o
27° C in summer, with an annual
average of 18° C. Rainfall averages
132 emivr and is heavtest during win-
ter and spring months, coincidental
with peak flows of the Mississippi
River. Historically during high Mis-
sissippt River stages, local nivers
backed up. flooding much of the Ten-
sas basin {Lower Mississippr Reglon
Comprehensive Study Coordinaung
Commuttee 19743, Man-made levees
prevent this backwater flooding to-
dav.

The relanvely Hat and poorly
dramned land s tvpical of the topog-
raphy ot the Mississippr River alluvial
plain. Soils 1n the vastern portion of
the basin were tormed recently by the
Mississippt River. Those 1n the west-
ern portion were denved trom older
sediments of the Quachita River. Un-
Jder natural condinons, these highly
tertile soils, primarily ot the Sharkey
sorl sertes, support vigorous forest
stands. Lower Muosiswippr Raver
Huodplain foerests are among the most
productive fish and wildlife habitats
in the United States (Glasgow and

Noble 1971, US Army Corps of En:
gineers 1974, US Deparmtment of Ag
riculture n.d.). They are located in the
Mississippi Flyway and are therefore
important 1o migrating, wintering
and resident bird populations (Beli-
rose 1980).

The study area is characterized by
extensive agricultural and timber re-
sources. Although Sharkey soils are
highly fertile, they are difficult 1c
farm. Drainage is nccessary to estab.
lish crops {(US Army Corps of Engi
neers 1984). Historically, more thar
90% of the swudy area was forestec
wetland. However, with improvec
technology and federal economic in
centives, large areas of forest hawe
been cleared and converted to pro
duction of sovbeans, corton, rice, anc
corn {Stavins 1986).

The Tensas basin conrtains one o
the largest remaining tracts of for
ested wetiand in the Mississippi Val
ley, the 50,000-hectare Singer Tract
This tand, owned by the Chicago Mil
and Lumber Company, remained ar
old-growth forest until the 1940s
when the last portion was logged. The
cutover area has since been manapec
for timber production, and a second
growth forest has developed. How
ever, this land is currently ben;
leased in small parcels (200400 ha
1o local agricultural interests. Re
cently, the federal government pur
chased part of the tract to establis
the 20,000-hectare Tensas River Na
tional Wildiife Retuge (Figure 1). Is
addituon, Louisiana acquired 7779 h,
adioining the refuge and establishec
the Big Lake Wildlife Managemen
Area (US Army Corps ot Engineer
1984). Besides the Nauonal Wildl
Refuge and the Big Lake Wildlit
Management Area, relanvely few
tracts of land are publicly owned. I
all, public areas total approximarelr
44,000 ha. Within them, torests an
harvested commercially, but no lam
15 cleared.

Ecological characterization. We uses
a number of indices to charactenizi
the Tensas basin at a landscape scale
These indices, a subset of those sup
gested by Gosselink and Lee (1949)
were based on forest strucrure {amc
land use), stream stage/discharge, wa
rer-qualiry records, breeding bird sur
veys, and Christmas bird counts
They employ historical data sets (ap
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Figure 3. Lind-use map ot the Tensas Bawn. 1979 (Loursiana Department of Trans-

pormanon and Development, Baton Rouge:.

proximately 1940 1o presenti gener-
ally availahle across the Unired States,

Nanonallv, the US Forest Service
and US Department ot Agnculture
provide land-use informacon, by
county. on forest area and rvpe and
on crop production and area. In ad-
dion. many states have recently pro-
duced maps that display land-use 1n-
tormanon.

Records of stream stage and dis-
charge, collecred by the ACE and
USGS. cover extensive areas through-
out the United States (Hutchinson
1975, 1977, Records for some
streams provide continuous data
from the turn of the century: other
records cover 30-vear penods, The

USGS also mamtains a network of
stations monitoring  water quality.
The best of these (the Nanonal
Stream Quahiey Accountung Network
INASQAN]: Smuth et al. 1982) dates
trom 1974, but earlier records are
alve available tor some stations.

In general. long-term dara on biota
are scarce. The best records are of
bird abundance: the US Fish and
Wildiite Service breeding bard surveys
{Bvsrrak 1981) and the Audubon So-
ciery Christmas bird counts {Drennan
et al. 1983). Breeding bird surveys
have been counducted since 1967,
whereas some Chnistmas bird count
recards go back 85 or more vears. All
these data sets were appropriate for

this prototype study, because they
provide historical records of struc-
tural and functional changes in the
basin that generally reflect landscape-
level processes rather than site-
specific ones. However, these data
sets may be short, fragmented, or
spatially incomplete. Additional data
sets, collected by local agencies, may
be available in some localities.

FORESTED WETLAND AREA AND DIS-
TRIBUTION. In the Tensas basin, ap-
proximately 10,000 ha of forest have
been cleared per year since 1937.
Only approximately 157,000 ha re-
main, roughly 15% of the original
forested area (Figure 2). Most of this
forested area is 1n four patches, each
10,000~30,000 ha, in the east-central
part of the basin (Figure 3). The larg-
est contains the Tensas Narional
Wildlife Refuge and the state Big
Lake Wildlife Management Area.
There are four additional patches be-
tween 3000 and 10,000 ha. The rest
of the forested area is in small parches
{mostly less than 300 ha) widely scar-
tered throughout the basin (Figure 4).

This forest patch distriburion con-
trasts sharply with the situation in
1957, when two large patches ac-
counted for 326,500 ha of the total
560,000 ha then forested (Figure 4).
In the intervening period, the large
forest patches were fragmented by
conversion to agriculture, and small
patches disappeared for the same rea-
son. As a result, the total number of
patches remained at approximately
500, most of themn less than 300 ha
size.

Fifty-five percent of the stream
edges were forested in 1357, and less
than 15% by 1987 (Figure 3). This
figure does not show dimensions less
than 250 m, and narrow forested
borders were probably classified as
agriculrural fields. However, the error
introduced is probably minimal; on-
site observations and detailed anaivsis
of several 1:24,000 photo-ortho quad
maps revealed that most agricultural
fields in the basin extend to stream
banks without any interveming for-
ested strip.

Hyoprovocy. Throughout the Ten-
sas basin, public works projects have
generally increased runoff efficiency.
This efficiency s shown by LAND-
SAT imagery from the peak flood
time in January 1983 (the highest
tiver stage of the decade), which

53




Cumuiative Coastal Environmental Impacts Workshop

TOTAL AREA WITHIN EACH PATCH B1ZE (hai

,u/m/@/ 2/8/8/ / /
+/a/2 /5 ]=/2/8]a/2] 7
/ °/ //J J

e/fe/e/ [ /

b /@
Vo) =7 7
gf/']/‘ﬂ/"/ﬁ"/e"/fv“’/ /

AYLYEYEY

[T sennn Iy

C1 a¥¥ S|SE tha.

Figure 4. Bottomland forest (a} patch size and (b} frequency distribution, 1957-1987.
The honzontal axis groups the patches by size classes, on an exponential scale (e.g.,

104* ha. 104 ha, ...

10* hal. The height of each bar is proportional to the area within

¢ach size class ta; or the number of patches within a size class {b}, which is given below
each bar. See Gosselink et al. (1989) for derails of methodology.

shows no sigmficant flooding any-
where 1n the basin, except in the
southern portion along the Quachita
Ryver.

We analvzed river-stage records
and associated discharpe data from
the late 1930y to the present for the
Boeuf River ar Girard. Bavou Macon
at Delhi, and the Tensas River at
Tendal thigure i3 The stage/dis-
charge charactensiics of the three ma-
jor streams have changed significantly
during the pase 50 vears {Figure 6).

The stage:discharge relatronship 1s
an index ot the stabiliey of a stream

%

Torested edpe - ki

Figure 5. Temporal changes in the length
of streams bordered by forest in the Ten-
sas Basin, Lousana, See Gosselink et al.
(1989} 1or methodology.

svstem. It tends 1o be relatively con-
stant in undisturbed watersheds {e.g.,
Belt 1975). In the Tensas basin, each
stream behaved differently, probably
refiecting differences in the structural
management of the three streams
rather than effects of forest clearing.

Bavou Macen 15 an example of
increased hyvdrologic efficiency, prob-
ably the most common change in the
Tensas basin. The effects of channel
improvemnents tmiriated in 1957 and
continuing until 1967 are clearly seen
at che gauge (Figure 6b). Beginming in
1963, peak discharge increased
sharply. whereas peak stage appears
to have decreased slightdy (Figure 7).
There 1s no indwcanon that runoff
trom the increasingly cleared water-
shed increased during 19353-1962,
Theretore, the large increase 10 peak
discharge. beginming 1in 1963, 1s more
Likely an indicanion ot a hvdrologi-
cally more emoent stream whose
flood peaks are sharp and short. As a
result of these changes, bottomland
Hooding in the Bavou Macon subba-
stn 15 now shorter and more sporadic
than 1t was 1n the past.

STREAM WaTER QUALITY.Except for
data on wrbudity, long-term stream

water-quality records from the basir
are lacking. Monthly toral Kjeldah
nitrogen and total phosphorus data
from stream water samples, taken a1
the same locations as the water-leve
gauges, were available for 1978-
1986 from the USGS benchmark anc
NASGAN programs. These data werq
analyzed by using technigues fo
time-series analyses described by Hir
sch et al. (1982; sec Childers an
Gosselink 1990 for details).

We chose to examine phosphoru
and nitrogen, becausc they are ke
nutrients involved in primary produc
tion and excellent indicators o
stream eutrophication (Lund 1965)
Phosphorus is a particularly good in
dex of warter guality for several rea
sons. First, it is the most commor
nutrient itmiting aquatic plant growtl
in freshwater systems (Hecky anc
Kilham 1988, Hutchinson 1957
Kuhl 1962). Second, as a commoi
fertilizer constituent, it is often a goos
index of agricultural disturbance. Fi
nally, soluble inorganic phosphorus i
quickly adsorbed 1o soil parricles an
immobilized, making it 2 good indi
cator of erosion from the adjacen
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Figure 6. Changes from 1935 o 19851
the slopes of discharge raning curves he
tween the 2.74 and 3.96 m river wate
level {relative to the US Army Corps ¢©
Enginecrs datum), at Bayou Boeuf, Ma
con River, and Tensas River sies. Th
water-level range reflects discharge raue
when overbank flooding begtns {cms, @
bic meters per sccond).
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Figure 7. Maximum discharge and stream
water level {stage}, 1940-1985, Bayou
Macon at Dethi, Louisiana, with associ-
ated structurat changes in the warershed.
(#, snagping and clearing; ##, channel
itnprovements; *, percent of toral area of
East and West Carroll parishes; cms, cu-
bic meters per second).

watershed (Smith et al. 1987, Werzel
1973).

Unfortunately, the short period of
record precluded meaningful time-
series analysis of phosphorus. In-
stead, we used turbidity data thar had
been collected since 1958 ar the same
three statons. Because of the adsorp-
tion ot phosphorus 1o soil particles,
the relavonship berween cturbidiry
and total phosphorus is fairly close
(Hirsch er al. 1982). In data from the
three streams, 39%—37% of the vani-
abilitv in phosphorus can be aunb-
uted stanstcaliv to turbidity {Figure
8.

To fhlter out the vanaton in turbid-
1ty caused by difterences 1n seasonal
discharge, which might otherwise ob-
scure long-term trends. we performed
a regression analvsis of turbidiey
apanst water stage (3 proxy tor dis-
charge: Figure 9, and plowed the re-
siduals against ume (Figure 10}, We

Tabie 1.

show nutrient data for Bayou Macon
only; data from the other two streams
are similar. The residuals represent
turbidity concentrations independent
of flow (low-adjusted turbidity; Hir-
sch et al, 1982).

The seasonal range of flow-ad-
justed rurbidity values has increased
since 1960, but the long-term slope is
flar (Figure 10b). Absolute turbidity
concentrations have increased during
the same period (Figure 10a), al-
though the regression accounts for
only 2% of the variation in the data.
This difference between the slopes of
the flow-adjusted and the absolute
data indicates thar turbidity increases
are primarily due to hydrologic
changes (e.g., runoff and stream mod-
ifications) in the basin above the sam-
pling site.

Phosphorus concentrations in ex-
cess of 0.1 mg/l are associated with
predictable biotic community changes
in running streams (i.e., eutrophica-
tion; Mackenthun 1973, US EPA
1976). Phosphorus has exceeded 0.1
mg/l in 96% of the approximately 30
samples taken from all three streams
in the past eight years. On the basis of
the work of Omernik (1977), who
showed that phosphorus levels usu-
allv exceed 0.1 mg/l when more than
50% of the watershed is disturbed,
these elevated concentrarions are not
surprising, because approximately
75% of the watershed had already
been cleared when phosphorus sam-
pling was inittated (1978).

The positive slope of turbidity as a
tunchion of stream stage also indicates
stream eutrophication {Figure 9). A
positive slope represents an ennch-

Chanees in bortomiand hardwood torest-bird ahundances trom breeding-burd survevs

iRoute #21. Mer Kouge, LA, 1987 =1945  and Christmas bird counny -QOuachita Parshe LA

193 9xl

Breeding bird sumvevs

Abundance
changes” Chnsimas bird counts
Nuamber of Number of Abundance

Bird groups wpeqiey + ] - species changes?
Passerines h i 13 b N -4
Wooondpechers 4 [V} 2 2 - |
Woaterbirds 5 0 3 0 1} tl
Hummanghirds 1 0 | n
Raptures 4 -1
Vultures 2 -1
Total - i 23 I 45 ==
T = ancroaang with time p < 015 0 = Ao wgmbcsnt change, - = devreawng with ume.
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Figure 8. The relationship of rotal phos-
phorus to turbidity (nephelometric turbad-
ity units) at Bayou Macon (toral phospho-
rus = 0.0001 [rurbidity] + 0.175; ¢ =
0.58, p < 0.01),

ment phenomenon that accompanies
erosion from cleared areas of the wa-
tershed. In forested watersheds, ero-
sion is minimal, and turbidity often
decreases with increasing discharge,
because suspended particles are di-
luted by the large water volume {Hir-
sch er al. 1982).

BioTa. During this century, 2 num-
ber of species endemic to the Tensas
basin have become locally extinct: the
red wolf (Canis fycaon Schreber),
Florida panther (Felis concolor
Coryi.}, ivory-billed woodpecker
(Campephilus principalis), and per-
haps Bachman's warbler (Verntivora
bachmanii). local extnctions are
continuing. We analvzed breeding
bird surveysS conducted tor 14 of the
years between 1967 and 1985 by the
same observer and Christmas bird
counts® from a site in Quachita Parish
for 1930-1935 and 1973-1983 (Bur-
dick et al. 1989).

Breeding-bird survey data show a
significant decline of between three
and four species per decade in the
number of bird species that use for-
ests. The breeding-bird survey data
also reveal that 11 bird species de-
chined in densitv our of a roral of 37
bottomland forest-dependent species
tor which there were enough sightings
to analvze trends (Table 1). Those
species declining 1ncluded such area-
dependent species as the pileated
woodpecker (Dryocopus pileatus),
red-headed woodpecker (Melanerpes
ervthrocephalus), Acadian fivcarcher
(Empidonox virescons), great-crested

‘Obtained from US Fish and Wildlite Service,
Laurel, MD. Birds seen or heard were counted
tor exactly three minutes at 50 stops, 0.8 km
apart, along a standardized route.

*National Audubon Sociery, published annu-
ally 1n American Birds. formerly i Bird Lore.
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flycarcher (Myiarchus crimitus), east-
ern wood-pewee (Contopus virens),
orchard oriole (lcterus spurius), and
red-eyed vireo (Vireo olivaceus).
Three species increased in abundance:
the fish crow (Corvus ossifragus), first
noted in 1977 when a reservoir was
constructed in the area, and two spe-
cies characteristic of forested field
edges, the Carolina wren (Thryatho-
rus {udovicianus) and the rufous-
sided towhee (Pipilo erythrophthal-
mus).

Similarly, Christmas bird count
dara reveal that out of a total of 45
species analvzed, 7 species declined
significantly since 1930 as the for-
ested area declined (Table 1). These
species include the red-shouldered
hawk (Buteo lineatus), red-headed
woodpecker, and the white-breasted
nuthatch (51113 carolinensis). No spe-
cies significantly increased 1n abun-
dance.

To eliminate the influence of other
factors correlated wath wetland forest
loss, we compared densities of bird
species that use forested wetlands,
using breeding bird survey routes
with diffening amounts of adjacent
forest cover. Excluding three gregari-
ous species (red-winged blackbird,
common grackle. and mourning
dove) that also use helds extensively,
as adjacent torest area decreased
there were significantly fewer torese
species and lower densittes of these
species (Burdick et al. 1989),

Planning for cumulative
impact management

In the threewstep process of assess-
ment, goal-setung, and planning. the

P

Figure 9. The relanonship of turbidioy
INTU. nephetometrre webidiny unnts: 1o
discharge at Bavou Macon (urbhidin =
16 5imater bevel; - 35.13: 77 =024, p <
0.01.. A pounve slope, indicatne ot a
disturbed warershed Smuth eral. 1982515
seen 3t all three sites 1n the Tensas Basin.
Water devel was used as 2 proxy tor
descharge.

latter two steps represent a rransition
from a fairly objective scientific or
technical characterization of the eco-
logical condition of a landscape to a
value-laden prescription and manage-
ment plan implementation for that
landscape unit. Goal-setring should
be an expression of public values that
incorporates many considerations, in-
cluding compliance with existing stat-
utes and a balance between a healthy
environment and economic develop-
ment. Indeed, there is no single cor-
rect solution to a planning problem.
Each plan teflects the values of those
involved in its development.

In practice, setting goals and devis-
ing plans for a landscape unit are
probably most successful when they
invoive the participation of all fed-
eral, state, and local agencies with
jurisdiction; private landowners; en-
vironmental groups; and interested
public citizens. On ane hand, wetland
regulation is hindered by private land
ownership, fragmented and uncertain
authority, and competing or con-
flicting interests (Natural Resources
Law Jnstitute 1988). On the other
hand, broad participation offers the
opportunity to educate and to reach
consensus, using all the diverse regu-
latory and nonregulatory approaches
available to solve planning problems.

To simulate this broad parucipa-
tion, we invited represencatives from
a number of state and federal agen-
cies, environmental groups, and inter-
ested public citizens to a one-day
planning session.” We reviewed the
resuits of the Tensas assessment and
engaped 1n a three-siep exercise that
imvolved determiming the ecological
health of the Tensas basin. sertung
goals for the basm environment ac-
cording 10 1ts current health, and de-
scribing how those goals could be
implemented. Goals and plans were
developed in broad outlme at that
meenng and modihed subsequently
by the authors. We present them to
illustrate the unulty of this process tor
management of cumulative Empacts.

“Pamaipants aacluded indiaduals from the
FWS, Arms Corps of Engincers, Sod Conserva-
uon Sunev, US Geolugwcal Survey, EPA, Lowr-
sand Department o1 Wildlite and Fishenes,
Loumiana Geulogical Survey, several Loussiana
Srate Linveryiry departments, and rwo privace
environmenta| groups

The ecological status of the Tensas
basin. In setting goals, we first for
mally interpreted the ecolopical-
health indicators in the Tensas basin,
Is the patient in bad shape? How bad!
For example, if the current environ-
ment is considered healthy (i.e., cur
rent cumaulatcive effects of human ac
tivities are not considered detrimental
and the environment 5 adequate
support good water quality and
diverse native biota, then goal-setting
should focus on protecting an appro
priate level of existing resources fa
futuze generatons. lf, on the othe
hand, cumulative human effects ar
considered to be deletcrious, then ap
propriate goals are to redress thes
impacts and restore a healthy enve
ronment.

We judged the environment of thi
Tensas basin to be seriously de
graded, primarily by two types o
acrivities that are both cumulaow
and interacting. Public works projecx
have reduced the area of the basu
previously subject to flooding durin
normal spring high-water periods
and bonomland forests have bee
converted to cropland.

Public works projects generally re
duced the hydroperiod of the forests
making the land more suitable fa
farming and stimulating bottomlan
conversion (McCabe et al. 1981
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Figure 10. The temporal pattern of (a) an
(b) flow-adjusted rurbidny of the Tens:
River {NTU, nephelometric turbidir
units). Flow-adjusted turbidity vailues ar
the residuals of a regression of turbidu
on warer level {1.e., turbidity from whic
vananon due 10 flow has been removes
sce Figure 9).
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Stavins 1986). This forest conversion,
especially the loss of streamside buffer
strips, led to poor warer qualiry
through increased eroston and fertil-
izer runoff from the cleared land. The
highly eutrophic (US Environmental
Protection Agency 1976, Mack-
enthun 1973) streams in the basin no
longer meetr the CWA goal of warter
qualiry that provides for the protec-
tion and propagation of fish, shellfish,
and wildlife {33 U.S.C. §1251(a)).
Land cleanng also contributed 1o
reduction in the diversity of indige-
nous flora and fauna. Although black
bears still exist in the Tensas Wildlife
Refuge, the area of large forest
patches 15 marginal for support of a
viabie populanion. Forest bird species
with narrow niche requirements are
also declimng i number and popula-
ton size. In sum, the area 15 not
supporung a balanced indigenous
populauon of flora and fauna, as
called for in the CWA (several top
carnivores have become extiner), but
whether 1t ¢an conunue to support
the extant species 1s also doubttul.

Goals for the Tensas basin. The CWA
provides a strong statutory incentive
for environmental goal-setung. Its
goals are *'to restore and maintain the
chemucal, physical. and biological in-
tegriy of the waters of the United
Srates” (33 US.C. § [251), and 10
protect “balanced indigenous popula-
nons” of shellfish. hsh, and wildhfe
{33 US.C. s 1311 [2]h. The ACE
regulanony tor Secnon 4(H permut
review (33 CF.R. §§320-30). temper
these goals with considerauon for hu-
man development needs. and require
a “public interest review” based on a
broad-reaching beneht:cost analvsis
133 C.ER. § 3204, EPA’s repula-
tions tor implementng Section 404,
however, provide for overnding ACE
decisions strictly on environmental
grounds (33 US.C.§ 1344ch.

The poais we st tor the Tensas
basin were a refinement of CWA
goals. They are as tollows:

® No further net loss of forested wer-
lands, Ot the historic torested wet-
lands tn the basin, 85% has been
converted 10 tarmland, and this loss
15 related to unacceptable degrada-
uon of water gquality, hvdrologic
function, and bionc diversity. This
goal 15 consonant with the primary
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Figure 11. A prionty plan for bottomiand hardwood (BLHF) use in the Tensas Basin.
kev ciements are conservaton of large forest tracts and acquisition and restoranion of
torested ripanan corndors to increase cffeenive parch size.

goal of “no net wetland loss™ re-
centhy recommended by the Nanonal
Werland Policy Forum (Conserva-
tion Foundauon 198%) and affirmed
bv the administravon of President
George Bush.

®improve water quahity o full com-
pliance with EPA's suggested mimimai
standards, as indicated by phospho-
rus {Mackenthun 1973, US Environ-
mental Protection Agency 1976). The
current poor water quainty threatens
stream fauna and possibly human
health, and hmus recreational use of
the bastn’s water resources.

# Return stream hvdrology in the re-
maming large forest parches to the
natural pattern of spring flooding.
Changed hydrology threatens the re-
maining forested wetlands. There-
fore, future actions should aim ar
restoring histonc flooding patterns in
forested tracts.

®Conserve existing biota, especially
those species that require large for-
ested areas andfor forest intenors.
The black bear 15 a targer species.
Preserving and enhancing conditions
that support a viable black bear pop-
ulation will also provide suitable con-
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ditions for most other species now in
the basin.

Implementation of goals. Goals pro-
vide a vision of the future, but unless
they can be implemented they have
little practical significance. In this sec-
tion, we discuss strategies for imnple-
mentation of the Tensas basin goals
based on landscape ecology princi-
pies. We also present specific plans to
show how the strategies can lead to
decisions about how to use and regu-
late specific tracts of land.

The first goal provides an overall
limit to further wetland loss and an
implied mechanism for managing the
landscape through wetland restora-
tion and creation. The goals can all be
approached through appropriate
managemens of the landscape. The
ecotogical degradation in the basin is
due not only 1o the areal loss of
bottomland forest, but also 1o the
pattern of that loss, For example,
forest fragmentanion is a major factor
in erosion of biotic diversuy (Dia-
mond 1975, Harnis 1984, Margoulis
and Usher 1981, Mav 1975 and
¢leared stream banks contribute dis-
proportonatelv to water-quality deg-
radanon {Lowrance er al. 1984, Pe-
terjohn and Caorrell 1984, Theretore,
our prescriptions tocus on landscape
pattern and use principles based on
island biopeography as apphed to na-
ture Preserves.

There 15 an amplicit assumpuion
that 1t an appropnare landscape pat-
tern 1y preserved. the ecologcal struc-
tures and processes associated with
mdndual sites will generally aleo be
preserved. Some impacts. such as pol-
lutants that aftect only parucular spe-
cies, clearly violate this assumpnon.
But tor torested wetlands, where ap-
ricultural conversion 15 the primary
lmPJCl. lhl‘ AMUMPHON SCEMS TEIS>ON-
able.

Three pomary landscape managpe-
ment strateptes can be used o imple-
ment the 1ast three goals. They are as
tollows:

® Converse and restore large blocks
of bonomland upland torest, appro-
priately interspersed with smaller
tracts. This strategy would improve
water gquality by minumizing the dra-
mand Imcrease in erosion that accom-
panies land disturbance {Murphree et
al. 1976, Ursic 1965} mantain and

58

improve the floodwater storage and
peak stage reduction attributed to
freely flooding forested wetiands
(Carrer er al. 1979); preserve forest
area—sensitive Stenotopic species by
favoring them over more opportunis-
tic generalists found in abundance
along forest cdges, which need less
protection (MacArthur and Wilson
1963, 1967); and preserve sufficient
habitat for survival of mammals and
birds with large home ranges (Soulé
and Wilcox 1980).

® Conserve and restore continuiry be-
rween forest patches by creating or
conserving forested corridors, partic-
ularly along streams. Forested stream
edges improve water quality by fl-
tering nutrients and sediments in
overflow waters and in runoff from
adjacent uplands (Lowrance er al
1984, Peterjohn and Correll 1984).
Protected floodplain corridors also
store floodwaters, reducing the im-
pact of downstream fleods (Carrter et
al. 1979}, This strategy also increases
the effective size of forest patches by
providing corridors through which
amimals can move safely from one
small patch to another (MacArthur
and Wilson 1963, 1967).

¢ Maincain and restore forest conti-
guity across the floodplain from
stream to upland. This strategy
retntorces the provision of linear cor-
ridars along streams to ensure protec-
uon of the whole range of bortom-
land zones (Larson et al. 1981), thus
enhancing floral and faunal diversity
and providing ftor sate lateral move-
ment of amimals across the bottom-
land trom stream to upland.

Effectivelv implemennng this general
approach to management of forested
wetland landscapes also requires con-
crete plans. Although a majar ebec-
nve of the approach s to improve
ecological tuncoons by enhancing the
spanal pattern of torest tragments,
much can also be achieved at the jocal
[evel by stream-edze retorestation and
crop producnon techmygues that are
mimmalls ntrusive on the environ-
ment.

