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PREFACE

This handbook presents the results of research and consultations by the Council on Environmental
Quality (CEQ) concerning the consideration of cumulative effects in analyses prepared under the National
Environmental Policy Act (NEPA). It introduces the NEPA practitioner and other interested parties to
the complex issue of cumulative effects, outlines general principles, presents useful steps, and provides
information on methods of cumulative effects analysis and data sources. The handbook does not establish
new requirements for such analyses. It is not and should not be viewed as formal CEQ guidance on this
matter, nor are the recommendations in the handbook intended to be legally binding.
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lative effects in either an env1ronmenta1 assess-
ment (EA) or an environmental impact statement
(EIS). The handbook presents practical methods
for addressing coincident effects (adverse or
beneficial) on specific resources, ecosystems, and
human communities of all related activities, not
just the proposed project or alternatives that
initiate the assessment process.

In their environmental analyses, federal
agencies routinely address the direct and (to a
lesser extent) indirect effects of the proposed

In many ways, mﬁ sthe Keymmymng
cumulative effects; it provides the best oppor-
tunity for identifying important cumulative
effects issues, setting appropriate boundaries for
analysis, and identifying relevant past, present,
and future actions. Scoping allows the NEPA
practitioner to "count what counts." By evalu-
ating resource impact zones and the life cycle of
effects rather than projects, the analyst can pro-
perly bound the cumulative effects analysis.
Scoping can also facilitate the interagency coop-
eration needed to identify agency plans and other





















Figure 1-1. River basins and associated FERC related hydroelectric projects in Maine (undated)
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For the 22 environmental assessments (EAs) that discussed cumulative impacts, the three treatments ars not
mutually exclusive. One EA In the sample provided analysis for some resources, took the conclusions from
a previous document for one resource, and pointed to a future document for another resource.

For this reason, the numbers in the boxes sum to 24 instead of 22.

Figure 1-2. Consideration of cumulative effects in environmental assessments (McCold and Holman 1995)
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3.

Cumulative eﬂ;ts need to be unalyzed in terms of the speclﬁc resource, ¢ ecosystem, and human

community being affected.
Environmental effects are often evaluated from the perspective of the proposed action. Analyzing cumulative effects

requires focusing on the resource, ecosystem, and human community that may be affected and developing an
adequate understanding of how the resources are susceptible to effects.

it Is not practical to analyze the cumulative effects of an action on the universe; the list of
environmental effects must focus on those that are truly meaningful.

For cumulative effects analysis to help the decisionmaker and inform interested parties, it must be limited through
scoping to effects that can be evaluoted meaningfully. The boundaries for evaluating cumulative effects should be
expanded fo the point at which the resource is no longer affected significantly or the effects are no longer of interest
to affected parties.

Cumuliative effects on a given resource, ecosystem, and human community are rarely aligned with
political or administrative boundaries.

Resources typically are demarcated according to agency responsibilities, county lines, grazing allotments, or other
administrative boundaries. Because natural and sociocultural resources are not usually so aligned, each political
entity actually manages only a piece of the affected resource or ecosystem. Cumulative effects analysis on natural
systams must use natural ecological boundaries and analysis of human communities must use actual sociocultural
boundaries to ensure including all effects.

Cumvlative effects may result from the accumulation of similar effects or the synergistic interaction of
different effects.

Repeated actions may cause effects to build up through simple addition (more and more of the same type of effect),
and the same or different actions may produce effects that interact to produce cumulative effects greater than the sum
of the effects.

7.

Cumulative effects may last for many years beyond the life of the action that caused the effects.

Some actions cause damage lasting far longer than the life of the action itself (e.g., acid mine drainage, rodiocactive
waste confamination, species extinctions). Cumulative effects analysis needs to apply the best science and
forecasting techniques to assess potential catastrophic consequences in the future.

Each affected resource, ecosystem, and human community must be analyzed in terms of its capacity
to accommodate additional effects, based on Iis own time and space parameters.

Analysts tend to think in terms of how the resource, ecosystem, and human community will be modified given the
action's development needs. The most effective cumulative effects analysis focuses on what is needed to ensure long-
term productivity or sustainability of the resource.
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7KH SURSRVHG DFILRQ PD\ DIIHF VHYHUDO UH
VRXUFHV HLWKHU GLUHFWON RU LQGLUHFION  SHVRXUFHV
FDQ EH HOHPHQWV RI WKH SK\VLFDO HQYLURQPHQW
VSHFLHV KDELWDWV HFRVAVIHP SDUDPHIHUV DQG
IXQFILRQV FXOIXUDO UHVRXUFHV UHFUHDILRQDO RSSRU
WXQUILHY  KXPDQ FRPPXQUIN VIWUXFWXUH WUDIILF
SDWHUQV RU RWKHU HFRQRPLF DQG VRFLDO
FRQGLWLRQV ,Q D EURDG VHQVH D00 WKH LPSDFIV RQ
DIIHFWHG UHVRXUFHV DUH SUREDEO\ FXPXODILYH
KRZHYHU WKH UROH RI WIKH DQDONVHI LV IR QDUURZ WKH
IRFXV Rl WKH FXPXODILYH HIIHFIV DQDONVLV 1R
LPSRUIDQW LVWXHV RI QDWLRQDO UHJLRQDO RU ORFDO
VLIQLILFDQFH 7KLV QDUURZLQJ FDQ RFFXU RQO\
DIWHU WKRURXJK VFRSLQJ  7KH DQDONVI VKRX0G DVN
EDVLF TXHVILRQV VXFK DV ZKHIKHU WKH SURSRVHG
DFWLRQ ZL00 KDYH HIIHFIV VLPLODU R RWKHU DFHLRQV
LQ WKH DUHD DQG ZKHWKHU WKH UHVRXUFHV KDYH EHHQ
KLVIRULFDOON DIIHFIHG E\ FXPXODILYH DFILRQV
7DEOH ODQ\ VLIQLILFDQW FXPXODHLYH HITHFWV
LWXHV DUH ZH0 NQRZQ  3XEOLF LQWHUHVI JURXSV
QDIXUDO UHVRXUFH DQG 0DQG PDQDJIHPHQW DIHQF
LHV DQG UHIXODWRU\ DIHQFLHYV UHIXODUON GHDO ZLIIK
FXPXODILYH HITHFIV  1HZVSDSHW DQG VFLHQILILF
JIRXUQDOV IUHTXHQUON SXEOLVK OHIWHUV DQG FRP
PHQIV GHDOLQJ ZLIIK WKHVH LVWWXHV

LRI D00 SRIHQLDO FXPXODILYH HITHFIV LVWXHV
LGHQILILHG GXULQJ VFRSLQJ QHHG WR EH LQFOIXGHG LQ
DQ ($ RUDQ (,6 6RPH PD\ EH LUUHHYDQI RU
LQFRQVHTXHQILDO IR GHFLVLRQV DERXH WKH SURSRVHG
DFILRQ DQG DOWHUQDWLYHV ~ &XPXODILYH HIIHFIV
DQDONVLY VKRX0G FRXQW ZKDW FRXQW  QRIl SUR
GXFH VXSHUILFLDO DQDONVHV RI D 0RQJ ODXQGUN 0LV RI
LVWXHV WKDW KDYH OLIOH UHOHYDQFH IR WKH HITHFIV RI
WKH SURSRVHG DFILRQ RU WKH HYHQUXDO GHFLVLRQV
9%HFDXVH FXPXODILYH HITHFIV FDQ UHVXOW IURP WKH
DFILYLWLHV R1 RIKHU DIHQFLHV RU SHUVRQV WKH\ PD\
KDYH DOUHDG\ EHHQ DQDONJHG E\ RIKHUV DQG WKH
LPSRUIDQFH RI WKH LWXH GHIHUPLQHG )RU LQ
VIDQFH DQ DJHQF\ SURSRVLQJ DQ DFILRQ ZLIK
PLQRU HIIHFIV RQ ZHWDQGY VKRXIG QRI XQL
ODWHUDOON GHFLGH WKDW FXPXODWLYH HIIHFIV RQ
ZHIODQGV LV QRW DQ LPSRUIDQI LWXH  &XP X0DILYH
HITHFIV DQDONVLY VKRX0G FRQVLGHU WKH FRQFHUQV RI
DJHQFLHV PDQDJLQJ DQG UHIXIDILQJI  ZHWDQGY
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DV ZH00 DV WKH UHJLRQDO KLWRU\ RI' FXPXODWLYH
ZHWDQG O0RVVHY DQG GHJUDGDWLRQ DQG WKH
SUHVHQFH RI RWKHU SURSRVDOV WKDW ZRX0G SURGXFH
IXWXUH ZHWODQG ORVVHV RU GHIUDGDWLRQ

BOUNDING CUMULATIVE EFFECTS
ANALYSIS

20QFH WKH VWXG\ JRDOV RI WKH FXPXODWLYH
HIHFIV DQDONVLV DUH HVWDEOLVKHG WKH DQDONVH
PXVW GHFLGH RQ WKH VSHFLILF FRQWHQU R1 WKH VIXG\
WKDW ZL00 PHHI WKRVH UHTXLUHPHQIV ~ $QDIN]LQJ
FXPXODILYH HIIHFIV GLITHWY 1URP WKH WUDGLWLRQDO
DSSURDFK WR HQYLURQPHQIIDO LPSDFl DVWWHWPHQI
EHFDXVH LW UHTXLUHV WKH DQDONVI IR H[SDQG WKH
JHRJUDSKLF ERXQGDULHV DQG H[WHQG WKH WLPH
IUDPH WR HQFRPSDW DGGLILRQDO HIIHFIV RQ WKH
UHVRXUFHY HFRVAVIHPV DQG KXPDQ FRP PXQLILHV
RI FRQFHUQ

Identifying Geographic Boundaries

DRU D SURWHFW VSHFLILF DQDO\VLV LW LV RIWHQ
VXIILFLHQW WR DQDONIH HIHFWV ZLWKLQ WKH LPPH
GLDWH DUHD RI WKH SURSRVHG DFWLRQ = KHQ DQD
ONJLQJ WKH FRQWULEXWLRQ RI WKLV SURSRVHG DFWLRQ WR
FXPX0DWLYH HITHFW  KRZHYHU WKH JHRJUDSKLF
ERXQGDULHV RI WKH DQDO\VLY DOPRVW DOZD\V VKRX0G
EH H[SDQGHG 7KHVH H[SDQGHG ERXQGDULHV FDQ
EH WKRXJKW RI DV GLIHUHQFHV LQ KLHUDUFK\ RU
VFDOH  3URIHFW VSHFLILF DQDO\VHV DUH XVXD00\
FRQGXFWHG RQ WKH VFDOH RI' FRXQWLHY  IRURVW PDQ
DIHPHQW XQWV RU LQVWWDOODWLRQ ERXQGDULHY
ZKHUHDV FXP X0DWLYH HITHFW DQDO\VLY VKRX0G EH
FRQGXFWHG RQ WKH VFDOH RI KXPDQ FRP P XQLWLHV
0DQGVFDSHV ZDWHUVKHGV RU DLUVKHGV &KRRVLQJ
WKH DSSURSULDWH VFDOH WR XVH LV FULWLFDO DQG ZL00
GHSHQG RQ WKH UHVRXUFH RU VAVIWHP  )LIXUH
LOOXVWUDWHV WKH XWLOLW\ RI' XVLQJ WKH HFRORJLFDOON
UHOHYDQW ZDWHUVKHG ERXQGDUN RI WKH $QDFRVILD
5LYHU EDVLQ UDWKHU WKDQ WKH SROLWLFDO ERXQGDULHY
RI' ORFDO JRYHUQPHQWY WR GHYHORS UHWRUDWLRQ
S0DQV

$ XVHIX0 FRQFHSW LQ GHWHUPLQLQJ DSSURSULDWH
JHRJIUDSKLF ERXQGDULHV IRU D FXP X0DWLYH HITHFWY
DQDO\VLV LV WKH project impact zone



Table 2-1. Identifying potential cumulative effects issues related to a proposed action

What is the value of the affected resource or ecosystem? Is it:

= protected by legislation or planning goals?

= ecologically important?

= culturally important?

= economically important?

= important to the well-being of a human community?

Is the proposed action one of several similar past, present, or future actions in the same geographic area?
(Regions may be land management units, watersheds, regulatory regions, states, ecoregions, etc.) Examples:
timber sales in a national forest; hydropower development on a river; incinerators in a community.

Do other activities (whether governmental or private) in the region have environmental effects similar to those of
the proposed action? Example: release of oxidizing pollutants to a river by a municipality, an industry, or
individual septic systems.

Will the proposed action (in combination with other planned activities) affect any natural resources; cultural
resources; social or economic units; or ecosystems of regional, national, or global public concern? Examples:
release of chlorofluorocarbons to the atmosphere; conversion of wetland habitat to farmland located in a migratory
waterfowl flyway.

Have any recent or ongoing NEPA analyses of similar actions or nearby actions identified important adverse or
beneficial cumulative effect issues? Examples: National Forest Plan EIS; Federal Energy Regulatory Commission
Basinwide EIS or EA.

Has the impact been historically significant, such that the importance of the resource is defined by past loss, past
gain, or investments to restore resources? Example: mudflat and salt-marsh habitats in San Francisco Bay.

Might the proposed action involve any of the following cumulative effects issues?

= |ong range transport of air pollutants resulting in ecosystem acidification or eutrophication

= air emissions resulting in degradation of regional air quality

= release of greenhouse gases resulting in climate modification

= |oading large water bodies with discharges of sediment, thermal, and toxic pollutants

= reduction or contamination of groundwater supplies

= changes in hydrological regimes of major rivers and estuaries

= |ong-term containment and disposal of hazardous wastes

= mobilization of persistent or bioaccumulated substances through the food chain

= decreases in the quantity and quality of soils

= |oss of natural habitats or historic character through residential, commercial, and industrial development

= social, economic, or cultural effects on low-income or minority communities resulting from ongoing
development

= habitat fragmentation from infrastructure construction or changes in land use

= habitat degradation from grazing, timber harvesting, and other consumptive uses
= disruption of migrating fish and wildlife populations

= |oss of biological diversity

13
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Figure 2-1. Juxtaposition of natural and political boundaries surrounding the Anacostia River
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DRU D SURSRVHG DFWLRQ RU UHDVRQDE(H DOWHUQDWLYH
WKH DQDO\VWY VKRX0G

= “HWHUPLQH WKH DUHD WKDW ZL00 EH DIHFWHG
E\ WKDW DFWLRQ  7KDW DUHD LV WKH SURIHFW
LPSDFW JRQH

= ODNH D OLVW RI WKH UHVRXUFHV ZLWKLQ WKDW
JRQH WKDW FRX0G EH DIIHFWHG EN\ WKH SUR
SRVHG DFWLRQ

=~ HWHUPLQH WKH JHRIUDSKLF DUHDV RFFXSLHG
E\ WKRVH UHVRXUFHV RXWVLGH RI WKH SURIHFW
LPSDFW]RQH ,Q PRV FDVHV WKH 0DUJHWW RI
WKHVH DUHDV  ZL00 EH WKH DSSURSULDWH DUHD
IRU WKH DQDONVLY Rl FXPX0DWLYH HITHFIV

= “HWHUPLQH WKH DITHFWHG LQWWLWXWLRQDO NXULY
GLFWLRQV ERWK IRU WKH SURSRVLQJ DJHQF\
DQG RWKHU DIHQFLHV RU JURXSV

3URIHFW LPSDFIl JRQHV IRU D SURSRVHG DFWLRQ
DUH OLNHO\ IR YDU\ IRU GLITHUHQUW UHVRXUFHV DQG
HQYLURQPHQIDO PHGLD  )RU ZDWHU WKH SURIHFII
LPSDFIl JRQH ZRX0G EH 0LPLWHG IR WKH K\GURORJLF
VAVIHP WKDW ZRX0G EH DIIHFWHG E\ WKH SURSRVHG
DFILRQ  )RU DLU WKH JRQH PD\ EH WKH SK\VLR
JUDSKLF EDVLQ LQ ZKLFK WKH SURSRVHG DFILRQ
ZRX0G EH ORFDWHG  /DQG EDVHG HIIHFWV PD\ RFFXU
ZIWKLQ VRPH VHIl GLVIDQFH IURP WKH SURSRVHG
DFWLRQ ,Q DGGLWLRQ WKH ERXQGDULHV IRU DQ LQGL
YLGXDO UHVRXUFH VKRX0G EH UHODWHG WR WKH
UHVRXUFHY GHSHQGHQFH RQ GLIIHUHQW HQYLURQ
PHQWDO PHGLD 7DEOH  SURYLGHV VRPH SRVWLEGH
JHRJIUDSKLF ERXQGDULHV IRU GLITHUHQW UHVRXUFHV
7KLV OLVWl LV not LQFOXVLYH  7KH DSSOLFDEOH JHR
JUDSKLF VFRSH QHHGV IR EH GHILQHG FDVH E\ FDVH

Table 2-2. Geographic areas that could be used in a cumulative effects analysis

Resource

Possible Geographic Areas for Analysis

Air quality
Water quality

Vegetative
resources

Resident wildlife
Migratory wildlife
Fishery resources
Historic resources

Sociocultural
resources

Land use
Coastal zone
Recreation

Socioeconomics

Metropolitan area, airshed, or global atmosphere
Stream, watershed, river basin, estuary, aquifer, or parts thereof

Watershed, forest, range, or ecosystem

Species habitat or ecosystem

Breeding grounds, migration route, wintering areas, or total range of affected population units
Stream, river basin, estuary, or parts thereof; spawning area and migration route
Neighborhood, rural community, city, state, tribal territory, known or possible historic district

Neighborhood, community, distribution of low-income or minority population, or culturally
valued landscape

Community, metropolitan area, county, state, or region
Coastal region or watershed
River, lake, geographic area, or land management unit