Figure 1! iustrates major spanal
elements of a pian tor impiementung
the Tensas basin goabs, based on the
1979 land-use map ot the basin (the
mast recent map avadable when the
plan was prepared.. The plan s de-
stgned 1o enhance forested wetiands

in the two areas where thev are most
concentrated (Figure 3), the large
east-central block of patches and the
crescent of fairly large parches along
the western border of the basin. These
areas are not only the largest remain-
ing forested wetland rtracts, bur they
also present the best opportuniries for
enhancement of the basin ecosystem
through corridor development. They
fulfill Diamond’s principles for con-
servation of biota in natural reserves
{Diamond 1975); they address the
habitar requirements of the black
bear,

To develop the plan displayed in
Figure 11, we worked ourward from
the largest forest parches, linking ad-
jacent parches with corridors (most
along streams) that represent primary
sites for forest restoration. Expansion
of the two forest patch-corridor com-
plexes was halted when additional
corridors contributed lirtle o overall
forest area in the complex. Approxi-
mately 400 ha of corridors among
forest patches would increase the
effective size of the largest forest com-
plex from 50,000 ha to more than
100,008 ha. In the same way, along
the western edge of the basin, 600 ha
of appropriately placed corridors
would form a 63,000-ha forest com-
plex.

The plan assigns the two forest
patch complexes the highest level of
tegulatory protecrion. Intermediate-
level protection is assigned to forest
patches of intermediate size sur-
rounding the highest-prionty areas
{Figure 11). This prionty follows
from Diamond’s principie that close
disjunct patches support more species
than patches farther apart. Finally,
the small, isolated patches scatrered
throughoutr the basin are given the
lowest prionty of protection, which 15
that currently provided under Secnion
404 of the CWA. These small patches
contribute hrtle 1o stream water qual-
ity and hvdrologic buffering, and they
suppart pnimarily forest-edge and op-
puttumistic species that are plenntul
and do not need additional protec-
non.

The goal of no net wetland loss can
be impiemented in the context of this
plan through a number of different
approaches, alone and in combina-
uon. First, Section 404 of the CWA
provides a powerful toof for manage-
ment, because almost ail of the re-
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maining forest is jurisdictional wet-
land. The advance identification
provisions of the guidelines imple-
menting Secnon 404 (40 CFR. §
230.80) allow EPA to identify, before
any permit is requested, crincal wet-
land areas (e.g., the high-priority ar-
¢as of the Tensas plan) as generally
unsuitable for classification as a dis-
posal site. Because most mechanized
forest clearing undertaken to convert
forested wetlands to agriculture is, for
legal purposes, a “discharge,”® this
process is an important means of pro-
tecting critical wetland areas before
site-specific controversies develop.
EPA also has authority to override
Army Corps of Engineers decisions
and to deny or restrict the use of any
defined area tor disposal-site specifi-
cation under Secuon 404(c). In the
past, EPA has used this authority
spanngly.

Second, the agencies reviewing Sec-
ton 404 permut applications can also
require permitrees to provide resutu-
pon tor unavoidable wetland loss un-
der current regulations (40 C.F.R §
230.10d;, § 230.75(d}, and 33
C.F.R. § 320.4:r}). Where 1t enbances
implementanon of this plan, resuru-
tion could be required for medium-
and low-prionity wetlands (assuming
that the proposed activity represents
the least envirenmentally damaging
pracucable aliernanve:; 40 C.F.R. §§
Part 2301; the extent of minganon
could be related to the prioniey rank-
ing. This strategy would not only
eisure o net enerall loss of wetlands,
but 1t could be used o secure kev
cornduory.

Third, nonregulatory disincennives
to diseourage wetland forest cleanng
and incenuves 1o encourape wetland
tarest conservation are also available.
For example, the Swamphbuster provi-
sions ot the Food Secuniiy Act of
1983 cause a tarmer to lose nearly ald
tederal subsidies tor clearing and
planong wetands. The Conservanon
Reserve Program ot the same act pro-
vides an incenuve o conserve and
enhance streamside corndors by pav-
Ing tarmers rent to set aside cropland
Iy huhier serips.

tourth, the plan could alvo be 1m-
plemenied through outnght purchase

“Avunclles spartmen’s League s, Mash, 715
JdRYT 9uda 12 Sth Car. 1983,

of key forest sites. Public agencies
own approximately 44,000 ha in the
basin. These sites are not contiguous,
and plan implementartion should con-
sider purchase of adjoining properties
to link public parceis.

Conclusions

We have reported a specific case study
undertaken to test a general approach
to cumulative impact assessment and
management. We applied methodol-
ogy developed for forested wetlands to
a specific 1-million-hectare area in the
Misstssippi River alluvial floodplain.
This pilot study has demonstrated that
an anuapatory methodology for cu-
mulative impact assessment and man-
agement can provide a focal point for
regulatory programs and foster plan-

-ming to restore and protect ecosys-

Tems.

Did the Tensas basin provide a fair
test of the method? Although typical
of hydrologic basins of the Missis-
sippi River alluvial floodplain, where
the most rapid loss of United States
wetlands is occurring, the basin 15 in
many other aspects arypical. It is a
rural area with no large population
centers or intense industrial develop-
ment pressure and no significant
point-source discharges of pollutants.
Human acnvines that dominate the
landscape are fimited to farming and
large flood-control projects. Because
the area is almost enurely jurisdic-
nional wetland, regulatory authoriry
under the CWA extends to essenrialiy
the enure basin. Most wartersheds are
a mosaic of wetlands and uplands,
and therefore no legislation provides
comprenenstve regulatory authority
over development.

Despite these himitanions, four as-
pects of the methodology appear 10
be broadly applicable to resource
planming. First, the method idennfies
a process of ecological charactenza-
non, goal-setting, and planning that s
a general requirement tor the contain-
ment of cumulative impacts, and per-
haps tor natural resource conserva-
non tn general (Bedford and Preston
1988, Gossehink and ler 1989,

Second, the method tocuses arten-
uon at the landscape level f1.e., water-
sheds and drainage basins) and bases
planning on landscape ecology prinai-
ples. Although a landscape focus 1s
common In conservation ecology

{Soulé and Wilcox 1980) and s
widely used in Europe (Turner 1989),
in the United States it evokes visions
of land-use planning, an idea that
contravenes cherished notions of the
rights of private land ownership and
is therefore political anathema, Con-
sequently, in the United Stares, star-
utes such as the CWA and regularions
pertaining to these starutes are formu-
lated 10 regulate public resources such
as water and air, and land-use restric-
tons are incidental to that focus. Qur
approach, conversely, implies that
landscape structure (including land
use} is intimately tied to ecological
process, and thar the most direct way
to conserve public resources is by
careful landscape planning (Turner
1989).

In this study, we used principles
derived from insufar biogeography o
plan forest pattern. These principles,
which relate biotic diversity 1o forest
patch dynamics, are particularly ap-
propriate because they appear 1o ap-
ply equally wo protection of stream
water quality and wetland hydrologic
values. In other types of landscapes,
other principles may need o be iden-
tified. For example, in an estuarine
system dominated bv bays and
marshes, we know of no species
whose distriburion is related o large,
unbroken marsh tracts. Are parch size
dynamics important in this kind of
system? Numerous studies indicate
that hvdrology, which is certainky
hinked to patch size dvnamics, 1s the
primary control on estuarine system
processes (Clark 1974, Gosselink and
Lee 1989). i is not vet known, how-
ever, what landscape management
principles are appropnate under cir-
cumstances such as these.

The third broadly applicable aspect
of our methodology is that relauvely
few widely available long-term data
sets on watrer qualiry, hydrology, and
hiota, supplemented with land-cover
data and maps, can provide the basis
tor an analysis at the landscape level
sufficient to idennty the major struc-
tural and funcnional changes related
to human acuvities and to provide
adequare informanon for a robust
apalysis of cumulanve impacts. This
reliance on a few refanvely simple
indices needs to be evaluated further.
A simple charactenization method 1s
important, because it puts cumulative
impact assessment and landscape-
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level planning within the resources of
local regulatory offices, which can
complete characterizations withour
grear analytical sophistication and ex-
cessive outlay of ume and money
{e.g., six months for the characteriza-
tion, at less than $0.20/ha). As Bed-
ford and Preston (1988, pp. 571—
572) noted, “Improving the scientific
basis for regulation will not come
merely from acquiring more informa-
tion on more variables. It will come
from recognizing that a perceptual
shift in temporal, spatial, and organi-
zational scale is overdue. The shift in
scale will dictate different—not neces-
sarily more—variables 10 be mea-
sured in future {research). . . . The
goal has been to simplify without
sacrificing saientific rigor.”

Fourth, the pilor study shows that
appropriate landscape structure can
be implemented with existing reguia-
torv and nonregulatory tools to
achieve conservation goals. imple-
menning a cumulative iIMpact assess-
ment methodology, such as the one
tested in the Tensas basin, requires a
change 1n both current regulatory fo-
cus and pracnce, but not a qualitative
change n the legal and regulatory
framework govermng wetland pro-
tection. In peneral, tederal statutes
(parncularty the CWA) provide a
clear incentwe for strong environ-
mental protection, and the regula-
nons implementing those statutes are
broad enough to provide for an antic-
ipatory, landscape-level management
SETALCEY.

The task ahead 1s to idenufy appro-
priate regulatory and nonreguiatory
tools for difterent landscapes and dif-
ferent kinds of conservauon ap-
proaches. For watersheds rhat are not
predominantiv wetlands, a number of
other planming vehicles are available.
At the tederal level, these include the
National Epvironmental Pohicy Act ot
1969 and, espraaily, the Water Re-
sources Planming Act of 1963, A more
restricted  vehicle 15 the Watershed
Protecuon and Flood Prevennon Act
of 1954, adminstered by the Soil
Conservation Service. But the most
powertul land-use authority 15 vested
in the state and in local zomng au-
thorihes. It broad parncipation trom
all levels ot government. as weli as
private anterests. 1s sought in goal-
setung. these toals can be brought to
beat on the planning process.
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The National Wetlands Policy Fo-
rum'’s recommendarions for a *“no net
wetland loss™ policy stimulated a
surge of interest in wetland creation
and restoration. In the context of
landscape planning, restitution for
unavoidable wertand loss can be en-
dorsed as a means of restoring func-
tional integrity to the environment.
This kind of mitigation is a popular
concept, but it has gcncralr;( been
applied on an ad hoc basis in connec-
nion with approval of individual per-
mits. Under these circumstances, the
mitigated environmental losses are
seldom fully redressed (Larson 1988),
However, mitigation could be a pow-
erful vehicle for implementing water-
shed-scale plans, and it has the poten-
tial to stem wetland areal and
functional losses.

Promprt action is needed for land-
scape planning to be cost effective. In
rapidly changing areas, such as the
Tensas basin, options are quickly lost.
For example, Figure 11 presents a
plan for the basin as it was in 1979.
Recently acquired data show that ag-
ticultural development has frag-
mented the largest 1979 forest patch
(47,000 ha containing the Tensas Na-
tional Wildlife Refuge and the Loui-
siana State Big Game Management
Area} into four separate patches. A
revised plan to restore the arez will be
less effective and will cost more than
our plan; that 1s, to build a 100,000-
ha contiguous forest area around
these public lands will now require
the acquisition and restoration of ad-
dinonal torest tracts and corridors.
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Ecosystem Assessment Methods for
Cumuiative Effects at the Regional Scale

C. T. Hunsaker, Oak Ridge National Laboratory, Oak Ridge, TN

ABSTRACT

Environmental issues such as nonpoint-source pollution, acid rain, reduced
biodiversity, land use change, and climate change have widespread ecological
impacts and require an integrated assessment approach. Since 1978, the implementing
regulations for the National Environmental Policy Act (NEPA) have required
assessment of potential cumulative environmental impacts. Current environmental
issues have encouraged ecologists to improve their understanding of ecosystem
process and function at several spatial scales. However, management activities
usually occur at the local scale, and there is little consideration of the potential
impacts 10 the environmental quality of a region.

This paper proposes that regional ecological risk assessment provides a useful
approach for assisting scientists in accomplishing the task of assessing cumulative
impacts. Critical issues such as spatial heterogeneity, boundary definition, and data
aggregation are discussed. Examples from an assessment of acidic deposition effects
on fish in Adirondack lakes illustrate the importance of integrated databases, associated
modeling efforts, and boundary definition at the regional scale.

INTRODUCTION

Effective management of our natural resources requires a holistic approach to
environmental assessments. Since 1978, the implementing reguiations for the
National Environmental Policy Act (NEPA) have required assessment of potential
cumulative environmental impacts. Cumulative impact assessment, effects
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assessment for programmatic environmental impact statements (PEIS), and
ecological risk assessment share some common goals and needs when applied
to large geographic areas or regions. In the United States, a region can range in
size from an area the size of several counties to several states. A region should
contain a certain degree of homogeneity with respect to the characteristics used
to define it (de Blij 1978). The goals of these assessments include making
informed decisions and protecting or managing the environment at large geographic
scales. The needs of cumulative, programmatic, and risk assessments at the
regional scale include (1) regional and national integrated databases, (2) monitoring
that characterizes conditions at several spatial scales, (3) quantified relationships
between landscape structure and function, {(4) mechanistic understanding of the
controls on landscape functions at several spatial scales, and (5) models for
several spatial and temporal scales. '

The common goals of assessments for cumulative impacts, PEISs, and ecological
risk are to make informed decisions and to protect or manage the environment
for large geographic areas. A cumulative impact assessment should qualitatively
or guantitatively assess “the impact on the environment which results from the
incremental impact of the action when added to other past, present, and reasonably
foreseeable future actions™ (CEQ 1978). The PEIS is appropriate for general

" matters or related actions that are similar in narure or broad in scope and have
cumnulative impacts (Sigal and Webb 1989). Myslicki (this volume, Chap. 5)
points out the advantages of using PEISs to look at cumulative impacts. A regional
risk assessment should evaluate the aggregate influence of multiple disturbances
on the total resource as bounded by the region of influence for the hazard of
interest. Risk assessment goes beyond a cumulative or programmatic assessment
in that it must quantify the probability of impact and the associated uncertainty.
Thus, a regional ecological risk assessment is the extreme guantification of a
cumulanve or programmatic assessment and represents what assessments should
be striving to achieve.

This paper proposes that a regional ecological risk assessment provides a
useful approach for assisting scientists in accomplishing the task of assessing
eumnulative impacts. A risk assessment approach is independent of scale (i.e., the
components of the assessment are developed for the appropnate space and time
scales of each individual assessment). The Canadian Environmental Assessment
Research Council and the U.S. National Research Council (1986) stated, “neither
scientists nor institutions are working at the temporal and spatial scales needed
for the assessment of cumulative effects.” Thankfully, this statement is no longer
true; however, often the research and analyses are being developed in different
disciplines. The theory and analyses from landscape ecology (Tumer 1989) and
research and tools from geography, both of which focus on spanal scale, when
combined with a risk assessment approach, hold great promise for furure NEPA
assessments. This paper discusses in detail the importance of defining the regions/
subregions for assessment; this activity relates to our need to quantify relationships
between landscape structure and function and to understand the mechanisms that
control landscape functions at different spatial scales.
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Figure 1. Relationships between national or programmatic, regional, and local assessments.
Arrows show the direction for liering between these assessments.

CUMULATIVE IMPACT ASSESSMENT APPROACH

Spatial and temporal scales are important to the understanding, analysis, and
management of cumulative effects. As with regional risk assessments, adequate
cumulative impact assessments require an understanding of the contributions to
assessment uncertainty from boundary definition (geographic area for assessment),
data resolution and aggregation, and spatial heterogeneity of a resource within
the assessment area. Cumulative impacts are best addressed at the regional scale,
while both national and regional scales are appropriate for programmatc issues
(Figure 1). Often cumulative impacts are too complex or extensive to adequately
address in most Jocal assessments except in a qualitative manner, unless aregional
assessment is available from which to tier. National or programmatic assessments,
because of their breadth and often a lack of integrated databases, cannot be
expected to address cumulative impacts in much detail (Cada and Hunsaker 1990;
FERC 1988a). Several environmental impact statements (EIS) for hydropower
development illustrate the ability to quantify cumulative effects at a regional or
nver basin scale (FERC 1985a, 1985b, 1986, 1988a, 1988b).

The approach outlined for regional ecological nsk assessment (Hunsaker et
al. 1990) can be used for cumulative impact assessment and programmatic
assessments for large geographic areas. Risk assessments can be thought of as
having two distinct phases: the definition phase and the solution phase (Figure
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Figure 2. The two phases of regional risk assessment the hazard definition or scoping
of the problem and the problem solution. (From Hunsaker et al. 1990. Regional
ecological risk assessment. Environ. Manage. 14(3):325-332. With permission.)

2). In the definition phase, the endpoint {entity and its quality of concern), source
terms (source and associated magnitude of hazard), and geographic area for
assessment (reference environment) are defined. The definition of these three
elements should be an iterative process, and the understanding of the hazard
should take into account not only the ecological processes of interest, but also
the social, economic, and institutional processes significant to the hazard. In the
solution phase, exposure and effect are assessed and then combined to determine
the risk or probability of a negative event happening.

SELECTION OF REGIONS AND SUBREGIONS FOR ASSESSMENT

For any cumulative effects assessment, the assessor should consider the
conributions to assessment uncertainty from boundary definition, data resolution
and aggregation, and spatial heterogeneity. For risk assessment, such uncertainty
should be quantified. The imponance of boundary definition, selection of regions
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and subregions in this paper, is discussed in detail because appropriate definition
of the assessment region can reduce uncertainty; it is also related to data resolution,
data aggregation, and spatial heterogeneity. Throughout the discussion, points are
illustrated with examples from a demonstration assessment of atmospheric pollutant
effects on aquatic ecosystems. The ability to provide such a refined exampie is
possible because of years of research and analyses by many scientists, primarily
funded by the National Acid Precipitation Assessment Program (NAPAP 1990).

Demonstration Data and Models

Recent international agreements for controlling atmospheric pollutants have
focused on methods to identify and map the distribution and amounts of deposition
of atmospheric pollutants that do/do not cause significant harmful effects on the
environment (critical loads) (CLRTAP 1989). The United States has emphasized
the need to develop critical loads for appropriate geographic areas (i.c., regions/
subregions whose endpoints or resources of interest respond in a similar way to
the hazard of interest). The examples used in this paper come from that effort
to develop and demonstrate an assessment approach for determining and mapping
critical loads in the United States. In these exampies, the assessment region or
~ reference environment is the Adirondack region in New York State. The endpoint
is the proportion of lakes with brook trout, and the source of the acidic deposition
hazard is sulfate deposition. The sulfate exposures are for current deposition and
50% of current deposition. The lake acidification model results shown are from
an empirical, steady-state model (Henriksen 1984). The probability of fish presence
was predicted from surface water pH using an empirical fish response model.
These predictions assume that brook trout once existed in the lakes (Baker et al.
1988, 1990).'

Three data sets of lake water chemistry are used to evaluate the robustness
of the assumption that the variability between the response of lakes to a hazard
within a subregion is smaller than between subregions. The Eastern Lake Survey
(ELS) (Linthurst et al. 1986) database provides a statistically denved population
for lakes ranging from about 4 ha to 2000 ha. In ELS, 128 lakes occur in the
Adirondacks. The Direct Delayed Response Project (DDRP) (Tumer et al. 1990a)
was developed within the statistical sampling frame of the ELS and was designed
to project the long-term effects of specified levels of sulfur deposition on a
sensitive subset of the ELS. Thirty-seven DDRP lakes occur in the Adirondacks.
The Adirondack Lakes Survey (ALSC 1989) has 1280 lakes and is a census of
Adirondack lakes | ha in size and larger. Using lake location, each lake in each

! Mode] development has been a2 major part of the 10-year NAPAP effort. Models have been
extensively applied 10 assess the regional effects of acidic decompasition (NAPAP 1990; Tumer €1
al. 1990b; Suilivan 1990, Baker et al. 1990; Thomton et al. 1990). In panicular, waltershed models

have been used both alone and in combinativn with fish response models to frotecp changes in waier
chemisuy (Thomton et al. 1690} and in the suitability of waters for fish (Baker et al. 1990) resulting
from deposition-driven changes in acid-base chemistry. These analyses have been performed for
relauvely large regions like the Adirondack Mountains.
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database was assigned to its appropriate subregion, and cumulative frequency
distributions for each subregion and each database were developed for the
probability of fish being present.

Selection of Assessment Subregions

The influence of different databases (resource populations) and current and
predicted data distributions for a subregion scheme are discussed with regard to
selecting subregions for cumulative effects assessments. I use several existing
subregion schemes to illustrate how one can evaluate the appropriateness or
usefulness of subregions for an assessment. Regions are divided into subregions
to improve the results of the assessment and provide geographic perspective for
the policy maker. Three possible ways to divide the region (Adirondacks in the
example) into subregions are illustrated using field data (Hunsaker et al. 1986)
{Figures 3 through 5).2

Aquatic studies classically use the watershed as a physiographic unit of
assessment. The Adirondacks can be divided into three large river basins (Figure
3). The Upper Hudson River and the Lake Ontario-St. Lawrence River basins
are different with respect to fish presence for all three data sets. The proportion
of lakes with a high probability of fish presence is much less for the Lake Ontario-
St. Lawrence River basin. This probabiy results from the basin coinciding with
the region of high sulfate deposition in the western Adirondacks. For the purposes
of this example, differences in data distnbutions are determined in a qualitative
manner; in actual practice, the cumulative frequency distributions would be drawn
with confidence bands to determine statistical differences in distributions. High-
elevation lakes tend to have lower pH values and thus are less likely to have rout
present (Hunsaker et al. 1986). A useful subregion boundary occurs at the 600-
m elevation contour for the DDRP and ELS databases (Figure 4); however, this
relationship does not hold for the ALSC. Since the effect of acid deposition on
lakes can be affected by soil processes, soil groups provide another togical group
of subregions. The haplorthods-haplaquods and cryorthods-cryaquods show
different panterns for the endpoint of fish presence for the ELS and the ALSC.
The latter are cool soils with high elevations and less buffering capacity; thus,
they have a high probability of having low pH lakes and no trout. Soils have
complex patterns and the problem of having too many subregions for available
data is also illustrated in Figure 5 with the DDRP database.

Data and subregion definition can both contribute to analytic uncertainty. The
results of an effects model are likely to be different when different populations
of resources are used, such as the different data sets for lakes (ALSC, ELS, and

*In Figures 3 through 5, pH and fish presence are presented as cumulative proponions. Cumuiative
frequencies have been convened to cumuiative propontions to facilitale comparisons between data

sets and subregions. The curves depict the proportion of lakes having a probability of pH @‘ﬂ;h’-

presence of x or less. To read a curve fur a given subregion using a given data set, pick a value on
the horizontal axis and read the proportion of lakes on the vertical axis with a probability of x or
less.

)




Hunsaker - Ecosystem Assessment Methods for Cumulative Effects at the Regional Scale

D, S B b

CURRENT CONDITIONS

! SUBREGIONS BY HYDROLOGIC UNITS

DORP DATA

WLES
LI KR &
iyl |
2 10 MW W a0
' ! | KRCIMETERS
ar . o o5 X}

= 74 PROBABILITY OF FISH
PREBENCE

0201 —— ANVERE AKHELIEU RIVER BASIN
n = 2DDRP; 10 ELS: 108 ALSC

0202 —~=~= UPPER HUDSOM RIVER BASIN
n = 19 DORP; 48 ELS: 208 ALSC

0415--0e LARE OWNTARIO-5T. LAWRENCE RIVER BASIN
n = 18 DDAP; 82 ELS: bO8 ALSC

Figure 3. Curent probabilty of brook trout being present in Adirondack lakes within
watershed subfegions according to major river basins.

DDRP). For example, using the river basins as subregions, the Henriksen mode!
predicted fairly different subregional responses to deposition loads for each
database (Figure 6). Model results using lake populations from ELS and ALSC
predicted that lakes in the Lake Ontario basin would have a higher probability
of fish being present under a 50% deposition reduction from current levels than
lakes in the other two basins. When DDRP lakes were used, the model predicted
the opposite. For current deposition, the model predicts the Lake Ontario basin
to have the highest probability of fish presence for all the lake popuiations.
The subregion schemes captured spatial differences in response under different
deposition scenarios with varying degrees of success. This point is illustrated
using the Hennksen model and the ALSC database. This database contains the
largest number of lakes, and the Hennksen model could be applied to this data
set. The soil order and the niver basin subregion schemes best captured spatial
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Figure 4. Current probability of brook trout being present in Adirondack lakes within
elevation subregions.

differences in response as shown by the vertical separation of the cumulative
frequency curves for the subregions (Figure 7). In an actual assessment, confidence
bounds would be calculated and graphed for the cumulative frequency distnbutions
and would be used to determine if results were significantly different for different
lake populations or subregion designations. For the elevation subregion scheme,
lakes in the low- and medium-elevation subregions had very similar response
patterns to deposition scenarios for the Henriksen model and the ALSC database.
This lack of distinction is supported by the field data for the ALSC; however,
field data for ELS and DDRP show a distinction between elevation subregions.
If resources in a subregion are not responding differently to an exposure than
resources in an adjacent subregion, there may be no reason to keep separate
subregions. Thus, one can conclude that selection of appropnate subregions for
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Figure 5. Current probability of brook trout being present in Adirondack lakes within s0il
subregions. Cumulative frequencies are not shown for subregions with less than
ten lakes.

an assessment can differ depending on the databases and data type (field monitoring
vs mode! predictions) used. Confidence can be increased in a subregion scheme
if it is supported by both field data and model predictions.

DISCUSSION AND CONCLUSIONS

| The approach as outlined by Hunsaker et al. (1990) for regional ecological
| risk assessment is useful for scoping and performing both cumulative and
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programmatic effects assessments at the regional scale. The definition of the
assessment region and subregions is an important component of the assessment
process. As shown by the Adirondack examples, different data sets may suggest
somewhat different subregion schemes. Defining regions and subregions can
improve the assessment by giving policy makers a geographic context and by
capturing the spatial variability of endpoint responses. The use of ecologicaily
functional subregions should improve the cost-benefit ratio for control and the
accuracy of the sensitivity predictions by fine tuning effects models. Even a
logical subregion scheme is not useful if it is so complex that sample size within
subregions becomes too small for statistical confidence. Of course, the risk
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Figure 7. Henriksen model results for presence of brook trout with current deposition and
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The number of lakes used was 1280 from the Adirondack Lakes Survey
Corporation {ALSC) database. Cumulative frequencies are not shown for
subregions with less than ten lakes.

assessment approach stresses quantification of effects and uncertainty; such
quantification should be our uitimate goal because it will provide policy makers
and the public with an objective way to make decisions when cumulative effects
are involved.

It is always a challenge to present in an understandable manner the analyses
and results of complex assessments to policy makers and the general public. This
task is only exacerbated for regional and cumulative assessments where large
amounts of data, large geographic areas, and more quantitative methods are the
norm. | believe that dose-response curves, cumulative frequency distributions,
and maps are very important tools for illustrating cumulative effects analyses.
Tools that will improve our ability to perform regional and cumulative assessments
include geographic information systems, improved application of remote sensing
data, and landscape indices that capture landscape patterns relevant to ecological
processes (O'Neill et al. 1988). The availability of integrated databases is one
of the factors most hindering our ability to perform these assessments. A recent
emphasis on ecological monitoring at the regional and national scales (Hunsaker
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and Carpenter 1990) and revisions to national monitoring programs (Hirsch,
Alley, and Wilber 1988) are an encouraging sign that such data:'éases may exist
in the future. Bath consistent and comprehensive long-term monitoring are needed
at the correct scales for cumulative effects assessments.