Community, metropolitan area, county, state, or country
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2QH ZD\ IR HYDOXDIH JHRIJUDSKLF ERXQGDULHV
LV WR FRQVLGHU WKH GLWIDQFH DQ HIIHFIl FDQ WUDYHO
YRU LQWIDQFH DLU HPLWILRQV FDQ WUDYH) VXE
VWDQULDO GLVWDQFHV DQG DUH DQ LPSRUIDQW SDUW RI
UHJLRQDO DLU TXDOUN  $LU TXDOUN UHJLRQV DUH
GHILQHG E\ WKH (3% DQG WKHVH UHJLRQV DUH DQ
DSSURSULDWH ERXQGDU\ IRU DVWHWPHQW RI WKH
FXPXODILYH HIIHFIV R UHOHDVHV R1 SROOXIDQIV R WKH
DIPRVSKHUH  )RU ZDIHU UHVRXUFHV DQ DSSUR
SULDIH UHJLRQDO ERXQGDUN PD\ EH D ULYHU EDVLQ RU
SDUIV WKHUHRI = DWHUVKHG ERXQGDULHV DUH XVHIX0
IRU FXPXODWLYH HITHFIV DQDONVLY EHFDXVH ~ SR0
OXWDQWV DQG P DWHULDO UHOHDVHG LQ WKH ZDWHUVKHG
PD\ lUDYH) GRZQWIUHDP IR EH PLQJOHG ZLIIK RWKHU
SROOXWDQIV DQG PDWHULDOV ~ PLIUDIRUN ILVK PD\
WUDYH) XS DQG GRZQ WKH ULYHU VAVWHP GXULQJ
WKHLU OLIH F\FOH DQG  UHVRXUFH DJHQFLHV PD\
KDYH EDVLQ ZLGH PDQDJHPHQN DQG S0DQQLQJ
JRDIV  )RU 0DQG EDVHG HIIHFW DQ DSSURSULDIH
UHJLRQDO ERXQGDU\ PD\ EH D IRUHWW RUUDQJH D
ZDWHUVKHG DQ HFRORJLFDO UHJLRQ HFRUHJLRQ RU
VRFLRHFRQRPLF UHJLRQ IRU HYDOXDILQJ HITHFIV RQ
KXPDQ FRPPXQUILHV = KLFK ERXQGDU\ LV WKH
PRV DSSURSULDIIH GHSHQGV ERIIK RQ IIKH DFFXPX
ODWLRQ  FKDUDFIHULVILFY RI WKH HIIHFIV EHLQJ
DVVHVVHG DQG DQ HYDOXDILRQ RI IKH PDQDJIHPHQH
RU UHJIXODIRUN LQWHUHVIV RI WKH DIHQFLHV LQYROYHG

Identifying Time Frames

7KHWLPH IUDPH RI WKH SURIHFW VSHFLILF DQDO\
VLV VKRX0G DOVR EH HYDOXDWHG WR GHWHUPLQH LWV
DSSOLFDELOLW\ WR WKH FXP X0DWLYH HITHFWY DQDONVLY
7KLV DVSHFW RI WKH FXPXODWLYH HITHFWV DQDO\VLY
PD\ DW ILUW VHHP WKH PRW WURXEOHVRPH WR
GHILQH &4V UHIXODWLRQV GHILQH FXPXODWLYH
HITHFWV DV WKH §LQFUHPHQWDO HITHFW RI WKH DFWLRQ
ZKHQ DGGHG WR RWKHU SDW SUHVHQW DQG UHDVRQ
DEO\ IRUHVHHDEOH [IXWXUH DFWLRQV &)5
,Q GHWHUPLQLQJ KRZ 1DU LQWR WKH IXWXUH
WR DQDONJH FXPX0DWLYH HITHFWY WKH DQDONWW VKRX0G
ILUW FRQVLGHU WKH WLPH IUDPH Rl WKH SURIHFW
VSHFLILF DQDONVLV 1 WKH HIIHFWY RI WKH SURSRVHG
DFWLRQ DUH SURIHFWHG WR ODW ILYH \HDUV WKLV WL.PH
IUDPH PD\ EH WKH PRVW DSSURSULDWH 1RU
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WKH FXPXO0DWLYH HIIHFW DQDO\VLY ~ 7KH DQDO\VW
VKRX0G DWHPSW WR LGHQULI\ DFWLRQV WKDW FRX0G
UHDVRQDEO\ EH H[SHFWHG WR RFFXU ZLWKLQ WKDW
SHULRG

7KHUH PD\ EH LQWDQFHV ZKHQ WKH WLPH IUDPH
RI WKH SURNHFW VSHFLILF DQDONVLY ZL00 QHHG WR EH
HLSDQGHG WR HQFRPSDW FXPXODWLYH HITHFWY
RFFXUULQJ IXUWKHU LQWR WKH IXWXUH )LIXUH
DRU LQWDQFH HYHQ WKRXJK WKH HIIHFW RI D
SURSRVHG DFWLRQ PD\ 0LQJHU RU GHFUHDVH VORZO0\
WKURXJIK WLPH WKH WLPH IUDPH IRU WKH SURIHFW
VSHFLILF DQDO\VLV XVXD00\ GRHV QRWH[WHQG EH\RQG
WKHWLPH ZKHQ SURIHFW VSHFLILF HITHFWV GURS EHIRZ
D OHYHO GHWHUPLQHG WR EH VLJQLILFDQW  7KHVH
SURWHFW VSHFLILF HITHFW KRZHYHU PD\ FRPELQH
ZLWK WKH HITHFW RI RWKHU DFILRQV EH\RQG WKH WLPH
IUDPH RI WKH SURSRVHG DFWLRQ DQG UHVXOW LQ VLI
QLILFDQW FXPXO0DWLYH HITHFWV WKDW PXW EH FRQ
VLGHUHG

IDENTIFYING PAST, PRESENT, AND
REASONABLY FORESEEABLE FUTURE
ACTIONS

$V GHVFULEHG DERYH LGHQWLINLQJ SDWW SUHV
HQW DQG IXWXUH DFWLRQV LV FULWLFDO WR HVWDEOLVKLQJ
WKH DSSURSULDWH JHRIUDSKLF DQG WLPH ERXQGDULHV
IRU WKH FXPX0DWLYH HITHFIV DQDONVLY ,GHQWLI\LQJ
ERXQGDULHV DQG DFWLRQV VKRX0G EH LWHUDWLYH
ZIWKLQ WKH VFRSLQJ SURFHW

$ VFKHPDILF GLDJUDP VKRZLQJ WKH DUHD LQ
ZKLFK WKH SURSRVHG DFWLRQ LV ORFDWHG WKH ORFD
WLRQ RI' UHVRXUFHV DQG WKH ORFDWLRQ RI RWKHU
IDFLOLWLHY - H[LVWLQJ RU SODQQHG KXPDQ FRP
PXQLWHY DQG GLVWXUEHG DUHDV FDQ EH XVHIXO0 IRU
LGHQUWLINLQJ DFWLRQV WR EH LQFOXGHG LQ WKH FXP
XODWLYH HITHFWY DQDONVLY  )LIXUH $ JHR
JUDSKLF LQIRUPDWLRQ VAWHP *,6 RU D PDQXD0
PDS RYHUOID\ VAVWHP FDQ EH XVHG WR GHSLFW WKLY
LQIRUPDWLRQ VHH $SSHQGL[ $ IRU D GHVFULSWLRQ RI
PDS RYHUID\V DQG *,6 6XFK D GLDJUDP LV LV
XVHIX0 IRU GHWHUPLQLQJ SURIHFW VSHFLILF LP SDFW
JRQHV DQG WKHLU RYHUODS ZLWK DUHDV DITHFRIHG E\
RWKHU QRQSURIHFW DFWLRQV
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Figure 2-2. Time frames for project-specific and cumulative effects analyses

9%\ H[DPLQLQJ IIKH RYHUIDS RI LPSDFil JRQHV RQ
WKH DUHDV RFEXSLHG E\ UHVRXUFHV LIl VKRX0G EH
SRVVLEQH IR UHILQH WKH OLVI RI SURIHFIV RU DFILYLILHV
SDVIl- SUHVHQW RU IXWXUH WR EH LQFOXGHG LQ WKH
DQDO\VLY ~ 3UR[LPLIN RI DFWRQV PD\ QRI EH
VXTILFLHQU UXVWLILFDILRQ IR LQFOXGH WKHP LQ WKH
DQDOVLY ,Q WKH H[DP'SOH VKRZQ LQ LIXUH
WKH FX P XODILYH HITHFIV DQDONVLY IRU IURXW VKRX0G
FRQULGHU WKH HITHFWV RI WKH H[LWILQJ PLQH DQG WKH
SODQQHG 0RJJLQJ DFILYLIN EHFDXVH WKHVH DFILYLWLHV
ZRX0G KDYH HLIKHU SUHVHQW RU IXWXUH HITHFIV RQ
WKH WURXW VSDZQLQJ DUHD EHORZ WKH SURSRVHG
SRZHU SODQW IDFLOLIN  SOIKRXJK DQ DJIULFXONXUDO
DUHD LV QHDUE\ LW FDQ EH H[FOXGHG IURP WKH
DQDONVLY EHFDXVH LV VHGLPHQW 0RDGLQJ HITHFIV
RFFXU GRZQWIUHDP RI WKH WURXIl VSDZQLQJ DUHD
3UR[LPLIN RI RIKHU DFILRQV R WKH SURSRVHG DFWLRQ
LV QRW WKH GHFLVLYH IDFWRU IRU LQFOXGLQJ WKHVH
DFWLRQV LQ DQ DQDONVLY WKHVH DFILRQV PXVii KDYH
VRPH LQIOXHQFH RQ WIKH UHVRXUFHV DITHFIHG EX WKH
SURSRVHG DFILRQ ,Q RWKHU ZRUGV WKHVH RIKHU
DFILRQV VKRX0G EH LQFOXGHG LQ DQDO\VLV ZKHQ
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WKHLU LPSDFW JRQHV RYHUODS DUHDV RFFXSLHG E\
UHVRXUFHV DITHFWHG EN\ WKH SURSRVHG DFWLRQ

&RPSIHILQJ WKH JHRIUDSKLF RU VFKHPDILF GLD
JUDP GHSHQGLQJ RQ DSSO\LQJ FDXVH DQG HITHFW
PRGHIV WKDIW 0LQN KXPDQ DFILRQV DQG WKH UH
VRXUFHV RU HFRVAWIHPYV ~ 7KLV WIRR LV DQ LIHUDILYH
SURFHW ,GHQILINLQJ RWKHU DFILYLILHV FRQUULEXW
LQJ R FXPXODWLYH HIIHFIV FRX0G UHVXOH LQ WKH
DGGLWLRQ RI QHZ HIIHFW SDWKZD\V IR WKH FDXVH
DQG HIIHFI PRGH) ,Q WKH H[DP'SOH DGGLILRQ RI DQ
HLVWLQJ PLQH R WKH FXPXODILYH HITHFIV DQDOVLY
FRX0G UHTXLUH DGGLQJ D SDWKZD\ IRUWKH HITHFIV RI
FKHPLFD0 SROOXILRQ RQ WURXI &KDSIHWY  DQG
DQG $SSHQGL[ $ GLVFXWW FDXVH DQG HIHFI PRGH)
LQJ DQG QHIIZRUN DQDO\VLY

7KH DYDLODELOLW\ Rl GDWD RIWHQ GHWHUPLQHV
KRZ IDU EDFN SDW HIIHFW DUH H[DPLQHG
POUWKRXJIK FHUNDLQ W\SHV RI GDWD H J  IRUHWW FRYHU
PD\ EH DYDLODEOH IRU H[WHQVLYH SHULRGV LQ WKH
SDW LH VHYHUDO GHFDGHV RWKHU GDWD HJ
ZDWHU TXDOLW\ GDWD PD\ EH DYDLODEOH RQON\ IRU
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Figure 2-3. Impact zones of proposed and existing development relative to a trout population
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PXFK VKRUWHU SHULRGV  %HFDXVH WKH GDWD GHVFULE
LQJ SDWW FRQGLWLRQV DUH XVXD0O\ VFDUFH WKH DQDO
\VLV RI SDVW HITHFWV LV RIWHQ TXDOLWDWLYH

,GHQILIN\LQJ VLPLODU DFILRQV SUHVHQIO\ XQGHU
ZD\ LV HDVLHU WKDQ LGHQWLINLQJ SDWW RU IXIXUH
DFILRQV EXW Ll LV E\ QR PHDQV VLPSOH  %HFDXVH
PRVII RI IKH DQDONILFDO HIRUN LQ DQ HQYLURQPHQIIDO
LPSDFIl DVWHVWPHQW GHDOV ZLWK WKH SURSRVHG
DFILRQ WKH DFILRQV RI RIKHU DIHQFLHV DQG SULYDIH
SDUNLHV DUH XVXDOO\ OHW ZH00 NQRZQ  (IHFILYH
FXPXODILYH HIIHFIV DQDO\VLY UHTXLUHV FORVH
FRRUGLQDILRQ DPRQJ DIHQFLHV IR HQVXUH WKDI HYHQ
D00 SUHVHQW DFILRQV P XFK 0HVV SDVIl DQG IXWXUH
DFILRQV DUH FRQULGHUHG

7KH ILUVI VIIHS LQ LGHQWLINLQJ IXWXUH DFILRQV LV
WIR LQYHVILIDIH WKH SODQV RI WKH SURSRQHQI DIHQF\
DQG RWKHU DJHQFLHV LQ WKH DUHD ~ &RPPRQI\
DQDONVIV RQO\ LQFOXGH WKRVH SODQV IRU DFILRQV
ZKLFK DUH IXQGHG RU IRU ZKLFK RIKHU 1 (3%
DQDONVLY LV EHLQJ SUHSDUHG 7KLV DSSURDFK GRHV
QR PHHII WKH OHIWHU RU LQWHQW RI & ( 4V UHIX0D
WLRQV I XQGHUHVILPDIHY WKH QXPEHU RI IXIWXUH
SURIHFIV EHFDXVH PDQ\ YLDEOH DFILRQV PD\ EH LQ
WKH HDUO\ SODQQLQJ WIDJH  2Q WKH RIKHU KDQG
VRPH DFILRQV LQ WKH SIDQQLQJ EXGJHILQJ RU
H[HFXWLRQ SKDVH PD\ QR JR IRUZDUG 7R LQFOXGH
D00 SURSRVDOV HYHU FRQVLGHUHG DV RIKHU DFILRQV
ZRX0G PRV OLNHO\ RYHUHVILPDWH WKH IXIXUH
HIHFIV RI FXPXODHLYH HITHFIV RQ WKH UHVRXUFHV
HFRVAVIHPY DQG KXPDQ FRPPXQLILHV WKHUHIRUH
WKH DQDONW VKRX0G GHYHORS JXLGHOLQHV DV R
ZKDW FRQVWLWXWHY  UHDVRQDEON IRUHVHHDEOH IXIXUH
DFILRQV EDVHG RQ WKH SODQQLQJ SURFHW ZLIIKLQ
HDFK DJHQF\  GSHFLILFDOON WKH DQDO\VW VKRX0G
XVH WKH EHWW DYDLODEOH LQIRUPDILRQ IR GHYHIRS
VFHQDULRV WKDW SUHGLFIl ZKLFK IXWXUH DFWLRQV
PLIKW UHDVRQDEO\ EH H[SHFWHG DV D UHVXON RI WKH
SURSRVDO 6XFK VFHQDULRV DUH JHQHUDOO\ EDVHG RQ
H[SHULHQFH REWDLQHG IURP VLPLIDU SURIHFIV (R
FDWHG HOVHZKHUH LQ WKH UHJLRQ , QFOXGLQJ IXWXUH
DFILRQV LQ WKH VWXG\ LV PXFK HDVLHU LI DQ DIHQF\
KDV DOUHDG\ GHYHORSHG D SODQQLQJ GRFXPHQI IIKD
LGHQILILHV SURSRVHG IXWXUH DFILRQV DQG KDV FRP
PXWLODWHG WKHVH SODQV WR RWKHU IHGHUDO DIHQFLHV
DQG JRYHUQPHQWDO ERGLHV LQ WKH DITHFIHG UHJLRQ

= KHQ LGHQILINLQJ IXIXUH DFILRQV IR LQFOXGH LQ
WKH FXPXODILYH HIIHFIV DQDO\VLY UHDVRQDEO\
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IRUHVHHDEQH DFILRQV EX SULYDIH RUJDQL]DILRQV RU

LQGLYLGXDOV DUH XVXDOO\ PRUH GLIILFXON WR LGHQULI\
WKDQ WKRVH RI IHGHUDO RU RWKHU JRYHUQPHQIDO
HQULILHV ,Q PDQN\ FDVHV ORFDO JRYHUQPHQW S0DQ
QLQJ DIHQFLHV FDQ SURYLGH XVHIX0 LQIRUPDIILRQ RQ
WKH OLNHOX. IXIXUH GHYHIRSPHQI RI WKH UHJLRQ VXFK
DV PDVIHU SODQV  /RFDO JRQLQJ UHTXLUHPHQIV
ZDWHU VXSSO SODQV  HFRQRPLF  GHYHORSPHQW
SODQV DQG YDULRXV SHUPLINLQJ UHFRUGY ZL00 KHOS
LQ LGHQILI\LQJ UHDVRQDEO\ IRUHVHHDEOH SULYDIH
DFILRQV VHH &KDSWHU  IRU RUKHU VRXUFHV RI
LQIRUPDIRQ  ,Q DGGLILRQ VRPH SULYDIH 0DQG
RZQHUV RU RUJDQL]DILRQV PD\ EH ZL00LQJ iR VKDUH
WKHLU SODQV IRU IXWXUH GHYHORSPHQW RU 0DQG XVH
7KHVH S0DQV FDQ EH FRQULGHUHG LQ IKH DQDONVLY
EXIl Ll LV LPSRUIDQW IR LQGLFDIH LQ WKH 1(3%
DQDO\VLY ZKHWKHU WKHVH SODQV ZHUH SUHVHQIHG E\
WKH SULYDIH SDUIN UHVSRQULEOH IRU RULJLQDILQJ WKH
DFILRQ = KHQHYHU VSHFXODILYH SURIHFILRQV RI
IXWXUH GHYHORS PHQW DUH XVHG IIKH DQDO\VI VKRX(G
SURYLGH DQ H[SOLFLI GHVFULSWRQ RI WKH
DVWXPSHLRQV LQYROYHG 1 WKH DQDONVI LV XQFHU
WDLQ ZKHIKHU IR LQFOXGH IXIXUH DFILRQV L PD\ EH
DSSURSULDIIH WR ERXQG WIKH SURECHP E\ GHYHORSLQJ
VHYHUDO VFHQDULRV ZLWK GLIIHUHQW DVWXPSHLRQV
DERXW IXUXUH DFWLRQV

,Q JHQHUDO IXIXUH DFILRQV FDQ EH H[FOXGHG
IURP WKH DQDONVLV RI FXPXODHLYH HITHFIV LI

= ||KH DFWLRQ LV RXWLGH WKH JHRJUDSKLF
ERXQGDULHV RU WLPH IUDPH HWDEOLVKHG IRU
WKH FXP X0DWLYH HITHFWY DQDO\VLY

= WKH DFWLRQ ZL00 QRW DITHFW UHVRXUFHV WKDW
DUH WKH VXEIHFW RI WKH FXPX0DWLYH HITHFWV
DQDO\VLY RU

= LQFOXGLQJ RI WKH DFWLRQ ZRX0G EH DUEL
WUDU\

$BWWKH VDPH WLPH 1 (3% 0LWLIDWLRQ >Scientists’
Institute for Public Information, Inc., v. Atomic
Energy Commission ) G &
&L @ KDV PDGH LW FOHDU WKDW UHDVRQDEOH
IRUHFDVWLQJ LV LPSOLFLW LQ 1. (3% DQG WKDW LW LV
WKH UHVSRQVLELOLW\ RI IHGHUDO DJHQFLHV WR SUHGLFW
WKH HQYLURQPHQWDO HIIHFW RI SURSRVHG DFWLRQV
EHIRUH WKH\ DUH IX00\ NQRZQ & (4'V UHIXIDWLRQV
SURYLGH IRU LQFOXGLQJ WKHVH XQFHUWDLQWLHV LQ WKH
HQYLURQPHQWDO LPSDFW DVVHWPHQW ZKHUH WKH



IRUHVHHDEOH IXWXUH DFWLRQ LV QRW SODQQHG LQ VXIIL
FLHQW GHWDLO WR SHUPLW FRP SOHWH DQDONVLY - 6SHFLI
LFDOON & (4'V UHIXODWLRQV VWDWH

[wlhen an agency is evaluating
reasonably foreseeable significant
adverse effects on the human
environment in an environmental
impact statement and there is
incomplete or unavailable
information, ... [that] cannot be
obtained because the overall costs
of obtaining it are exorbitant or the
means to obtain it are not
known,... the agency shall
include... the agency’s evaluation

of such impacts based upon
theoretical approaches or
research methods generally
accepted in the scientific

community (40 CFR § 1502.22).