As outlined in Figure 1, there is a logical spatial hierarchy that is sometimes
neglected in the preparation of impact assessments. As Myslick: (this volume,
Chap. 5) comments, “many times a programmatic EIS is the only place that
impacts across diverse geographic areas have the opportunity to be considered.”™
Effects assessments for programmatic and cumulative assessments addressing a
large geographic area share some common goals and needs, and a regional
ecological risk assessment approach is suitable for these assessments.

Control of impacts often occurs at the local scale. Thus, if cumulative impacts
are best addressed at the regional scale, we must prevent the EIS process from
becoming an analysis without context. This can be achieved by regional and
programmalic planning as performed by associations of city and county
govemnments, river basin commissions, state planning activities, national monitoring
and assessments, and follow-up audits of NEPA documents.
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ABSTRACT / Society needs a gquantitative and Systemanc
way 0 estmate and compare the 1mpacts of envircnmental

protiems that altect large geographic areas. This paper
presents an approach for reguonal nsk assessment that com-
bines regional assessment methods and tandscape ecology
theory with an existing framework for ecological nsk assess-
meny. Risk assassment evaluates the effects of an environ-
mental change on a valued natural resource ang interprets
the significance of those efiects in ight of the uncentaintes
idertified 1n each component of the assessment process.
Unigue and important issues for regionat risk assessment are
emphasized: thase include the definition of the disturbance
scenano, the assessment boungdary defimibon, angd the spatal
heterogenedy of the landscape.

The objecuve of risk-based ecological assessment is
to provide: (1) a quantitauve basis for balancing and
comparing nisks assodated with environmental
hazards, and (2) a systematc means of improving the
estimation and understanding of those nisks. In eco-
logical nsk assessment, uncertainties concerning po-
tential environmental effects are eéxplicitdy recognized
and, if possible, quantified. A better understanding of
risks assogated with an environmenual hazard is
achieved bv companng the magnitudes of uncer-
tarnties in different steps of the causal chain that links
the iniual event (e.g.. release of a toxic chemical) and
is ulumate consequence (e.g., alieravon of an eco-
system). Ecological processes operate at a variety of
scales in space and ume, Many environmental hazards
impact large geographic areas (e.g., aod deposition,
nonpoint-source polluton, and increased global CO,).
vet tradiuonal concepts and methods in ecology and
risk assessment are relevant mainly o single sites or
small geographuc areas. Effective long-term manage-
ment and protecton of valuable natural resources re-
quire a better understanding of how the scale of the
environmental hazard affects ecological processes and

KEY WORDS Fegional nsk. Lanascape ecoogy, impact anaysis. En-
VIDNMental Assessment
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over what scales the effects should be monitored and
examined.

Any risk assessment should be properly scaled for
the environmental hazard being analyzed. Hazards
and their associated risk assessments will exist along a
congnuum of spadal scales, but for ease of discussion.
we will divide that condnuum into two classes—local
and regional. Our differenuation is best illustrated by
example. Local hazards amenabie to local risk assess-
ments include: (1) the annual effects of a single indus-
trial effluent on water quality in the mixing zone of
the discharge, and (2) the effects of harvesung prac-
tices on the habitar of an endangered species in a tract
of a nadonal forest. Regional counterparts to these
local hazards would be: {l) the impacts on water
quality in a river basin that will result from proposed
industrial and municipal discharges and projected
land use in the next ten years, and (2} the effect of
forest management practices on the survival of the
spotted owl in the entire Pacific Northwest. In these
latter two examples, both the cause and the conse-
quence of the environmental hazard are regionat. Re-
gional hazards can also be caused by a local phenom-
enon that has a regional consequence (e.g., single-
source pollutants that become widely dispersed. such
as the radicactivity from Chernobyl). Alternauvely,
multiple local factors can combine o create a regional
hazard to a populaton, species, or ecosysiem type that
is widely dispersed.

In this article, we propose a two-phase approach for
doing regional ecological risk assessment and discuss
the key comnponents of that approach. Sources of un-
certainty in regional ecological risk assessment are
identified and evaluated.
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Table 1. Regional risk assessment terms

Term Definition Example

Hagzard Pollutant or activity and its disruptive influence Forest cutting practices that eliminate critical
on the ecosysiem containing the endpoint habitat for an endangered speces

Endpoint Environmental enaty of concern and the Extinction of an endangered species

descripor or quality of the enaty
Source terms
source of the hazard

Reference Geographic location and temporal period for the
environment risk assessment

Exposure/habitat Intensity of chemical and physical exposures of
modifiaton an endpoint 1o a hazard

Qualitanve and quantiutive descriptons of the

Forest cuting practices and the laws and
Piedmont
Piedmont of the United States in the next ten

years
Amount of habitat, for an endangered species.
that is lost

Approach to Regional Ecological
Risk Assessment

Our approach to regional ecological risk assessment
is derived from the method described by Barnthouse
and Suter (1986). The key steps include: (1) qualitative
and quantitative description of the source terms of the
hazard (e.g., locations and emission levels for poliutant
sources), (2) idenrification and description of the refer-
ence environment within which effects are expected,
(3) selection of endpoinis, (4} estimadon of spatotem-
poral patterns of exposure by using appropriate envi-
ronmental transport models or availabie data, and (5)
quantification of the relationship berween exposure in
the modified environment (reference environment)
and effects on biota. These five steps produce a nisk
assessment that describes the ulumate effects of the
hazard on the endpoints in the reference environment
and interprets the significance of those effects in light
of the unceruintes identfied in each step.

To express some of the concepts pertinent to re- .

gional risk assessment. we find it helpful to adopt the
conventional terms developed for site-specfic assess-
ment of chemicals (Cohrssen and Covello 1989,
Bamthouse and Suter 1984). Definitons of these
terms are given in Table | along with a regional ex-
ampie. Although it is conventional to use only the term
exposure, we believe it is clearer to use exposure/hab-
itat modificauon to define both the chemical and the
phvsical exposures that the ennty (or the target or-
ganism) might expenence in the modified environ-
ment.

Regional and local risk assessments have two dis-
tinct phases (Figure 1): (1) the definiion phase, in
which the endpoint, source terms, and reference envi-
ronment are defined; and (2) the solution phase, in
which exposure and effect are assessed and exposure

levels are related to effects levels to determine risk (the -

probability of a ceruain event happening).
Local nisk assessments and regional risk assessments

78

differ significantly in both definiion and solution
phases. The definivon phase of local assessments
tends to address the selecuon of endpoints, the devel-
opment of source terms, and the description of the
reference environment as distinct activities; this phase
is likely to be influenced or constrained by regulations
or conventional practices. In regional risk assessment,
however, the inidal concept of the hazard usually is
more nebulous, and the interactions between the com-
ponents of the definition phase are often complex. We
foresee that the definition phase of regional ecological
assessments will be iterative because the source terms.
endpoint, and reference environment are all interde-
pendent. Any refinement in one of these components
will affect the others. Furthermore, one must consider
not only ecological processes but also perunent social,
economic, and institutional processes. Only then can
endpoints properly be selected, source terms devel-
oped. and the reference environment (in this case the
region) described. In the solution phase, regional as-
sessments differ from local ones in two ways. First. the
models used in the exposure and effects assessment
must be regional; local models may have to be adapted
to larger geographic regions (Dailey and Olson 1987)
or very different models developed. Second, the expo-
sure or effects assessment must account for uncer-
tainty that may arise because of spatial heterogeneity, a
feawure that mav not be significant in local assessments.

Developing source terms can be difficult for re-
gional hazards because they often invoive muluple
sources that vary in both space and time. For example,
an analysis of a regional ozone problem would need to
consider industrial point source emissions of hydro-
carbons. biogenic hydrocarbon emissions, as well as
automobile emissions of nitrous oxides. In some in-
stances an emission may become a source of impact
only under a certain combinatuon of factors. For ex-
ample, sewage treatment effluents may induce an en-
vironmental probiem such as a major fish kill only
when the treatment plants are overloaded and nver
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Figurs 1. The two phases of regional risk assessment: the
hazard definition and the problem solution.

flow is low. A long-term chronic problem can become
an acute impact under certain conditions.

For a regional assessment to be effective, the spatal
and temporal boundanes of the reference environ-
ment must be defined appropriately for the hazard
- and the endpoint. Furthermore, the region should be
funcuonally defined: that s, its boundaries should be
determined by physical or bioclogical processes that af-
fect the impact of the hazard such as the boundaries of
watersheds, airsheds, and physiographic provinces.
Unfortunately, however, assessment boundaries are
often determined by nonecological factors, such as po-
tincal boundanes, available data, or the influence of
interest groups. Assessments that use functionally de-
fined boundaries will have greater applicabilicy 1o
other regions with similar problems.

The geographic area in which an endpoint expen-
ences the hazard might or might not be contined
within the geographical area that produced the hazard
{Bormann 1987). The lauer possibility may occur
when economic/political processes have an important
affect on the hazard, as in the case of atmosphenc de-
posiuon. For example, air masses cross politcal
boundanes, tius nsk assessment aimed at protecung
the forests of Germany cannot be conducted without
considenng the emissions of neighboring countries.
More research is needed on how to integrate ecolog-
ical, socal, and economx daw in order to determine
the boundanes of assessment regions. The appro-
priate spaual and temporal boundaries of the refer-
ence environment for a regional problem may not be-
come apparent unal an assessment is underway.

For any nsk assessment, assessment endpoints must

be potentally affected by the disturbance, be impor-
rant to society, have an unambiguous and operanonal
definition, and be accessible to prediction and mea-
surement (Bamthouse and Suter 1984). In addition,
endpoints for regional assessments must be represen-
tative of the regional reference environment. Regional
assessments can use endpoints that occupy small areas
if they are distributed across the reference environ-
ment {e.g., vernal pools in southern California coastal
province),

Regional risk endpoints can be exposure-onented
or effecis-oriented. Exposure-oniented endpoints in-
clude media or biota contaminated by pollutants. Ef-
fecus-oriented endpoints include unacceptable changes
in population or in system propertes such as produc-
tivity or albedo. Endpoints can be defined by legisia-
ton {e.g., criteria or standards) or by ecological sensi-
uvities to the hazard.

Our experience indicates that regional endpoints
should be defined in terms of observations that can be
made over large geographic areas and often Jong time
periods. For terrestrial systems, endpoints might in.
cude the percent of cover of different vegeution
types, the productivity or compositon of the eco-
sysiem, or the presence of an indicator species. The
endpoints in aquatic assessments might be the fre-
quency of lakes or nth-order streams in which an im-
portant species becomes extnct, the percent of areal
reduction of Spartina in salt marshes, the species com-
position of an aquatic community, or the quality of
water as indicated by a water-quality index. Long-term
data are usually needed to identify significant trends
in regional studies.

Integrated propertes of regions or landscapes may
also be appropriate endpoints in regional ecological
risk assessments (Allen and others 1984). Examples of
such properties include dominance (degree 1o which
the landscape is dominated by a paruicular land typei,
contagion (degree to which the landscape is dissected
into small paiches or aggregated into large, conunuous
paiches}, fractal dimension (index of complexity of
shapes on the landscape), and amount of edge
{Krummel and others 1986, O'Neill and others 19388}
Because such indices can be calculated from classifica-
tons developed from remotely sensed imagery. they
might be espeqally useful in long-term monitonng of
regional processes.

Sources of Uncentainty in
Regional Assessments

Regional ecological risk assessment involves, for the
most part, the same sources of uncertainty as local risk
assessment. The relative importance of a given source
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of uncertainty depends on the hazard and the end-
point. Some components of uncertainty are relevant to
both the description and the solution phases of a re-
gional risk assessment, whereas others are important
1o only one phase. Uncerainties related to source
terms and boundary definitions are relevant to the
problem definition phase, whereas uncertainoes re-
lated to model structure and model parameters are
relevant to the probiem soluton phase. Uncertainties
related to temporal scale and spatial heterogeneity are
important to both phases of the assessment. All the
uncertainties are combined in the final risk assessment.

The quantification of uncertainty for local ecolog-
ical assessments has only recendy received senous at-
tention (Suter and others 1987), and quandification of
uncertainty for regional assessments is just developing
(Kamari and others 1986, Cosby and others 1987).
Uncertainties may remain quite large in regional as-
sessments, and there may be no practical way to re.
duce that uncertainty regardless of cost. Risk assess-
ments centering on disturbances that are highly de-
pendent on economic, social, and/or political factors
are Likely to fall into this category. If regional risk as-
sessments are 1o be economical and useful, recognition
of the importance of these factors early in the problem
definivon 15 cnucal.

Sometimes it is difficult to define source terms for a
hazard, especiallv in predicuons for the distant future.
When some component of the hazard ts highly uncer-
tain, scenanos are a tool for bracketing the potenual
range of the hazard or some component of it. Typi-
callv, several possible sets of scenarios—that is source
terms. reference environments, and endpoints—can
be considered. Scenarios will likelv be used in regional

risk assessments when considerable uncertarnty exists

about the hazard (e.g.. climate change or future mix of
energy technologies). The results of such risk assess-
ments arc condiuonal on the events in the scenano.
Thus # is unportant to trv to select scenanos that take
into account probable events. For regional studies. the
absolute uncerainty predicied for a given scenano
might not be very useful, but the comparisons between
the relauve uncertanty from the analysis of each sce-
nano will be useful 1o the dedsion maker.

The least amount of unceruinty occurs when the
“true” geographic boundary for the hazard ts known
(Allen and others 1984), as with a pollutant whose
transport and faie are well defined. Boundarv defini-
tions become a problem when the funcuonal region
crosses poliucal boundanes. Once a boundary is set
and analvsis proceeds, the ability to assess the uncer-
tainty introduced by the choice of the boundary is lost.
Boundary problems could especially add to the uncer-
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tainty of an assessment if there is an omission of an
important source, a component of an endpoint, or a
process that influences the relationship between a
source and an endpoint. For some problems, the error
assocated with the definition of the spatial and tem-
poral boundaries for a region should be evaluated by
estimating the risks under several different boundary
definitions.

Uncertainty will increase if the risk assessment does
not encompass disturbance dynamics at the appro-
prate temporal scale. If exposure has considerable
temporal variation within a year, mean annual values
of exposure or monthly averages may not reflect the
impact on the endpoint. For example, episodic events
of low pH assodiated with snow melt are of very short
duration but can nevertheless determine trout sur-
vival. In this case, the extremes for pH and aluminum,
not the means, are of critical importance, and the use
of monthly averages would result in a highly inaccu-
rate or even meaningless estimate of effects on fish.
Instead, hourly measurements for aguatic systems are
needed. The appropriate temporal scale may vary with
different aspects of the same disturbance. In the pre-
ceding trout example, knowing sulfur depositon on a
daily, rather than on a monthly, basis would probably
not reduce the uncertainty in the nisk assessment since
concentratons in snow arc dependent on long-term
not short-term deposition. -

The availability of data bases and models is a criucal
factor in the quality of an assessment. Although un-
certaintes in models and data arise in local risk assess-
ments, they may become more criucal in regional ones.
The ability of a model to represent environmental
processes at the spatial and temporal scales of interest
is a fundamental issue. Few regional-scale biological
models exist. {n most instances, either local models will
have to be adapted to larger regions (Solomon 1986,
Dale and Gardner 1987, Thornton and others 1987,
Cosby and others 1987) or entirely new models will
have 10 be developed (Emanuel and others 1983a.b.
Hunsaker and others 1986).

Unceruiniies associated with parameter values can
be parually resoived through standard uncertainty test
procedures (Gardner 1984, Hoffman and Cardner
1983). Parameter uncerainty includes both natural
vanability and uncerainty resulting from lack of
knowledge. In regional ecological risk assessments,
uncertainties that arise from the inherent vanability
and heterogeneity of natural populations and eco-
systemns are especially important. Population and eco-
system data conuain inherent variability that no
amount of monitoring will reduce.

The quality, acquisition, and use of data can dra-
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matically affect the cost of an assessment and can con-
tribute to uncertainty. Point data for large geograph-
ical regions are often uneven in quality and distribu-
tion. For example, one state may gather water-quality
data with one technique, and another state may use
another technique or a different sampling frequency.
[Remote-sensing technology, however, offers a syn-
optic view of a region and hoids promise for providing
data that is truly regional (e.g., Greegor 1986, NASA

1987, Tucker and others 1986).] Data manipuiation .

and extrapolaton can also contribute to uncertainty
because error may arise during the process of sam-
pling at a parucular spatial and temporal frequency
(grain and extent), extrapolaong from point data to
contour data, and aggregaung and disaggregating
data. The classification of geographic arecas according
to the relznve homogeneity of one or more environ-
mental attributes can be extremely useful in reducing
uncertainty if the classification scale is appropriate to
the hazard. Ecoregions are examples of geographic
classifications (Bailey 1983, 1987, Omemnik 1987,
Rohm and others 1987). However, the contribution to
assessment uncertainty from such classification needs
further investigation becayse classification or aggrega-
tion of data could mask spaual heterogeneiry that is
significant to a realistic evaluvadon of the hazard
(McDaniel and others 1987).

Some regional-scale models may well be impossible
to validate in the tradidonal sense. In such cases,
quantification of the error assoaated with the model’s
structure will be difficult. Examples of such modeis in-
clude those that predict a modified environment as a
result of events that have never occurred, such as a
major transportation acadent involving nerve gas, an
extreme climate change, or any situaton in the distant
future. In such cases it 18 useful o compare models
that purport 10 predia the same condition or effect
(Thornton and others 1987, Turner 1987b); if the
models give similar results, then confidence in ther
prediction is improved, But sometimes only one model
is available. Another venficanon technique is to use, as
the evaluation dau set, the poruons of a known daa
distributon that are represenwnve of the conditions
that the mode! needs to predict. For exampie, 2 model
designed to predict the effects of climate change might
be verified using data on the effects of observed and/
or historic climatic extremes—the wertest/dnest and
warmestcoolest portons of meteorological records.
Klemes (1985) discusses model transferability and
presents a hierarchical scheme for systemauc testing or
verificauon of models.

Spatal heterogeneity can be a major source of un-

- certainty in regional ecclogical risk assessment. Most

ecological modeling has not included spatial relauon-
ships, and there are no accepted measures of land-
scape patiern ot heterogeneity that can be linked to
processes occurting at a landscape scale (Bormann
1987). Although spadal heterogeneity is not neces-
sarily a factor in all regional risk assessments, it can
contribute to uncertainty in some situations. Thus, one
must first ascertain if spatiai heterogeneity is likely 10
infiuence the projected outcome of the hazard. If it is,
then spatal heterogeneity must be accounted for in
the assessment.

Some hazards can be viewed as an aggregauon of
local hazards—the situation where cumulative effects
are linear or addidve. In such cases, the regional risk is
simply the sum of the local risks. For instance, estima-
tion of the number of addic lakes in the United States
has been treated as an aggregate problem. Therefore,
the United States was stratified into: (1) regions; (2)
homogeneous subregions with respect to phvsiog-
raphy, vegetation, dimate, and soils; and (3) alkalinity
classes. Then, 2 statistical sample of all the lakes in a
stratumn was used to predict a regional and, eventually,
a national value for the number of acidic lakes
(USEPA 1986). If, however, one or more propertes
associated with the hazard become apparent only on a
regional scale, then treating the hazard as an aggrega-
ton of local effects is inappropriate. The impact of
sewage on water quality, for exampie, is a function of
not only the amount of sewage but also the quality of
the water upstream of the discharge. Thus, when the
connectedness of the hydrologic system is an impor-
tant feature of the hazard, simply summing local risks
15 not an adequate assessment.

Aspects of spatial heterogeneity that might influ-
ence ecological risk include patch and populaton sizes.
rado of pawch edge to interior, distance between
paiches, and appropriate spaual resolution. Because a
berter understanding of these aspects is essenual for
regional ecological assessment, they are discussed sep-
arately at greater length in the following paragraphs.

The size distribution of habitat patches or popula-
tions in a region may affect the impact of a distur-
bance (Turner 1987a, Sharpe and others 1987, Haves
and others 1987). For example, forest bird spectes
richness in a 1emperate agricultural landscape is a
linear function of the log of the size of remnant forest
patches (Freemark and Merriam 1986). Thus a hazard
that reduced forest patch size would affect species
richness differendy for different size patches. All
species require habitat of some minimal area; certain
populadons are likely 1w disappear if that area be-
comes too small (Noss 1983, van Dorp and Opdam
1987). Furthermore, some ecosystem funcuons (e.g.
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wetland ability to remove pollutants) may disappear
when the system is reduced beyond a2 cerain point.
Ignoring the size distribudon of paiches or popula-
tions may increase the uncertainty associated with the
risk assessment when this type of spatial heterogeneiry
is important.

The ratio of edge to interior of landscape elements,
such as lakes and forests, may be imporant in as-
sessing the ecological risk of some hazards. For ex-
ample, the rato of forest edge 10 interior has a pro-
found effect on the magnitude of blowdown experi-
enced in the Pacific Northwest (Franklin and Forman
1987). Cutuing patterns that increase that ratio will in-
crease blowdown even though the total area of cut
forest mav remain the same.

The distance between simtilar units of land or phe-
nomena may also affect the outcome of a regional eco-
logical nisk assessment. For instance, distance between
similar habitats may affect the ability of a species to
migrate, which, in wrn, may affect its ability to main-
tain a stable regional population under a given level of
disturbance. Cornidors that faclitate movement or
transport affect the maximum connecung distance be-
tween areas for some processes or activities.

For each hazard there is a parucular spagal scale at
which uncertainty is minimized or the hazard is most
clearly seen (Allen and others 1984). Landscapes are
analogous to pointillistic painungs. If the viewer is too
close (at oo fine a resolution). the objects of interest
cannot be seen. If the viewer is too far away (a1 00
coarse a resolution), again, the objects of interest
cannot be seen. It will be imporant in regional nisk
assessment both o idenufy the opumal spatial scale for
viewing and collecting data and also to undersiznd
how the scale at which the landscape is viewed aite:s
uncerwnty,

Conclusion

Although regional studies have been performed for
many vears.(McHarg 1968, Levenson and Steamns
1980. USDOE 1981, Kliopatek and others 198],
Westman 1983). the ecosystem properties that are im-
portant for regional scales are sull poorly understood
(Meentemever and Box 1987). The degree to which
these properties are significant in regional risk assess-
ment is even less understood. To define the uncer-
tainty associated with ecological risk assessments, we
need also to consider the possible implications of scale
to the risk assessment.

Regional nisk assessment has some attributes in
common with local risk assessment but has others that
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are unique. The general theoretical framework for
doing the two types of environmental risk assessment
is the same. Both have two phases: first, the hazard
definition, in which the endpoint, source terms, and
reference environments are defined and described:
and second, the problem solution, in which the expo-
sure and effect on the endpoint are assessed by using
models and the risk and its associated uncertainty are
determined. Regional risk assessment differs in: (1)
the extent of interaction between the source terms,
endpoints, and reference environment; and (2) the
degree to which boundary definition and spatial heter-
ogeneity are significant in determining uncertainty.
Although local risk assessments invoive the develop-
ment of data bases and the use of models, these steps
may be more significant in regional risk assessments.
Few regional-level data bases of biological vanables
exist; furthermore, unique problems arise in aggre-
gating or integrating dissimilar focal data into regional
data bases. Regional models of ecological processes are
much less common and can be difficult to validate.

Although most of the fundamentals are in place for
doing regional risk assessment, research is still needed
on both theoretical and applied issues. Little is known
about the influence that data aggregaton has on un-
ceruainty in model parameters. Questions about this
influence invariably arise in regional studies with large
data bases. Ecological hierarchy theory, ecoregion def-
initions, and multivariate and spatial statistcal tech-
niques will be useful in assessing the significance of
data aggregation. Research on the appropriate models
for regional studies needs to continue. We need to
know under what circumstances it is appropriate to
adapt a local model to a region and how to do so. Our
tools for describing landscape pattern are still experi-
mental. The development of landscape pattern indices
that capture important ecological processes at the
landscape scale could significantly simplify regional
monitoring. However, this development will require a
more complete understanding of the interaction be-
tween landscape pattern and ecological processes.
Some of the more recent technological tools—such as
geographic information systems and satellite sensors
that capture biclogically significant spectral patterns
(Tucker and Sellers 1986)—will be useful for ad-
dressing the theoretical and applied research issues
that the regional scale poses. The simple lack of ade-
quate spatal and temporal data for large geographic
areas severcly limits regional risk assessments. Manv
tools and ideas exist, but they need to be tested and
refined before regional ecological risk assessment can
become an effective ool for managing and protecung
natural resources.
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Chapter 1
Introduction

86

technical staff with an approach for evaluating

the cumulative environmental effects of indi-
vidual human impacts on theenvirorunent, particularly
with respect to wetlands. This document is intended to
give the reader a2 general understanding of cumulative
impacts and to describe how a synoptic assessment is
produced. Although specifically designed for use in
wetland permit evaluation under the Clean Water Act
(CWA), this method can be applied to cumulative im-
pact assessment in general'. A second objective of this
report is to encourage resource managers responsible
for wetland protection to consider and view wetlands
within a landscape context.
The synoptic approach, so named because it providesa
broad overview of the environment, was developed

T his report provides resource managers and

, Specifically for casesin which time, resources, and infor-

mation are limited. The method is not intended to
provide a precise, quantitative assessment of cumula-
tive impacts within an area, nor can it be us~d to assess
the cumulative effects of specific impacts. Rather, it
providesa relative rating of cumulativeimpacts between
areas. The approach isintended to be easily applied so
it can augment the best professional judgment used
daily by wetland managers and regulators.

This report is divided into two sections. Section 1
describes the method and illustrates its use. It defines
cumulative impacts, reviews the regulatory basis for
cumulativeimpact assessment, and introduces the Wet-
land Research Program’s (WRP's) synoptic approach
(Chapter 1). Italso provides the ecological basis for the
synoptic indices (Chapter 2), describes in detail how to
conduct a synoptic assessment (Chapter 3), illustrates
the method’s use and several possible applications
through four case studies {Chapter 4), and contains a
summary that discusses future directions (Chapter 5).
Section 2 contains detailed background material for
readersinterested in additional information. Itincludes
a discussion of environmental stress (Chapter 6) and a
review of wetland functions and the effects of impacts
on these functions (Chapter 7).