(YHQ ZKHQ WKH GHFLVLRQPDNHU GRHV QRW
VHOHFW WKH HQYLURQPHQUDOO\. SUHIHUDEQH DOWHUQD
WLYH LQFOXGLQJ WKH FXPXODHLYH HIIHFIV RI IXWXUH
DFILRQV LQ WKH DQDONVLV VHUYHV WKH LPSRUIDQM
1(3$ IXQFILRQ RI LQIRUPLQJ WKH SXEOLF DQG
SRWHQULDOO\ LQIOXHQFLQJ IXWXUH GHFLVLRQV

AGENCY COORDINATION

9%HFDXVH WKH DFILRQV RI RWKHU DJIHQFLHV DUH
SDUN Rl FXPXODWLYH HIIHFW DQDONVLY  JUHDIHU
HPSKDVLV VKRX0G EH SODFHG RQ FRQUXOILQJ ZLIK
RWKHU DJHQFLHV WKDQ LV FRPPRQU\ SUDFILFHG
YRUIXQDWHON ZKHQ IHGHUDO DIHQFLHV DGRSH iKH
HFRVAVWHP DSSURDFK WR PDQDJHPHQW HVSRXVHG
E\ WKH ,QUHUDJHQF\ (FRVAVWIHP ODQDJIHPHQ!
7DVN RUFH VXFK FRQUXOIDILRQ SUREDEON ZL00 EH
HQKDQFHG VHH ER[  ”XULQJ VFRSLQJ SHULRGLF
FRRUGLQDWLRQ ZLWK RWKHU DIHQFLHV PD\ HQKDQFH
WKH FXPXODILYH HIIHFIV DQDONVLY SURFHW SV
GHVFULEHG DERYH D FXPXODWLYH HIIHFIV DQDONVLY
PLIKW

= LQFOXGH DQ DVVHVWPHQW Rl DQRIKHU DIHQ
F\IY SURSRVHG DFILRQ

= LQFOXGH DQ DVVHVWPHQW Rl WKH HITHFWV RI
DQRWKHU DIHQF\I FRP SOHWHG DFWLRQV

= HYDOXDWH DQRWKHU DIHQF\I UHVRXUFH PDQ
DJIHPHQW SUDFWLFHY DQG JRDOV RU
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= HYDOXDWH DQRWKHU DIHQF\I IXWXUH S0DQV

Ecosystem Management

Vice President Gore’s National Performance
Review called for the agencies of the federal
government to adopt "a proactive approach to
ensuring a sustainable economy and a sus-
tainable environment through ecosystem
management." The Interagency Ecosystem
Management Task Force (IEMTF 1995) was
established to carry out this mandate. The
ecosystem approach espoused by IEMTF and
a wide range of government, industry, and
private interest groups is a method for sustain-
ing or restoring natural systems in the face of
the cumulative effects of many human actions.
In addition to using the best science, the
ecosystem approach to management is based
on a collaboratively developed vision of
desired future conditions that integrates
ecological, economic, and social factors.
Achieving this shared vision requires devel-
oping partnerships with nonfederal stake-
holders and improving communication
between federal agencies and the public.
Many ecosystem management initiatives are
underway across the United States. The
lessons learned from these experiences
should be incorporated into the scoping
process under NEPA to address cumulative
effects more effectively. The IEMTF
specifically recommends that agencies
develop regional ecosystem plans to
coordinate their review activities under NEPA.
These ecosystem plans can provide a
framework for evaluating the environmental
status quo and the combined cumulative
effects of individual projects.

7KH VXFFHW RI DQ\ RI WKHVH DFILYLWLHV LV HQKDQFHG
E\ FRRUGLQDILRQ ZLIIK WiKH DIIHFWHG DIHQF\ W D
PLQLPXP IKH DQDO\W VKRX0G HWIDEOLVK DQ
RQJRLQJ SURFHW RI SHULRGLF FRQUVXOWDILRQ DQG
FRRUGLQDWLRQ ZLWK RWKHU DJHQFLHV HDUO\ LQ WKH
VFRSLQJ SURFHVV ZKHQHYHU WKHUH DUH VLIQLILFDQW
FXPXODILYH HIIHFW LWXHV = KHUH DSSURSULDIH
WKH OHDG DJHQF\ VKRX0G SXUVXH FRRSHUDILQJ
DJIHQF\ VWDWXV IRU DITHFWHG DIHQFLHV WR 1DFLOLWDIH
UHYLHZLQJ GUDIIV VXSSO\LQJ LQIRUPDILRQ ZULILQJ
VHFILRQV RI WKH GRFXPHQW DQG XVLQJ WKH



GRFXPHQW WR VXSSRUW PRUH WKDQ RQH DJHQF\I
SURJUDPV

SCOPING SUMMARY

6FRSLQJ IRU FXPXODILYH HITHFIV DQDONVLY LV D
SURDFILYH DQG LWHUDILYH SURFHW W LQYROYHV D
WKRURXJK HYDOXDILRQ RI WKH SURSRVHG DFILRQ DQG
LIV HQYLURQPHQIDO FRQIHLW = XULQJ WKH VFRSLQJ
SURFHVV WKH DQDONVI VKRX0G

= FRQVXOW ZLWK DJHQFLHV DQG RWKHU LQWHU
HWHG SHUVRQV FRQFHUQLQJ FXPXODWLYH
HITHFW LVWXHV

= HYDOXDWH WKH DIJHQF\ SODQQLQJ DV ZH DV
WKH SURSRVHG DFWLRQ DQG UHDVRQDEOH
DOWHUQDWLYHV  LQFOXGLQJ WKH QR DFWLRQ
DOWHUQDWLYH WR LGHQWLIN SRWHQWLDO FXPX
ODWLYH HITHFWV

= HYDOXDWH WKH LPSRUIDQFH RI WKH FXP
XODILYH HIHFIV LVWXHV DVVRFLDIHG ZLIK D
SURSRVHG DFILRQ WR LGHQWLI\ DGGLILRQDO
UHVRXUFHV HFRVAVIHPV DQG KXPDQ FRP
PXQLILHV IKDW VKRX0G EH LQFOXGHG LQ WKH
(BRU(,6

= [GHQWLIN WKH JHRJUDSKLF ERXQGDULHV IRU
DQDONVLY RI WKH FXPX0DWLYH HITHFWV RQ HDFK
UHVRXUFH ~ HFRV\WHP  DQG  KXPDQ
FRPPXQLN\

21

= [GHQILI\ D ILPH IUDPH IRU WKH DQDO\VLV RI
WKH FXPXODWLYH HITHFWV RQ HDFK UHVRXUFH
HFRVAVIHP DQG KXPDQ FRPPXQLIN DQG

= GHWHUPLQH ZKLFK RWKHU DFWLRQV YKRX0G EH
LQFOXGHG LQ WKH DQDO\VLV DQG DJUHH DPRQJ
LQWHUHVWHG SDUWLHV RQ WKH VFRSH RI WKH
GDWD WR EH JDWKHUHG WKH PHWKRGV WR EH
XVHG WKH ZD\ WKH SURFHW ZL00 EH
GRFXPHQWHG DQG KRZ WKH UHVXOWY ZL00 EH
UHYLHZHG

$Il WKH HQG RI WKH VFRSLQJ SURFHW WKHUH
VKRX0G EH D 0LVW RI FXPXODILYH HITHFIV LVWXHV IR EH
DWHVVHG D JHRIUDSKLF ERXQGDU\ DQG WLPH IUDPH
DVWLIQHG IRU HDFK UHVRXUFH DQDO\VLY DQG D OLVII RI
RWKHU DFWLRQV FRQUULEXHLQJ WR HDFK FXPXODWLYH
HIHFIV LWXH ,Q DGGLILRQ GXULQJ VFRSLQJ WKH
DQDONVI VKRX0G REWDLQ LQIRUPDILRQ DQG LGHQILI\
GDID QHHGV UHODWHG 1R WKH DIHFIHG HQYLURQPHQW
&KDSIHU  DQG HQYLURQPHQWDO FRQVHTXHQFHV
&KDSIHU Rl FXPXDILYH HIIHFIV LQFIXGLQJ
UHVRXUFH FDSDELOLILHV  WKUHVKROGV  VWDQGDUGV
JXLGHILQHV DQG S0DQQLQJ JRDOV
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DESCRIBING THE AFFECTED ENVIRONMENT

PRNCPLES

= Use natwal boundaries.

Characterizing the affected environment in
a NEPA analysis that addresses cumulative
effects requires special attention to defining
baseline conditions. These baseline conditions
provide the context for evaluating environ-
mental consequences and should include histor-
ical cumulative effects to the extent feasible.
The description of the affected environment
relies heavily on information obtained through
the scoping process (Chapter 2) and should
include all potentially affected resources, eco-
systems, and human communities. Determin-
ing the cumulative environmental consequences
based on the baseline conditions will be
discussed in Chapter 4. The affected envir-
onment section serves as a "bridge" between the
identification during scoping of cumulative
effects that are likely to be important and the
analysis of the magnitude and significance of
these cumulative effects. Specifically, describ-
ing the environment potentially affected by
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cumulative effects should include the following
steps:

Characterize the resources, eco-
systems, and human communities
identified during scoping in terms
of their response to change and
capacity to withstand stresses.

Step 5

Characterize the stresses affecting
these resources, ecosystems, and
human communities and their
relation to regulatory thresholds.

Step 6

Define a baseline condition for
the resources, ecosystems, and
human communities.

Step 7

Describing the affected environment when
considering cumulative effects does not differ
greatly from describing the affected environ-
ment as part of project-specific analyses; how-
ever, analyses and supporting data should be
extended in terms of geography, time, and the
potential for resource or system interactions. In
project-specific NEPA analysis, the description
of the affected environment is based on a list of
resources that may be directly or indirectly
affected by the proposed project. In cumulative
effects analysis, the analyst must attempt to
identify and characterize effects of other actions
on these same resources. The affected envir-
onment for a cumulative effects analysis,
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Table 3-1. Other activities (existing and proposed) that may cumulatively affect resources of
concern for the Castle Mountain Mining Project (U.S. BLM 1990)
Anticipated
Environmental
I That Could Primary Impact
Description/Responsible Agency Status ssues That Cou Location
Be Cumulative

Utilities/Services
1 AT&T Communication cable upgrading (BLMN) E,P 4,1 v
2 PacBell microwave sites (BLMN) E,P 4,1 I\
3 Bio Gen power plant (SBC) E 2 v
4  Additional utility lines (1-15 corridor) (BLMN) P 4,4 v
5 Whiskey Pete's airstrip/waterline {BLMN}) P 4 v
6 Solid waste landfill (UP Tracks near state line) (BLMN) P 4,12 v
7 Waste water ponds (lvanpah Lake) (BLMN) E 4,9 v
8  Nipton waste site (BLMN) P 4,9 v
9 LA-Las Vegos bullet train (BLMN) P 4,910 v
Commercial and Residential
10 Nipton land exchange (BLMN) P 4,612 1 v i
11 Scattered residential units {(BLMN) EP - T v
Recreation
12 Ivanpah Loke landsailing (BLMN) E 4,510 v
13 Barstow to Vegas ORY race (BLMN) E 4,510 v
14 East Mojave Heritage Trail use (BLMN} E 4,510 IVLV.PY
15 Mojave Road use (BLMN}) E 4,510 VLV,PY
16 Clark Country Road A68P use (BLMS,CC) E 4,510 PV
Mining
17 Proposed Action/Alternative - precious metals (BLMN) P 3.4,58,9 v
18 Colosseum Mine - precious metals (BLMN) E 3,4,5,8,9 I\
19 Caltrans borrow pits - aggregates (BLMN) E 4,5 v
20 Morning Star Mine - precious metals (BLMN) E 3,45.89 v
21 Vanderbilt - precious metals mill site (BLMN) E 3,4,58,9 v
22 Golden Quail Mine - precious metals (BLMN]} E 3,4,5,8,9 v
23 Hart District Clay Pits (BLMN) E 4,9 v
24 Mountain Pass Mine - rare earth materials (BLMN) E 3,4,58,9 v
25 Exploratory activities (BLMN, BLMS) EP i 4,59 Lv,pv
Grazing
26 Grozing leases (BLMN, BLMS) E 4,5 IVV,PY
Source of Information Status Issues Location
BLMN: BLM Needles E: Existing Earth PV: Piute Valley
BLMS: BLM Siateline P: Proposed | 2 Air IV: lvanpah Valley
SBC: San Bernardino County. Planning Department 3 Water LV: Lantair Valley
CC: Clark County. Planning Department 4 Wildlife

5 Vegetation

6 Transportation

7 Public Service/Utilities

8 Health/Safety

9 Visual Resources

10 Recreation

11 Cultural Resources

| 12 Land Use
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Regulations, Administrative Standards,
and Regional Plans

Government regulations and administrative
standards (e.g., air and water quality criteria)
can play an important role in characterizing the
regional landscape. They often influence devel-
opmental activity and the resultant cumulative
stress on resources, ecosystems, and human
communities. They also shape the manner in
which a project may be operated, the amount of
air or water emissions that can be released, and
the limits on resource harvesting or extraction.
For example, designation of a "Class I" air
quality area can restrict some types of devel-
opment in a region because the Prevention of
Significant Deterioration (PSD) requirement
establishes a threshold of cumulative air qual-
ity degradation.
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lative effects problems at hand. Federal, state,
and local resource and comprehensive plans
guiding development activities should be re-
viewed and, where relevant, used to complete
characterization of the affected environment.
Agencies’ future actions and plans pertaining to
the identified resources of concern should be in-
cluded if they are based on authorized plans or
permits issued by a federal, state, or other gov-
ernmental agency; highly speculative actions
should not be included. Agency or regional
planning documents can provide the analyst
with a reasonable projection of future activities
and their modes of operation. How project
effects fit within the goals of governmental reg-
ulations and planning is an important measure
of cumulative effects on the resources, ecosys-
tems, and human communities of the region.
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Figure 3-2. Regional map of projecis and activities contributing to cumulative effects in Seattle’s Southwest Harbor
(USACE et al. 1994)
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Trends

Cumulative effects occur through the ac-
cumulation of effects over varying periods of
time. For this reason, an understanding of the
historical context of effects is critical to
assessing the direct, indirect, and cumulative
effects of proposed actions. Trends data can be
used in three ways: (1) to establish the baseline
for the affected environment more accurately
(i.e., by incorporating variation over time), (2) to
evaluate the significance of effects relative to
historical degradation (i.e., by helping to esti-
mate how close the resource is to a threshold of
degradation), and (3) to predict the effects of the
action (i.e., by using the model of cause and
effects established by past actions).

The ability to identify trends in conditions
of resources or in human activities depends on
available data. Although data on existing con-
ditions can sometimes be obtained for cumu-
lative effects analysis, analysts can rarely go
back in time to collect data (in some cases, lake
sediment cores or archaeological excavations
can reconstruct relevant historical conditions).
Improved technologies for cost-effectively
accessing and analyzing data that have been
collected in the recent past , however, have been
developed. Historical photographs and re-
motely sensed satellite information can be
efficiently analyzed on geographic information
systems to reveal trends. The analyst may use
these tools to characterize the condition of a
resource before contemporary human influ-
ences, or the condition at the period when
resource degradation was first identified. As
shown in Figure 3-3, remote sensing imagery
was used to record the change in the condition
of the Jemez Mountains, New Mexico (Allen
1994). The 1935 map (left) shows the location of
railroads, dirt roads, and primitive roads in the
landscape surrounding the Bandelier National
Monument. By 1981 (right) the increase in
roads and the appearance of several townsites
is striking.
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This 12-fold increase in total road length is
an effective measure of cumulative environmen-
tal degradation resulting from the accompany-
ing fire suppression, motorized disturbance of
wildlife, creation of habitat edge in forest
interiors, and introduction of weedy species
along road corridors. The U.S. Forest Service
has been using this landscape-scale GIS and
remotely sensed information in planning efforts
for the Bandelier's headwaters area to ensure
that desired forest conditions are maintained
(e.g., area and distribution of old growth and
densities of snags).

OBTAINING DATA FOR CUMULATIVE
EFFECTS ANALYSIS

Obtaining information on cumulative effects
issues is often the biggest challenge for the ana-
lyst. Gathering data can be expensive and time
consuming. Analysts should identify which
data are needed for their specific purpose and
which are readily available. In some cases,
federal agencies or the project proponent will
have adequate data; in other cases, local or
regional planning agencies may be the best
source of information. Public involvement can
often direct the analyst to useful information or,
itself, serve as an invaluable source of informa-
tion, especially about the societal setting, which
is critical for evaluating effects on human com-
munities. In any case, when information is not
available from traditional sources, analysts
must be resourceful in seeking alternative
sources. Table 3-2 lists some of the possible
types and sources of information that may be of
use for cumulative effects analysis.

Although most information needed to
describe the affected environment must be
obtained from regional and local sources, sev-
eral national data centers are important.
Census Bureau publications and statistical
abstracts are commonly used for addressing
demographic, housing, and general socioeco-
nomic issues, as are several commercial
business databases. Currently, an extensive
inventory of environmental data coordinated by



The Nature Conservancy through state Natural
Heritage Programs (NHPs) and Conservation
Data Centers (CDCs) provides the most
comprehensive information available about the
abundance and distribution of rare species and
communities (Jenkins 1988). NHPs and CDCs
are continually updated, computer-assisted
inventories of the biological and ecological
features (i.e., biodiversity elements) of the
region in which they are located. These data
centers are designed to assist in conservation
planning, natural resource management, and
environmental impact assessment. Another
promising source of data is the U.S. Geological
Survey’s Biological Resources Division, created

by the consolidation of biological research,
inventory and monitoring, and information
transfer programs of seven Department of
Interior bureaus. The mission of the Division is
to gather, analyze, and disseminate the biolog-
ical information necessary to support sound
management of the nation's resources. The U.S.
Geological Survey itself was originally created
in response to the demands of industry and
conservationists for accurate baseline data.
Although substantial information can already
be obtained from USGS, the implementation of
the National Biodiversity Information Infra-
structure (NAS 1993) may provide even greater
access to comprehensive biological data.

kilometers

Figure 3-3. Remote sensing imagery illustrating the cumulative increase in roads between 1935 and 1981 across
the same 187,858 ha of the Jemez Mountains, New Mexico. The crosshatched line is a railroad; the solid lines
are dirt roads; the thin dashed lines are primitive roads’ and dotted lines show the current boundary of Bandelier

National Monument (Allen 1994).
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Table 3-2. Possible sources of existing data for cumulative effects analysis

& |ong-time residents

= long-fime resource users
» long-fime resource managers

Individuals = former and present landholders

Historical societies

personal journals
photos
newspapers
individual contacts

Local, state, and regional societies provide:

Schools and universities central libraries

field stations

natural history or cultural resources collections or museums

= faculty in history and natural and social sciences

Other collections
» archoeology
s botany

. zoolog?' )

® natural history

Private, city, state, or federal collections in :

private
s state
= national

Natural history surveys

land preservation
habitat preservation
conservation

Private organizations

religious institutions

cultural resources history

chambers of commerce o
voluntary neighborhood organizations

local park districts

Government agencies ]
local plannin

state and federal

q‘age_ncies .
local records- ee?mg agencies
and management agencies
state and federal fish, wildlife, and conservation agencies
state and federal regulatory agencies
state planning agencies
state and federal records-keeping agencies
state and federal surveys
state and federal agricultural and forestry agencies
state historic preservation offices
Indian tribal government planning, natural rescurce, and cultural resource offices

Project proponent

project plans and supporting environmental documentation

Although federal data sources are critical
for compiling baseline data, they have sub-
stantial limitations. For the most part, federal
environmental data programs have evolved to
support a specific agency’s missions. They are
not designed to capture the interconnections
among environmental variables or generate
information needed for analyses that cut across
sectorial and disciplinary lines. The fact that
federal databases are often generated by moni-
toring programs designed to track progress in
meeting regulatory goals further inhibits
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integration of data (Irwin and Rodes 1992). The
only comprehensive effort to develop estimates
of baseline ecological conditions across the
United States has been the Environmental
Monitoring and Assessment Program (EMAP).
EMAP has successfully developed indicators for
many resources and has applied them in
regional demonstration programs to provide
statistically rigorous estimates of the condition
of ecosystems. Fully implemented, this pro-
gram would be invaluable for analyzing cumu-
lative effects (see box).



EMAP focuses on ass g ecological condit ing biological indicators,
Biological indicators provide g v ‘response . fo. natural aond
humon mduced stress that c¢ e - I chemical and: physical.
s ' ' and habitat modification.  The

ted nationally with uniform

By'm osurmg mdlca?ors within o
) ed using subjective criteria,
anges in indicators of acological

os baseline conditions for
ntly limited to o few regioris
: that will establish baseline

AFFECTED ENVIRONMENT SUMMARY effects. In describing the affected environment,

The description of the affected environment the cumulative effects analyst should

helps the decisionmaker understand the cur- » identify common cumulative effects
rent conditions and the historical context of the issues within the region;

important resources, ecosystems, and human » characterize the current status of the
communities. The analyst uses this phase of resources, ecosystems, and human com-
the NEPA process to characterize the region munities identified during scoping;
and determine the methodological complexity

required to adequately address cumulative * identify socioeconomic driving variables

and indicators of stress on these re-
sources,;
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characterize the regional landscape in
terms of historical and planned devel-
opment and the constraints of govern-
mental regulations and standards; and

define a baseline condition for the re-
sources using historical trends.
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The affected environment section should
include data on resources, ecosystems, and
human communities; environmental and socio-
economic stress factors; governmental regula-
tions, standards, and plans; and environmental
and social trends. This information will provide
the analyst with the baseline and historical
context needed to evaluate the environmental
consequences of cumulative effects (Chapter 4).



4

DETERMINING THE ENVIRONMENTAL
CONSEQUENCES OF CUMULATIVE EFFECTS

PRINCIPLES

» Address additive, countervaiting, and
synergistic effects.

= Look beyond the life of the action.

= Address the sustainability of resources,
ecosysterns, and human communities.

The diversity of proposed federal actions
and the environments in which they occur make
it difficult to develop or recommend a single
method or approach to cumulative effects anal-
ysis. In this chapter, we attempt to provide
insight into and general guidelines for per-
forming analyses needed to determine the
environmental consequences of cumulative
effects. We assume the analysis has already
been scoped, including stipulating geographic
and time boundaries (see Chapter 2), and that
appropriate data have been gathered for the
resources, ecosystems, and human communities
of concern (see Chapter 3). Reference is made,
when appropriate, to specific cumulative effects
analysis methods described in Chapter 5 and
Appendix A.

The analyst must ensure that the resources
identified during scoping encompass all those
needed for an analysis of cumulative effects.
The analyst must also ensure that the relevant
past, present, and reasonably foreseeable future
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actions have been identified. As an iterative
process, cumulative effects analysis often iden-
tifies additional resources or actions involved in
cumulative effects during the analysis phase.
In addition to confirming the resources and
actions to be considered, the analyst should
complete the following specific steps to deter-
mine the environmental consequences of the
cumulative effects:

Identify the important cause-
and-effect relationships between
human activities and resources,
ecosystems, and human com-
munities.

Step 8

Determine the magnitude and
significance of cumulative effects.

Step ¢

Modify or add alternatives to
avoid, minimize, or mitigate sig-
nificant cumulative effects.

Step 10

Monitor the cumulative effects of
the selected alternative and adapt
management.

Step 11

CONFIRMING THE RESOURCES AND
ACTIONS TO BE INCLUDED IN THE CUMU-
LATIVE EFFECTS ANALYSIS

Even though scoping has identified likely
important cumulative effects, the analyst
should include other important cumulative
effects that arise from more detailed consider-
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Figure 4-2. Example of a complex model of cause and effect
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Location of
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=

Figure 4-3. Example of a simplied model of cause and effect
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One of the most useful approaches for deter-
A wide variety of cause-and-effect evalua- mining the likely response of the resource, eco-
tion techniques have been described in the system, and human community to environmen-

literature (see Chapter 5). Techniques for eval- tal change is to evaluate the historical effects of
uating ecological resources include the set of activities similar to those under consideration.
Habitat Suitability Index Models (HSI; In the case of road construction through a




2ffec7er (que






Table 4-1. Example table using quantitative description of effects (within a given level of
uncertainty) on various resources

Resource Past Actions Present Actions | Proposed Action Future Actions cu':;;le::h"’
Air Quality | No effect on 5O, 20% increase in SO, | 10% increase in SO, 5% increase in SO, | 35% increase in
SO,
Fish 50% of 1950 2% of fish 5% increase in fish 1% of fish 48% of 1950 fish
population lost population lost population population lost population lost
Wetlands 78% of presettiement 1% of existing 0.5% of existing 1.5% of existing 95% of preset-
wetlands lost wetlands fost wetlands fost wetlands lost annu- | tlement wetlands
1 annually for 5 years ally for 10 years lost in10 years

The separation of effects into those attribu-
table to the proposed action or a reasonable
alternative versus those attributable to past
and future actions also allows the analyst to
determine the incremental contribution of each
alternative. Situations can arise where an
incremental effect that exceeds the threshold of
concern for cumulative effects results, not from
the proposed action, but from reasonably fore-
seeable but still uncertain future actions.
Although this situation is generally unexplored,
the decisionmaker is faced with determining
whether to forgo or modify the proposed action
to permit other future actions. Identifying in-
cremental effects, therefore, is an important
part of informing the decisionmaker.

Most cumulative effects analyses will iden-
tify varying levels of beneficial and adverse
effects depending on the resource and the indi-
vidual action. Aquatic species will experience
entirely different effects from terrestrial ones.
A warm water fishery (e.g., largemouth bass)
may benefit from a change that is detrimental
to a cold water fishery (e.g., trout), and effects
that are beneficial to the well being of a human
community (e.g., provision of social services)
may be detrimental to natural systems (e.g.,
wetlands lost during construction of a hospital).
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Because of this mixture of beneficial and
adverse effects, the decisionmaker is often hard
pressed to determine which alternative is envir-
onmentally preferred. To overcome this prob-
lem, indices of overall cumulative effect can be
developed. Some of the matrix methods used in
cumulative effects analysis were developed
specifically to address this need. These methods
use unitless measures of effect (e.g., scales or
ranks) to get around the problem of combining
results from a variety of resources.

Presentation of overall cumulative effects
can be controversial. Intentional or uninten-
tional manipulation of assumptions can dra-
matically alter the results of aggregated indices
(Bisset 1983), and experience indicates that
complex quantitative methods for evaluating
cumulative effects make it more difficult for the
public to understand and accept the results.
Effects on resources are usually presented
separately, and professional judgment is used
in determining the reasonable alternative with
the greatest net positive cumulative effect. The
U.S. EPA has developed guidelines for address-
ing specific kinds of risks (including cancer
risks and the risks posed by chemical mixtures)
and for comparing disparate kinds of risks (U.S.
EPA 1993).






Thresholds and criteria (i.e., levels of accept-
able change) used to determine the significance
of effects will vary depending on the type of
resource being analyzed, the condition of the
resource, and the importance of the resource as
an issue (as identified through scoping). Cri-
teria can be quantitative units of measure such
as those used to determine threshold values in
economic impact modeling, or qualitative units
of measure such as the perceptions of visitors to
a recreational area. No matter how the criteria
are derived, they should be directly related to
the relevant cause-and-effect relationships.
The criteria used, including quantitative thres-
holds if appropriate, should be clearly stated in
the assessment document.

Determinations of significance in an EA or
an EIS are the focus of analysis because they
lead to additional (more costly) analysis or to
inclusion of additional mitigation (or a detailed
justification for not implementing mitigation).
The significance of adverse cumulative effects is
a sensitive issue because the means to modify
contributing actions are often outside the pur-
view of the proponent agency. Currently,
agencies are attempting to deal with this diffi-
cult issue by improving their analysis of his-
torical trends in resource and ecosystem
condition. Even where cumulative effects are
not deemed to be significant, better characteri-
zation of historical changes in the resource can
lead to improved designs for resource enhance-
ment. Where projected adverse effects remain
highly uncertain, agencies can implement adap-
tive management—flexible project implemen-
tation that increases or decreases mitigation
based on monitoring results.

AVOIDING, MINIMIZING, AND
MITIGATING SIGNIFICANT CUMULATIVE
EFFECTS

If it is determined that significant cumula-
tive effects would occur as a result of a proposed
action, the project proponent should avoid,
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minimize, or mitigate adverse effects by
modifying or adding alternatives. The pro-
ponent should not overlook opportunities to
enhance resources when adverse cumulative
effects are not significant. The separation of
responsibilities for actions contributing to
cumulative effects makes designing appropriate
mitigation especially difficult. In the case of the
Lackawanna Industrial Highway, the Federal
Highway Administration and Pennsylvania
Department of Transportation sponsored devel-
opment of a comprehensive plan for the valley
that provides a mechanism for ensuring that
secondary development accompanying construc-
tion of the highway would protect valued
resources, ecosystems, and human communities
(see box).

By analyzing the cause-and-effect relation-
ships resulting in cumulative effects, strategies
to mitigate effects or enhance resources can be
developed. For each resource, ecosystem, and
human community of concern, the key to devel-
oping constructive mitigation strategies is
determining which of the cause-and-effect path-
ways results in the greatest effect. Mitigation
and enhancement strategies that focus on those
pathways will be the most effective for reducing
cumulative effects.

It is sometimes more cost-effective to miti-
gate significant effects after they occur. This
might involve containing and cleaning up a
spill, or restoring a wetland after it has been
degraded. In most cases, however, avoidance or
minimization are more effective than remedi-
ating unwanted effects. For example, attempt-
ing to remove contaminants from air or water is
much less effective than preventing pollution
discharges into an airshed or watershed. Al-
though such preventative approaches can be the
most (or only) effective means of controlling
cumulative effects, they may require extensive
coordination at the regional or national scale
(e.g., federal pollution control statutes).






= appropriate spatial scale,
=  means of assessing causality,

= means of measuring mitigation efficacy,
and

s provisions for adaptive management.

ENVIRONMENTAL CONSEQUENCES
SUMMARY

Although cumulative effects analysis is
similar in many ways to the analysis of project-
specific effects, there are key differences. To
determine the environmental, social, and eco-
nomic consequences of cumulative effects, the
analyst should

s  Select the resources, ecosystems, and
human communities considered in the
project-specific analysis to be those that
could be affected cumulatively.

» Identify the important cause-and-effect
relationships between human activities
and resources of concern using a net-
work or systems diagram that focuses
on the important cumulative effects
pathways.

»  Adjust the geographic and time boun-
daries of the analysis based on cumu-
lative cause-and-effect relationships.

a  Incorporate additional past, present,
and reasonably foreseeable actions into
the analysis as indicated by the cumu-
lative cause-and-effect relationships.

47

s Determine the magnitude and signif-
icance of cumulative effects based on
context and intensity and present tables
comparing the effects of the proposed
action and alternatives to facilitate deci-
sionmaking.

» Modify or add alternatives to avoid,
minimize, or mitigate cumulative effects
based on the cause-and-effect pathways
that contribute most to the cumulative
effect on a resource.

s  Determine cumulative effects of the
selected alternative with mitigation and
enhancement measures.

»  Explicitly address uncertainty in com-
municating predictions to decisionmak-
ers and the public, and reduce uncer-
tainty as much as possible through mon-
itoring and adaptive management.

Determining the environmental consequen-
ces entails describing the cause-and-effect
relationships producing cumulative effects and
summarizing the total effect of each alternative.
These activities require developing a cumula-
tive effects analysis methodology (Chapter 5)
from available methods, techniques, and tools of
analysis (Appendix A).
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METHODS, TECHNIQUES, AND TOOLS
FOR ANALYZING CUMULATIVE EFFECTS

Analyzing cumulative effects under NEPA
is conceptually straightforward but practically
difficult. Fortunately, the methods, techniques,
and tools available for environmental impact
assessment can be used in cumulative effects
analysis. These methods are valuable in all
phases of analysis and can be used to develop
the conceptual framework for evaluating the
cumulative environmental consequences, de-
signing appropriate mitigations or enhance-
ments, and presenting the results to the
decisionmaker.

This chapter introduces the reader to the
literature on cumulative effects analysis and
discusses the incorporation of individual
methods into an analytical methodology.
Appendix A provides summaries of 11 methods
for analyzing cumulative effects. The research
and environmental impact assessment com-
munities continue to make important contri-
butions to the field. In addition to methods
developed explicitly for environmental impact
assessment, valuable new approaches to solving
cumulative effects problems are being put forth
by practitioners of ecological risk assessment
(Suter 1993; U.S. EPA 1992; U.S. EPA 1996),
regional risk assessment (Hunsaker et al.
1990), and environmental planning (Williamson
1993; Vestal et al. 1995). Analysts should use
this chapter and Appendix A as a starting point
for further research into methods, techniques,
and tools that can be applied to their projects.
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LITERATURE ON CUMULATIVE EFFECTS
ANALYSIS METHODS

Several authors have reviewed the wide
variety of methods for analyzing cumulative
effects that have been developed over the last 25
years (see Horak et al. 1983; Witmer et al. 1985;
Granholm et al. 1987; Lane and Wallace 1988;
Williamson and Hamilton 1989; Irwin and
Rodes 1992; Leibowitz et al. 1992; Hochberg et
al. 1993; Burris 1994; Canter and Kamath 1995;
Cooper 1995; Vestal et al. 1995). In a review of
90 individual methods, Granholm et al. (1987)
determined that none of even the 12 most
promising methods met all of the criteria for
cumulative effects analysis. Most of the
methods were good at describing or defining the
problem, but they were poor at quantifying
cumulative effects. No one method was deemed
appropriate for all types or all phases of cum-
ulative effects analysis. In general, these
authors grouped existing cumulative effects
analysis methods into the following categories:

n  those that describe or model the
cause-and-effect relationships of inter-
est, often through matrices or flow
diagrams (see Bain et al. 1986; Armour
and Williamson 1988; Emery 1986;
Patterson and Whillans 1984);



EPA and the National Oceanic and Atmospheric
Administration have developed two specific ap-
proaches to address the problems of cumulative
wetlands loss (LLeibowitz et al. 1992; Vestal et
al. 1995).