Cumulative Impacts

Traditionally,impact assessment hasevaluated thelikely
effects of a single action on the environment. There has
been concern, however, that numerous activities con-
sidered insignificant by themseives could, when taken
together, cause significant degradation and damage o

! Because of its general nature, the synoptic approach is not
limited 1o legally defined (ie., "jnisdictional™) wetlands. We
thercfore deline wetlands in the broadest sense, as those
ccosystemns that are characterized by: the prosence of water;
unique soils, compared to adjacent uplands; the presence of
vegetation adapted to wet conditions; and an absence of flood-
intolerant vegetation (Mitsch and Gosselink 1986).
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Figure 1.1. "AShort History of America,” by the cartoonist R, Crumb, graphically illustratescumuiative impacts over time, Although
none ol the individual impacts would have been expected to significantly damage the environment, the cumulative resuit is a major
loss of environmental functions {from CoEvolution Quarterly No. 23, Fall 1979, © R. Crumb 1992},

the environment (Kahn 1966, Odum 1982). An analogy
provided by Ehrlich and Ehrlich (1981} illustrates this
concept. If a single rivet pops out of a jet's wing, no
serious threat exists, because no one rivet contributes
significantly to the plane’s airworthiness. But if enough
rivets are lost, the integrity of the pianc’s structure
gradually weakens until a failure occurs. In this anal-
ogy. the cumulative cffect of the individually minor
impacts would be catastrophic. In the same manner, a
conventional impact analysis might conclude that a
single discharge into a wetland would not amount to
significant impact and would therefore be acceptable.
Howcver, an assessment that ignores the combined
effect of these cumulative impacts could seripusly un-
derestimate the extent of environmental damage (Figure
1.1), thereby frustrating policy and management goals
{Irwin and Rodcs 1992).

A maijor difference between traditional impact assess-
ment and cumulative impact assessment is that the
former is performed with respect to the proposed distur-
bance. Cumulative impact assessment is performed
with respect to valued environmental functions
(Beanlands and Duinker 1983; Preston and Bedford
1988). Cumulative impact assessment must therefore
take a holistic view of the environment. An excellent
overview of cumulative impacts and wetlands is given
in a special volume odited by Bedford and Preston
(1988a) that includes a review of regulatory issues
and the status of scientific understanding of cumula-
tive impacts with respect te hydrology, water quality,
and wildlife. This volume is highly recommended for
readers interested in a more in-depth treatment of the
subjecl.
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Regulatory Mandate

Regulations prepared by the Council on Environmental
Quality under the National Environmental Policy Act
require environmental impact statements 1o “antcipale
a cumulatively significant impact on the environment
from Foderal action” 2 (38 CFR Scct. 1500.6). A cumula-
tive impact is defined as:

“...the impact on the environment which
resulls from the incremental impact of the
action when added 1o other past, present,
and reasonably loresceable future actions re-
gardless of what agency (Federal or
non-Federal)orperson undertakessuchother
actions. Cumulauve impacts can result from
individually minor but coliectively signifi-
cant actions taking place over a period of
time.” {40 CFR Sect. 1508.7)
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Under CWA Section 404, permits must be obtained to
discharge dredged or fill material into waters of the
United States, which include most wetlands. The CWA
Section 404(b)(1) guidelines contain the criteria that are
used in evaluating a permit for a proposed discharge.
These regulations, promulgated by the Environmental
Protection Agency (EPA) in conjunction with the Army
Corps of Enginecers, call for consideration of cumulative
impacts (40 CFR 230.11)

“[1] Cumulative impacts are the changes in
an aquatic ecosystem that are attributable to
the collective effect of a number of individual
discharges of dredged or fill material. Al-
though the impact of a particular discharge
may constitute a minor change in itself, the

? “Federal action” has been interpreted to include any action
regulated by the federal government.




cumulative effect of numerous such piece-
meal changes can result in a major
impairment of the water respurces and inter-
fere with the productivity and water quality
of existing aquatic ecosystems.

[2] Cumulative effects attributable to the dis-
charge of dredged or fill material in watersof
the United States should be predicted to the
extent reasonable and practical. The permit-
ting authority shall collect information and
solicit information from other sources about
the cumulative impacts on the aquatic eco-
systemn. This information shallbe docurnented
and considered during the decision-making
processconcerning theevaluation of individual
permit applications, the issuance of a Gen-
eral Permit, and monitoring and enforcement
of existing permnits.”

Regulatory Context

If a proposed discharge involves a major or controver-
sial action, permit evaluation requires extensive
information and may include collection of field data
and cven an Environmental Impact Statement (Hirsch
1988). However, most of the permit requests received
each year are for minor, routintactions. Because of the
large number of requests and the limited amount of
time and staff, a simpler environmental assessment
must be conducted, based upon existing information.

There arc a number of methods for evaluating cumula-
Hive impacts (Appendix A); however, none of these are
practical within the regulatory constraints of Section
404. Although the concept of cumulative impacts is
intuitive cnough to have influenced the guidelines
for permit evaluation, the lack of an easily applied
mcthod makes it difficult to consider cumulative
impactsas partof routine permit decisions (Preston and
Bedford 1988). Therefore, regulators must often rely on
best professional judgment in order to comply with the
404(bX1) guidelines. A major goal of EPA’s Wetlands
Rescarch Program has been to provide permit review-
ers with an casily applied technical approach for
assessing cumulative impacts.

Our current understanding of the environment and our
lack of data make it impossible to provide a precise,
quantitative cvaluation of the cffocts that cumulative
wetland losses will have in a specific region or to
predict how additional wetland losses wiltadd 1o those
effects. However, our understanding of ecological pro-
cesses in general, and wetlands in particular, should be
sufficicnt for us to make gualitative comparisons of
these offects between different arcas. For example, we
may nol be able to say that the cumulative loss of 100
hectares of wetland within a particular area caused a

Leibowitz - The Synoptic Approach

10% reduction in water quality; however, we should be
able to say that a 100 hectare loss of wetland in area "A”
will more likely cause a reduction in water quality than
a similar loss in area “B”. The synoptic approach is a
response 10 Hirsch's (1988) call for “simple protocols,
analytical procedures, or logic flows, and somedo’s and
dort’ts or rules of thumb” that can augment the site-
specific permit review process and improve in best
professional judgrnent (Figure 12). Managers can use
thisapproach to evaluate cumulativeimpacts untiimore
rigorous research provides better alternatives.

The Synoptic Approach

The synoptic approach is an inexpensive, rapid assess-
ment methaod that can assist managers and regulatorsin
evaluating cumulative impacts within the regulatory
constraints of tight schedules and budgets. Although
research on the loss of wetland function is far from
complete, the synoptic approach can support deveiop-
ment of the best possible management strategies based
on current knowledge.

Us'ngtl'resympﬁcappma&,weﬂandnmgamswiube
ableto produce regional or statewide maps? that rank
portions of the landscape according to synoptic indices.
These mapsand indices will enable permit reviewers to
consider the landscape condition of the area in whicha
particular permit is proposed compared with other
areas within their jurisdiction. By providing the envi-
ronmental context in which wetlands occur, the maps
also will allow wetland managers to examine wetland
issues more comprehensively. Further, because the
assessment is prepared at the same time for an entire
state or region and not on a permil-by-permit basis,
using this method will save time and money.

The synoptic approach consists of five steps (Table 1.1).
Two major steps are definition of synoptic indices and
selection of landscape indicators. The synoptic indices
represent the actual functions and values within the
particular environmental setting of interest. The land-
scape indicators are the actual data used o represent
these indices. Choosing indicators often requires mak-
ing simplifying assumptions because of limited
informaton, ime, and money. For example, agricul-
tural arca as tmeasured from a land-use map could be a
landscape indicator for agricultural nonpoint source
nutrient loading, which would be the synoptic index for
that particular management concern.  The synoptic
index and landscape indicator are defined scparaiely to

3The end product of a synoptic assessment need not be a set of
maps, but could consist solely of tabular data summaries.
However, we believe that presentation as maps is more
appropriate for the intended use, and gives a "big picture”
overview that tables cannot provide.
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keep them distinct, so we remember that agricultural
area is not the mana t concern; itis only useful to
the extent to which it represents nonpoint source
nutrient loading.

The synoptic approach is flexible enough o cover a
broad of management objectives and con-
straints. The specific synoptic indices and landscape
indicators used in an application depend on the particu-
lar goals and constraints of the assessment. They also
depend on the actual environmental setting. However,
this handbook does not provide a specific, detmled procedure
forchoosing the tic indices, nor does it supply a scientifi-
cally-tested list of landscape indicators having known
confidence limits. This is not possible, given our current
state of knowledge and the strong dependency of the
synoptic indices and landscape indicators on the par-
ticulars of the assessment. Instead, the approach relies
on the assessment team to make decisions, since they are
best qualified fo know their particular needs and con-
straints. The synoptic approach provides the user
with an ecologically-based framework in which locat
information and best professional judgment can be
combined to address cumulative impacts and other
landscape issues.

The synoptic approach is not a fixed procedure that
always uses the same data sources and provides a
standard end product. Rather, a synoptic assessment is
a creative process that requires the manager to weigh
the need for precision —as determined by management
objectives—against the constraints: limited time, money,
and information. Aninitial synopticassessment could
be conducted using the best available information
and then updated as better data become available.

90

Numbsr of Professionals

Accuracy {percent]

Figure 1.2. improving best professional judgment (BPJ). “&°
represents the hypothesized accuracy of BPJ under current
conditions; most professionais probably give correct answers
more than 50% of the time. and the most experienced
profsssionals may be fairly accurate. However, the least
experienced professionals may do worse than the flip of a coin,
i.¢., their answers may be wrong more often than right. A
precise, quantitative assessment would graatly improve the .
accurscy of BP.J {"c®) and reduce variability. However, such an
assessment could be impractical within a regulatory context.
The synoptic approach is acompromisethatcan beimpiemented
within regulatory constraints and yet still improve the accuracy
of BPJ {"b"}.

Table 1.1. Major steps in conducting a synoptic

assessment.
Step 1. Define Goals and Criteria
Step 2. Define Synoptic Indices
Step 3. Select Landscape Indicators
Step 4. " Conduct Assessment
Step 5. Prepare Synoptic Reports
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making comparisons between landscape sub-

units' 50 curnulative impacts can be considered
in management decisions. Comparisons are made by
evaluating oneor more landscape variables, or synoptic
indices, for each subunit. Defining the proper synoptic
indices for a particular assessrnent is a critical step and
depends on the environmental setting and the specific
goals of the assessment. In this chapter, we provide an
overview and rationale for the synoptic indices, draw-
ing onconcepts from three disciplines: systems ecology,
or the study of ecological systems (ecosystems), includ-
ing their response to stress; landscape ecology, which
examines the interactions between ecosystems; and risk
assessment, which evaluates environmental risks
associated with human actions,

= - T he synoptic approach provides a framework for

" Rationale for a Landscape Approach

The purpose of a cumulative impact assessment is to
evaluate the cumulativeenvironmental responseto vari-
ous impacts. Because no standard usage exists for the
term, we define impact as a human-generated action
or activity that either by design or by oversight alters
the characteristics of one or more ecosystems; cumu-
lative impacts are the sum of all individual impacts
occurring over time and space, induding those of the
foreseeable future. We define effects as the physical,
chemical, and biological changes that result from an
impact, including direct and indirect changes that can
be removed in time and space. Cumulative effects,
then, are the sum of all these changes resulting from
cumulative impacts. .

In conducting a cumulative impact assessment, we are
particularly concerned wilh the loss of valued func-
tions. These ecological functions are aggregate behaviors
that arise from the many physical, chemnical, and bio-
logical processes that take place in the environment. For
example, whether a wetland reduces flood peaks de-
pends on the processes that determine the wetland's
hydrologic budget, e.g., precipitation, evapotranspira-
tion, surface and groundwater inflows and outflows,
and tidal input (Mitsch and Gosselink 1986).

Because an impact can affect more than one ecosystem
and because an ecosystemn can be affected by activities
outside its boundaries, an assessment of cumulative
impacts cannot be limited to a singie ecosystem. Also,
many ecological functions vaiued by society depend on
intcractions between ecosystems; they are more prop-
erly viewed as landscape functions, rather than
ecosystem functions. For example, the water quality of
a river is not determined by any one ecosystem but by

1 Examples of possible subunits are counties, watersheds, and
ecoregions; selection of subunits as part of a synoptic assessment
is discussed in Chapter 3.
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the aggregate effect and interaction of all ecosystems
within its drainage area. The landscape is an appropri-
ate unit for considering cumulative impacts, especially
since landscape factors partially determine an
ecosystem’s response to cumnulative impacts. For ex-
ample, the survival of organisms following disturbance
can depend on landscape characteristics such as corri-
dor quality (Henein and Merriam 1990} and the degree
of habitat fragmentation (Merriam and Wegner 1992;
Stacey and Taper 1992).

Synoptic indices allow us to evaluate overall wetland
condition for a particular landscape subunit through
comparison with other subunits. Because the approach
is not intended to provide a detailed landscape assess-
ment, we must simplify and generalize our view of the
landscape to ensure that relevant factors are included.
The synoptic indices are therefore based on a simple
model that describes ecosystemn functions within the
landscape and includes the effect of impacts on these
functions. Because the focus of an assessment is velued
ecological functions, concepts of risk assessment are
also incorporated.

Landscape Model of Ecosystem
Function

Forman and Godron (1986) have defined a landscape as
“a heterogencous land area composed of a cluster of
interacting ecosysterns that is repeated in similar form
throughout.” Wetlands, forests, lakes, and streams are
examplesof such ecosystems. Interactions occur through
transfers of encrgy and matenal — including nutrients,
mincrals, and organisms — between ecosysterns. A
landscape can be viewed as a portion of the environ-
ment composed of ecosystems within which materials
and energy arc transferred as a result of various ecologi-
cal processes. To further simplify this view, we will
consider these ecosystems only as they affect the
transfer of matenials within and through the landscape.

At any time, a landscape contains a poo! of materials 2
and energy being transferred between component eco-
systems {as opposed to being cycled or stored within
individual ecosvstems). This dynamic state can be
described by the aggregate flow of these maternials
within and through the landscape; it also includes the
processes that dnve or are controlied by these flows.
Landscape functions result from these interactions, asin
the carlier discussion of the cffect of dratnage area on
river waterquality. Ecosystems contribute to landscape
funchons by aflecting (1) the quantity of transferred
material, i.c., cither increasing or decreasing the active
pool; (2) the quatlity of the material, i.e., transforming
it into different forms; or (3) the timing of malerial
transfers, ¢.g., introducing a temporal lag in transfers or
altening transfer rates.

From the simplest perspective, each component ecos
tern can be considered tn function as either a source o}:
sink for a given material. Anecosystem is a source if it
causes a net increase in the total amount of material
being transferred within the landscape (i.e., exports
from the ecosystem are greater than imports into it); it is
considered a sink if it causes a net reduction in the
material flux 3. We define these terms in the broadest
sense, without regard to the specific processes respon-
sible for the functions. Forexample, an ecosystemcould
function as a sink through biochernical conversion, fil-
tration{eg., removal of materials from water
as it passes through clays), or trapping {e.g., settling out
of particulates from water). In the case of biological
materials, an ecosystem would be a sink if emigration
were less than immigration, which could occur if the
death rate exceeded the birth rate (MacArthur and
Wilson 1967; Pulliam 1988).

Because our definition of a sink is independent of
causative cheses, an ecosystem that induces a net
transfer of materials to on-site storage wouid also be
considered a sink since this would lead to a net reduc-
tion in the pool of materials. Conversely, anecosystem
that removes material from storage and returns it to
the pool acts as a source. For example, a riparian
forest acts as a sink where stream velocities are low
and sediment storage increases through deposition;
however, itacts asa source if high current velocities
cause bank erosion, thereby removing sediment from
storage (Pinay et al. 1992).

A landscape model that describes an ecosystem as ei-
ther a source or a sink can easily account for the effect
ecosystems can have on the quantity of transferred
materials. When the status of the ecosystem as sourceor
sink is dynamic, the model can also account for qualita-
tive and timing effects. For example, an ecosystemn that
converts nitrate to molecular nitrogen through deni-
trification (a qualitative effect) would be described asa
sink for nitrate and a source for molecular nitrogen. An
ecosystem that stores water below ground during spring
runoff functions as a sink at that ttme of year, thenas a
source during summer and fall, when it slowly releases
the waler from storage.

The ability and degree to which an ecosystern functions
as a source or a sink is controlled by on-site conditions,
such as local hydrology and geomorphology, soil and
vegetative characteristics, nutrient availability, and
population densitics. However, an ecosystern with the
potential to reduce material flows could not function as
a sink if the particular material was unavailable. In

2 We define materials broadly to include biotic and abiotic
materials.

3 An ecosystern could be neither s source nor a sink if exports are
equal to imponts. Such an ecosystern would be neutral with
respect lochanges inthe magnitude of landscape flows. However,
such an ecosystemn.could still affect the distribution of matenials;
sce Chapter 6.




other words, an ecosystern can reciuce the pool of active
landscape materials only if it is connected to at least one
source. Thus the ability of an ecosystem to functionasa
sink depends on two factors: the assimilative capacity,
which is the amount of material the could
remove, assuming it was available; and landscape in-
put, which is the amount of matetiz” imported into the

tem from source ecosystems'. While capacity is
controlied by characteristics within the ecosystem, land-
scape input is determined by interactions between
ecosystems and depends on (1) the magnitude of the
various sources, (2) where these sources are located
relative to the target ecosystern, (3) the transport mecha-
nism of the particular material (e.g., passive diffusion,
wind-borne dispersion, pravity flow, or migratory move-
ment in animals), and (4} the occurrence of any sinks
along the transfer pathway.

Phosphorus retention by a wetland is one example of
how capacity and landscape input control sink func-
tions. A wetland’s capadity to retain phosphorus

on factors such as plant uptake; the concentrations of
minerals that precipitate phosphorus (e.g., ferric iron
and aluminum); soil pH, which affects phosphorus
solubility; and adsorption to soil consttuents such as
clays and organic matier (Mitsch and Gosselink 1986).
The landscape input of phosphorus into the wetland
depends on the types of neighboring ecosystems, land-
use practices outside the wetland (e.g., fertilizer
application rates), and landscape characteristics that
control sedimentation rates into the wetland, such as

slope.
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According to the model we have been describing, the
landscape is a collection of source and sink ecosystems
embedded within a matrix of neutral ecosystemns. Al-
though this is somewhat simplistic and ignores actual
processes, simplifying the overwhelming complexity of
a real landscape is necessary if overall function is to
become understandable. This model allows us to visu-
alize thelandscape as a dynamic network of interacting
ecosystems, each of which can affect the quantity, qual-
ity, and timing of the materials transferred within the
landscape. ltalso provides a framework that aliows us
to consider the effect of impacts on landscape function.

Effect of Impacts on Landscape Function

It is important to differentiate between an activity (the
impact) and the ecological response to it (the effect),
because many environmental regulations target activi-
ties (e.g., discharge of dredge and fill materials under
CWA Section 404). Numerous ecosystem characteris-
tics could be altered by an impact. Lugo {1978}
developed a generic model that described five ways
in which an ecosystem could be stressed. We further
aggregate these to define three general types of im-
pact based on the type of characteristic being altered
(Figure 2.1):

4 As defined here, the capadity is the net amount of material that
can be removed, a rer accounting for removal of on-site material.
If gross capacity is preferred, landscape input would have to
include on-site production.
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Figure 2.1 Generic model of ecosysiem impacts, Animpact can affect external driving factors {forcing functions) before they cross
the ecosystem boundary, e.g.. hydrologic diversion (a); an impact can affect ecosystem processes, e.g., discharge of industrial
poliutants that alter productwvity (b). and an impact can alter ecosystem structure, e.9., harvesting wildlife through hunting (c).
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* Changesin forcing functions — ms are ulti-
mately driven by material and energy flows that
originate outside their boundaries. These driving
factors are referred to as forcing functions. For ex-
ample, sunlight is the ultimate fordng function for
most ecosystems, and hydrologic input (in the form
of surface water, groundwater, or tides} is an impor-
tant driving factor for wetlands. Fordng functions
can be diverted or reduced in magnitude, or the
timing can be changed. New fordng functions to
which the system is not adapted can be introduced,
or the magnitude of an existing factor can be
increased beyond its natural range.

* Changes in ecosystem process ~— Processes such as
production or respiration can be stimulated or de-
pressed, and material or energy distribution within
the ecosystem can be altered.

 Changes in structure — Structure, built from energy
and raw materials, is the collection of an ecosystermy’s
physical, chemical,and biological characteristics. Bio-
logical examples of ecosystem structure include the
various organisms, their complex behaviors, trophic
relationships between organisms, seed banks that
maintain biodiversity, and even dead matter. Physi-
l structure includes concentrations of rawmaterials,
such as lake water. Examples of structural impacts
include harvesting of organisms by hunting or farm-
ing, introduction of domestic spedes not naturally
present, reductions in water level through drainage,
and destruction of soil structure by compaction.

In general, ecosystems affected by stress exhibit the
following properties (Odum 1985): (1} internal material
cycling is reduced, (2) the community reverts to earlier
successional stages, (3) efficiency of resource use
declines, and (4) parasitism increases. In stressed eco-
systemns, native species can be replaced by opportunistic

species; this is especially significant in wetlands, where

invasion by weedy spedes such as purple loosestrife
can alter community structure (Wilcox 1989).

Not only does the environment respond to individual
impacts, it also to them cumulatively. Ex-
ampies of cumulative impacts and cumulative effects
appear in Table 2.1. Bormann (1987) described seven
stages of ecosystem stress, ranging from insignificant
effects at low levels of pollution to complete ecosystem
collapse under continued, severe pollution (Table 2.2).
Although based on air pollution, these seven stages

could ta general model of ecosystem response
to cumulative impacts. From a landscape perspective,

the ultimate consequence of these changes is a loss of

ecosystem function. This translates into a change in the
ability of an ecosystem to act as a source or a sink either
quantitatively (an increase or a decrease in the existing
level of function) or qualitatively (e.g., a change from
source to sink or vice versa).

The boundaries for cumulative impacts and cumula-
tive effects need not coincide. Some cumulative effects
could occur outside a cumulative impact boundary;
conversely, cumulative effects within an area couid
partially result from impacts occurring outside the
boundary.. If the objective is to determine the cumula-
tive effects within a specific area, a larger boundary
must be defined that inciudes impacts to external
forcing functions.

Synoptic Indices

Based on these principles, we define four synopticindi-
ces for assessing cumulative impacts and relative risk:
function, value, functional loss, and replacement poten-
tial. These indices are landscape-level measures, so
each is evaluated for an entire landscape subunit, rather
than foranindividual componentecosystem. Although
the indices are generic and could be applied to any
ecosystem type, we discusseachasit applies specifically
to wetlands. The hierarchical evaluation of these indi-
ces as part of a risk assessment can be found in
Leibowitz et al. (1992).

Table 2.1, Typology of cumulative impacts and cumulative effects (after Beanlands et al. 1986).

Cumuiative iImpact Description

Time-¢rowded Perturbations

Disturbances that are so frequent in time that the ecosystem coes not have the chance 1o

recover between disturbances

Space-crowded Penurbations

Disturbances that are 50 close in space that their effects overlap

Cumuiative Efect Description

Synergisms

Interaction of different types of disturbance to produce a response that is qualitatively and

quantitatively different than the separate effects combined

Indirect EHects

Eflects that are produced through 8 complex pathway and that are removed in time and/

or distance from the initial disturbance

Nibbling

Simple additive eflects that result from cumulative impacts
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Table 22. Model of ecosystem response to increasing stress {adapted from Bormann 1987).

Stress Lavel Ecosystern Response

ingignificant Insignificant
Low levels

Levels inimical to some species

Increased stress

Relatively unaffected; ecosystem may function as a sink

Changes in competitive ability of sensitive species; selection of resistant genotypes; littie
effect on biotic regulation

Resistant species substitute for sensitive ones; some niches opened for lack of

substitutes: biotic regulation may be disrupted, but may return as system bacomes
wholly populated by resistant species

Severe levels

Large plants, trees, shrubs of all species die off; ecosystem converted to open-small

shrubs, weedy herb system; biotic regulation severely diminished; incressed runoff,

erosion, nutrient loss

Continued severe stress

Ecosystem collapse; completely degraded ecosystem; ecosystem seeks lower level of

- ptability with much less control over energy flow and littie bictic regulation

Function

Wetlands are capable of rming various functions

as a result of physical, chemical, and biological pro-

cesses. These functions canbe divided into three general

categories:

¢ Habitat functions— Providing support for wetland-
dependent species, including food, shelter, and
breeding sites; ——

¢ Water quality functions — Water quality improve-
ment, nutrient cycling and supply; and

* Hydrologic functions — Flood attenuationand mod-
eration of hydrologic fiow.

The function index refers to the total amount of a
particular function a wetland provides within a land-
scape subunit withou! consideration of benefils. The index
is the rate at which material or energy is added to or
reroved from the active landscape pool. In the case of
a sink function, the index is separated into two compo-
nents>: capacity, which is the maximumnetamount of
material that could be removed by a subunit’s wet-
lands if the supply of material were unlimited; and
landscape input, or the total amount of the material
imported into wetlands from contributing sources.

Value

Environmental regulations such as the Clean Water Act
consider both ecosystem functions and their impact on
public welfare (Preston and Bedford 1988; Westman
1985); thus we identified walued ccological functions as
the target of a cumulative impact assessment. Wetlands
can be valued for the tangible benefits they provide,
such as clean wateror hunting, or forintangible bencfits
such as acsthetics. However, values are highly subjec-
tive, and a wetland characteristic valued by one
individual could be perceived as a liability to another.

Even when the wetland provides a service that benefits
the individual (such as improved water quality), the
service could be undervalued because of poor informa-
tion or conflicting goals.

Whether a particular ecological function is considered
valuable is not a technical issue, but must bedetermined
by the policy maker initiating the synoptic assessment.
Such a decision might be based on law or on agency
mandate. For example, by enacting the En

Species Act, Congress has determined that endangered
species are vaiuable; similarly, an agency mandated
with protection of drinking water would value func-
tions that improve water quality. Policy makers could
determine values through publicinput, interagency con-
sensus or both. Gosselink and Lee discuss policy
considerations and the importance of goal-setting as
part of a cumnulative impact assessment (Gosselink and
Lee 1989; Lee and Gosselink 1988). A framework for
including the effects of camulative impacts on program-
matic decisions is given in Irwin and Rodes (1992).

Onceitis decided that a particular function is impaortant,
the value index can be used to determine the relative
value of that function within each landscape subunit.
This ranking depends on two factors. First, value is
related to overall level of function, although this need
not be a linear relationship (e.g., there could be dimin-
ishing returns at higher functional levels). Second, a
function may be considered valuable not because of its
inherent value, but because it acts upon something else
valued by society. In such instances, the overall value
also depends on the occurrence of this valued object. For
exampie, flood reduction has no inherent value; it is

5 These two sub-components are similar to the terms
“effectiveness” and “opportunity” used in the Wetland
Evaluation Technique (Adamus 1983). However, the synoptic
terms and their meaning are derived from the previously
described landscape model.
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valued because it reduces property damage and human
injuries and deaths. Dams are not necessarily built
where the largest floods occur, but wherefloods threaten
human populations, valuable property, or both. Valued
objects can also indude plants and animals; the value of
wetlands for habitat could increase with the numnber of
rare and endangered species supported by that habitat.
Thisindexcan also include future values by considering
the future benefits of these functions. Finally, we note
that this index does not represent economic vaiue, since
it does not consider market factors, ete. Instead, it
provides an estimate of the value provided by a func-
tion within a landscape subunit, relative to other
subunits.