These methods usually take one of two basic
approaches to addressing cumulative effects
(Spaling and Smit 1993; Canter 1994):

=  Impact assessment approach, which
analytically evaluates the cumulative
effects of combined actions relative to
thresholds of concern for resources or
ecosystems.

* Planning approach, which optimizes
the allocation of cumulative stresses on
the resources or ecosystems within a
region.

The first approach views cumulative effects
analysis as an extension of environmental
impact assessment (e.g., Bronson et al. 1991;
Conover et al. 1985); the second approach
regards cumulative effects analysis as a cor-
relate of regional or comprehensive planning

/4
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from the available methods, techniques, and
tools it is important to understand that a study-
specific methodology is necessary. Designing a
study-specific methodology entails using a
variety of methods to develop a conceptual
framework for the analysis. The conceptual
framework should constitute a general causal
model of cumulative effects that incorporates
information on the causes, processes, and
effects involved. A set of primary methods can
be used to describe the cumulative effects study
in terms of multiple causation, interactive
processes, and temporally and spatially vari-
able effects.

The primary methods for developing the
conceptual causal model for a cumulative effects
study are

Questionnaires, interviews, and
1 panels to gather information about the
wide range of actions and effects
needed for a cumulative effects analysis.

Checklists to identify potential cumu-
2 lative effects by reviewing important
human activities and potentially affected
resources.




Matrices to determine the cumulative
3 effects on resources, ecosystems, and
human communities by combining indi-
vidual effects from different actions.

Networks and system diagrams to
4 trace the multiple, subsidiary effects of
various actions that accumulate upon
resources, ecosystems, and human
communities.

Modeling to quantify the cause-and-
5 effect relationships leading to cumu-
lative effects.

Trends analysis to assess the status
6 of resources, ecosystems, and human
communities over time and identify
cumulative effects problems, establish
appropriate environmental baselines,
or project future cumulative effects.

Overlay mapping and GIS to incor-
7 porate locational information into cum-
ulative effects analysis and help set the
boundaries of the analysis, analyze
landscape parameters, and identify
areas where effects will be the greatest.

After developing the conceptual framework,
the analyst must choose a method to determine
and evaluate the cumulative effects of project
actions. This method must provide a procedure
for aggregating information across multiple re-
sources and projects in order to draw con-
clusions or recommendations. The simplest
method is the comparison of project (or pro-
gram) alternatives qualitatively or quanti-
tatively in tabular form.

Tables and matrices use columns and
rows to organize effects and link activities (or
alternatives) with resources, ecosystems, and
human communities of concern. The relative
effects of various activities can be determined
by comparing the values in the cells of a table.
The attributes of each cell can be descriptive or
numerical. Tables are commonly used to pre-
sent proposed actions and reasonable alterna-
tives (including no-action) and their respective
effects on resources of concern. Tables can be
used to organize the full range of environ-
mental, economic, and social effects. Depending
on how the table is constructed, a cell may
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represent a combination of activities and,
therefore, be cumulative, or it may include a
separate column for cumulative effects.

Cumulative effects are increasingly appear-
ing as a separate column in EISs. In the case of
the cumulative mining effects in the Yukon-
Charley Rivers National Preserve, Alaska
(National Park Service 1990), the estimated
effect of the proposed mining actions on each
resource (e.g., riparian wildlife habitat) was
evaluated both as a direct effect and as a
cumulative effect in combination with past
mining losses. Quantitative short-term and
long-term effects (in acres) were calculated
(Table 5-1). In the case of the Pacific yew (U.S.
Forest Service 1993), the potential direct,
indirect, and cumulative effects on the genetic
resource of the Pacific yew were summarized
qualitatively (e.g., risk of genetic erosion at edge
of range; Table 5-2).

Some tables are designed explicitly to
aggregate effects across resources (including
weighting different effects). Grand indices that
combine effects include the Environmental
Evaluation System (Dee et al. 1973) and ecolog-
ical rating systems for wildlife habitat and
other natural areas (e.g., Helliwell 1969, 1973).
Such approaches have been relatively unsuc-
cessful because intentional or unintentional
manipulation of assumptions can dramatically
alter the results of aggregated indices (Bisset
1983), and because complex quantitative meth-
ods for evaluating cumulative effects make it
more difficult for the public to understand and
accept the results. Westman (1985) concluded
that aggregation and weighting of effects should
be rejected in favor of providing information in
a qualitative, disaggregated form. Although it
may not be possible to combine highly dis-
parate resource effects, different resource
effects that cumulatively affect interconnected
systems must be addressed in combination. In
any case, greater efforts need to be made to
present the full suite of adverse and beneficial
effects to the decisionmaker so that compari-
sons are clear and understandable.



Table 5-1. Cumulative effects of mining on riparian habitat in Yukon-Charley National Preserve,
Alaska (National Park Service 1990)

Habitat (acres) Long-Term Impacts (acres) Short-Term Impacts (acres)
Study Area
Dralnage Existing Past Alternative | Cumulative | Alternative | Cumulative
Premining (% Mining A Loss Loss Aloss Loss
Premining) Loss
Wood chopper 1,227 1,101(89.7) 126 30 156 26 182
Coal 2,081 1,376 (66.1) 705 20 725 14 739
Sam 1,158 1,148 (99.1) 10 20 30 11 41
TOTAL 4,446 3,615 (81.2) 841 70 911 51 962
Fourth of July 833 777 (93.3) 56 20 76 16 92
GRAND TOTAL 5,299 4,402 (83.1) 897 90 987 67 1,054
Table 5-2. Cumulative effects on the genetic resources of the Pacific yew (U.S. Forest Service 1993)
Alt " Direct Effects on Existing Levels of Indirect Effects on Levels of Genetic c lative Effect
ernative Genetic Variation Variation in Future Generations umulative Eifects
A Risk of losing small populations at edge | Risk of losing small populations at edge of | Risk of genetic erosion at edge of
of range, thereby reducing existing levels. | range, thereby reducing future levels. range.
B None. None. Would negate risk fo small popula-
tions and halt genetic erosion.
C Risk of slightly reducing levels within Risk of slightly reducing some populations. | Would enhance gene variation.
population for some populations. No No effect on overall variation or values.
effect on overall variation.
D Within population levels could be reduced | Could be reduced more than in Alt. C. for | Same as Alt. C.
more than in Alt. C. No effect on overall | some populations. No overall effect.
genetic variation.
F Within population levels could be reduced | Could be reduced more than in Alt D. Same as Alt. C.
more than in Alt. D. Overall levels of Potential significant reduction in adaptabil-
variation would be reduced slightly. ity of some populations and some reduc-
fion in values.
G1 Same as Alt. D. Same as Alt. D. Same as Alt. C
G2 Some as Alt. D. Same as Altl. D. Gene conservation would not be

well served because of fewer
reserves.
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Although tables and matrices are the most
common method for evaluating the cumulative
effect of alternatives, map overlays and model-
ing can be used to summarize and evaluate
cumulative effects.

In general, the standard environmental
impact assessment methods described above
can be combined effectively to address
cumulative effects (Figure 5-1). Two aspects of
cumulative effects analysis, however, warrant
special analysis methods: (1) the need to
address resource sustainability, and (2) the
need to focus on integrated ecosystems and
human communities. By definition, cumulative
effects analysis involves comparing the
combined effect with the capacity of the
resource, ecosystem, and human community to

withstand stress. Carrying capacity analy-
sis has been applied to a wide range of
resources to address cumulative effects.
Cumulative effects are a more complex problem
for whole ecosystems, because ecosystems are
subject to the widest possible range of direct
and indirect effects. Analyzing the cumulative
effects on ecosystems requires a better under-
standing of the interworkings of ecological
systems and a more holistic perspective.
Specifically, ecosystem analysis entails new
indicators of ecological conditions including
landscape-scale measures. In addition to these
two special methods, analyzing cumulative
effects on human communities requires specific
economic impact analysis and social
impact analysis methods.

SPATIAL
SCOPING

IDENTIFY RANGE
OF RESOURCES

TEMPORAL RESOURCE AND
IMPACT
SCOPING INTERACTIONS

Questionnaires, Overlay Mapping
Interviews, and and GIS
Panels

Checkliists

N\

y/

Trends Analysis

Networks and
Systems Diagrams

EVALUATIONS

Models

Tablas and Matrices

Map Overlays

Figure 5-1. Conceptual model for combining primary methods into a cumulative effects analysis
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sophisticated models that require solving com-
plex equations or conducting simulations.
General tools for illustrating cumulative effects
include dose-response curves, cumulative fre-
quency distributions, maps, and videography.
Video simulation, wherein an existing site is
captured through imagery and electronically
altered to show how the site will look after a
proposed action is implemented, is a promising
new technology for analyzing effects and com-
municating them to the public (Marlatt et al.
1993).

Most importantly, geographic informa-
tion systems (GIS) can manipulate and dis-
play the location-specific data needed for
cumulative effects analysis. GIS can be used to
manage large data sets, overlay data and
analyze development and natural resource
patterns, analyze trends, use mathematical
models of effect with locational data, perform
habitat analysis, perform aesthetic analysis,
and improve public consultation (Eedy 1995).
GIS can incorporate a statistically reliable
locational component into virtually any cumu-
lative effects analysis. Unlike manual mapping
systems, the scale can be adjusted and the data
layers easily updated. Once a GIS has been
developed, it can drastically reduce the effort
needed to analyze the effects of future projects,
i.e., each new development proposal can be
readily overlain on existing data layers to evalu-
ate cumulative effects (Johnston et al. 1988).
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existing environmental conditions, and quan-
titatively or qualitatively assess possible future
trends in the environment. Although remote
sensing is a relatively recent technological
development, aerial photography available for
most areas of the United States since the 1930s
or 1940s, and space-based photographs and
satellite imagery have been collected since the
1960s. For example, aerial photography from
1960, 1981, and 1990 (Figure 5-2) show change
in the condition of small mountainous tributary
streams to the North Fork Hoh River in the
Olympic Peninsula. The photo taken in 1960
shows undisturbed old growth Sitka spruce-
hemlock forest. The photos of the same location
taken in 1981 and 1990 show extensive timber
harvest and soil erosion. Each patch of har-
vested timber was approved under individual
logging permits over a 30-year period. As a
result of the cumulative timber harvest, the
area has experienced severe landsliding and
erosion, causing sedimentation in salmon
spawning and rearing areas in the Hoh River
and in lower portions of the tributary streams.

The combination of remote sensing and GIS
has facilitated the development of a suite of
landscape-scale indicators of ecosystem status
that hold promise for quantifying ecological
variables and improving the measurement of
cumulative effects (Hunsaker and Carpenter
1990; Noss 1990; O'Neill et al. 1988, 1994).



1981 1990

Figure 5-2. Deteriorating trend in watershed condition of the North Fork Hoh River, Washington as illustrated by
a time-series of aerial photographs depicting cumulative loss of forest from individual timber sales (Dave Somers,
The Tulalip Tribes, personal communication)

Table 5-3 summarizes the 11 important cum- » additive and synergistic interac-
ulative effects analysis methods discussed above. tions
Appendix A provides standardized descriptions of * delayed effects
these methods. Many cumulative effects analysis * persistence of impacts
methods can be adapted for environmental or
social impact assessment; the basic analytical

2 Whether the method can

frameworks and mathematical operations are . quantify effects

often applicable to both social and environmental - synthesize effects

variables. Each of the 11 methods represents a +  suggest alternatives

general category that may contain more specific - serve as a planning or decision-
methods. When and where each method is appro- making tool

priate for cumulative effects analysis depends on + link with other methods, and

the following criteria:

3 Whether the method is

1 Whether the method can assess
+ effects of same and different nature ;Ztgﬁzed
| tempora change « reliable and repeatable.

+ spatial characteristics

+ structural/functional relationships

+ physical/biclogical/human
interactions
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Primary Methods Description Strengths Weaknesses
1. Questionnaires, Questionnaires, inferviews, and panels are useful Flexible Cannot quantify
Interviews, and for gathering the wide range of information on Can deal with Comparison of
Panels multiple actions and resources needed to address subjective alternatives is
cumulative effects. Brainstorming sessions, information subjective
interviews with knowledgeable individuals, and
group consensus building activities can help
identify the important cumulative effects issues in
the region.

2. Checklists Checklists help identify potential cumulative effects Systematic Can be inflexible
by providing a list of common or likely effects and Concise Do not address
juxtaposing mulliple actions and resources; - interactions or
potentially dangerous for the analyst that uses cause-effect
them as a shortcut fo thorough scoping and relationships
conceptualization of cumulative effects problems.

3. Matrices Matrices use the familiar tabular format to Comprehensive Do not address
organize and quantify the interactions between presentation space or time
human activities and resources of concern. Once Comparison of Can be
even relafively complex numerical data are allernatives cumbersome
obtained, matrices are well-suited to combining the Address multiple Do not address
values in individual cells of the matrix (through .

! . projects cause-effect
matrix algebra) o evaluate the cumulative effects relationships
of multiple actions on individual resources, P
ecosystems, and human communities.

4. Networks and Networks and system diagrams are an excellent Facilitate No likelihood for

System Dlagrams | method for delineating the cause-and-effect rela- conceptualization secondary effacts
tionships resulting in cumulative effects; they allow Address cause- Problem of
"}9 user fo analyze ihde mUmP'Z: subsi?{iary effects effect relationships comparable units
of various actions and trace indirect effects to re- T
sourcesl:hat accumulate from direct effects on Identify indirect Do not address
effects space or time
other resources.

5. Modeling 1 Modeling is a powerful technique for quontifying Can give unequivo- Need a lot of data
the cause-and-effect relationships leading to cal results Can be expensive
cumulative effects, can take the form of Addresses cause- .
mathematical equations describing cumulative i i Intractable with

¢ 4 A effect relationships many interactions
processes such as soil erosion, or may consfitute Quantification
an expert system that computes the effect of ) )
various project scenarios based on a program of Can integrate fime
logical decisions. and space

6. Trends Analysis Trends analysis assesses the status of a resource, Addresses Need a lot of data
ecosystem, and human community over time and accumulation over in relevant system
usually results in a graphical projection of past or time Extrapolation of
future conditions. Changes in the occurrence or Problem system thresholds is
intensity of stressors over the same time period can identification still largely
also be determined. Trends can help the analyst Baseli subjective
identify cumulative effects problems, establish d :e Ine "
appropriate environmental baselines, or project stermination
future cumulative effects.

7. Overlay Mapping | Overlay mapping and geographic information Addresses spatial Limited to effects

and GIS systems (GIS) incorporate locational information pattern and based on location
into cumulative effects analysis and help set the proximity of effects Do not explicitly
| boundaries of the analysis, analyze landscape Effective visual address indirect
| parameters, and identify areas where effects will be presentation effects
the greatest. Map overlays can be based on either C fimi Difficult to add
the accumulation of stresses in certain areas or on q an |op imize ey : a f ress
the suitability of each land unit for development. evelopment magnitude o
options effects
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Table 5-3. Continued

Special Methods

Description

Strengths

Weaknesses

8. Carrying Capacity
Analysis

Carrying capacity analysis identifies thresholds (as
constraints on development) and provides mech-
anisms to monitor the incremental use of unused
capacity. Carrying capacity in the ecological
context is defined as the threshold of stress below
which populations and ecosystem functions can be
sustained. In the social context, the carrying
capacity of a region is measured by the level of
services (including ecological services) desired by
the populace.

True measure of
cumulative effects
against threshold
Addresses effects in
system confext
Addresses time
factors

Rarely can measure
capacity directly
May be multiple
thresholds
Requisite regional
data are often
absent

9. Ecosystem Analysis

Ecosystem analysis explicitly addresses biodiversity
and ecosystem sustainability. The ecosystem
approach uses natural boundaries (such as
watersheds and ecoregions) and applies new
ecological indicators (such as indices of biotic
integrity and landscape pattern). Ecosystem
analysis entails the broad regional perspective and
holistic thinking that are required for successful
cumulative effects analysis.

Uses regional scale
and full range of
components and
inferactions
Addresses space
and time
Addresses
ecosystem
sustainability

Limited to natural
systems

Often requires
species surrogates
for system

Data intensive
Landscape
indicators still
under development

10. Economic Impact
Analysis

Economic impact analysis is an important compo-
nent of analyzing cumulative effects because the
economic well-being of a local community
depends on many different actions. The three
primary steps in conducting an economic impact
analysis are (1) establishing the region of influ-
ence, (2) modeling the economic effects, and (3)
determining the significance of the effects.
Economic models play an important role in these
impact assessments and range from simple to
sophisticated.

Addresses
economic issues
Models provide
definitive,
quantified results

Utility and accuracy
of results
dependent on data
quality and model
assumptions
Usually do not
address nonmarket
values

11. Social Impact
Analysis

Social impact analysis addresses cumulative effects
related to the sustainability of human communities
by (1) focusing on key social variables such as
population characteristics, community and institu-
tional structures, political and social resources,
individual and family changes, and community
resources; and (2) projecting future effects using
social analysis techniques such as linear trend
projections, population multiplier methods,
scenarios, expert testimony, and simulation
modeling.

Addresses social
issues

Models provide
definitive,
quantified results

Utility and accuracy
of results
dependent on data
quality and model
assumptions

Social values are

highly variable
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METHODS

1
EXAMPLES:

Information gathering is essential to all
environmental impact assessment and can be-
come especially involved when scoping for
cumulative effects in an EIS. Primarily, the
analyst will use questionnaires, interviews, and
panels to build a comprehensive list of environ-
mental problems that could accumulate. During
preparation of an EIS on the Castle Mountain
open heap leach gold mine project, the U.S.
Bureau of Land Management (1990) compiled a
wide range of information into a list of activities
that, combined with the proposed action, might
produce cumulative effects (Chapter 3, Table 3-
. 1. For each of 26 individual activities,
anticipated cumulative effects were identified for
each of 12 resource issues. The status (existing
or proposed) of these additional activities and the
primary geographical location of effects were also
listed.

The analyst will also use these information
gathering techniques to help develop a commun-
ity vision for the region when the cumulative
effect of a suite of actions will restore resources.
The Restoration Plan for the Exxon Valdez Oil
Spill in Alaska involved identifying many
individual restoration options that, when
combined as an alternative, would have the
cumulative beneficial effect of mitigating natural
resource damages resulting from the spill. The
Restoration Plan required an extremely high
level of coordination among federal and state
agencies, as well as commercial fishermen, local
businesses, and Native American communities.
The Restoration Team had the formidable task of
determining whether the cumulative effect of a
set of restoration

A4

options (an alternative) would meet the public's
expectations for restoration of resources. To
accomplish this, a scientific conference and many
public meetings were held, producing a
"Restoration Framework” that served as a
scoping document under NEPA (EVOS Trustee
Council 1992, 1993). In addition, a questionnaire
was distributed to the public along with a
summary of the draft Restoration Plan (EVOS
Restoration Office 1993) as a means of soliciting
public comment on the critical issues addressed
by the Restoration Plan.
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CHECKLISTS

Checklists can help the analyst identify
potential environmental effects by providing a
list of common or likely effects. Checklists are
especially valuable for analyzing cumulative
effects because they provide a format for
Jjuxtaposing multiple actions and resources in a
way that highlights potential cumulative effects.
Checklists are potentially dangerous for the
analyst who uses them as a shortcut to thorough
scoping.

The strength of checklists is that they struc-
ture the analysis and reduce the likelihood that
major effects will be overlooked; however,
checklists are incomplete, they may cause
important effects to be omitted. Because of the
standard checklist format, checklists are more
repeatable than ad hoc methods. They also pro-
vide a means of concisely presenting effects. At
the same time, the simplicity of the checklist
format has disadvantages. A checklist may be
either an incomplete compilation of effects or a
huge, unwieldy list with many irrelevant
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effects. In an attempt to be comprehensive, the
checklist may also lead to "double counting" the
same effect under different headings.

Many of these disadvantages are avoided by
developing checklists for specific kinds of pro-
jects. Checklists can also be simplified by
organizing potential effects into separate lists or
hierarchical categories for each resource, eco-
system, and human community of concern. To
address cumulative effects, checklists need to
incorporate all of the activities associated with
the proposed action and other past, present, and
future actions affecting the resources. A prom-
1sing approach is to use project-specific checklists
(for each relevant past, present, and future
action) to identify and quantify effects on
resources and then transfer these effects to a
cumulative checklist or interaction matrix (see
Method 3). Two or more effects on a single
resource indicate a potential cumulative effect;
weighted effects can be summed to indicate the
magnitude of the effect.
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2
EXAMPLES:

Specific checklists have been developed for
many different classes of actions (e.g., housing
projects, sewage treatment facilities, power
plants, highways, airports). Several federal
agencies have standard checklists for preparing
EISs or EAs (e.g.,, U.S. DOE 1994). The
California Department of Transportation (1993)
has developed a checklist of 56 questions that

~21 ko prrrrnqdfmnonh gtpic highiyeasreipet ey bﬁ Wt ingdd rrassefl drmyactiiatias crd Lo —

of projects. "Descriptive" checklists expand on
the checklist concept by including information on
measuring and predicting effects (Canter 1996).
A more elaborate descriptive checklist is the
environmental impact computer system
developed by the U.S. Army Construction
Engineering Laboratory (Lee et al. 1974). This
system identifies potential environmental effects
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Table A-1. Hypothetical checklist for identifying potential cumulative effects of a highway project
; Proposed Action ‘L Other }
Potential Impact : - T Past Present | Future = Cumulative
Area Construction Operation Mitigation | Actions | Actions . Actions Impact
Topography and bl * >
Soils f
Water Quality * * + * j * * .
Air Quality ** | * **
Aquatic ** > + * * **
Resources | }
Terrestrial | * * \ * -
Resources ‘
Land Use * ok * * fedde
Aesthetics ** o + * **
Public Services * + + +
Community * | * *
Structure ;
Others 1 ‘ J‘
KEY: * low adverse effect  ** moderate adverse effect *** high adverse effect
+ beneficial effect O no effect
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3

MATRICES

Matrices are two-dimensional checklists
that attempt to quantify the interactions
between human activities and resources or eco-
systems of concern. They were designed to
assess the magnitude and importance of indi-
vidual interactions between activities and
resources (Leopold et al. 1971) but have been
extended to consider the cumulative effects of
multiple actions on resources (Bain et al. 1986;
Stull et al. 1987; LaGory et al. 1993).

Matrices alone cannot quantify effects, but
they are a useful means of presenting and
manipulating quantitative results of modeling,
mapping, and subjective techniques. Once even

al data are obtained.  rank resource effects. the results mav he difficult
” Ty » ik l —= -‘ N 4 N f B

effects on various resources and does not allow
the user to value resources differentially (e.g.,
through the use of numeric weights). Thus, a
binary approach does not facilitate analyzing the
cumulative effects on a resource, where the
activities have consequences of varying degrees.

Analysts may instead choose to score effects
based on factors such as magnitude, importance,
duration, probability of occurrence, or feasibility
of mitigation. The value entered may reflect
some measurable value (e.g., soil loss may be
expressed in tons/acre/ year), or it may reflect
some relative ranking of the effect. Although
complex weighting schemes allow the user to

relitivﬂy comulex numeric
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3
EXAMPLES:

Matrices were first formally proposed for
environmental impact assessment by the U.S.
Geological Survey (Leopold et al. 1971). Since
that time a number of matrix methods have been
proposed for analyzing cumulative effects. One
such methodology is the Cluster Impact
Assessment Procedure (CIAP) developed by the
Federal Energy Regulatory Commission in the
mid-1980s (FERC 1985, 1986a; Russo 1985).
The methodology was developed specifically for
use in assessing the cumulative effects of small
hydroelectric facilities within single watersheds.
The CIAP uses a matrix for each resource (e.g.,
salmon) consisting of relative effect ratings (on a
scale from 1 to 5) arranged by project and
resource components (e.g., for salmon, spawning
habitat, migration). Each resource matrix table
contains a summary column that represents the
sum of effect ratings across components for each
project (Figure A-1). An overall summary table
is then developed that presents the effects of
each project on all resources analyzed.

The CIAP does not incorporate or consider
the possibility of synergistic interactions among
projects that could result in nonadditive effects
on resources; the effects of individual projects are
simply added together to determine cumulative
effects. This short-coming led to modification of
the methodology to include interaction effects.
With  these  modifications, cumulative
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effects are viewed as being equivalent to the sum
of the effects of individual projects plus any
interaction between pairs of projects. Modified
CIAP procedures include the approach used in
the Salmon River and Snohomish River EISs for
hydroelectric development in those basins (FERC
1986b, 1987; Irving and Bain 1993). Other
matrix  methodologies that incorporate
interaction effects have been proposed (Bain et
al. 1986; Stull et al. 1987; LaGory et al. 1993).
Each represents a further development of the
approach with an attempt to more accurately
quantify cumulative impacts; consequently, each
succeeding methodology attains additional
complexity.

The Integrated Tabular Methodology (Stull et
al. 1987; LaGory et al. 1993) uses the same
matrix approach as Bain et al. (1986) but
involves a systematic (albeit relatively complex)
method of quantifying and developing interaction
coefficients. To determine interaction coeffi-
clents, this method requires identification of the
impact zones for all projects being evaluated as
well as knowledge of the response of resources to
environmental change. The methodology is
designed to be flexible and can use a wide variety
of data and models. For example, the
methodology can use evaluative criteria such as
effect ratings, habitat suitability indices
(USFWS 1980; Bovee 1982), or quantitative
population models.
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RESOURCE COMPONENTS

PROJECT Spawning Migration  Sediment
Incubation - Moverent  Transport

5 1 2 2

7 1 1 }

1 l 1 ]
5 1 2 2
7 1 1 1 eelenmssy
S5vs7? o] 1.0 04
7vsd o] o] 0.6
5 0 20 0.8  wepe—
7 0 0 0.6 o

Component
Matrix

Weighting
Matrix

Adjusted
Component
Matrix

X

Interaction
Matrix

Interaction
Effect Matrix

No Weighting
(all vaiues = 1)
Weighted
Sum
» 5
* 3
Reiative
Inclex
+ I
Adjusted Jotal
Component Curmnulative
interaction Pius interaction Impact
Effects Sum Effect Score

28

-
i 0.0 —p 36

78

= 1.4

Figure A-1.  Example of cumulative impact computations for a target resource with three resource components

and two projects (FERC 1987).
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4
EXAMPLES:

Since the introduction of network analysis for
impact assessment by Sorensen (1971), networks
and systems diagrams have been useful for
describing cause-and-effect relationships in both
natural and human-dominated systems. Figure
A-2 illustrates how cumulative effects on
socioeconomic conditions can be identified. The
figure (modified from Rau and Wooten 1985)
shows how the removal of both homes and
businesses (following freeway construction)
cumulatively results in an increase in property
tax rate at the tetrary level of effects. A
comprehensive network (Figure A-3) illustrating
all causes, perturbations, primary effects, and
secondary effects related to coastal zone

Australian (Commonwealth) Environmental
Protection Agency (1994).

An example of the case of a single activity
resulting in cumulative effects on a single
resource through indirect effects is illustrated in
Figure A-4 (Bisset 1983). This system diagram
shows damage to fish spawning resulting from
aerial application of herbicides through five
different pathways resulting in low dissolved
oxygen and high sediment stress. Low dissolved
oxygen is caused by decreased plankton growth
and increased oxygen consumption from debris
pollution and erosion; increased sediment is also
caused by debris pollution and increased erosion

development  was  prepared for  the following the loss of riparian vegetation.
PRIMARY SECONDARY TERTIARY TETRARY
Loss of residential Decrease in community increase in property
property tax revenue residential revenue tax rate
Removal Reduction in com~ Increased demand Increase in selling
of homes munity housing stock for housing price of available
Paymeént of relocation homes
expenses
Displacement of Change in local increased space in
people school enroliment local schools
Change in area Lower state subvention
population revenues
Loss of commercial Decrease in.community Increase in property
property tax revenue commercial revenue tax rate
Removal of Loss of sales tax / Increase in welfare
businesses revenue payments

Increase in unemployment
benefits paid

L.oss of jobs —————Increase in number
of unemployed

Figure A-2. Example of an “impact tree” for new freeway construction in an established downtown business
district (modified from Rau and Wooten 1985)
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CAUSE PERTURBATION PRIMARY IMPACT SECONDARY IMPACT

FARM OUTPUT DECLINE & L.OSSES

-~ -— RARE AND ENDANGERED

MARINAS SPECIES LOSS

T
P - HABITAT FRAGMENTATION -~
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DEMOGRAPHIC CHANGE
e AESTHETIC IMPACTS — el - —— gy o TOURIST DECLINE 8 LOSSES
FOREIGN INVESTMENT
COMMUNICATIONS -
-——- WATER POLLUTION - -
— AIR PORTS —— =57 — QUALITY OF LIFE DECLINE
NOISE POLLUTION
-2 ROADS
SEA FOOD DEMAND - - ~—
ADVERSE SOCIAL CHANGE — —< (- SOCIAL PROBLEMS & COST
RECREATIONAL FISHING \

-~ ADVERSE CULTURAL CHANGE

e ee——- BEACH LOSS

- BEACH DESTABILISATION — 47"
MINERAL DEMAND

- FISH BREEDING & NURSERY —- /\ e

- RECREATIONAL FISHING DECLINE
AREA DEPLETION

-~ FISH STOCK DEPLETION - —-<_

o COMMERCIAL FISHING DECLINE
SAND DEMAND - —-= s

AND LOSSES

Figure A-3. A specific cause-and-effect network for coastal zone development cumulafive impacts in Australia [Austrailian (Commonwealth)

Environmental Protection Agency. 1994]
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Figure A-4. System diagram showing cumulative indirect
system (Bisset 1983).

As part of the Chesapeake Bay Restoration
Plan, a cause-and-effect network analysis was
conducted during a workshop charged with
analyzing cumulative effects on the Bay
(Williamson et al. 1987). This approach led the
workshop away from focusing on development
actions (near the start of the causal chains) or
fish and wildlife species (near the end of the effect
chains) to focusing on habitats as the hub of the
cause-and-effect relationships contributing to
cumulative effects on the Bay's living resources.
This network analysis was instrumental in
focusing the cumulative effects analysis on the
appropriate ecological goals and remedial actions
needed (Williamson 1993).
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effects of aerial application of herbicide on an aquatic
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S
MODELING

Modeling is a powerful technique for quanti-
fying the cause-and-effect relationships leading to
cumulative effects. Modeling can take the form of
mathematical equations describing cumulative
processes such as soil erosion, or it may constitute
an expert system that computes the effect of
various project scenarios based on a program of
logical decisions. Modeling is also used in
socioeconomic  analyses, ranging from
macroeconomic models to community-level demo-
graphics (see Methods 10 and 11).

Developing project-specific models requires
substantial resources and time. For this reason,
cumulative effects analysis will most often use or
modify existing models. The lack of baseline data
or project-specific data can also limit the use of
sophisticated models. Nonetheless, modeling
holds considerable promise for analyzing
cumulative effects. In general, the use of models
requires that an agency invest in (1) developing a
given model or technique, or (2) obtaining
baseline data for use in an existing model. The
short-term investment usually reaps long-term
benefits in analyzing cumulative effects. In some
cases, the analyst may find a direct match
between the model and the application to existing
data. Examples where
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cumulative effects are routinely modeled include
the following:

Air dispersion models
Hydrologic regime models
Oxygen sag models

Soil erosion models
Sediment transport models
Species habitat models
Regional economic models.

Models that are easily defended and generally
recognized in the scientific community should be
used. Thus, general models form the basis for
most practical work under NEPA, whereas more
sophisticated models are often used on a case-by-
case basis. Rarely are models used to combine
and evaluate cumulative effects of the proposed
and other actions. Tables and matrices provide a
more straightforward means of displaying
alternatives and their cumulative effects on
individual resources. Nonetheless, it is possible
to develop an evaluative model that assigns
resources to compartments and quantifies effects
and relationships mathematically. Generally,
the assumptions required by this approach are
many, and the likelihood of public understanding
and acceptance is low.
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5
EXAMPLES:

Concern for air quality has produced sophis-
ticated air models that track local and regional
emissions and estimate ambient (cumulative)
pollutant concentrations. The original bubble
concept in air pollution control was predicated on
limiting the cumulative emissions at a site or
region while allowing flexibility in the amount
released by individual sources. Figure A-5 dis-
plays projected NO, concentration isopleths for
the cumulative effects of an existing power plant
and the proposed addition of a second generating
unit in Healy, Alaska. This kind of model output
can be combined with map overlay techniques to
reveal potential adverse effects on mapped
resources.

Water quality-based modeling is another
approach to addressing cumulative effects of
multiple discharges. Specifically, the cumulative
effect of pollutant discharges into a waterbody
can be determined through the wasteload
allocation procedure under the National Pollution
Discharge Elimination System (NPDES) permit
process. The wasteload allocation uses a simple
equation to incorporate receiving water dilution,
background concentrations of pollutants,
numeric water quality criteria or whole effluent
toxicity information, and effluent volume for
discharges into the stream of concern.

waste load allocation =
[WQC (Qs + Qe) - (QsCs)}/Qe

WQC = waterquality criteria
Q, = upstream flow
Q, = effluentflow
C. = upstream concentration in toxic
units

This wasteload allocation model sets the dis-
charge limit so that the cumulative effect does not
result in chronic toxicity to the aquatic biota of
the stream. The most commonly used schemes
for allocating waste loads among discharges are
equal percent removal, equal effluent concen-
trations, and a hybrid method (where the criteria
for waste reduction may not be the same for each
point source).

Concerns over potential cumulative effects on
aquatic resources resulting from decreases in
dissolved oxygen (DO) concentrations prompted

the Federal Energy Regulatory Commission
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concentrations by changing the amount of aera-
tion that takes place at existing dams (from
spillage over the dam), the cumulative effect on
individual river reaches could only be determined
by developing a simulation model (Figure A-6).
This model first determined the amount of
aeration provided by the dams, and then deter-
mined the change in DO caused by installing
hydropower facilities. The amount of DO pro-
vided by dams was quantified by fitting field data
to a statistical model. Then a mathematical
model based on known biochemical oxygen
demand (BOD) and hydraulic characteristics was
developed to determine how changes in aeration
at each dam where hydropower was proposed
would affect DO concentrations over the entire
study area. Ultimately, the effects of proposed
hydropower projects on DO concentrations were
analyzed under appropriate flow conditions, and
the cumulative effects of different alternatives
(combinations of projects) on target resources
were defined.

The cumulative effects on species of concern
can be modeled by quantifying specific mortality
factors (e.g., entrainment of migrating species in
the turbines of multiple hydropower facilities) or
loss of suitable habitat. The cumulative effects of
micro-hydro development on the fisheries of the
Swan River drainage in Montana was modeled
using the bull trout as the primary species of
concern (Leathe and Enk 1985). A land-type-
based watershed model was used to estimate
future cumulative sediment loads resulting from
a combination of forest management and micro-
hydro development scenarios. The relationship of
sediment load to substrate quality was
determined and the substrate quality score was
correlated with the number of bull trout. Based
on these models, the cumulative effect on
fisheries from scenarios containing 4 to 20 micro-
hydro projects was estimated. Within the
drainage, a 7% reduction in juvenile bull trout
abundance was attributed to forest road
construction; 13% to 24% losses were predicted
for micro-hydro project development.