Functional Loss

Functional loss represents the cumulative effects on a
particular valued function that have occurred within a
subunit. Functional loss caused by changes in forcing
functions, processes, and structure should all be consid-
ered. Theindex should include completelossof function
from conversion, where the ecosystemis changed into a
different ecosystern orland use (e.g., filling in a wetland
to build a home), and partial loss through degradation,
where the impact does not change the ecosystem type
but alters function (e.g., reduced production through
pesticide contamination). Future loss should also be
considered as catled for by Council on Environmental
Quality regulations (40 CFR Sect. 1508.7).

Functional loss depends on the characteristics of the
impact, including the type of impact, its magnitude,
timing, and duration; and ecosystern resistance, or the
relative sensitivity of the ecosystemto the impact, based
on its robustness and overall health {(see Chapter 6).

Replacement Potential

Replacement potential refers to the ability to replace a
wetland and its valued functons. In this case, we are
referring to functional replacement carried out by people;
however, natural recovery could also be considered.
Although not a component of a cumulative impact
assessment per s, replacement potentialis included asa
synoptic index because it is a consideration within the
404 permit process and is also an important component
of risk assessment (Leibowitz et al. 1992). The ability to
offsct the loss of valued functions and reduce ecological
risk is greater if replacement potential is high; con-
versely, protection is more critical for risk reduction if
replacement potential is low.
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Replacement potential depends on many factors spe-
dificto the particular wetland, such as the type of wetland,
the function to be restored, and, in the case of restora-
tion, the kind of impact that altered the original wetiand
(Kentula et al. 1992; Kusler and Kentula 1990). In a
synoptic assessment, however, we are more concerned
with the landscape factors that contribute to replace-
ment potential. Because it is more difficult to replace a
wetland if critical driving factors have been disrupted,
this index depends on the overall environmental condi-
tion of the subunit. For example, it would be difficult to
restore a swamp within a historical flood plain if alevee
had been constructed on theriver. If restorationdid take
place, the wetland probably would not be sustainable
because natural overbank flooding, which was a driv-
ing factor for the original swamp, would be disrupted.

Synoptic Index Evaluation

In conducting a synoptic assessment, it is necessary to
refine the synoptic indices into a specific set of
indices that are most relevant to mana, t concerns
within a particular landscape setting. For example, in
an application concerned with nonpoint source nitro-
gen pollution within an agricultural region, the specific
indices for capacity and landscape input might be the
maximum denitrification rate and the nitrate loading
rate, respectively. However, quantifying the specific
indices accurately for large landscape subunits would
be difficult if not impossible. In order to evaluate the
indices, the synoptic approach uses landscape indica-
tors of actual functions, values,and effects. Theindicators
are first-order approximations that represent some par-
ticularindex, given certain assumptions (see discussion
in Chapter 3, Step 35). For example, data on agricul-
tural nonpoint source nitrate loadings might not be
available, in which case agricultural area could be used
as a first-order landscape indicator.

In addition, we often take a risk-based approach to
estimate specific indices. For example, we may not be
able to quantify the actual loss of hydrologic function
due to curnulative impacts, but we could assume that
the risk of actual loss is greater in areas with high
function and high cumulative impacts, compared with
arcas having low function and low impacts. Such an
approach will undoubtedly make errors in assigning a
relative ranking to cach landscape subunit. However, a
synoptic assessment need not provide a perfect evalu-
ation of cumulative effects. The goal is to provide
information that will improve permit evaluation and
management decisions overall.
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LT T he process of produding a synoptic assesment
e e involves five steps (Table 3.1). Although pre-
e TRk L sented and discussed sequentially, it might be
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necessary in an actual application to follow these steps
iteratively. We suggest thatinformation resulting from
this process not be viewed as the ultimate end product,
but that synoptic assessments be updated periodically
to reflect changing objectives and environmental condi-
tions or to incorporatebetter data. Further, it may notbe
possible to achieve the desired management objectives
in a one- or two-year period. By producing an initial
assessment and improving it over time, an agency can
obtain the desired resulis over the long run while gain-
ing useful short-run results. A synoptic assessment
should be an iterative process.

Preparation of a synoptic assesstnent requires the ef-
forts of a team of individuals having different

* backgrounds and responsibilities (in an actual assess-

ment, these roles need not literally be performed

separately by three individuals):

* The manager, who is in charge of the resource man-
agement program and who makes the dedision to
conduct a synoptic assessment, is the individual
with primary responsibility for defining the overall
goals of the assessment.

o The resource specialist, who is the ultimate user of
the final maps {(e.g.. a permit reviewer} and who is
farniliar with the area’s wetland resources and their
ecological functions, has the primary responsibility
for defining the ecological relationships relevant to
the particular management objectives.

s The technical anatyst, who assermnblesthe data, makes
measurements, caiculates the index vaiues, and then
maps them, should be farniliar with database man-
agement and geographic information systems (GIS)
or computerized mapping.

Step 1: Define Goals and Criteria

The purpose of this step is to identify explictly the
asscssment objectives, intended use, required accuracy
level, and the constraints within which the assessment
will be conducted. Often the objectives call for more
accuracy and detail than constraints allow. This step
may require repetition until an acceptable combination
of objectives, accuracy, and resource aliocation is agreed

upon.

Step 1.1 - Define Assessment Objectives

The general objectives of the assessment depend on the
overall mission and goals of the particular agency or
organization conducting it. If the manager works with-
in a Department of Environmental Quality, the focus
could be wetland water quality functions. A manager
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Tsble 3.1. Steps in conducting a synoptic assessment.

Steps Procadums

1. Define Goals and Criteria

1.1 Define Assessment Objectives
12 Define Intended Use
1.3 Assess Accuracy Needs

1.4 Identify Assesamant Constraints

2. Define Synoptic Indices

2.1 Identify Wetland Types

2.2 Describe Natural Setting
2.3 Define Landscape Boundary
2.4 Define Wetland Functions

25 Define Wetland Values

2.6 Identify Significant Impacts
2.7 Select Landscape Subunits
2.8 Define Combination Rules

3. Select Landscape indicators

3.1 Survey Data and Existing Methods
3.2 Assess Data Adequacy

33 Evaluate Costs of Batter Data
3.4 Compare and Select Indicators
3.5 Describe Indicator Assumptions
3.6 Finalize Subunit Selection

3.7 Conduct Pre-Analysis Review

4. Conduct Assessment

4.1 Pian Quality Assurance/Quality Control

4.2 Perform Map Measurements

43 Analyze Data
4.4 Produce Maps
45 Assess Accuracy

4.6 Conduct Post-Analysis Review

5. Prepare Synoptic Repons

6.7 Prepare User’s Guide

5.2 Prepare Assessment Documentation s

for the Fish and Game Division might be particularly
interested in wetland habitat functions. A managerofa
wetland protection program, however, might be inter-
ested in not just one particular function but in several
functions or in wetland restoration. The management
objectives could be very spexific, ¢.g., determination of
wetland degradation caused by superfund sites, protec-
tion of wetland habitat for sport fish, protection of
floodplain wetlands, ctc.

During this step, the boundary for the study unit needs
to be defined explicitly. This would typically be either
a political boundary, based on the agency’s jurisdiction
{a state or multi-county region) or a natural boundary,
c.g.. a natural watershed or geomorphological prov-
ince. The study area could be of spedal interest to
management (one for which a special area management

plan is being developed). it may be necessary to get
input from other agencies or interested parhes before
finalizing the boundary.

Step 1.2 - Define Intended Use

The manager should define how assessment results will
be applied. The assessment could be used to support
very spedific decisions, e.g., to support cumulative im-
pact assessment as part of Section 404 permit review, or
it could be used for general planning, e.g. to help
identify areas sensitive to future impacts as part
of a State Wetland Conservation Plan. The particular
use affects the level of accuracy required and the degree
of review the final products must underge. Inaddition,
an assessment used as part of a regulatory program
might need to meet spedific legal tests or require public




comment or interagency consensus. The manager
should also determine whether the assessment is to
be purely technical or whether political consider-
ations need to be included.

Step 1.3 - Assess Accuracy Needs

The overall management objectives and intended use of
the information determine the level of uncertainty the
manager is willing to accept in decisions that make use
of a synoptic assessment. EPA guidelines on data
quality assurance refer to the process of selecting the
level of accuracy needed as defining the data quality
objectives. This process indudes five steps (EPA 1989):

» Define the decision;
s Describe the information needed for the decision;
» Define the use of environmental data;

» Define the consequences of an incorrect decision
attributable to inadequate environmental data; and

o Estimalc available resources.

The previous sectionscovered the first three steps of this
process. Since any analysis has a level of uncertainty,
and thus the chance of erroneous conclusions, the man-
ager must consider the repercussions of incorrect
decisions based on the level of uncertainty. If it could
lead to litigation, for example, an assessment devel-
oped for regulatory applications might require a high
confidence level. If the assessment is being con-
ducted for broad-scale planning using best
professional judgment, results might be sufficient as
long as they are “more night than wrong.” In other
words, results need not be completely accurate; rather,
the data must be adequate for the stated purposes of the
asscssment.  The manager, in consultation with other
team members, must define thelevel of accuracy needed
foran assessment so the benefits outweigh theliabilities.
Estimating available resources is discussed in the
following scction.

Step 1.4 - Identify Assessment Constraints

The manager must cstimate the amount of time, money,
and personnet hours that can be committed to the project.
Regardless of the objectives and needs for accuracy, the
cffort will be lirmuited by available resources.

As an example of possible asscssment costs, the Louisi-
ana and Washington pilot projects that are discussed in
Chapter 4 each ook a year and a half for completion and
required a half-time senior scientist and both a full-time
and half-time technical analyst (i ¢., two full-time equiva-
lents per year for cach project). Much of the technical
analysts” time was spent collecting data from various

Leibowitz - The Synoptic Approach

agencies, conducting quality control checks, perform-
ing map calculations, digitizing, and creating various
databases. Other costs induded approximately $20,000
for supplies and materials {excluding data, which mostly
were obtained from cooperating agencies), plus access
to a GIS. Although the purpose of the pilots was
methads and development, and not an actual applica-
tion, costs for a similar statewide analysis should be
comparable. At the opposite extreme, an application

- requiring high precision and field verification could

easily several years of effort and cost hundreds
of thousands of dollars for data collection, analysis, and
labor. Project costs on study area extent and
whether adequate data already exist (Steps 3.1-3.3).

The team should aiso consider other constraints that
influence the cutcome of an assessment, such as legal
requirements, agency mandates, institutional con-
straints,and the need for public commentorinteragency
coordination.

If the resources available for an assessment are much
less than what is deemed necessary based on best pro-
fessional judgment (Steps 1.1-1.3), then management
can change the objectives (e.g., assess a smaller area or
accept less accurate results), relax the constraints {find a.
source of extra funding), or conclude that the assess-
ment is not feasible at that time.

Step 2: Define Synoptic Indices

Once the objectives have been determined, the resource
specialist must define a specific set of synoptic indices
that will meet the objectives and intended use of the
assessment. This involves replacing the four generic
indices (function, value, functional loss, and replace-
ment potential) with a set of indices specific to the
objectives.

Defining the specific indices and the factors they in-
clude requires an understanding of the interactions
between wetlandsand regional landscapes. Tosumma-
rize this understanding, the resource specialist can
provide a landscape description that includes wetland
types, functions and related sodetal values, natural
factors sustaining the wetlands and major impacts
(Table 3.2).

The resource specialist can consult with regional ex-
perts for assistance in determining these interactions,
for example:

» University or state Soil Conservation Service (5CS)
soll scienbists are familiar with regional factors affect-
ing denitrification capacity and adsorption potental
(e.g., percent of organic matter);
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Table 3.2. Examples of landscape descriptions that an be usad in selecting indices.

Catagory

Example 1

Management Objective
Wetiand Type

fNatura! Setting

Landscape Boundary
Significant Impacts

Specific Indices

Landscape Subunits

Develop risk assessment guidance for county planners to protect sparse wetland
populations of central Washington for waterfowl and other wildiife habitat,

Palustrine {emergent, scrub-scrub and forested) on floodpiains; saline {scrub-scrub) in
playas and wind created depressions (Canning and Stevens 19891

Basin, characterized by loess deposits and deep dry channals cut into basalt, surrounded
by mountain ranges which provide hydrologic inputs; arid climate (23-64 cm average
annual precipitation); streams predominantly influent, many go dry in dry years {Omernik
and Gallant 1988).

Columbia Basin in Central Washington,

Water withdrawal for irrigation; altered water quality and stream morphology from
grazing; high nutrient and suspended sediments from agriculture and mining.

Habitat support, low stream flow and hydralogic medification (water withdrawal); non.
point source pollution.

Subwatersheds and county boundaries.

Category

Example 2

Management Objective
Wetiand Type

Natural Setting
Landscape Boundary
Significant Impacts
Specific indices

Landscape Subunits

include cumulative impacts as part of 404 permit raview in Southern California.
{ntertidal salt marshes.

Mediterranean ciimate, accretion and erosion of sediments, warm ocean current from
Mexico, tidal flushing. Nastural perturbations include storm events and catastrophic
sedimentation; drought; lagoon closure {Zedler 1982).

Southern California coast inciuding intertidal slopes in river valleys, from Point
Conception to the international border with Mexico,

Urban development {dredge and fill disposal); reduced circuiation from anthropogenic
sedimentation; altered watershed hydrology (Zedler 1982).

Curnulative wetland loss, suspended sediment loading, peak discharge, hydrologic
modification.

Coastal watersheds.

» Hydrologists with universities or the state office of  Step 2.1 - Identify Wetiand Types

the U.S. Geological Survey (USGS) can provide in-
sight into the hydrologic factors that form wetlands,
and can also provide information on hydrologic
modifications that may affect wetlankd functions;

* Biologists with the U.S. Fish and Wildlife Service
(USFWS), stateagencies, or the Nature Conservancy /
Natural Heritage Program can provide expertise on
wetland habitatand wetland-dependent species;and

» Biologists with the SCS and other agendes will be
familiar with wetlands in agricultural settings, as
well as with opportunitics for restoration.

Other valuable resources are USFWS “Community Pro-
file” reports. Each of these reports provides a wealth of
information on a regional wetland type and often in-
cludesdiscussions of grological /climatic setting, natural
forcing functions, ecological functions, ecosystem
structure, and degradation by human impacts.

The first step in developing synoptic indices is to com-
pile a list of the major wetland types found in the
assessment area, e.g., specific wetland communities.
This list can be limited to a particular type of wetland if
management objectives are narrow, or it can include all
of the area’s wetlands if objectives are broad. The
identification of these wetland types can be based on
popular classifications (e.g., marsh, bog, or pothole), a
functional classification {e.g., Novitzki 1979; O'Brien
and Motts 1980), or the more detailed systemdeveloped
by USFWS {Cowardin et al. 1979). The choice of classi-
fication should match the assessment objectives and
constraints. For example, if protection of wetlands for
flood control is the primary objective, the analyst could
focus on palustrine or fioodplain wetlands as defined
by the Cowardin system or floodplain/river lower per-
ennial wetlands as defined by a hydrogeomorphic
dassification (personal communication, M. Brinson, East
Carolina University, Greenville, North Carolina). If,




however, the objective is protection of wetlands for
environmental education, then unique or rare wetlands
near urban areas could be dassified using a popular
systern or one defined by the State Heritage Program.
Where the objective is to assess cumnulative impacts, it
will be important to select a classification that is broad
and synthetic.

Selection of a particular wetland dassification scheme
also depends upon the availability of information. For
example, if National Wetland Inventory (NW1) maps
are available for the region, the Cowardin classification
is a logical choice. At the minimum, the classification
should include or be cross-referenced with information
on geomorphic setting and source of water because
both are important components of the natural setting
(Step 2.2) and are useful for identifying significant
impacts (Step 2.6).

Step 2.2 - Describe Natural Setting

The analyst should understand the landscape driving
factors or forcing functions responsible for the forma-
tion and maintenance of wetlands because this
informationisimportant for defining landscape bound-
aries (Step 2.3) and for cvaluating the significance of
impacts {Step 2.6). The natural factors include natural
stresses, such as drought, and structural components,
such as soil and sced banks {see Chapter 6). The classi-
fication used to identify wetland types (Step 2.1) should
provide relevant information. A broad-scaleor detailed
description of natural factors can be developed around
a serics of questions such as those listed in Table 3.3.

Step 2.3 - Define Landscape Boundary

In Chapter 2 we noted that the boundaries for cumula-
tive impacts and cumulative effects need not be the
same; the cumulative effects occurring within a given
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area could result partially from impacts that take place
outside the boundary., The resource specialist must
define the landscape boundary 1o include the appropri-
ate natural setting (Step 22) and impacts (Step 2.6) that
could be operating outside the study area. Even if the
actual analysisignores this larger boundary, the bound-
ary must be defined so the resource spedalist an
determine the degree to which the assessment might be
ignoring important factors.

Because hydrology is the single most important deter-
minant of wetland and function, the landscape
boundary should include at least the entire drainage
area in which the study is located. For exampile, an
assessment of the state of Louisiana cannot stop at the
state boundary but must consider hydrologic input
fromupstream ts of the Mississippi, Red, Sabine,
Quachita, and Pearl rivers. The landscape boundary
for groundwater discharge wetlands might inciude
recharge areas hundreds of miles outside the study
area; likewise, the boundary for coastal wetlands will
probably include estuarine, nearshore, and even off-
shore waters. These hydrologic boundaries also delimit
many water quality processes, such as transport of
nutrients, sediments, and pollutants.

Defining the boundary for habitat is more
problematic than for the other functions. Biotic factors
operate on scales defined by the ranges of wetland-
dependent species. Given the diversity of species, no
single spatial unit can encompass all species’ ranges
for a particular study area. Many times, ecoregions
provide useful landscape units for habitat support
{Omemik 1987); research by Inkley and Anderson (1982)
and Larsen et al. (1986) demonstrates a correspondence
between ecoregions and wildlife and fish communities,
respectively. 1f habitat of wide-ranging migratory spe-
ciesisanimportant elementof theassessment, a broader
landscape boundary must be defined.

Table 3.3. Examples of technical questions that could be used to describe the natursl factors determining wetiand

function.

Technical Questions

Describing natural wetiand
setling related to forcing
funclions, ecosyslem processes,
and structure:

What are the geclogical processes responsible tor the wetlands’ lormation, e.g.,
deposiion of marine or riverine sediments, glaciation?

What are the physiographic characteristics associaled with the wetlands, e.g., large
depressians, river valleys, karst topography?

What are the hydrologic influences, e.g., tidal, riverine or lacustrine energy, ot

groundwater inlluence?

What are the climatic influences, e.g., uming, type and amount of precipitation, length ol

growing season?

What are the chemical charactenstics and fluxes of the wetlands, e.g., salinity, organic
content, nutrien! and mineral availability?

What are the natural perturbations that wetlands are either adapled to or dependent on,
e.g.. fire dependent species, penodic inundation, seasonal drought?
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Step 2.4 - Define Wetland Functions

The resource specialist next defines the particular wet-
land functions to be addressed. Depending on
management objectives, the functions of interest could
be either specific or broad. Because it is impossible to
assess all functions, even when the objectives are gen-
eral, the specialist must determine a subset of functions
that best represents the broader class. For example,
consideration of hydrologic function in regions where
small, non-tidal wetlands prevail might indude wet-
land influence on peak flow but not on stormn surges,
which occur mainly in larger, tidal wetlands.

Habitat functions can be defined by determining the
various species (including birds, fish, and mammals)
that are dependent on or utilize the wetland communi-
ties identified in Step 2.1. For hydrologic and water
quality functions, wetlands often function as sinks.
Therefore it is useful to consider the hydrologic and
water quality sources that are found within the particu-
lar landscape setting, since the source is acomponent of
sink functions (Chapter 2). Natural and anthropogenic
sources should both be included. Chapter 7 provides a
detailed discussion of wetland functions that have been
reported in the literature and can serve as a source of
candidate functions that should be considered during
this step.

Step 2.5 - Define Wetland Values

Asdiscussed in Chapter 2, whether a function is valued
isa policy decision rather than a technical consideration.
These valued functions could be a given, based on the
objectives. However, the manager might choose to map
the relative magnitude of many funchons first, then use
this information to determine which wetland functions
are most valuable. If so, the manager has deferred the
valuation until after analysis. In either instance, the
value may also depend on the co-occurrence of the
function and “valued objects” such as property.

To define a synoptic index for value, the team must
determine who ultimately benefits from the various
wetland functions and whether other valued objectsare
involved (sce discussion on value, Chapter 2). For
example, they might decide that the value of ficod
protection is low if it occurs mostly in uninhabited
regions or that the value of water quality improvemnent
is very high if it occurs in areas that supply drinking
water 1o large urban centers.

Functions and values arc kept distinct by defining them
in scparate steps. This aliows the leam to consider
whether important ecological functions, based on tech-
nical inforration, are being undervatued in terms of

social perceptions.

- Step 2.6 - Identify Significant Impacts

In this step, the resource specialist determines the most
significant impacts on the functions of interest. If the
proportion of recent wetland conversion within a par-
ticular region is high, it may be the dominant cause of
functional loss, in which case other factors may be
assigned lower priority. In this case, the index for
functional loss would be loss of wetland area.
If conversion in the region is insignificant or if the
ialist thinks conversion is not the dominant cause of
functional loss, then the impacts most likely to cause
wetland d tion must be identified. Tables 3.4 and
35 are of how best professional judgment
could be organized to guide this process. Table 3.4
contains a list of impacts associated with agriculture
along with the type of degradation each is expected to
produce. Simiiar tables for other major classes of
wetland impacts (resource extraction, urbanization,
and water management) appear in Appendix B. Us-
ing Table 3.4 or a modification, the specialist can
identify significant types of degradation that would
result from commonly occurring impacts. Then the
specialist could use Table 3.5 to determine which
hydrologic functions would most likely be affected
by these impacts (similar tables for water quality and
habitat functions appear in Appendix C). The tables
can be used in reverse order to determine which
impacts would most likely degrade a given function.

As an example, in a state where livestock ranching is a
major agricultural activity, possible impacts include
fertilizers, harvesting, pesticides, ies introduction,
trampling, and water consumption (Table 34). Based
on familiarity with the region, the specialist might de-
cide that harvesting and trampling are the two most
common impacts. Both have a high likelihood of
causing degradation through changes in behavior or
habits of wetland animals resulting from habitat al-
teration, and both havea mediumlikelihood of causing
denudation {Table 3.4). If the overall function of
interest is hydrology, Table 3.5 indicates that func-
tional loss from changes in animal behavior is not
likely. ,

These tables represent hypotheses about the mecha-
nistic linkages between impacts, degradation, and
functions; they are an exampie of how best profes-
sional judgment could be used to guide the selection
process. The resource specialist should consult regional
experts to ascertain whether these relationships hold
true in the specific study area.

Step 2.7 - Select Landscape Subunits

Atthis time the resource specialist defines the landscape
subunits that will be the basis for making relative com-
parisons and reporting results. For now, the decision
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Table 3.4, Typical relationships expected between agricuttural impacts and wetiand degradation baso_d oh best
professional judgment. Letter indicates degree of expected sssociation and not the intensity or duration of impact
(H = high, M = medium, L = low).
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Table 3.5. Effact of wetland dagradation on hydrologic functions and degree of expectsd associstion based on
best professional judgment {H = high, M = medium, L = low).
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should be based on management objectives and eco-
logical considerations; data availability will be
considered in Step 3. For assessments at the state or
regional level, the USGS cataloging unit or a similar
state unit might be most appropriate because it func-
tions as a natural drainage area. Ecoregion subunits
(see the previous section) or finer-resolution subunits,
e.g., soil-vegetation associations, may also be useful.
Selection of landscape subunits might also be based on
political criteria, e.g., county boundaries.

Step 2.8 - Define Combination Rules

A specific synoptic index is typically a mathematical
expression that includes several factors. Factors that
may be combined in anindex incdlude components of an
index {for example, capacity and landscape input could
be components of function, and degradation and con-
version could be components of functional loss} orother
indices {c.g., an index of value would include function).
Although a scparate index could be defined for each of
these factors {e.g., separate indices of functional loss
through stormwater runoff and agricultural conver-
sion), it is often desirable to mathematically combine
thern into a singlie index, in which case a set of combina-
tion rules needs to be defined. These combination rules
must address the following questions:

* Will the factors be combined by addition, multiplica-
tion, or some other operation?

o Will the data be normalized, that is, adjusted to a
comunon ordinal scale, prior to combination? I so,
by what procedure?

* Willallfactors be considered to contribute equally, or
should weighting factors be applied to some?

o Will tl'nesamecombinationnﬂesa?plytoall wetland
typesand across theentire range of conditions within
the study area?

Dedisions concerning combination rules are difficult
and often subjective, but deserve careful attention to
reduce error. Mathematical relationships between fac-
tors may be available from the literature or regional
models. It is often necessary, however, to assume that
factors haveequal weight (i.e..areadded without weight-
ing factors) or that there is a first-order proportionality
between factors, i.e., that the factors are multiplicatively
combined. At the minimum, the resource spedalist
should explidtly describe the combination rules and
any assumptions as part of the review (Step 3.7) and
documentation (Step 5.2). Combination rules are fur-
ther discussed in Hopkins (1977), O'Banion (1980),
Skutch and Flowerdew (1976}, Smith and Theberge
(1987), and USFWS (1981).

Step 3: Select Landscape Indicators

Landscape indicators are the actual measures used to
estimate the synoptic indices; either a single indicator or
combination of indicators can be used. Selecting indica-
tors requires balance between accuracy and cost. Major
considerations are discussed below.

Selection of landscape indicators, which depends on
data availability, should not begin unti! goals are de-
fined (Step 1) and the relevant environmental variabies
areidentified (Step2). Inorder toevaluate the adequacy
of an assessment (Step 4.3), it is important to keep the
goals and environmental variables distinct from the
trade-offs that occur because of data limitations. If data
availability is considered too early on, real-world limita-
tions begin to dominate the process before the goalsand




environmental variables are articulated. Goal setting,
defining synoptic indices, and selecting landscape indi-
cators should occur iteratively and not simultaneously.

Step 3.1 - Survey Data and Existing Methods

Contact various federal and state agencies having juris-
diction over the study area to determine what kind of
environmental data are available; for smaller study
areas, include county agencies. Other sources could be
university and state and university libraries-
The survey should include both mapped and tabular
information available for the entire assessment area.
(Examples of data that can be used for the various
synoptic indices appear in Appendix D; sources for the
data appear in Appendix E). As part of the survey, the
technical analyst should also note the following types of
information, which will be necessary for assessing data
adequacy (Step 32):

» The purpose of the database and the type of informa-

tion it contains;

» The methods used in collecting, measuring, and
analyzing the data;

 Examples of how the data have been used, especially
if reported as case studies;

» Known problemns or limitations;
» Dataformat,e.g., hard copy or computercompatible;

» Availability of documentation, both for data coilec-
tion and quality assurance procedures and, if
appropriate, file formats for computerized databases;

» Procedure needed to acquire data, induding cost.

The survey need not be limited to databases. Various
existing methods and techniques can also be used to
estimate indices. For example, the USG5 collects dis-
charge data at various sampling locations on many
streamns and rivers. Annual water resources data re-
ports for cach state provide summaries of these data;
they arealso entered into the WATSTORE database (see
Appendix E). Unfortunately, monitoring stations are
not typically at the locations needed for the synoplic
asscssment, ¢.g., at the lowest downstream point of the
subunit. The technical analyst would have to selectan
indicator appropnate for estimating discharge at that
location.

One possibility is10 use regression equations published
by most state USGS offices for esimating discharge
using watcrshed characteristics. For example, variables
for regression equations developed for eastern Missis-
sippi include watershed area, channel siope, and
mainstemn channel length (Landers and Wilson 1991).
Alternatively, mathemnatical models can estimate many
variables; ¢.g., SCS's TR-55 (5CS 1986} and the USDA
Agricultural Rescarch Service’s AGNTS model (Young
et al. 1987} cstimate peak discharge and agricultural
mnonpoint source pollution, respectively, from factors
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such as topography, precipitation, land use, and soils.
The technical analyst can determine whether appropri-
ate methods are available through a literature review,
by conferring with regional experts, or both.

Step 3.2 - Assess Data Adequacy

Adequacy of existing data depends on several factors,
including the degree to which an indicator based on the
data represents the index and the quality of the data
relative to the mana; t objectives (Table 3.6). The
following example illustrates the difference between
these factors: For a synoptic index of peak discharge,
two possible indicators are runoff volume as calculated
by the “curve number” technique (SCS 1986} and dis-
charge estimates produced by the USGS regression
methods, discussed above. For the former, the physical
quantity being estimated (volume) is different from the
variable of interest (peak rate of discharge or volume/
time). There is a relationship between runoff and peak
discharge, but the two variables are notidentical. How-
ever, the estimate of runoff could be accurateif based on
highquality data. Conversely, anindicator based on the
USGS regression represents the same physical quantity
defined by the index, yet it could be unacceptable if
calculated using poor quality data. Both of these issues
must be taken into account. If an indicator that is
physically different from the index is being considered,
the resource spedialist or technical analyst must deter-
mine whether the indicator represents a reasonable
first-order approximation to the actual index and
whether the use of thatindicator is contingent upon any
unreasonable assumptions (Step 35).

Potential indicator data should be evaluated according
to a set of criteria (e.g., Table 3.6). The technical analyst
must also consider extra effort required to translate the
data into the format needed for the assessment. For
example, data found in reports might require entry into
a database. It is especially important to consider the
extra effort required for processing mapped data. Do
not assume that more detail is better until you consider
the additional cost. For example, the use of 1:250,000
scale STATSGO soil maps, if available, may be much
more appropriate for statewide synoptic assessments
than 1:20,000 scale county soil survey maps because
greater effort would be required to analyze the more
detailed maps.

Step 3.3 - Evaluate Costs of Better Data

The technical analyst should assess the time and cost of
obtaining better data. Identifying the types of data
nceded and the associated costs for producing results
of various confidence levelsis useful. Forexample, how
much would thé highest quality, most up-to-date infor-
mation cost? What would be the gain in accuracy if the
budget were increased by $10,000or if two extramonths
were availabie for the assessment? These consider-
ations would allow existing information to be compared.
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Table 3.6. Example of objectives and related questions for defining landscape indicators for synoptic indices.

Objectives Technica! Questions

Determine how well the indicator
represents the index:

Do comparable data exist for the entire study area or are there gaps that would limit
intreregions! comparison?

Do standardized data exist for the appropriate time period, e.g., the past ten years, the

entire year, or by season?

Are dsta at the appropriate spatial scale or are there major scale differences betwaen data

sources?

Are the classification systems used for wetlands and other landscape variables
compatible? For example, the USFWS National Wetland Inventory maps, SCS soils maps
and USGS Land Use/Land Cover maps classity wetlands according to different criteria.

Assess the guality of existing data:

What is the source of the data, a.g., agency or university?

Can the originator {person or agency responsible for data collection) be contacted?
When, where and how often were the dats collected?
What methods were used for the data collection?

Was the data coliection associsted with a Quality Assurance program? If o, what
information is available on the precision, accuracy, representstiveness, comparability and

complateness of the data?

Are there assumptions, limitations or caveats 1o consider in using the database?
What are the time, personnel and cost constraints of cbtaining better data?

Determine level of confidence in
the data:

What are the common assumptions between indicators and indices?
What evidence would violate these assumptions?

How should the weighing of variabies be adjusted to compensate?

Step 3.4 ~ Compare and Select Indicators

Given the adequacy of available data (Step 3.2) and the
cost of obtaining better information (Step 3.3), the re-
source specialist and technical analyst can select a suite
of indicators that best balances the level of accuracy
needed to satisfy management objectives(Step 1.3) within
existing constraints (Step 14). These choices are an
optimal solution, given the existing opportunities and
constramts.

Step 3.5 - Describe Indicator Assumptions

Once indicators have been selected, the resource spe-
cialist and the technical analyst should carefully
determine which assumptions must hold if the indica-
tor is to represent the synoptic index adequately (in this
case, “adequately” is defined relative to the need for
accuracy, as stated in Step 1.3). 1t is important for these
assumptions to be stated explicitly, so they can be revis-
ited later in the assessment to determine whether the
assumptions were violated {Step 4.5). This informa-
tion will also be included as part of the asscssment
documentation (Step 5.2). Examples of assumptions
that can affect the outcome of an analysis are:

* The USGS regression estimates for peak discharge
are often developed using data from watersheds
that arc not heavily urbanized. channelized, or

dammed (e.g., Landers and Wilson 1991); in other
words, these regressionsare meant to represent “pris-
tine” conditions. Use of regressions developed in
this manner would include the implicit assumption
that none of the watersheds has undergone signifi-
cant hydrologic modification.

Use of area as an indicator for wetland function
assumes that function or capacity per unit area is
similar for all wetlands or, if it varies, that wetlands
having different unit area responses are similarly
distributed between landscape subunits. The use
of area as an indicator of a sink function further
assumes that all wetlands receive import from a
source or, if not, that the spatial relationship between
wetlands and sources is similar between landscape
subunits.

The use of hydricsoil area asan indicator of historical
wetland area assumes that (a) wetland soil retains its
hydric characteristics after drainage or conversion,
(b) hydric soils are properly mapped, and (c) more
permanently flooded wetlands, which could ap-
pear on SCS maps as water and not hydric soils, are
either insignificant in an area or are distributed in
such a way that bias is uniform across all subunits.




Step 3.6 — Finalize Subunit Selection

After selecting the final indicators, the resource analyst
should reconsider subunits in light of the type of data
available. For example, at first the analyst may select
watersheds for subunits in Step 2.7 but later find that
most data werebased on county units. Theanalystmust
_ thendecide whether to prorate the county data to water-
shed units (see Appendix F) or to use counties as
landscape subunits. This will depend on overall project
goals and on whether the assumptions necessary for
prorating hold true.

Step 3.7 - Conduct Pre-Analysis Review

Before conducting the assessment, the analyst shouid
ask management and technical experts to review the
overall mana t objectives, the synoptic indices
that were defined, and the selected landscape indica-
tors. The experts should, in particular, consider the
appropriateness of the indicators with respect to objec-
tives and constraints, and also review indicator
assumptions for any evidenceof violations. If violations
are found, data may need to be adjusted or discarded,
and alternate indicators considered.

Step 4: Conduct Assessment

Once landscape indicators have been defined and as-
sumptions have been explicitly identified, maps and
data can be obtained from the appropriate sources. The
technical analyst can begin the process of producing the

synoptic maps.

Step 4.1 - Plan Quality Assurance/Quality
Control

Data for a synoptic assessment typically come from
multiple sources {c.g., state and federal agencies, uni-
versities, and non-profit organizations) and come in a
varicty of formats, including mapped data, tabular data
from reports, and computerized databases. Because
reliability of the final product depends on quality con-
trol of data processing, a set of protocels should be
developed for determining and maintaining data qual-
ity. The technical analyst should begin this step even
before data are received, using information obtained
during; the data survey phase (Step 3.1).

Protocols should be developed for designing the data-
basc and for screcning, archiving, and documenting the
data. For cxample, protocols developed for data screen-
ing should identify questionable data based on an
understanding of expected values and obvious outli-
ers: A valuc of 100 contimelers per year for average
precipitation would be questionable for a stalc in the
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arid southwest, and a peak discharge of only 100
cubic meters per second would obviously be too low
for a major river. Percentages should add up to 100,
and areas for component land uses should add up to
total area. Protocols should also be developed for any
variables to be measured, e.g., map measurements,
and should include criteria for assessing accuracy,
precision, completeness, representativeness, and com-
parability (EPA 1989).

In addition to the initial information collected during
the data survey {Step 3.1), data documentation should
include descriptions of the protocols, database design,
and archiving formats. This information should be
included as part of the assessment documentation

(Step5.2)

Step 4.2 - Perform Map Measurements

Much of the information used in a synoptic assessment
is derived from maps. les of information and
sources include: wetland area and number of wetland
types from NWI maps, hydric soil area from county soil
surveys, elevations and stream channel lengths from
USGS to phic maps, and non-wetland land use
from USGS Land Use/Land Cover {(LULC) maps.

Two types of measurements are often made frommaps:
areaand length. If the mapis in digital format, aGIS can
beused to te these measurements. If a GISis not
available, the features can be planimetered or estimated
using a dot grid. These three techniques are discussed
in Appendix G.

If data reported for one type of spatial unit are to be
prorated to another type of unit, joint areas must be
calculated to serve as weighting factors. Forexample, if
population data reported by county need to be adjusted

" to watershed subunits, the percent of the county lyingin

a particular watershed must be determined from an
overlay of the two different areas {see Appendix F).

Error or bias can be introduced in map measurement
through inadequate technician training, differences in
accuracy between analysts, and defects or improper
calibration of equipment. If maps are digitized for
analysis in a GIS, compare hard copies of the digitized
maps to the originals for accuracy. Also perform a
quality control check for all map measurements by
having a different analyst repeat 5% to 10% of the
measurements to establish an error level. A discrep-
ancy of more than 5% between analysts might be
considered unacceptable. [f the target is not met, a
more comprehensive check is necessary.

The technical analyst must keep in mind the difference
between accuracy of map measurement and overall map
accurecy. A map can be measured very accurately, but
still have unacceptable overall accuracy if the map
itsclf contains errors. For example, a map produced
through photo-interpretation of aerial photography
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might contain significant classification errors if the
photo-interpreter is inexperienced. A good discussion
of data quality and errors in mapping is found in
Burrough (1986).

Step 4.3 - Analyze Data

A number of calculations could be required to produce
an index value for each landscape subunit from the
various data sources. Common analyses mightinclude:

» Calculating Channel Slope- USGS discharge regres-
sions often include channel slope as a variable. This
slope is defined as the difference between the eleva-
tion of points located at 85% and 10% of the
mainstream channel length. This difference is di-
vided by the channel distance between the two points,

i.e., 75% of the channel length {Appendix H).

¢ Prorating Areas— As discussed in Step4.3, data must
be prorated if an indicator is to be calculated for one
type of unit based on data reported for a different
type of subunit. Many types of data are typically
reported by county, ¢.g., population statistics, agrn-
cultural data, soil characteristics data, and endangered
species statistics; if the synoptic subunits are not
counties, these data must be prorated using the
weightings penerated in Step 4.2,

* 305b Water Quality Summaries — Under Section
305b of the Clean Water Act, states are required to
report the extent to which their waters are meeting
water quality standards. These 305b reports list, by
strcamn segment or type of water body, whether a
sampled segment fully supports, partially supports,
or does not support (non-supporting) the “desig-
nated usc” of that segment {for example, astreamcan
be designated as swimmable or fishable). If the
segment is not fully supporting, the report lists the

category of pollutantimpacting the waters,e.g., point

or nonpoint. The percentage of assessed streams that
fully support state designated uses could be em-
ployed as an indicator of overall water quality. To
producesuchanindicator, the stream s within
each subunit must be identified and the relevantdata
surmmarized for that subunit. Note that the quality of
state 305b reports varies by state. Theanalyst should
also be aware of how the data were collected.

Final index estimates are produced by completing any
other necessary caiculations and converting to standard
units, ¢.g., from English to metric. However, caution
must be exercised when using regression equations.
For cxample, the USGS regression equations for Missis-
sippi (Landers and Wilson 1991) estimate peak discharge
in f3/sec, using arca {(mi?), channel length (mi), and
slope {ft/mi); using metric units for area, channel
length, and slope would be incorrect, since the regres-
sion equation was based on those English units. If
metric units were desired, discharge should first be
calculated in f/sec using the English units, and then
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converted tom3/sec. Thisindicator of hydrologic input
could then be combined with an indicator of capacity to
produce an estimateof hydrologic function. Additional
les of index estimation are provided in the case
studies (Chapter 4).
After index valuesare calculated for each subunit, the
subunits can be ranked by numerical values. For
example, in an assessment of 50 subunits, the subunit
with the highest value could be givena rank of 1 for that
index, and the subunit with the lowest value given a
rank of 50. Statistical packages such as SAS® (SAS
Institute, Inc. 1988) can perform these calculations auto-
matically. Rankings for each index should be included
as part of the database.
The last step in analyzing the data is to perform a
complete data quality check on the final database. For
any calculations rmed by computer, the analyst
should recalculate a sampie by hand to assure that the
algorithms were programmed properly and that the
output is accurate.

Step 4.4 - Produce Maps

The final synoptic maps can be produced by a computer
mapping package, such as a GIS, or manually if re-
sources are extremnely limited or if no autornated system
is available. A GIS is recommended because it offers
easy storage and manipulation of data and aliows in-
terim products to be used in later analyses. A GIS also
gives the technical analyst greater flexibility to experi-
ment with different display formats.

If a GIS is used, two different databases are typically
required: one of the digital boundaries of the study
area and its subunits and one of the index values that
will be assigned to the subunits. Boundaries for all
U.5. states, counties, and USGS accounting units have
been digitized and are available atlow costin various
formats (see LULC entry, Appendix E). If digital
boundary data are not available, hand digitization
may be necessary. This could be cost prohibitive if
the study area includes a large number of highly
detailed polygons, but the benefits of producing com-
puter-generated maps often outweigh the digitizing
costs. In some instances, sufficient accuracy may be
achieved at even lower cost by using electronic
scanners that digitize maps automatically.

The index values and rankings for each subunit must
alsobe entered into the GIS. The method of accomplish-
ing this and the amount of effort required will depend
on the particular database-GIS combination. Many GIS
packages provide routines for loading information from
commonly used commerdal databases.

Once the data are in the GIS, map production can begin.
We recommend that the technical analyst produce com-
ponent maps for cach index if the index represents a
combination of data sources. For example, if the
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Figure 3.1. liustration of maps using different classintervals to representthe same data: {a)equalintervsls based onthe dats range;
(blintervals based on quartiles; (c}intervalsincreasing atconstant rate; and {d) intervals based on the frequency distribution (adapted

from Robinson et gl, 1984),

USGS regressions are being used in Mississippi for
peak discharge, then component maps of area, chan-
nel length, and slope should also be produced. This
would allow the technical analyst and resource spedal-
ist to examine the data and determine whether the
resulting spatial relationships are reasonable.

Onc of the most important dedsions in the map produc-
tion phasc is how to display the data. At a minimum,
the map should include the index value for each
subunit. However, to promote interpretation, the
data arc typically aggregated into classes, or inter-
vals. Ideally, class boundaries should reflect actual
thresholds of function or value, c.g., patch sizes be-
low which wildlifc use drops precipitously or strcam
sizc above which local urban flooding is known to

occur. Because such technically specific information

is often unavailable, common alternatives are to di-
vide the range of numeric values into equal intervals,
or assign an equal number of subunits to each interval
based onrankings (e.g., quartiles). The visual appear-
ance of a given set of results can vary greatly,
depending on how intervals are selected (Figure 3.1).
The choice of class intervals is one of the more impor-
tant decisions in the entire process because the synoptic
maps will be the assessment’s most visible outcome.
Peopie can easily reach erronecus conclusions if the
map they are examining contains improperly dis-
played data. Perhaps the best way to design the
tervals for map display is to first create a histogram
or frequency curve showing the distribution of the
numerical data (Figure 3.2). This will allow the ana-
lyst to detect any natural clumpings and also reveal
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Figure 3.2. Different possible data distributions: {a) uniform with outlier, {b) normal, {c) bimodal, and {d) negative binomial,

common patterns such as normal or logarithmic dis-
tributions. Many standard textsoncartography, such

as Robinson et al. (1984), include discussions on dis-

play of mapped data.

Once the appropriate intervals have been selected, the
technical analyst considers options for displaying the
range of valucs, e.g., color, shading, or hatching. Color,
although more expensive, gives the greatest contrast
and flexibility and should be considered if slide presen-
tations will be made. Document production is less
expensive if gray shadings are used; however, the ana-
lyst shouid sclect shades that provide enough contrast
to be distinguished afier photocopying.

Step 4.5 - Assess Accuracy

Throughout the course of the assessment, the technical
analyst and resource spedalist should look for evidence
that any of the assumptions stated in Step 3.5 have been
violated and consider the cffects this would haveon the
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assessment’s accuracy. If the assumptions were vio-
lated for some units, it might be possible to adjust the
index values. For example:

¢ Selection of an indicator for peak discharge could
have been based on the assumption that subunits
were not significantly regulated by dams. If a sub-
unit is found to have a large dam or other major
regulation, peak discharge would be significantly
lower than the discharge that would occur naturally.
The index value for that subunit could then be re-

assigned to the lowest category.

¢ To calculate wetland loss, the indicator for current
wetland area could have been derived from USGS
LULC maps if digital NWI wetland maps were not
available. In cross-checking the classification, the
analyst might have found that some areas dassified
as scasonally flooded riverine wetlands by NW1 are
classified on the LULC mapsas deciduous forest, i.e.,
ron-wetland.  This underestimate of wetland arca
would cause anoverestimate of historic wetland loss.
These data may be adequate for relative comparisons
of wetland loss if the proportion of deciduous forest




is similar in all subunits. Even if some subunits are
much more dominated by deciduous forest than
others, the analyst might be able to derive a correc-
tion factor to adjust the subunits, based on the percent
of riparian land cover.

If the indices cannot be adjusted in such a fashion, the
analyst may need to discard the data for the landscape
subunits in which violations occurred. In some cases,
the analyst might determine that the indicator is unsuit-
able for the required level of accuracy.

Throughout the entire assessment process, the tech-
nical analyst must consider the quality and accuracy
of data sources to determine the overall quality of the
final products. Unfortunately, no formal process for
weighing the various factors exists. Ultimately, the
technical analyst and resource specialist must use
their own judgment and familiarity with the data to
determine whether the synoptic results meet the stated
needs (Step 1.3). :

Step 4.6 — Conduct Post-Analysis Review

The assessment team should again seek technical ex-
perts’ review comments following completion of the
data analysis and synthesis. Thisinformation will assist
the team in deriving conclusions and suggesting ways
the results can be used. Because there is no method for
quantitatively assessing the accuracy of results, this step
and the pre-analysis review (Step 3.7) are essential to
assure that results are adequate for the intercded use.

Step 5: Prepare Synoptic Reports

The last step in the assessment is to report how the
information was derived and how it can be used.
Two diffcrent documents are appropriate: a report
for the manager and resource specialist (a user’s guide)
and a detailed reporting of procedures to serve as a
record of the complete assessment process (assess-
ment documentation). Draft versions of these
documents could also be included as part of the post-
analysis review (Step 4.6).

Leibowitz - The Synoptic Approach

Step 5.1- Prepare User's Guide

Thisreport should focus on the resutts of the assessment
and how the results can be used to meet the original
objectives. It might inciude protocols and illustra-
tions of -how the synoptic maps can be used in 404
permit reviews and should include any important
caveatsand assumptions as well as the overall level of
accuracy. In particular, the user’s guide should make
clear that final numeric values are relative rankings,
and should be treated as such. For example, if a
subunit is ranked lowest of six for habitat functions,
this does not necessarily mean the subunit lacks habi-
tat or that its habitat is insignificant. It means it has
lower habitat function, relative to the other subunits.
Similarly, a relatively high subunit ranking for wet-
land replacement potential does not necessarily mean
all wetland losses in that subunit canbe easily replaced.

The intended audience for this report includes re-
source specialists who are involved in decision-making
or planning, as well as resource agencies, scientists, and
the public.

Step 5.2 - Prepare Assessment
Documentation

Each synopticassessment should include, for internal
use or distribution to interested parties, complete
documentation of how the assessment was conducted,
including the objectives, constraints, rationale for in-
dex definition and indicator selection, assumptions
related to the indicators, and detailed descriptions of
the procedures used in measuring and analyzing the
data. Any problems encountered should also be
described. The report should carefully document the
sources and quality of the various data sets and de-
scribe where and how the data are archived. Italso
should include an overall assessment of data quality
and recommendations on how the assessment could
be improved in the future. This document is a de-
tailed record of the assessment process, and could be
valuable if procedures are forgotten, challenged (e.g.,
through litigation), or if the assessment is updated.
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ABSTRACT

Cumulative impacts assessment should be bound closely with management
planning for an ecosystem of concern and should consist of scoping and
analysis of impacts from the past to the present. Cumulative impacts
management planning for an ecosystem of concern should consist of
interpretation and direction of impacts of ongoing and near future actions.
When dealing with many problems in a complex situation, the recommended
cumulative impacts assessment course of action is to: emphasize scientific,
cause-effect understanding and communication; stress measurable overall action
toward progressive goals; use a generation-long, ecosystem-level, problem-
solving and solution-achieving process; and ratify an interagency
collaborative drive toward cumulative improvement of the situation.

Selection of a strategy for dealing with each priority cumulative
impacts problem should based on the mitigation options of restoration, impact
avoidance, or impact minimization. The major objectives of cumulative impacts
assessment and management planning should be to: generate logical,
scientific, and timely problem analyses; bring agencies together
collaboratively to develop an overall management strategy, plan, and specific,
measurable resource goals; and meld those results into comprehensive species
and habitat maintenance and enhancement blueprints for the ecosystem of
concern. Natural resource agencies can soon anticipate a shift from
scrutinizing individual permits, licenses, and assessments within an ecosystem
of concern to a new capability of providing ecosystem-level qguidance. The
public can expect an active increase in positive ecological impacts and
reduction in negative impacts as a result of cumulative impacts assessment and
management.

INTRODUCTION

The growing awareness of cumulative impacts is accompanied by some
puzziement as to how they should be addressed. There is general agreement,
however, that cumulative impacts (also known as cumulative effects) are a
serious ecological challenge, as typified by: a) significant deterioration of
major ecosystems (estuaries, lakes, and rivers); b) fragmentation and loss of
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critical habitats {wetland compliexes); and c) long-term population declines
(anadromous fish and migratory waterfowl}.

The foremost cumulative impacts concern of natural resource agencies has
been the negative effects of multiple human actions (interacting with each
other and with natural events) within a major and highly valued ecosystem. As
an example of an ecosystem of concern, San Francisco Bay is considered the
major estuary in the United States that has been most modified by human
activity (Nichols et al. 1986). Of the original 140,000 ha of freshwater
marsh and 80,000 ha of saltwater marsh, only 12,500 ha (6%) remain. Sediment
attributed to hydraulic mining debris has been deposited in central San
Francisco Bay to a depth of 25 cm. Of the historic fiow of the river system,
40% has been removed annually for local consumption upstream and within the
deita while another 24% has been exported annually for municipal and
agricultural consumption. Maximum annual concentration of sulfate and nitrate
in the San Joaquin River have increased threefold and fivefold since 1950.
Approximately 100 invertebrate species have been introduced; nearly all
macroinvertebrates on the inner shallows of the bay are introduced species.
Only commercial fisheries for herring and anchovy still exist; the former
commercia) fisheries for salmon, sturgeon, introduced striped bass (Norone
saxatilis), and Dungeness crab (Cancer magister) have halted {Nichols et al.
1986).

Forman and Godron (1986) described a progression of landscape ecology
degradation (beginning with the most sensitive) : 1) relative species
abundance changes; 2) sensitive species disappear and native species diversity
decreases; 3) nonnative species colonize; 4) biomass and cover decrease; 5)
production decreases; and 6) erosion increases. In San Francisco Bay, all of’
these changes have been cobserved. Progress has been made on water quality
attributes such as dissolved oxygen and enteric bacteria concentrations.
Unfortunately, the major changes in the estuary {sediment deposition, loss of
wetlands habitat, population declines of many fishes, and introduction of
exotic species) occurred decades ago and former high quality conditions have
been forgotten. Nichols et al. (1986} concluded that further improvement in
water quality alone is not likely to have a significant positive effect on
these major changes.

For the past decade, the term "cumulative impact" has been used merely
in conjunction with assessment {i.e., scoping and analysis). The process
described in this document is intended to commit assessment to management
planning needs (i.e., interpretation and direction} of total cumulative
impacts in an affected ecosystem. Solitary cumulative impacts assessment may
be a decreed, one-time assignment; cumulative impacts assessment in
combination with management planning should be a proactive, long-term process.
Assessing one cumulative impact (the incremental impact only, without the rest
of the cumulative impacts to date in the affected ecosystem) has been
relatively unsuccessful. Assessing cumulative actions {again without the rest
of the cumulative impacts to date in the affected ecosystem) likewise has been
relatively unsuccessful. Assessing cumulative impacts (the total impacts to
date of past actions and natural events) can and has been accomplished with
various levels of success. We have learned to recommend cumulative impacts
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assessment and management planning, because of its greater potential for
achieving long-term goals.

DEFINITION

When determining the scope of an environmental impact study, regulations
of the Council on Environmental Quality require Federal agencies to consider
three types of actions and three types of impacts (40 Code of Federal
Regulations, Section 1508, 1987). The three types of actions to be considered
are: cumulative actions {when viewed with other proposed actions have
cumulatively significant impacts), connected actions {closely related actions
that may be triggering or interdependent), and similar actions (have
similarities such as common timing or geography). The three impacts that
should be discussed in the same impact statement are direct, indirect, and
cumulative impacts.

This paper is specifically concerned with ecological cumulative impacts
assessment {concentrating on impacts up to the present). The Council’s
regulations, first published in 1978, provide definitions that can be
summarized as follows: '

o Cumulative impact is the “impact on the environment" of the "incremental
impact of the action”.

o Cumulative impacts are the total of the incremental impacts of past actions
and present actions on the environment.

¢ [nvironment means the "effects on natural resources and on the components,
structures, and functioning of affected ecosystems".

o [Effects are synonymous with impacts, and the total effect of an action may,
on balance, be either beneficial or detrimental.

TRANSLATION

Most of the terminology of cumulative impacts assessment is relatively
new and subject to various interpretations. In numerous workshops, the
specific wording of definitions and distinctions has proven to be necessary,
but not universally acceptable. In this paper, the following distinctions and
definitions are used:

e Cumulative impacts are the combined effects of all human actions and
natyral events on the ecological environment {Salwasser and Samson
1985).

Cumulative actions {plural) assessment is scoping and analysis of the total
impacts of multiple proposed actions on the affected ecosystem, and is
not the subject of this paper.

Cumulative impact assessment jis scoping and analysis of the incremental
impact of one past action on the affected ecosystem, and alse is not the
subject of this paper.