Truett et al. (1994) concluded that the best
approach for assessing the cumulative effects on
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wildlife is to focus on.the habitat factors that
control the distributions and abundances of
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Figure A-6. Cumulative effects on dissolved oxygen
caused by hydroelectric development,
reduced spillages, and reduced aera-
tion at dams (FERC 1988)
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wildlife populations. The most commonly used
models of resource-habitat relationships are the
Habitat Evaluation Procedures (HEP; U.S. Fish
and Wildlife Service 1980) and Instream Flow
Incremental Methodology (IFIM; Armour et al.
1984) developed by the U.S. Fish and Wildlife
Service. HEP uses Habitat Suitability Index
(HSI) models to provide estimates of habitat
quality (Schamberger et al. 1982; Hayes 1989).
An HSI is developed for each species by aggre-
gating functional values for specific habitat
parameters known to support the species of
interest. HSI models have also been developed
for a few animal communities such as those found
in shelterbelts (Schroeder 1986). The cumulative
effect of multiple activities on a species can be
determined by estimating the number of habitat
units (combined HSIs for each habitat available
to the species) affected in the area. HEP and
IFIM models provide a common currency (habitat
suitability) that can be debited by a wide variety
of cumulative effects.
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TRENDS ANALYSIS

Trends analysis assesses the status of
resources, ecosystems, and human communities
over time and usually results in the graphical
projection of past or future conditions. Changes
in the occurrence or intensity of stress over time
can also be determined. Trends analysis provides
the historical context that is critical to assessing
the cumulative effects of proposed actions.
Specifically, trends analysis can assist the
cumulative effects analyst by

m  Identifying cumulative effects prob-
lems. When trends analysis demon-
strates that a substantial amount of a
resource has been lost, it usually reveals
a cumulative effects problem that may be
exacerbated by additional actions. For
example, historical declines in a fishery
resource may indicate that the fishery is
near the threshold of population collapse.

m  Establishing appropriate environ-
mental baselines. When data on the
current state of a resource are lacking (or
too variable), trends data can be used to
describe the existing condition. Trends
information can also be used to develop
historical baselines or regional goals
against which to evaluate restoration
efforts.

® Projecting future cumulative ef-
fects. Trends analysis can identify his-
torical cause-and-effect relationships
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between stresses and resources or ecosystems.
Common cumulative effects relationships can be
used to predict future effects whenever the
environmental conditions are similar. Historical
trends may also reveal threshold points where
cumulative effects become significant or quali-
tatively different.

By documenting the cumulative effects on the
condition of resources over time, trends analyses
have been used as planners to assist with the
orderly development of communities (by charting
the course of economic development), and by
wildlife managers to develop appropriate harvest
guidelines (by recording populations trends in
species). Changes in the condition of resources or
ecosystems can be illustrated in both simple and
complex forms. A simple trends analysis might
produce a line graph showing decreasing
numbers of animals from annual surveys.
Changes in habitat pattern might be illustrated
with a series of figures, or in a 3-dimensional
graphic where the amount of change is portrayed
on the vertical axis. Video simulations can be
used to show complex changes in geographic or
aesthetic resources. Time-series information
from aerial photographs or satellite imagery are
increasingly available for trends analysis across
the United States.
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6
EXAMPLES:

Trends identified from long-term data sets
greatly enhance the evaluation of cumulative
effects analyses on individual species. For ex-
ample, the U.S. Fish and Wildlife Service's
Breeding Bird Survey (BBS) has identified
declining bird populations that may be at greater
risk from future cumulative effects (Robbins et al.
1986). As is the case with most long-term
records, data gaps in the BBS require

using advanced statistical methods to ensure
accurate interpretation of trends. In this case,
proportional trends for each survey route were
estimated and then weighted to account for areal
and data influences (Figure A-7). Trends
analyses of bird surveys have identified a number
of species with substantial declines in numbers,
including many migratory songbirds (Atkins et
al. 1990; Terborgh 1992).

COMMO
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Figure A-7. Common flicker population trends (Robbins et al. 1986)
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Trends in the abundance and distribution of
habitats are one of the most important indicators
of cumulative effects problems. Figure A-8
dramatically illustrates the trend toward frag-
mentation of forested areas in Wisconsin (Curtis
1956 cited in Terborgh 1989). A recent study by
the U.S. Army Corps of Engineers, in cooperation
with U.S. EPA, Fish and Wildlife Service, and
NOAA (1993), addressed historical trends in
special aquatic habitats of Commencement Bay,
WA, resulting from numerous dredge and fill
activities since 1877. To address changes over
140 years, the trends analysis study combined
historical literature with the photographic record.
The use of remotely sensed photographicimagery
allowed analysts to combine measures of the
areal extent of spoil disposal with written
information on the volume of material dredged,
and produced a dramatic illustration of
downward trends in the area of both intertidal
mudflats and marshes (Table A-2).

Many other examples of historical losses of
wetlands have been reported by the U.S. Fish and
Wildlife Service's National Wetlands Inventory
(NWI; Dahl et al. 1991). In addition to identifying
(and quantifying) this cumulative effects
problem, the NWI trends analysis has produced
statistics (such as the remaining acreage of
different wetlands types) that can be used to
predict thresholds where future wetlands losses
will likely affect watershed functioning. The
"synoptic approach” to cumulative effects
analysis developed by the U.S. EPA
Environmental Research Laboratory in Corvallis
(Leibowitz et al. 1992) proposes to use this
information as a quantitative means of
comparing wetlands losses among watersheds
and determining where future wetland losses will
have the greatest effect.

Trends analysis can also be used to construct
the environmental baseline for cumulative effects
analysis when adequate data on the state of a
resource are lacking or are too variable. For
example, sediment cores drawn from lakes or
estuaries can often be used to obtain a more
accurate picture of the state of contamination
than can standard sediment samples. Landings

of commercial fish species are notoriously vari-
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Table A-2. Habitat loss by historic period in Commencement Bay, WA
(modified from USACE 1993)
Total Lost Habitat (includes
Historical Records historical records and Acres Remaining
Historic Period Habitat Type of Lost Habitat photographic evidence)
1877 - 1894 mudflat 11 0 2,074
marsh 20 0 3,874
1894 - 1907 mudflat 208 605 ‘ 1,469
marsh 41 415 3,459
1907 - 1917 mudflat 51 542 927
marsh 35 64 3,395
1917 - 1927 mudflat 48 162 765
marsh 0 72 3,320
1927 - 1941 mudflat 143 133 632
marsh 399 1,676 1,44
1941 - Present mudflat 105 412 187
marsh 1,657 1,587 57
TOTALS mudflat 566 1,54
marsh 1,052 3,814
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OVERLAY MAPPING AND GIS

Overlay mapping and geographic infor-
mation systems (GIS) incorporate locational
information into cumulative effects analysis.
Simple mapping characterizes the spatial aspects
of resources, ecosystems, and human com-
munities and helps set the boundaries of the
analysis. Overlay mapping can directly evaluate
cumulative effects by identifying areas where
effects will be the greatest. Mapping and GIS can
also address concerns, such as landscape
connectivity, that are difficult, if not impossible,
to address with other methods. Map overlays are
extremely useful for any form of visual repre-
sentation.

The most direct use of overlay mapping for
analyzing cumulative effects is "impact-oriented,"
wherein a composite cumulative effects map is
produced by overlaying individual effects from
different actions. Examples include the combined
effects of both air deposition and water discharge
of contaminants to a river, as well as the
cumulative effects of multiple land uses in a
forested watershed. The more common map
overlay approach, however, combines thematic
maps of different landscape features to rate areas
or resources as to their suitability for
development or risk from degradation. In this
"resource-oriented" approach, cumulative effects
in specific areas can be compared to land suita-
bility determinations (resource or ecosystem
thresholds) for those areas. The result is a
suitability map that combines development
opportunities and environmental and socioeco-
nomic constraints (e.g., both endangered species
habitats and public transportation routes) to

disturbance or the areas where disturbance will
have the greatest consequences (e.g., those that
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identify parcels suited to each activity type
(McHarg 1969).

Resource-oriented overlay mapping supports
the planning approach to cumulative effects
analysis and is often called resource capability
analysis. Resource capability analysis can be
used to optimize the integration of a site's natural
and cultural features with various site design
elements (Rubenstein 1987), or to minimize
wastefulness in resource utilization (McKenzie
1975). Resource capability analysis uses
opportunity, constraint, and suitability maps
(Rubenstein 1987). Opportunity maps generally
depict conditions related to factors such as soil
types or topographic slopes that are suitable for
development; constraint maps depict areas that
for various reasons, such as the presence of
wetlands, floodplains, or cultural resources, are
not conducive to development. The land
suitability map combines the information in the
opportunity and constraints maps to identify
those areas best suited for the activities planned.

Suitability ratings can be used to express the
responses of resources, ecosystems, and human
communities in the absence of more sophisticated
quantitative cause-and-effect models (Contant
and Wiggins 1993). Where these suitability
ratings are based on thresholds above which
effects he capacity of the affected resources to
sustain themselves, the evaluation is equivalent
to carrying capacity analysis. Resource-oriented
overlay mapping usually identifies the areas
mo st sensitive t o

are most valued or have endured the greatest
past losses).



METHODS

Overlay maps and land suitability maps have
rapidly evolved from handmade transparencies to
GIS-based computer overlays (for potential
problems see Bailey 1988). In the simplest case,
map layers are hand drawn on transparent
sheets and then overlain. Each sheet represents
a single map layer containing a certain type of
information. Within each sheet (or overlay), the
importance (or weight) assigned to different data
categories is represented by the degree of shading
used. The shading seen when all map overlays
are stacked atop each other reveals graphically
the overall suitability of different areas within
the mapped region for the
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user-defined purpose. In the effect-oriented
approach, darker shading may be used to identify
areas subject to the greatest cumulative effects
(from multiple actions).

Using a GIS to implement overlay mapping
allows the analyst to electronically overlay
natural and cultural features and produce
composite maps quickly (Johnson et al. 1988). In
some cases, GIS maps are derived directly from
satellite images using land cover interpretation
algorithms. Like the user of the manual trans-
parent map overlay technique, the GIS user can
develop weighted functions to assign numeric
weights to each map area (or groupings of grid
cells) within a map layer. Such weights might be
determined by an expert in the field, or based on
a statistical classification drawn from field
measurements.
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EXAMPLES:

Examples of the use of overlay mapping and
GIS to analyze cumulative effects include both
the effect-oriented approach (e.g., where two or
more contaminant sources are mapped over a
single resource) and the resource-oriented
approach (e.g., where the map overlays are used
to characterize land areas in terms of their
suitability for development). The former ap-
proach is typified by GIS-based groundwater
analyses where multiple plumes of contaminated
water are overlain on the aquifer of interest to
determine the cumulative effects. Many other
resources and ecosystems have important
geographical characteristics that must be
considered in analyzing cumulative effects. For
example, overlay mapping can reveal the
cumulative fragmentation of a spatially
contiguous forest (critical to many migratory
songbirds) from activities such as road and
building construction. In the Corridor Selection
Supplemental Draft EIS for the construction of
the Appalachian Corridor H highway near
Elkins, West Virginia (West Virginia DOT 1992),
GIS map overlays produced estimates of the
amount of forest fragmentation, reduction in core
forest area, and spatial contact of construction
with remote habitat areas.

The resource-oriented overlay mapping ap-
proach is commonly used to select the preferred
development option (e.g., the right-of-way route
that minimizes cumulative effects on resources,
ecosystems, and human communities). In his
classic Design With Nature, Ian McHarg (1969)
described the use of map overlays for planning
coastal island development, highways, open
space in Philadelphia, suburban growth near
Baltimore, land use on Staten Island, and
regional development around metropolitan
Washington, D.C. Inthe highway development
example, he used overlay mapping to determine
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a "minimum-social-cost alignment" to replace the
originally proposed highway corridor.

Master plans often use resource capability
analysis to address the cumulative effects of
multiple actions. The resources to be included in
the capability analysis depend on the activities
being undertaken, and analyses range from
comprehensive assessments of all physical, bio-
logical, and socioeconomic factors in a regional
planning area to limited analyses of the potential
for sediment runoff related to the slope, soil, and
permeability of a given plot of land. For example,
overlays of a site's topographic features (e.g.,
geology, soils, slope, and vegetation) can be used
to designate areas where construction will not
contribute to cumulative runoff problems (i.e.,
soils with low erosion potential). Overlay
mapping is also critical to planning conflicting
land uses, such as combat training activities and
natural resource conservation on military
installations. The intersection of impact areas
(e.g., aircraft flight corridors, tank maneuvers,
large weapon firing areas, ordinance impact
areas) and sensitive environments (e.g., wildlife
refuges and endangered species habitats) can be
determined through overlay mapping as
lustrated in Figure A-9 (produced from map
archives, Department of the Navy, Naval Air
Station Patuxent River, MD, 1996).

Overlay mapping and GIS can also be used to
document past cumulative effects and help
predict future effects. Walker et al. (1987) used
remote sensing data and GIS to evaluate the
indirect effects of oil field development in the
Prudhoe Bay Oil Field, Alaska. Aerial photo-
graphs revealed surface disturbance (flooding
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and thermokarst) extending beyond the areas
directly affected by construction. These unanti-
cipated effects on frozen arctic soils and thaw-
lake wetlands constitute an important cumu-
lative effects problem for oil field activities.
Overlay mapping of the spatial properties of
areas (e.g., vegetation, amount of open water,
land and surface form types, and soil type) where
these indirect effects were more pronounced can
be used to predict future cumulative effects and
better plan resource extraction in this fragile
ecosystem.

The promise of GIS as a tool for solving
cumulative effects problems is evidenced by the
rapidly increasing applications of GIS to land
management of forests (Sample 1994) and
wetlands (Lyon and McCarthy 1995). Jerry
Franklin (1994) states that GIS may be the most
important technology resource managers have
acquired in recent memory. He predicts that GIS
will be invaluable in (1) inventory and
monitoring, (2) management planning, (3) policy
setting, (4) research, and (5) consensual deci-
sionmaking. In a much publicized example, the
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Figure A-9. Hypothetical intersection between aviation flight corridors and environmental resources near a typical
U.S. military installation (Department of the Navy 1996)
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resolution of the Pacific Northwest forest
controversy would have been impossible without
GIS. Only when GIS was combined with remote
sensing information was the actual extent (or
lack) of old growth forest determined. Perhaps
more importantly, various scientific panels were
charged with developing and evaluating altern-
atives for protecting late-successional forest
ecosystems and associated species (e.g., northern
spotted owl). Only when an effective GIS capa-
bility was developed, was it possible to display
and modify the alternatives before decision-
makers (including Congressional delegations) so
that reasonable consensus could be achieved.
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CARRYING CAPACITY ANALYSIS

Carrying capacity analysis derives from
the fact that inherent limits, or thresholds, exist
for many environmental and socioeconomic
systems. Carrying capacity in the ecological
context is defined as the threshold of stress below
which populations and ecosystem functions can be
sustained. In the social context, the carrying
capacity of a region is the sum of human activities
that can be maintained while providing the level
of services (including ecological services) desired
by the populace. When cumulative effects exceed
the carrying capacity of a resource, ecosystem,
and human community, the consequences are
significant.

As a method for evaluating cumulative
effects, carrying capacity analysis serves to
identify thresholds for the resources and systems
of concern (as constraints on development) and
provide mechanisms to monitor the incremental
use of unused capacity. Carrying capacity
analysis begins with the identification of
potentially limiting factors (e.g., the supply of
water in a desert riparian ecosystem). Mathe-
matical equations are then developed to describe
the capacity of the resource or system in terms of
numerical limits (thresholds) imposed by each
limiting factor. In this way, projects can be
systematically evaluated in terms of their effect
on the remaining capacity of limiting factors
(Contant and Wiggins 1993).

A-32

Carrying capacity analysis can be especially
useful for assessing cumulative effects in the
following situations:

Infrastructure and public facilities
Air and water quality

Wildlife populations

Recreational use of natural areas
Land use planning

The determination of carrying capacity is
straightforward for public facilities such as water
supply systems, sewage treatment systems, and
traffic systems. A reservoir can only supply
water to a finite number of consumptive users. In
the case of air and water quality control
programs, statutory limits (or standards) are
regulatory thresholds of the carrying capacity of
air or water in the region of interest. Cumulative
effects can be estimated through physical and
mathematical models and then compared with
these standards. Unlike engineered systems,
thresholds involving subjective human uses must
be based on goal-oriented statements of public
opinion and can only be obtained through opinion
survey information or the scoping process. Such
thresholds include the degree of enjoyment
obtained from a recreational experience. In
natural systems, the carrying capacity of well-
studied populations (usually game species) can be
adequately modeled, but the capacity of whole
ecosystems to withstand and recover from stress
(i.e., their resilience) has yet to be modeled
precisely and at best is expressed in gross
probabilistic terms (i.e., the likelihood of a set of
events occurring).
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EXAMPLES:

The air and water quality criteria provisions
of the Clean Air Act and Clean Water Act,
respectively, represent carrying capacity
approaches to dealing with cumulative effects (as
opposed to best available technology approaches).
Under the Clean Air Act Amendments of 1990,
states measure the cumulative effect of all
sources on the concentration of air pollutants in
specified attainment areas using regional models.
New stationary sources are not permitted if they
are determined to cause, in the aggregate, the
concentration of a pollutant of concern to exceed
its standard (the presumed carrying capacity of
the area). Similarly, total maximum daily loads
(TMDLs) are calculated for water bodies receiv-
ing point and nonpoint discharges as part of the
NPDES permit process to ensure that the
cumulative effects on water quality do not exceed
the assimilation capacity of the receiving waters.
If the cumulative effect remains below standards,
capacities are not exceeded, and new proposals
can be authorized (Contant and Wiggins 1993).

Wildlife and fisheries managers have been
conducting carrying capacity analyses for many
years (Smith 1974). Specifically, managers have
used the maximum-sustained-yield concept to
determine the amount of harvest of fish or game
populations that will not result in deterioration of
the population (i.e., not exceed the capacity of the
population to renew itself). The U.S. Forest
Service developed Management Recommen-
dations for the Northern Goshawk in the
Southwestern United States based on the concern
that the goshawk, a forest habitat generalist,
may be experiencing declining populations and
reproduction associated with tree harvests and
other factors affecting the carrying capacity of
western forests (Reynolds et al. 1992). These
guidelines will be used to develop national forest
plans in the Southwestern Region that will
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maintain the forest carrying capacity (.e.,
specific habitat attributes and important prey
species) needed to sustain goshawk populations
despite the cumulative effects of human
influences and natural perturbations, including
loss of an herbaceous and shrubby understory,
reduction in the amount of older forests, and
increased areas of dense tree regeneration.

Managers of natural areas also employ the
carrying capacity concept to prevent parks and
other recreation areas from becoming overused.