Cumulative impacts (plural) assessment is scoping and analysis of the total
impacts of all past actions and natural events on the affected

ecosystem.
Cumulative impacts management planning is interpretation and direction of

the total impacts of present actions and multiple proposed actions on

the affected ecosystem.
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TYPOLOGY

We have found that typoicgies of cumulative impacts create a good deal
of research interest but, like definitions, the pursuit of a definitive
typology may turn into a tangent from cumulative impacts assessment. The
typology of cumulative impacts presented by the National Research Council’s
Committee on the Applications of Ecological Theory to Environmental Problems
(1986) is adopted for this paper. That typology recognized the foilowing
cumulative impacts: time-crowded perturbations, space-crowded perturbations,
synergisms, indirect effects, nibbling, threshold developments, and lag
effects.

An ecosystem of concern is usually characterized by substantial
reductions in populations and lower or discontinued harvest of several
important fish and wildlife species, substantial declines in the quality and
quantity of several critical habitats, several human actions are causing the
declines, and the declines are probably irreparable in the near future without
society’s corrective actions. Multiple causes of these declines is one of the
major difficulties with cumulative impacts assessment and management planning
projects. Cumulative impacts assessment within an ecosystem of concern should
first connect multiple ecological causes (due to human actions and
interrelated natural events) to historic and current state of the affected
ecosystem (represented by habitat components, structures, and functioning) and
then to numerous observed effects on natural resources (particularly fish and
wildlife).

CONVENTIONAL ENVIRONMENTAL IMPACT ASSESSMENT

A classical environmental impact assessment is motivated by a proposed
project; it focuses on and describes many site-specific environmental effects
due to the project (an individual development action or one interrelated set
of development actions) (Truett et al. 1992). A cumulative impacts assessment
is generally driven by resource declines or concern over possible declines; it
should focus on an ecosystem of concern and provide an overview of major
species and habitat problems and the causes of the problems. The Council on
Environmental Quality directed that environmental impact assessment consider
cumulative impacts. According to Granhelm et al. (1987), numerous
institutional difficulties have been found with the practice of including
cumulative impacts assessment as part of the environmental impact assessment
process including: a) determining appropriate timing, costs and level of
effort; b) apportioning the cost and responsibility for the assessment and
mitigation among participants; ¢) coordinating assessment of different types
of projects that cross agency jurisdictions; d) selecting appropriate methods
and development scenarios for a particular assessment; e) limited history of
application of most of the appropriate methods in a regulatory context; and f)
identifying specific roles for project proponents and other interested
parties. Making ecological cumulative impacts assessment part of an
environmental impact assessment has been difficult and ineffective; the best
use for a cumulative impacts assessment has been in management planning for an
ecosystem of concern.
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Environmental impact assessment focuses on inventorying and analyzing
individual project effects; cumulative impacts assessment for management
planning should focus on understanding of the ecosystem invelved and
formulating management programs to solve ecological problems. Recognizing
that no agency has the overall authority to regulate, design, or plan for all
the aspects of cumulative impacts, a cumulative impacts assessment should look
at a much larger geographic area than typically used for evaluating an
individual development action. Cumulative impacts are a pervasive problem
that requires a different way of doing business from just the review of
individual Federal projects, permits, or licenses {Muir et al. 1990).

In environmental impact assessment, decreasing the negative effects of
individual development actions (minimizing impacts to no net loss when
possible) is a desirable near-term strategy; in cumulative impacts assessment,
more can be accomplished through striving to increase the positive effects of
total development actions (improving the ecosystem when the opportunity
presents itself). The individual elements of cumulative impacts cannot be
regulated well on a project basis, but overall impacts can be assessed and
managed {(Burns 1991). Cumulative impacts assessment, as described here, can
lead to comprehensive ecosystem guidance with information feedback from
implementation, monitoring, and evaluation.

WHY DO CUMULATIVE IMPACTS ASSESSMENT?

Cumulative impacts assessment is most appropriate when dealing with many
ecological causes and effects. Cumulative impacts assessment and management
planning should be used in the most difficult ecological situations that
encompass cumulative causality (started by multiple human actions and natural
events), cumulative system effects (followed by decline of multiple habitats),
cumulative fish and wildlife population effects (resulting in declines of
multiple species), and cumulative restoration (rejuvenated by multiple human
actions).

To be truly effective, cumulative impacts assessment and management
planning should investigate and decrease the ongoing negative effects of human
actions, but should concentrate on exploring and obtaining a more positive
overall impact. The ecological challenge of cumulative impacts assessment and
management planning in the future is to identify what should be done in terms
of ecological changes, rather than merely what should not be done.

DESIGN OF SUCCESSFUL ASSESSMENT

Advocates of traditional methods in educational and governmental
jnstitutions have created unfocused, time-consuming, misguided, and narrowly
defined assessments (National Research Council of the United States 1986;
Canadian Environmental Assessment Research Council and United States National
Research Council 1986). The evolution of cumulative impacts assessment
methods has been constrained by reluctance to accept responsibility for
cumulative impacts assessment and management planning. Under these
conditions, jurisdictional problems have overwhelmed the process and the broad
spatial and temporal bounds necessary for managing cumulative impacts are not
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incorporated into the assessments. It is important for effective cumulative
impacts assessment and management planning to emphasize not numerous small
assessments or a single, final plan, but an ongoing, regional, long-term
strategy and planning process (National Research Council of the United States
1986; Canadian Environmental Assessment Research Council and United States
National Research Council 1986).

Numerous theoretical, analytical, and institutional impediments hinder
cumulative impacts assessment (Dickert and Tuttle 1985; Meehan and Webber
1985). Gosselink et al. (1990) pointed out that regulatory agencies have
difficulty in dealing with cumylative impacts because the environment in which
impacts interact is complex, changes may not be measurable individually, site-
specific reviews do not represent a large enough geographical area (i.e.,
entire watershed or river basin) and ignore the time line, and regulatory
agencies find effective, concerted action difficult. The recommended ways to
deal with these four difficulties are based on a dozen case studies, the
results of which are presented in this paper:

« Emphasize scientific, cause-effect understanding and communication of the
overall situation, each problem, and problem interactions.

e Stress measurable overall action toward progressive goals for each problem.

o Use a generation-long, ecosystem-level, problem-solving and solution-
generating process.

» Ratify an interagency collaborative drive toward cumulative improvement of
the overall situation.

COLLABORATIVE

One essential point in conducting a cumulative impacts assessment and
management planning project is gaining early consensus among the concerned
natural resource agencies and institutions, particularly on whether to conduct
such an assessment and on a strategy for addressing the ecosystem of concern.
Collaboration with other regulatory agencies is essential to a successful
cumulative impacts assessment and management planning project because the
responsibility for natural resources typically rests with many local, State,
and Federal agencies. :

At least one subject matter expert from each of the concerned natural
resource agencies should be involved in the scoping and analysis phases of a
cumulative impacts assessment and management planning project. Agency
differences can be minimized and support gained from sharing information and
understanding of technical issues. Management users from the concerned
natural resource management agencies should be involved in the early design of
the assessment and again later in the interpretation and direction phases.
This creates a sense of ownership, commitment, and responsibility in the
participants and their agency and promotes greater coordination, cooperation,
and consensus among the natural resource agencies.

GOAL ORIENTED
Goal orientation forces a cumulative impacts assessment and management

planning project to be purposeful and focused. Setting quantitative,
measurable, time-dependent goals implies that society has deemed particular
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ecological resources or conditions as desirable, and that management agencies
are committed to conserving, protecting, or enhancing those resources and
conditions. For a2 cumulative impacts assessment and management planning
project to be purposeful, it should be directed toward increasing some of the
resources above current status, not just maintaining status quo or avoiding
deterioration thresholds. In particular, deterioration threshold evasion
{impact minimization) is not a desirable way to deal with cumulative impacts
in an ecosystem of concern given the opportunity of stabilizing (impact
avoidance) or managing upward (restoration).

The Canadian Environmental Assessment Research Council and United States
National Research Council (1986} questioned whether cumulative effects could
be managed without a comprehensive set of societal goals. To improve
cumulative impacts assessments and make them useful in regulatory
decisionmaking, explicit societal goals should be defined and made part of a
comprehensive, future-oriented planning process (Horak et al. 1983; Stakhiv
1986; Canadian Environmental Assessment Research Council and United States
National Research Council 1986). A key point of cumulative impacts management
planning is that strategic policy decisions should be made and goals for
r$suurces of concern set in the assessment, before management planning takes
place.

PROBLEM SOLVING PROCESS

Because each situation differs in complexity, amount of available and
usable data, and degree of understanding of the problems and ecological
processes, an extensive education with ecological problem solving is needed
for agencies to gain the skill, knowledge, and technology required to
successfully assess and manage cumulative impacts. It is important to start
cumulative impacts assessment from the effects (species and habitat problems)
side instead of the causes {development actions and natural events) side and
take a problem-solving and soiution-generating, total ecosystem view. The
advantages of a problem-solving approach are that it encourages concentration
of effort, a thorough search for an unbiased statement of the situation and
specific problems, an incremental and sequential analysis, and identification
and selection of realistic, feasible, and economical solutions. Ecological
problem solving is a key element in a successful cumulative impacts assessment
(Salwasser and Samson 1985; National Research Council of the United States
1986).

The complexity of many cumulative impacts probliems corroborates the
assertion that cumulative impacts assessment cannot be accomplished by a
method or technique developed toc apply in all cases. According to the Canadian
Environmental Assessment Research Council (1988), cumulative impacts
assessment underlines the need for a long-term, well-organized approach
leading to resolution of the problem’s scientific and institutional aspects.

A successful cumulative impacts assessment should employ a problem solving
process that can be applied intensively to a wide range of situations and
utilizes adaptively the most appropriate methods and techniques.

SCIENTIFIC CAUSE AND EFFECT
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Cumulative impacts assessment requires a high order of analysis and
interpretation of cause-effect linkages; new concepts and alternative thinking
processes to restructure the problem; new techniques to aggregate diverse
impacts, and a holistic, integrative perspective (Horak et al. 1983).
Granholm et al. (1987) concluded that new methods are needed to deal with the
complexities of multidisciplinary systems and that available techniques such
as group problem-solving, area assessment, and simulation modeling are either
used ineffectively or not at all. Because cumulative impacts assessment,
unlike traditional environmental impact assessment, is a form of pattern
analysis and must detect and analyze trends, cumulative impacts assessment
needs scientific understanding of cause and effect (Canadian Environmental
_?sse;sment Research Council and the United States National Research Council
-1986) .

Many cumulative impacts assessment efforts, no matter how potentially
sound analytically, degenerate before they begin because of the lack of four
prerequisites for successful management. To be effective in cumulative
impacts assessment, use both a problem-solving process and scientific cause
and effect; to be effective in cumulative impacts management planning, use
both goal setting and collaboration. The major ecosystem-level success
stories (e.g., Lake Washington, Lake Erie, Lake Michigan, Potomac River) have
had those necessary ingredients for success.

RECOMMENDED PROCESS

The recommended cumulative impacts assessment and management planning
process should follow the steps: 1) in the scoping phase, define the
ecological situation in specific terms of individual problem statements and
select one strategy for each problem; 2) in the analysis phase, investigate

“and document the problems and their causes in detail using the best available

"data and analytical tools and then set several goals; 3) in the interpretation
phase, develop and document options, estimate changes using mathematical
models, and develop a plan; and 4) in the direction phase, implement and
incrementally improve the management plan and systematically evaluate, improve
and ?pdate the problem statements, data, analytical tools, and mathematical
models.

It has been useful to distinguish cumulative impacts assessment (Steps 1
and 2 above) as the portion of the time horizon from the past to the present
and cumulative impacts management planning (Steps 3 and 4 above) as the
portion of the time horizon from the present to the future. Step 1 focuses on
qualitative problem descriptions and is intended to accomplish problem
jdentification, clarification, and expression. Establishing appropriate
temporal, spatial, and political boundaries is difficult, but ¢critical to the
success of a cumulative impacts assessment (Lee and Gosselink 1988). Concern
about cumulative impacts by Federal natural resource regulatory agencies has
been pronounced in areas that are moderately large and complex (entire
ecosystems with a focus on aquatic and wetland habitat). Generally, a
-multiagency group of natural resource management experts should be gathered to
work collaboratively in a workshop setting. The group identifies important
ecological problems contributing to the overall situation, agrees on problem
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statements, and documents those problems using the relevant scientific
literature. Careful statement of each problem goes a long way toward
stimulating action on its solution.

Step 2 provides quantitative problem analyses and goal statements that
are technically and scientifically credible. The status and historic trends
of the priority resources are documented, graphed, and mapped. Based on an
evaluation of the best data, literature, and scientific judgment available,
early problem statements are accepted, modified, or rejected. The importance
of causal factors is evaluated. Data gaps, research needs, jand preferred
predictive mathematical models are identified. Specific management goals are
generated and supported, both scientifically and institutionally. For
example, in an early restoration planning workshop for Commencement Bay,
Washington the natural resource trust agencies developed the following problem
and goal statement: "Virtually none (less than 1%) of the original 10 square
km {2,470 acres) of subaerial wetlands in the Commencement Bay-lower Puyailiup
River ecosystem remain. By 2005, restore at least x-y acres {some numbers
between 10% and 50%) of these wetlands in that ecosystem.”

In Step 3, the focus is on defining management opportunities. The
guantitative analyses from Step 2 should be used to identify the most
important causal factors in each probiem. Effective alternative actions that
may achieve the goals are identified and evaluated. Determine which of the
actions identified above are ecologically, politically, institutionally,
economically, and legally feasible, and identify the mechanisms through which
effective actions can be implemented. Each individual agency’s
responsibilities should be identified, and the ability of agencies to have a
significant positive effect should be evaluated. Several alternative
management plans should be evaluated with the mathematical model for achieving
the resource goals. The recommended plan should contain the set of effective
actions that optimally achieve the multiple goals for the priority resources.

At several points during the assessment process, subjective value
judgments must be made with reference to some framework of social values. It
has proven essential to deliberate collaboratively on the ramifications of
each possible strategy and gain interagency consensus early in the scoping of
the problem. Strategy selection should be based on the Council on
Environmental Quality’s five options for mitigation and depends on society’s
"acceptable standards" for ecological resources: a) where the current
ecological condition is below acceptable standards, a restoration strategy is
appropriate; b) where the current condition is about equal to acceptable
standards, a strategy of impact avoidance (no net loss of habitat) is usually
chosen; and c) where the current condition is above acceptable standards, a
strategy of allowing some decline from current conditions by impact
minimization will work. Impact minimization is generally the current strategy
of the natural resource agencies concerned about cumulative impacts
assessment. Just an agreement on the most desirable strategy for each problem
is frequently a major advancement for the agencies invoived.

RECENT HISTORY
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Considering the number of articles being published, interest in
cumulative impacts is increasing. The first two articles with the term were
published in 1975. In the period from 1975 to 1980, the publication rate was
between one and four papers per year. In the period 1981 to 1984, the
publication rate was between 6 and 13 papers per year. In the period from
1985 to 1988, the publication rate was between 11 and 37 papers per year
(Williamson and Hamilton 1989).

PROJECT BACKGROUND

A cumulative impacts assessment project was initiated by the U.S. Fish
and Wildlife Service in 1984 at the Western.Energy and Land Use Team {now the
National Ecology Research Center). The project’s systems analysis approach
involved the stages of: 1) understanding Ecological Services’ user needs
(Williamson et al. 1986), 2) conducting real world analyses of cumulative
impacts problems using prototype trials (e.g., Williamson et al. 1987), and 3)
developing and refining an assessment process. Collaboration with other
cumulative impacts assessment researchers was emphasized in interagency
conferences to advance cumulative impacts assessment (see Williamson and
Hamilton 1989).

To develop and improve a Fish and Wildlife Service approach, we
undertook several cumulative impacts assessment case studies (by observing the
work of other agencies) and prototype trials (by conducting them jointly with
U.S. Fish and Wildlife Service’s Ecological Services field offices across the
country). Some of these are described below. The process developed through
these stages has been characterized as a classical planning process for the
purpose of ecological problem solving. .

UNDERSTANDING BARGE NAVIGATION EFFECTS ON RIVERS

The field office in Cookeville, Tennessee used a scientific, cause-
effect network diagram to prepare comments on barge traffic permit
applications in the Ohio, Tennessee, and Cumberland Rivers. The diagram met
the needs of the Corps of Engineers and the field office in determining
principal resources of concern, problems, and causal pathways. The major
contribution of this project was the successful use of cause-effect network
analysis. The diagram did not provide a guantitative analysis, but it did
provide a mechanism for understanding and communication between agencies about
important factors and a framework for tracking potential effects of barge
traffic. The Corps’ office asked that future efforts also provide such a
cause-effect network diagram. The cause-effect network diagram was later used
by the Annapolis field office and the National Fisheries Center-Great Lakes to
specifically describe several major omissions in a barge traffic simulation
model prepared under contract for the Corps of Engineers.

DESIGNING BETTER OIL FIELD DEVELOPMENT IN ALASKA

The Fish and Wildlife Service’s regional and field offices developed
planning aid documents to minimize the cumulative impacts of oil and gas
development on the wet tundra of the North Slope coastal plain of Alaska
(Meehan and Webber 1985; Walker et al. 1987)}. The regional office applied the
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cumulative impacts assessment and management planning process to the Colville
Delta oil field with the intention of extending the lessons learned at the
Prudhoe Bay o0il field. For example, in the wettest parts of the oil field,
resultant flooding and thermokarst were found over more than twice the area
covered by roads and other construction (Walker et al. 1987). Alaskan oil
development provided an opportunity to study cumulative impacts on a well-
defined terrestrial scale and in a relatively pristine habitat resource.

PLANNING RESTORATION OF CHESAPEAKE BAY

The Annapolis field office conducted a cumulative impacts assessment and
management planning project in accord with the Chesapeake Bay Restoration
Plan. The Environmental Protection Agency has the lead role in the bay
restoration program and has emphasized restoration of water quality (e.g.,
nitrogen loading, dissolved oxygen concentration) in the bay. One of the
documents (Flemer et al. 1983) prepared as part of the bay restoration program
is so good that it can serve as a template for the report for a cumulative
impacts assessment. In conducting a prototype cumulative impacts assessment,
workshop participants defined problems, identified important cause-effect
relationships, and developed preliminary remedial action plans (Williamson et
al. 1987). As problems were examined through cause-effect network analysis,
there was a clear movement away from problem statements focusing on
development actions (near the start of causal chains) and fish and wildlife
species (near the end of effect chains); when problem identification was based
on habitats {the hub of causes and effects), the assessment focused clearly on
ecological goal attainment and remedial action management planning. As a
consequence of the assessment, a 70% decline in distribution of native
submerged aquatic vegetation across the bay proper and increased amounts of
suspended particulates in historically productive watersheds were identified
as keystone problems to be dealt with. The Fish and Wildlife Service has
chosen to pursue an emphasis on living resources (e.g., indigenous species of
submerged aquatic vegetation) as opposed to an emphasis on water quality.

GUIDING GROWTH IN AN URBANIZED ESTUARY

The Daphne, Alabama field office conducted a Mobile Bay cumulative
impacts assessment and management planning project. The assessment and
planning project contains four major elements: 1) a cause-effect network
anatysis; 2) a status and trends analysis; 3) goal-setting for bay resources
by the natural resource management agencies; and 4} development of a
coordinated action agenda. In goal-setting work for eight problems, each of
them had some combination of the following: current action goals {things that
can be done immediately or that should continue), management-related
information goals (things that need to be done to improve and maintain our
understanding of the bay system), and 20-year attainment goals (what would we
Tike the bay to look like in 20 years). The State of Alabama was concurrently
conducting a cumulative impacts assessment for Mobiie Bay. The field office’s
work (with the other natural resource agencies) was adopted and carried
forward as the State’s recommended approach and results for Mobile Bay. The
advisory group for the State’s project has come to the conclusion that
project-by-project cumulative impact assessments (see earlier definition) are
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jneffectual and that an ecosystem-level cumulative impacts assessment {leading
to comprehensive ecosystem-level guidance) is advantageous.

ANALYZING A GREAT LAKES CONNECTING WATERWAYS ECOSYSTEM

The ecosystem of concern is the connecting waterways between Lake Huron
and Lake Erie consisting of Lake St. Clair and the St. Clair and Detroit
Rivers. In a multi-agency (Federal, Michigan, Ontario, and Great Lakes
Fishery Commission) workshop sponsored by the Fish and Wildlife Service’s
National Fisheries Center-Great Lakes and the East Lansing, Michigan field
office, cause-effect network diagrams were constructed for four ecological
problems in each of the waterways. Using a mathematical matrix method,
relative importance values for cause-effect relationships were assigned by
subject matter experts at the workshop. With institutional mechanisms for
making decisions and implementing actions already in place (National Research
Council of the United States and The Royal Society of Canada 1985), this
cumulative impacts assessment and management planning project emphasized
technical enhancement of assessment methods, particularly matrices and
simulation modeling.

CLUSTER IMPACT ASSESSMENT PROCEDURE

In 1985, the Federal Energy Regulatory Commission contracted with
Argonne National Laboratory to develop the Cluster Impact Assessment Procedure
to evaluate the potential cumulative impacts of multiple small scale
hydroelectric projects (Bain et al. 1986). The Cluster Impact Assessment
Procedure was used to identify geographic areas of concern in the Snohomish
River (Washington) and Salmon River (Idaho)} watersheds, determine projects
that could have adverse effects on target resources, and conduct a multiple
project {(cluster) impact analysis. The cumulative actions assessment (see
earlier definition) was intractable for cumulative impacts assessment (U.S.
General Accounting Office 1988). The natural resource agencies found the
mathematical matrix approach unduly complex and biologically unacceptable. In
both river basins, the Commission issued preliminary permits without requiring
site-specific information for assessment of cumulative impacts or a
comprehensive plan (Feldman 1988). The U.S. General Accounting Office (1988)
found that preparation of a comprehensive river basin plan could have been a
major help in resolving disagreements between the Federal Energy Regulatory
Commission and the natural resource agencies over the way to carry out a
cumulative impacts assessment.

AVOIDING IMPACTS ON SALMON HABITAT

The Snohomish Guidelines for the Evaluation of Hydropower Projects were
designed to avoid further loss of salmonid habitats and populations due to 600
proposed (mostly small-scale) hydroelectric development projects in
Washington’s Snchomish River basin. This cumulative impacts management
planning project (see earlier definition) addressed each project through
individual project siting, design, operating, and timing specifications for
the project applications. The Snohomish guidelines {Stout 1988) were used in
a situation where no further deterioration or loss of habitat has been
accepted (and legislated) as society’s intention. The Guidelines were
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developed by a coalition of concerned Indian tribes, Washington State
agencies, and Federal natural resource agencies.

BOTTOMLAND HARDWOODS

The Fish and Wildlife Service conducted three workshops for the
Environmental Protection Agency on the ecological impacts of bottomland
hardwood deforestation. Cumulative impacts analysis at large watershed or
river basin levels became an important part of the project. The participants
came to the conclusions that ecological goals are essential, that goals
frequently are not available at scales that match cumulative impacts problems,
and that a means of nonincremental analysis is needed for cumulative impacts
assessment (Gosselink et al. 1990). Setting goals other than no change or no
further loss was difficult, because it involved society’s preferences as well
as practical aspects of regulation. Gosselink and Lee (1989) described a
landscape ecology approach and its use in a cumulative impacts assessment that
invoives habitat fragmentation and loss. They hypothesized that individual
features are not as important as the pattern, and it is the key features of
the pattern which must be identified to conserve biotic diversity and the
broad functional values associated with these ecosystems.

FUTURE NEEDS

The general problem facing the U.S. Fish and Wildlife Service’'s field
offices in trying to assess cumulative impacts in 1985 was that cumulative
impacts assessments were not happening (Williamson et al. 1986). That problem
could best be redressed by convincing the responsible entities, both inside
and outside the Fish and Wildlife Service, to conduct those assessments. In
addition, a process and methods were needed that provide the technical
capability to conduct a cumulative impacts assessment based on the resources,
not just regulations. Two causes of the identified problems were technical
shortcomings of individual assessment tools and institutional hesitancy to try
something new.

From a tentative schedule for the ten highest priority actions for
addressing cumulative impacts (Williamson et al. 1986), the first six actions
have been effected with various levels of effort and success. The other four
actions have the potential of moving Federal agencies from attempted
cumulative impact assessment to the more productive area of cumulative impacts
assessment and management planning. In their order of importance, the
suggested actions are: a) review and enlarge agency goals and policies for
habitats and species; b) conduct cumulative impacts assessments for fish,
wildlife, and habitat resources of national and regional concern; c} develop a
Federal interagency council to foster better cumulative impacts assessments;
and d) make ecological monitoring and project follow-up functions a natural
resource agency responsibility.

Institutional reluctance to conduct cumulative impacts assessment and
management planning projects has decreased considerably but needs to be
reduced further (Muir et al. 1990). An interagency analysis of the
differences between an incremental impact viewpoint (i.e., environmental
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impact assessment) and a total impacts viewpoint (i.e., cumulative impacts
assessment) would help. Undertaking sound environmental impact assessment
without the regional context and cumulative changes is difficult (Canadian
Environmental Assessment Research Council 1988; U.S. General Accounting Office
1988). Federal agencies could improve individual analyses of permits and
Ticenses by providing a framework within which to evaluate them; this can be
done by highiighting ecosystem-based, collaborative cumulative impacts
assessment and management planning (Stakhiv 1988; U.S. General Accounting
Office 1988; Gosselink et al. 1990).

An example of such an approach is the Environmental Protection Agency’s
National Estuary Program. The program employs collaborative problem solving
to balance confiicting uses while restoring or maintaining the estuary’s
environmental quality. Because of their early entry into cumulative impacts
work, the Chesapeake Bay and Great Lakes programs are frequently used as
models for cumulative impacts assessment and management planning. Using
knowledge gained from the Great Lakes and Chesapeake Bay as its foundations,
the participating natural resource agencies have learned how to get the
desired results in less time and with less money. The National Estuary
Program stresses focusing on the most significant problems, using existing
data, emphasizing applied research, funding specifically targeted basic
research, and employing demonstrated management strategies. Nichols et al.
(1986) observed that the future well-being of the urbanized estuaries depends
on achieving an increased understanding of each one’s physical, chemical and
biological processes and how specific human activities affect those processes;
meanwhile, economically important actions are considered without sufficient
quantitative understanding of an action’s effects on the estuary.

Through coalition and commitment of the responsible natural resource
agencies, those agencies can jointly do a more effective and efficient job of
comprehensive ecological planning and management. So far in cumulative
impacts assessment and management planning projects, the responsible natural
resource agencies have included State departments of fish and wildlife, State
and Tocal departments of natural resources, ecological research institutes,
Indian tribal councils, the Corps of Engineers, Environmental Protection
Agency, Fish and Wildlife Service, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, and Canadian federal and
provincial natural resource agencies. Cumulative jmpacts assessment and
management planning can shed light on these agencies’ unified activities that
will attract funding for ecological programs.

The real contribution of mitigation and reclamation actions to achieving
society’s ecological goals could be improved by using cumulative impacts
assessment and management. When the natural resource conservation,
requlatory, and land management agencies ratify an interagency collaborative
drive toward cumulative improvement of the overall situation, they should be
able to move toward several management goals simultaneously. With cumulative
impacts assessment and management planning, the Fish and Wildlife Service has
been able to promote such positive aspects of management, mitigation and
reclamation and avoid negative, adversarial, and confrontational situations.
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We have progressed considerably from the baseline study approach that
emerged shortly after passage of the National Environmental Policy Act as the
primary response of ecologists to multiple-species concerns and as the major
supplier of information for the environmental impact assessment process
{Truett et al. 1992). Twenty years later, we have learned that you cannot
effectively regulate individual minor contributions to cumulative impacts but
that you can plan for them in the aggregate. It is no longer a question
whether we should conduct cumulative impacts assessment and management
planning projects. We should! The question is also not how can we best
conduct such a project. That depends on the situation, as described here.
The question now is "How can we acquire the support for conducting cumulative
impact assessment and management planning projects?” Instead of continuing to
rely on the ability of American citizens and institutions to respond to
individual ecological crises as they are recognized and popularized, a
technological capability for coordinated, effective action through cumulative
impacts assessment and management planning should be developed before
ecological probiems reach crisis proportions.
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Introduction

This paper describes a curnulative impacts assessment process and the results to
Jate from its prototype application to Chesapeake Bay. Cumulative impacts. as used
here, are the accumulation of all effects of human actions and natural events on the
ecological environment (Salwasser and Samson 1985). Odum (1982) called this
situation ““the tyranny of small decisions™ because no decision was ever consciously
made to alow cumulative impacts. Causes of eventual cumulative impacts problems
arc usually separated in space or time and frequently differ in degree: therefore. the
reduction in environmental quality is gradual and often goes unnoticed (Williamson
=t al. 19861

The Chesupeuake Bay ccosvstem (Figure 1) has been subjected to numerous alter-
anons, which often interact in complex and poorly understood ways. Human actions
in relation to housing. industry, agriculture. transportation and navigation have re-
sulted in disposal and dispersal of solid wastes. heavy metals. petroleum hydrocar-
hons. biocides. svathetic organics. heated water. nutrients. and acidic atmospheric
emssions (Cupper et al. 1983, Flemer et al. 19835). The water chemistry and physics
of the Bay have deteriorated. as indicated by increases in biochemical oxygen de-
mand. water temperature. suspended sediment load. sediment deposition and tur-
bidity. bv reduction in stream flows and dissolved oxygen. and by modifications of
sahinuy and alkatinity. The biological composition of the Chesapeake Bay ecosystem
hus been altered. as indicated by changes in algae and submerged plant species (more
nuisanee species). decreases of most species of endemic submerged aquatic vege-
tation. and increases of epiphyvies on endemic submerged plant species and predators
on sedentary shellfish. Populations of fish and wildiife species—such as the American
ovster (Crassostrea virginica). striped bass (Morone saxatiffs) and canvasback duck
tAvthva valisineria)—have declined substanually (Lippson 19833,

The U.S. Fish and Wildlife Service tUSFWS) has a legal responsibility for main-
tenance and ennancement of biological resources in the Bay. The USFWS can assist
in restoring Bay water quality. biological productivity. and fish and wildlife popu-
lations to their former levels by: (1) participating in the current revision of Section
208 watersned management plans through the Federal Clean Water Act: (2) reviewing
‘ederally permitted activities within the Bay's watersheds. as mandated by the Fish
and Wildlite Coordination Act: and (3) reviewing environmental impact statements
for major federal actions as mandated by the National Environmental Policy Act.
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Figure 1. The Chesapeake Bay ecunvatem.
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The USFWS’s Annapolis Field Office recently became involved in a multiagency
program to restore Chesapeake Bay and, therefore, needed to understand clearly each
problem that influences environmental quality and how that problem is related to
other problems in the Bay. Once problems are arrayed, the USFWS can then: (1)
analyze each problem or set of problems; (2) prioritize them in terms of relative
importance: (1) set management goals for affected resources; (4) design economically
leasible remedial measures; and {5) measure progress toward management goals.

Methods

In cumulative impacts assessment. it is tempting to evaluate what is readily quan-
tifiable vet not meaningtul. Usually, the difficulty is to evaluate what is meaningful
but nut teadily guantifiable. One categury of problems can be formulated in a rel-
atvely casy manper by use of mathematical models, suitable algorithms and a com-
puter's data-processing capabilities (Schenk 1986}, Another category of problems
can be formulated only with much difficulty, or not at ail, und is addressed only by
a specialist whose problem-solving ability is potentially far superior to computer
methoels. The process used in this study reties on the problem-solving abilities of a
group uf resource munagement experts working cooperatively and collaboratively in
a workshop setting.

The important problems atfecting Chesapeake Bay were identified in two work-
shops held at the USFWS's Annapolis Field Olfice. Causes. effects and wends of
thuse problems were modeled. and needed actions were identificd. Three criteria
were used to sereen problems before complete analysis in the second workshop:
117 which ¢léments of the Chesapeuke Bay restoration are the Field Office’s re-
sponsibility or concern; 12) whether and when the Field Office would be able o
measure success in sulving a problem; and ¢3) which resources or ecological param-
cters could be managed effectively.

We used an ccological problem-solving approach (Salwasser and Samson 1985,
National Research Council 1986) to cumulative impacts assessment for Chesapeake
Bay. The complex environmental situation und major efforts being expended on
restoration of Chesapeake Bay (Flemer et al. 1983) indicated the focus should be on
a busic step—understanding the situation. The process involved identifying the prob-
lems contributing to the situation. agreeing on keystone problems. analyzing and
Jocumenting kevstone problems. and planning corrective actions for keystone prob-
lems. The resulting information is then used tw convince decisiun makers and man-
agers of the need for action. The carly steps in the problem-solving process are the
cguivalent ol the hypothesis generation and experimental design phases of a scientific
study. The process we used is analugous 1o the diagnostic procedure called “*SOAP'"
used by the medical profession.

S:  Subjeciive description of the problems as stated by the patient (we applied the
nominal group technique in the first workshop.
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Q:  Ohjective description of the problems based on the medical team’s examinations
and laboratory test results (we used a resource management feam’s consensus
and an examinalion of the scientific literature).

A: Assessment of the case by temizing and ranking the major problems as Jeter.
mincd by the medical team (we used cause-etfect diagramming in the lirst and
second workshops).

P:  Plan of speoitic comective actions for each wlentified problem (we applied the
tuncitonal analysis system technigue in the second workshop).

The highest pnority problems were dentified using the neminal group technique
1Bakus etal. 1982y, which imits verbal interachions to maumize mde pendent thought
andinput. We started with the premuse, ““Cumuiative impacts are not being adequately
addressed in Chesapeake Buav.”' and then asked ~"What are the ccological and en-
vironmental problems associated with the Bay ! The participants independently
identsfied numerous problems and then ranked the five most impontant problems. At
the second workshop, we re-examined the most imponant problems bascd on nur
cause-¢ffect analyses from the lirst workshop. As Erickson {19%1) found clten hap-
pens. the concluding problem statements differed substannally from the initial prob-
lem statements.

Cuuse-etfect diagramming tRigps and Inoue 1975) was uscd to relate the vauses
and effects ot the important problems. Qne of the major obstacics in dealing with a
complex environmental suation 13 the difficulty in discerming the individual pathways
in 4 larger causal network. Using the problem statement av the focus, for cach step
iy (he lett of the problem statement in 4 cause-eliect diagram. the question is asked
“What are the causes '™ And tor each ~tep o the nght of the problem statement,
the question ~*What are the etfects " 15 asked This techmyue presents information
in 4 logical, undersiandable and technically Jetensible tormat. For presentation pur-
puses, atl of the analyses were summarnized and abbreviated w their essential points.

In functional analysis svstem techmque 1FAST) Jiagramming, logical. needed
acuons are identified based on the vausal pathways in the cause-etfect diagram
1Enckson 19811, Discrete tasks are then whentitied to address cach cause nearest 1o
the problem. First. the refined. quantified problem statement is recast as an abjective
for recovery. Then, at cach step to the nght the yuestion “How " is asked and
compared 10 the question ~"Why ™" Tor cach step to the leit. Osly the causes of the
problem are analyzed for remedies: thus. solutions that treat symptoms rathee than
causes can be avoided.

Results and Discussion

Problem Description

The 13 USFWS participants in the First workshop (November 1985) created a list
of 3 problems associated with Chesapeake Bay. The 1) problems listed most tre-
quently were: +11 degraded water quality: (2) loss of marsh and wetland habitat:
131 intensive shoreline alieration: 14) loss of submerged aquatic vegetation: (5) ex-
cessive nutrients: 16) oversedimentation: (7) poor farming rechniques: (8) problems
caused by expanding human populations: 191 decline in ynadromous fish populations:
and 110y overharvest. The first two problems were analyzed Jt the tirst workshop.

Analysis of the water quality degradation problem produced the following causal
categories: increased water acidity: excessive nutrients: low dissolved oxygen con-
centratiun; foxic wastes; sedimentation: increased water temperature: salinity mod-
ifications: greater erosion; more algae blooms: and increased amounts of bacteria
and viruses. Some of the other problems identified by the participants also were
listed among the causes of degraded water quality. )

Analysis of loss of wetland habitat produced the following causal categories:
pollution { poat source and nonpoint source): wetland drainage: £ill operations: dredg-
ing: freshwater impuundment: wave and current scour action: wildlife grazing damage
10 submerged aguatic vegetation: and rising sea level. Here. also. a number of the
problems wentified by the participants were listed as causes of loss of wetland habitat.
Prublem staiements ol water quality degradation and wetland habitat loss proved to
be tou broad for preductive cause-cllect analysis.

As a result of the first workshop. we learned that we should specify how lo measure
4 success, tocus on the responsibilities and concerns of the USFWS, and then rank-
order the important problems facing the Annapolis Ficld Office. The essential points
were "How would we measure suceess?” and *"Do we have enough control to be
successiul™’ and “Is that measurement of success a clear responsibility of our
organization?"" At the second workshop t lanuary 1986). live participants (the authors)
analyzed three of the high priority problems facing the Field Office: (1) the decline
uf overwintering populations of canvasback ducks: (2) the decline of submecged
aquatic vegetation: and (3) the increase of suspended particulates in a sample water-
shed.

Problem Analysis

Cunvashuck ducks. The effects of the decline in uverwintering populations of con-
vasback ducks have been generally negutive, mostly in terms of Jecreused viewing
and hunting success (Table 1). Because of the simultancous but unrelated increase
in the Canada goose population, however, the level of popular concern is not as high
as it might be (Mcanlcy 1982). The USFWS has significant control over legal and
illegal hurvest (through hunting regulations and law enforcement). lead shot poisoning
tthrough lead shot restrictions) and avian discase {through breakup of duck concen-
trations). However. these are not perceived as important causes of the canvasback
duck decline. The decline of the canvasback's preferred food. submerged uquatic
vepetation. is the most important cause of the overwintering population decline,
Of some 20 species of submerged aquatic plants in Chesapeake Bay. 7 of the |0
predominant specics arc regularly uscd by waterfowl (Meanley 1982)—wild celery
(Vallisneria umericuna). southcrn naiad (Nujes guadelupensisi. muskgrass (Chara

spp.t. redhead grass (Potamogeton perfoliatus), sago pondweed {Polamogeton pec-

tinatust. widgeon grass (Ruppia maritima) and eclgrass ( Zostera marina). The abun-
dance of a major altemative food source for canvasbacks, the Baltic clam {(Macoma
balticar, has also declined. Canvasbacks now use wintering grounds in the North
Carolina sounds. where submerged aquatic vegetation and the Baltic clam are still
abundant. Restoration of submerged aquatic vegetation would appear to offer the
greatest hupe of increasing the winter canvasback duck population.

For the canvasback duck decline. we can measure management success (by aerial
surveys of duck populations), and the USFWS has a legal responsibility for main-
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Table 1. Causes and effecis of canvasback duck decline on Chesapeake Bav ithe causes and effects
perceived as most important by the U 5. Fish and Wildlife Service’s Annapolis Field Otfice are
capitahized).

Table 2. Simplified causes and effects analysis of submerged aquatic vegetation decline in Ches-

apeake Bay (the causes and effects perceived as most important by the U.S. Fish and Wildlife
Service’s Annapolis Ficld Office are capitalized).

Causes

Prublem fatement

Effecis

#|ncreased boat aific
®|ncreased ~horeline
Jevelopment

@fncreased human presence on

shureline

sEweswive leeal harvest amd
wnppling luss

slitegal harvest

®lcad vhol posonang

sDECLINE OF THE
PREFERRED FOOD
$OURCE 1SUBMERGED
AQUATIC VEGETATION)

SREDUCED PRODLCTION
OR SURVIVAL ON THE
BREEDING GRULUNDS

SRELOCATION TO NEW
WINTERING GROUND IN
THE CAROLINA SOUNDS

s ampentiun trom wiher
prens

&Caasirophic ¢vents. such as
trecles

oChromc polluhon etfects on
an shemae food source, the
Haltic clam

o Walertowl diseases such 2y
avian chelera

THE OVERWINTERING
POPLULATION OF
CANVASBACK DUCKS
HAS DECLINED ON
CHESAPEAKE BAY BY
HYE FROM 1954 LEVELS
AND HAS FAILED TO
RECOVER

# Increaved hunting pressure
on other speciey wuch as
Canada geese

# Paiennially less speciey
diversity and J less stable
ecurvilem

& DECREASED
NPPORTUNITIES AND
SUCCESS IN
ORSERVING AND
HUNTING
CANVASBACK DUCKS

& Increased costs lor
canyasback Juck research
Jand resworalinn

¢ Shutt in the culivral values,
aesthelics and ¢thigy of
wateriowl sl wateriuwl
hunting

@ Reduced recreanonad
denand snd negative
mpact va the loval
LCunumy

Cuauses

Problem statement

Effects

#Detenarated substrate from
sedement depesition and filj
uperabions

*Reduced substrate
avaslability due 10 dredging
operanions and scounng

*Water temperature warming

SINCREASED SUSPENDED
PARTICULATES FROM
ALGAE BLOOMS AND
SEDIMENT

#hlare biocides in the form of
herbicides. pesticides and
chlonne

eMore toric wastes in the
torm of heavy metals and
petrvieum hydrocarbons

#increased water widity from
acid precipitaton and intlow

#Salinny modification trom
tropical storms, inllow
reduction and channelization

SCOMPETITION FOR
LIGHT AND SPACE FROM
ALGAE AND EPIPHYTES

®0Overgrazing and diswurbance
by fish and waldlife

Slnvasion snd competition by
exotic vegelation species

®|avasion and infestation by
diseases and parasites

SUBMERGED AQUATIC
VEGETATION
DISTRIBUTION HAS
DECLINED IN
CHESAPEAKE DAY BY
0% FROM 1969 LEVELS
AND HAS FAILED TO
RECOVER

®Increased scour from winds,
currents and boat traffic

# Increased rate of sedimem
resuspension

OREDUCED FOOD AND
COVER RESOURCES
FOR SHELLFISH,
FINFISH AND
WATERFOWL

& REDUCED ABUNDANCE
OF SHELLFISH. FINFISH
AND WATERFOWL

# REDUCED SPORT AND
COMMERCIAL FISHING
SUCCESS

4 Reduced butfering from the
effects of acid precipitation
and toxic wasies

# Reduced dissolved oxygen
available to aquaric fauns

& Reduced photosynthesis and
biomass production
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tenance uf canvasback duck pupulations. The USFWS. however, does not have
cuntrol over the major factors limling overwintering canvasback duck populations.
Thus, efforts expended on dircet restoration of overwintering populations of can-
vasback ducks on Chesapeake Bay may be wastetul and perhaps Tutile. This same
conclusion may weil apply to vther declining migratory waterfowl species— redhead
(Avihva americana). American wigeon 1Anas americanat and pintail tA. acta).

Submerged aquatic vegetanon. The most important elfects of the decli!\e _ut' sub-
merged aquatic vegetation are reduced food and cover tor shellfish, finfish and
waterfowl, which lead to reduced abundance of those animals and. consequently. 10
reduced hunting. lishing and ubservation opportunities t Table 21. The major decline
of submerged aquatic vegetation in Chesapeake Bay has occurred since Hum’cnr_le
Agnes in June 1972, Although submerged aquatic vegetation beds recovered within
two or three ye-ars from damage by 4 more severe hurrivane in August 1931, the
expected recovery following Agnes has not occurred (Stevenson et al. 19791, With

the exception of the invasion of the introduced Eurasian watermilfeil (Mvriophyilum
spicatum, almost all submerged aquatic vegetation species have declined simulta-
neously.

Hurricane Agnes caused prolonged freshening of Bay waters, which did extensive .

damage to submerged aquatic vegetation beds (Stevenson et al. 1979). Regrowth to
former abundance has not occurred, and it is generally believed that eutrophication
of the Bay. not salinity modification. is limiting the reestablishment of submerged
aquatic vegetation. Net primary production of submerged aquatic vegetation was 40
percent of the total for submerged aquatic vegetation and algae in 1963: in 1975. it
was 6 percent of the total. Excessive amounts of nutrients in agricultural runoff
waters are stimulating green and blue-green algae blooms. These blooms increase
wrbidity and increase biochemical oxygen demand. Suspended sediment from erosion
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is believed to be preventing reestablishment of many submerged aquatic vegetation
belfs. Numerous other causes may contribute to the depression of submerged aquatic
vegetation regrowth, but are considered 10 be relatively minor.

Management success could be reads|ly measured in area and biomass of submerged
aquatic vegetation beds. The USFWS has a responsibility 1o safeguard wetlands. but
no direct regulatory authority aver any of the \mponiant causes of submerged aguatic
vegetation decline. The agencics that the USFWS works with on the Chesapeake
Bay restoraton, however. have management control 1e.¢.. Maryland Deparntment of
Natural Resources) and rexulatory control 1e.g.. U S, Army Corps of Engincers),
3y cooperaning with these agencies, the LSEWS can work on the submerged aquatic
vegetation decling probtilem in a4 significant way.

Suspended particuluies. The negative ¢etfects ol excessive suspended particulates are
pervasive across physical habitat, submerged uguanic vegetation, benthic inverte-
brates. shelifish and hinfish {Table 51, The Choptank River (Figure 1) was chosen
as an example watershed because it has a bgh historic and existing 1but degrading)
tish and wildlife resource value, and it hus o high ranking by the Marylund Depanment
of Agriculture in the Chesapeake Bay nonpoint source polluyon program. The prob-
lem statement was resiricied to the upper portion of the watershed., which is primarily
influenced by intrawatershed inputs. There. as in Chesapeake Bay in generui. the
cuerent magor voncerns are nanpoiat source loadings of agricuitural fertilizers, sed-
iment, amimal wastes and pesticides,

The majoniy of the Choprank River walershed s in agnicultural land use, and
point source discharges of industrral ¢ttluent and municipal sewage are not significant
coneems. The major chemicad cause of suspended particulates in the eotire watershed
i» leh auinient concentrations  Approsumutels 94 pervent of the total nitrowen and
63 percent of the total phosphorus n the sguatic syslem are due o aonpoint sources
1T R. Fisher personal communicabon: 19861 Increased nutrient loading from the
upper watershed and the nuisance slese blooms in the lower watershed are largety
coused by excess agricultural fertibizers and ancreased drainage rates. The major
physical cause is increased sediment foading Jue largels 1o land-clearing activitics.
sgncultural practices and natural crovion,

Manasgement success with the suspended particulates problem could be measured
using on-site ~amples and furbidity measurements or remutely sensed retlectances,
The USFWS has only indircct responsibility for suspended pariiculutes vas they arfect
tish and wiidlite) and no regulatory authonity. The agencies that the USFWS works
with on the Chesapeake Bay restoration have regulatory authority vver univ part of
the problem 1i.c.. federal permus for channelization of riverine and palustring wet-
lands). By working couperatively on the current cevision of the Section 208 watershed
munagement plans through the Federal Clean Water Aqt, however, the USFWS can
influence the suspended particulates problem. but unly vn a watershed-by-watershed
basis. In total. the suspended particulates problem is measurable, not readily man-
ageable and an indirect tesponsibility of the Service as it relates 1o fish, wildlite and
their habitat.

Plan of Corrective Action

A mujor step in the cumulative impacts assessment process is the synthesis of a
plan for correcung cach problem. The USFW5 has the best opportunity lor success

Table 3. Simplified czuses and effects analysis of the increase of suspended panticulates in the upper
Choptank River waiershed fthe causes and cffects perceived as most important by the U.S. Fish and

Wildlife Service's Annapolis Field Office are capitafized).

Causes Problem statement

Effects

Algae Blooms

¢Nuinent loading from
municipal and industriat
sources

#Nuinent loading from
manure

eNUTRIENT LOADING
FROM EXCESS
AGRICULTURAL
FERTILIZERS

SNUTRIENT TRANSPORT
FROM INCREASED

AGRICULTURAL THE AMOUNT OF
DRAINAGE SUSPENDED
PARTICULATES HAS
Sediment INCREASED IN THE
¢LAND-CLEARING WATERS OF THE UPPER
ACTIVITIES AND CHOPTANK RIVER
DRAINAGE WATERSHED
CONSTRUCTION
SAGRICULTLRAL
PRACTICES
*NATURAL EROSIVE
PROCESSES

#Natural catastrophic events

# Altered timing and Jocation
of fish spawning
# INTERFERENCE WITH
RESPIRATORY AND
FILTER FEEDING
MECHANISMS OF
FINFISH. SHELLFISH
AND INVERTEBRATES
¢ FILL INTERSTITIAL
SPACES IN STREAM
SUBSTRATE
O REDUCTION OR
ELIMINATION OF
SPAWNING HABITAT
4 COVER AND REDUCE
BIOMASS OF BENTHIC
INVERTEBRATES
© REDLCTION OF
DISSOLVED OXYGEN
AND [NCREASED
ANOXIC CONDITIONS
SINCREASED EPIPHYTIC
GROWTH ON
SUBMERGED AQUATIC
VEGETATION (5AV)Y
4 REDUCED
PHOTOSYNTHESIS AND
GROWTH OF SAV
# Reductivn or elimination of
susceptible finfish eggs and
larvae .

with the three problems here anulyzed by intluencing submerged aquatic vegelation
restoration. The problem statement was changed into an objective ol restoration of
submerged uquatic vegetation. An analysis of 2 problem’s causes should lead to

identification of the elements of a solution. We planned a set of tasks to address the.

most important problem causes (Table 4). Most of the corrective efforts were directed
toward decreasing nutrient and sediment loading in Bay waters. Additional tasks
were directed toward special management und damage reduction for existing and
historic submerged uquatic vegetation beds: reseurch on the effects un submerged
aquatic vegetation beds of navigation channelization. exotic species invasion and
sjuatic herbivores; and meusurement of restoration ¢ffort success by aerial photag-
raphy missions. submerged ayuatic vegetation bed mupping and regular vegetation
biomass sampling.
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Table ' Task planning ta achieve the uhpective of restonng submereed aquatic vegetanon in Ches.
apcake Bay ithe sctiwns and tasks perceived as mast imponani by the U 5. Fish and Witdhfe Service's
Aanapolis Field Otfice are capialized)

Prablem
walement Obpecnive Achiony Tasks
INCREASE *ldentity syncultural best
LIGHT management prachces + BMPs)
TRANSMISSION tor fish, wildlite and thewr
Ay habua
DFCREASING JASSESS EXCESS
NLTRIENT NUTRIENT IMPACTS ON
LDAD VALUABLE WATERSHEDS
SREVIEW 5TATE WATER
RUALITY PLANS TO
PROMOTE NUTRIENT
REDUCTIONS
SINFLUENCE FEDERAL
COST SHARING
PROGRAMS FOR
AGRICULTURE TO
PROMIITE NLTRIENT
REDLCTIONS
SPROMOTE RETENTION
SUBMERGED . ~ - AND USE OF RIPARIAN
AQUATIC g:?:::;ﬁ;?f :_jr(-::f-'“E FUREET'.T BLFFER STRIPS
VMEGETATION OF TRANSMISSION AND SHELTERBELTS
18AaV) . SUBMERGED BY -Promute BMPs tor dredeng
DISTRIBLTION AQUATIC DECREASING and hsanehzanen
H.AS DECLINED VEGETATION SLSPENDED Review Section 1-MK perms
IN IN' SEOIMENT amd envronmenial impact
CHESAPEAKE CHESAPE AKE SLMEMENTS L) PROMKHE CTiNION
l‘l:\Y oY % BAY TO 1909 _cunlml-
FROM 1969 LEVELS CInfluence federal cost shanng
ILEVELS AND + 300000 programs o mavumize wal
HAS FAILE?.D ACRES) -:ctenuun
T RECOVER TIDENTIEY 8MPs TO
REDUCE SOIL LOSS FROM
AGRICULTURAL LANDS
2 Identiry BMPs o control
efnaon in probiem arcas und
SIBENons
®SURVEY SAV
Provide ~pecial DISTRIBUTION ANNUALLY

management for
catical areas

Reduce Jamage
to exisnng beds

~Sampte SAY bromass and
species compuostion Jnnually

ZMap existing and histone SAV
beds

TAwsess the value of SAY
tramsplants nto suslable areas

#Review Section Hr304 permats
to reduce dredee:lill etecty
ZRemuve ur-reduce destructive
womcentrations ol aguanc
herbrney

Conclusions

The cumulative impacts assessment process described here can be used for problem
analysis and program planning. Although the process is simple. it requires a detailed
examnation of the components of each problem. One key 1o a successful problem
analysis or program preparation is careful specification of the problem statement or
objective. Too broad a problem statement may fead to failure to examine cach of
the individual problem componemts in encugh detail to be useful. The analysis and
planming results can be most elfectively displayed in a diagram or flowchart because
al the difficulty in presenting the complex information in 2 text format. While all
of the interrelattunships could be represented in the more traditional box-und-arrow
Jiagram, we believe that the information is more understandable and easier to com-
municate in the cause-effect diagram format. Application of the process showed that
it 15 a valuable organizer uf' group thinking, an easy way to obtain understanding
and general acceptance, and a comprehensive method for identifying specific res-
oraton tasks,

Potential users of the products should be invoived und have primary responsibility
for the analysis. This creates a sense of commitment and responsibility in each
participant. fnvolvement of personnel from many agencies and disciplines wilt result
in closer coordination and greater cooperation in the achievement of resource ob-
jectives. Decision maker support will be more likely because of the logical and
detensible approach, well-defined scope of the effort. und easily understood process.
Additionally, individuals in each participating agency can understand how their
activities and responsibilities mesh.

In this cumulative impacts assessment process, we used a few simple techniques
to study a complex situation. We generated a hvpothesis that restoration of submerged
aquatic vegetation shouid be a major thrust of the Chesapeake Bay restoration.
Submerged aquatic vegetation Jecline is a keystone problem that can be measured,
monitored and managed. and it directly relates to declines in abundance of migratory
fish and wildlife species (Price et al. 1985). We believe that submerged aquatic
vegetation should be a central focus of the restoration of Chesapeake Bay. Distribution

and biomass of submerged aquatic vegeration, as opposed to measurements of nutrient

concentrations and tonic chemical loadings. can serve as an integrator of human
impacts on the Bay and a5 a quantitative indicator of the environmental quality of
the Bay. Living resources instead of water quality parameters would serve as excelient
long-term meusures of the success of our restoration efforts.
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