Techniques used to evaluate the cumulative
effects of recreation applications involve use
thresholds (i.e., standards) based on social values
(e.g., opportunities for solitude) and ecological
factors (e.g., presence of rare and endangered
species). The recreational carrying capacity
concept is explicitly linked to the notion of
nondegradation, where current conditions set a
baseline or standard for environmental quality.
For example, Forest Service researchers have
devised the Limits of Acceptable Change process
for setting and monitoring recreational carrying
capacity in a wilderness area (Stankey et al.
1985). The U.S. Army Corps of Engineers (1993)
addressed both the social carrying capacity and
the resource carrying capacity of the Fox
waterway in Illinois as it developed permitting
policy guidelines for the area. Based on a
definition of when people feel crowded, the social
carrying capacity was determined to be
approximately 854 boats and 236 jet skis on the
open areas of the waterway. Based on a water
quality definition that used a threshold of water
clarity needed for vegetation growth, the resource
carrying capacity was determined to be 350
cruising boats (i.e., the number that could use the
deeper water areas that did not support sensitive
vegetation).
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Carrying capacity analysis is a critical part of
land use planning for sustainable development.
Ideally, knowledge of the carrying capacity of an
area provides the basis for developing suitability
maps to guide future growth (including proposed
federal projects). When applied to human
communities, carrying capacity can be defined as
"the ability of a natural or man-made system to
absorb population growth or physical
development without significant degradation

or breakdown" (Schneider et al. 1978). As part of
comprehensive planning for Sanibel Island,
Florida, land capability analysis was conducted to
determine the cumulative effects of development
actions on the structure and functions of the
ecological zones of the island (Clark 1976). This
analysis led to a comprehensive set of
management guidelines based on the carrying
capacity of these natural systems for sustaining
human development. Figure A-10 illustrates the
combinations of population numbers and
population density that are possible without
exceeding the carrying capacity of interior wet-
lands to assimilate runoff from developed areas.
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Figure A-10. Sanibel Island, Florida population versus runoff assimilation capacity (Clark 1976)
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ECOSYSTEM ANALYSIS

Ecosystem analysis involves considering the
full range of ecological resources and their inter-
actions with the environment. This approach can
improve cumulative effects analysis by providing
the broad regional perspective and holistic
thinking needed to address the following
cumulative effects principles:

m  Focus on the resource or ecosystem.
Ecosystem analysis specifically addresses
biodiversity and uses the full range of
indicators of ecological conditions ranging
from the genetic to species to local
ecosystem to regional ecosystem levels.

®  Use natural boundaries. Ecosystem
analysis uses ecological regions, such as
watersheds and ecoregions, to encompass
ecosystem functioning and landscape-
scale phenomena such as habitat
fragmentation.

m  Address resource or ecosystem sus-

tainability. The ecosystem approach to
management explicitly addresses the
ecological interactions and processes
necessary to sustain ecosvstem composi-

system or watershed approaches to envir-
onmental protection. Since 1991, the U.S. EPA
(1996) has embraced the watershed approach as
the major mechanism for addressing cumulative
nonpoint-source pollution. Specific applications
include watershed-based TMDLs (U.S. EPA
1994) and the "watershed analysis" approach to
addressing cumulative effects and improving
resource management on timber land
(Washington State Department of Natural
Resources 1992; Regional Interagency Executive
Committee 1995).

By its nature, biodiversity conservation is a
cumulative effects issue. Because it encom-
passes all the structural and functional com-
ponents of the biological environment (and its
interactions with the physical world), biodi-
versity is constantly affected by a wide range of
stresses. For this reason, the goals of bio-
diversity and ecosystem protection are usually
coincident with those of cumulative effects
analysis; therefore, the analyst should employ an
ecosystem approach whenever biodiversity is an
issue.
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EXAMPLES:

Constructing precise models of ecosystem
structure and function sometimes exceeds the
capabilities of NEPA practitioners. Considerable
progress, however, has been made in applying
the principles of ecosystem analysis to analyzing
cumulative effects by extending considerations
beyond species to the ecosystem and by looking
at landscape-scale processes such as habitat
fragmentation.

The most celebrated example where ecosys-
tem analysis was used to extend the analysis of
cumulative effects beyond a single species is the
Supplemental Environmental Impact Statement
on Management of Habitat for Late-Successional
and Old-Growth Forest Related Species Within
the Range of the Northern Spotted Owl (U.S.
Forest Service and Bureau of Land Management
1993). Expert panels were convened to
determine the likelihood of maintaining viable
populations of a comprehensive suite of species
and groups of species based on available habitat.
Addressing the entire ecosystem involved
considering terrestrial forest ecosystems (i.e.,
amounts of late-successional and old-growth
forests and the viability of species ranging from
fungi to bats), aquatic ecosystems (habitat
conditions, riparian ecosystem processes), and
aguatic and riparian dependent organisms (e.g.,
anadromous salmonids, resident fish species and
subspecies, and other aquatic, riparian, and
wetland organisms). The U.S. Forest Service (in
conjunction with the U.S. Bureau of Land
Management and Food and  Drug
Administration) also incorporated ecosystem
analysis into the Pacific Yew Final Environ-
mental Impact Statement by defining the role of
the Pacific yew in the forest ecosystem (Figure A-
11; U.S. Forest Service 1993). The cumulative
effects of  harvesting Pacific yew
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on federal lands in the Pacific northwest for taxol
production (for use as a cancer treatment) were
analyzed in three different contexts: the Pacific
vew itself (including its genetic diversity), the
forest ecosystem that supports yew populations,
and the relationship of the yew and human com-
munities.

The ecosystem analysis approach imple-
mented by the Forest Ecosystem Assessment
Team (FEMAT) in the spotted owl EIS also
considered ecosystem processes affected by the
cumulative actions on lands owned and managed
by states, tribes, corporations, individuals, and
other nonfederal agencies. The analysis included
an aquatic conservation strategy based on the
designation of key watersheds and the use of
watershed analysis. The Washington State
Department of Natural Resources (1992) recently
published a watershed analysis manual
including a set of technically rigorous procedures
that can be used to determine what processes are
active in a watershed, how these processes are
distributed in time and space, what the current
upland and riparian conditions are, and how all
of these factors influence ecosystem services or
other beneficial uses. Watershed analysis is
being expanded to encompass other aspects of
the ecosystem approach to management
(Montgomery et al. 1995; Regional Interagency
Executive Committee 1995). In the synoptic
landscape approach to cumulative effects
analysis developed by the TU.S. EPA
Environmental Research Laboratory in
Corvallis, OR, the landscape is the unit of
analysis (Leibowitz et al. 1992). Synoptic indices
are chosen from the following landscape-level
measures: function value, functional loss, and
replacement potential. Subsequently, landscape
indicators are chosen as
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ECONOMIC IMPACT ANALYSIS

Economic impact analysis satisfies the
mandate under NEPA to "...fulfill the social,
economic and other requirements of present and
future generations of Americans" [National
Environmental Policy Act, Title I Sec. 101 (a)]. It
is an important component of analyzing
cumulative effects, because the economic well-
being of a local community depends on many
different actions. The following effects are the
minimum that an economic impact analysis
should determine:

change in business activity
change in employment
change in income

changes in population.

The three primary steps in conducting an
economic impact analysis are (1) establishing the
region of influence, (2) modeling the economic
effects, and (3) determining the significance of
the effects.

The definition of the geographic region of
influence (ROI) is often controversial. Most
regional and urban analysts prefer to use a func-
tional area concept for defining study regions
(Fox and Kuman 1965). Regions defined in this
way explicitly consider the economic linkages
between the residential population and the
businesses in the geographic area. Specifically,
the affected region should include all of the self-
sustaining ingredients of region-local businesses,
local government, and local population
(Chalmers and Anderson 1977). Although no
standard methodology exists, the definition of a
ROI should consider residence patterns of the
affected populace,
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availability of local shopping opportunities, °
"journey-to-work" time for employees, and local
customs and culture.

Economic models are invaluable for analyz-
ing cumulative effects. The suite of economic
models can vary from simple to complex
(Richardson 1985; Treyz 1993). As a rule,
economic models are sets of mathematical equa-
tions that represent the interactions among the
integral components of the regional economy; the
modeled relationships are based upon economic
principals that have a long history of accuracy
and use. Data to "drive" the models are critical
to performing an impact analysis and acquiring
data is often the limiting factor for the analyst.
Although they are focused on economic
relationships, economic models can incorporate
demographics. Ultimately, economic models are
used to project effects under each alternative.

Once model effects projections are obtained,
additional tools, such as the rational threshold
value (RTV) and the forecast significance of
impacts (FSI) approaches, can provide timely
and cost-effective evaluations of the significance
of the effect (Huppertz and Bloomquist 1993).
These analytical tools review the historical
trends for the defined region and develop mea-
sures of historical fluctuations in sales activity,
employment, income, and population. This use
of time-series data provides the analyst with a
historical context in which to evaluate signif-
icance. The use of economic impact models in
combination with the RTV and FSI techniques
has proven successful in addressing cumulative
economic impacts.
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SOCIAL IMPACT ANALYSIS

Social impact analysis fulfills the man-
date under CEQ’s regulations that the "human
environment" in NEPA be "interpreted com-
prehensively" to include "the natural and
physical environment and the relationship of
people with the environment" (40 CFR§ 1508.14).
The social sciences have made considerable
progress in addressing cumulative effects related
to environmental stewardship by focusing on key
social impact variables. The Interorganizational
Committee on Guidelines and Principles (1994)
has identified five basic categories of social
impact variables:

1. Population characteristics such as its size
and expected size, ethnic and racial diversity,
and the influx and outflux of temporary (e.g.,
seasonal or leisure) residents.

2. Community and institutional structures in-
cluding the size, structure, and linkages of
local government; the historical and present
patterns of employment and industrial diver-
sification; and the size, activity, and interac-
tions of voluntary associations, religious
organizations, and interest groups.

Political and social resources such as the
distribution of power and authority, the iden-
tification of interested and affected parties,
and the leadership capacity within the
community or region.

Individual and family changes including
factors that influence the daily life of indi-

viduals and families (and indigenous and
religious subcultures) in the community or
region such as attitudes toward the proposed
policy, alterations in family and community
networks, and perceptions of risk, health,
and safety.
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5. Community resources such as patterns of
natural resource and land use; the avail-
ability of housing; and community services
including health, police, fire protection, and
sanitation facilities.

The key to analyzing the cumulative effects
on these social impact variables is incorporating
multiple actions into projections of future social
conditions. The following general categories
describe the range of methods used to predict
future social effects:

m linear trend projections (identifying tak-
ing an existing trend and projecting the
same rate of change into the future);

®m  population multiplier methods (a speci-
fied increase in population implies desig-
nated multiples of some other variable);

®  scenarios (characterization of hypotheti-
cal futures through a process of mathe-
matically or schematically modeling the
assumptions about the variables in ques-
tion);

m  expert testimony (experts can be asked to
develop scenarios and assess their
implications);

®  simulation modeling (mathematical
formulation of premises and a process of
quantitatively weighing variables).
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EXAMPLES:

Social impact analysis differs from other
analyses of cumulative effects because it must
deal with the subjective perception of effects.
Social effects appraisal and social well-being
accounts are examples of methods for analyzing
subjective social variables.

Social effects appraisal determines the social
meaning and significance of the objective
changes produced by cumulative actions. The
social analyst assesses the social meaning of the
changes from the different perspectives of the
affected groups. One way to measure the mean-
ing of a change is to tap the knowledge of opinion
leaders (formally or informally) within the
affected groups to determine the values they
assign to each change. For example, an influx of
200 construction workers and their families
might be viewed positively by families suffering
from a stagnant economy but negatively by
retirees looking for a quiet neighborhood. The
social analyst needs to acknowledge that while
some negative social effects can be remedied
materially (perhaps by economic growth), others
are qualitative and defy mitigation.

The social well-being account is a display
that summarizes findings by cross tabulating
levels of analysis, evaluation categories, and
effect factors with a social effects evaluation of
the present condition and each of the alterna-
tives (including no-action). It provides either a
quantitative (numerical) or qualitative rating of
each alternative's overall social effect and a
description of the rating scale. The Multi-
Attribute Tradeoff System (MATS) and other
computer programs assist in producing a syste-
matic numerical evaluation of social effects. The
result is an overall quantitative ranking for

References

each alternative, reflecting the alternative's
relative social benefit to the affected group.

The Federal Highway Administration
(FHWA) frequently deals with social impact
issues related to its transportation projects.
FHWA (1996) recently prepared a primer for
analysts who assess the effects of proposed
transportation actions on human communities.
FHWA states that community impact studies

" must include secondary effects and influences
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from outside developmental pressures to deter-
mine the ability of an area to survive removal of
housing, businesses, and community services.
Also, such studies must describe a community's
ability to absorb relocated residents and busi-
nesses in terms of social and economic dis-
turbance (e.g., available housing, public services
affected, areas zoned for business use). The
primer describes nine impact categories to be
analyzed, including social and psychological
aspects, physical aspects, visual environment,
land use, economic conditions, mobility and
access, provision of public services, safety, and
displacement. Considering these effects natur-
ally includes environmental justice issues.
Community impact analysis is analogous to
ecosystem analysis in that the human commun-
ity should be thought of as an integral unit with
a characteristic social setting and operation.
Decisions about avoiding and mitigating effects
should be based on consensus visions of the
desired condition of the community. Lastly, if
community effects are to receive attention
comparable to that given the natural envir-
onment, special effort to ensure public involve-
ment must be employed (e.g., using nontradi-
tional and informal approaches).



METHODS

Federal Highway Administration (FHWA). 1996.

Community Impact Assessment: A Quick
Reference for Transportation. FHWA, Office of
Environmental and Planning, Washington, DC.
FHWA-PD-96, HEP-30.

A-47

Interorganizational Committee on Guidelines
and Principles. 1994. Guidelines and principles
for social impact assessment. Impact Assessment
12(2):107-152.



METHODS

A-49



APPENDIX B

ACKNOWLEDGEMENTS

B-1






f g!v_w. W v

Argonne, IL 60439
(630) 252-3169
(603) 252-7169

Patrice “Pat” LeBlanc
Carmen Drouin

Federal Environmental Assessment Review Office

Government of Canada
13" Floor, Fontaine Building

Hull, Quebec, Canada K1A OH3

(819) 953-2530

Phil Mattson

Planning and Environmental Affairs

USDA Forest Service

333 Southwest First Avenue
P.O. Box 3623

Portland, OR 97802-3865
(503) 326-3565

Matt McMillen
Energetics Corporation
501 School Street, SW
Suite 440

Washington, D.C. 22024
(202) 479-2747

Paul Petty

Bureau of Land Management
2850 Youngfield Street
Lakewood, CO 80215

(303) 239-3736

(206) 653-0220

Mark Southerland, Ph.D.
Versar, Inc.

9200 Rumsey Road
Columbia, MD 21045-1934
(410) 964-9200

Ron Webster

Robert Lozar

Department of the Army -
CERL

2902 Newmark Drive
Champaign, IL 61821-1706
1-800-872-2375

Dick Wilderman

Branch of Environmental Projects Coordination
Minerals Management Service

381 Eldon Street, Mail Stop 4320

Herndon, VA 22070

(703) 787-1670

Gary Williams, Ph.D.

Argonne National Laboratory
955 L'Enfant Plaza North, S.W.
Suite 6000

Washington, D.C. 20024

(202) 488-2418

B-4



ACKNOWLEDGEMENTS

Peer Review Panel

Richard Carpenter
Rt. 5, Box 277
Charlottesville, VA 22901

Mark Bain, Ph.D.

Cornell University

Department of Natural Resources
208A Fernow Hall

Ithaca, NY 14853

Larry W. Canter, Ph.D.

University of Oklahoma

Environmental and Groundwater Institute
200 Felgar Street, Room 127

Norman, OK 73019-0470

Cheryl Contant, Ph.D.

University of Iowa

Department of Urban and Regional Planning
347 Jefferson Hall

Towa City, IA 52242-1316

B-5

Alex Hoar

U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035-9589

Lance McCold

Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831-6206

B.J. Quinn

North Carolina Department of Transportation
Planning and Environmental Branch

P.O. Box 25201

Raleigh, NC 27611-2501

Michael V. Stimac

HDR Engineering

500 108™ Avenue, Suite 1200
Bellevue, WA 98004



	Considering Cumulative Effects Under the National Environmental Policy Act
	Table of Contents
	Preface
	Executive Summary

	1 INTRODUCTION TO CUMULATIVE EFFECTS ANALYSIS
	Purpose of Cumulative Effects Analysis
	Agency Experience with Cumulative Effects Analysis
	Principles of Cumulative Effects Analysis
	How Environmental Effects Accumulate
	Roadmap to the Handbook

	2 SCOPING FOR CUMULATIVE EFFECTS
	Identifying Cumulative Effects Issues
	Bounding Cumulative Effects Analysis
	Identifying Geographic Boundaries
	Identifying Time Frames
	Identifying Past, Present, and Reasonably Foreseeable Future Actions
	Agency Coordination
	Scoping Summary

	3 DESCRIBING THE AFFECTED ENVIRONMENT
	Components of the Affected Environment
	Status of Resources, Ecosystems, and Human Communities
	Characterization of Stress Factors
	Regulations, Administrative Standards, and Regional Plans
	Trends
	Obtaining Data for Cumulative Effects Analysis
	Affected Environment Summary

	4 DETERMINING THE ENVIRONMENTAL CONSEQUENCES OF CUMULATIVE EFFECTS
	Confirming the Resources and Actions to be Included in the Cumulative Effects Analysis
	Identifying and Describing Cause-and-Effect Relationships for Resources, Ecosystems, and Human Communities
	Determining the Environmental Changes that Affect Resources
	Determining the Response of the Resource to Environmental Change
	Determining the Magnitude and Significance of Cumulative Effects
	Determining Magnitude
	Determining Significance
	Avoiding, Minimizing, and Mitigating Significant Cumulative Effects
	Addressing Uncertainty Through Monitoring and Adaptive Management

	5 METHODS, TECHNIQUES, AND TOOLS FOR ANALYZING CUMULATIVE EFFECTS
	Literature on Cumulative Effects Analysis Methods
	Implementing a Cumulative Effects Analysis Methodology

	REFERENCES
	APPENDIX A — SUMMARIES OF CUMULATIVE EFFECTS ANALYSIS METHODS
	1 Questions, Interviews, and Panels
	2 Checklists
	3 Matrices
	4 Networks and System Diagrams
	5 Modeling
	6 Trends Analysis
	7 Overlay Mapping and GIS
	8 Carrying Capacity Analysis
	9 Ecosystem Analysis
	10 Economic Impact Analysis
	11 Social Impact Analysis

	APPENDIX B — ACKNOWLEDGEMENTS



