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Preface 

The following materials were compiled as background information for individuals who 
will be participating in a workshop entitled "Methodology and Mechanisms for Management of 
Cumulative Coastal Environmental Impacts," to be held in Narragansett, Rhode Island on May 
6th and 7th, sponsored by NOAA's Coastal Owan Program. They consist of selected articles 
and excerpts from reports authored by individuals who will be making presentations on specific 
methodologies (S. Leibowia, C. Hunsaker, S. Williamson, G. Shaffer and W. Eichbaum); an 
article by ;respondent to the methodologies panel (C. Contant); and materials authored by two 
individuals who were unable to participate in the workshop (B. Bedford and J. Gosselink). Also 
enclosed with these materials,- but k t  as a separate document, is "Making Decisions on 
Cumulative Environmental Impacts: A Conceptual Framework, " World W i l l i e  Fund, 1992, co- 
authored by workshop presenter Frances Irwin. 

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

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

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

Alison Rieser 
Associate Professor and 
Director, Marine Law Institute 

Barbara A. Vestal, Project Coordinator 
Associate Director 
Marine Law Institute 



Increasing the Scale of Analysis: The Challenge 
of Cumulative Impact Assessment for Great 

Lakes Wetlands 

Barbara L Bedford 
Cornell University 
lthaca, New York 

INTRODUcrION 
"A fuudamaul i n m n g m ~  mnfroau thosc 
who regalate or  studywetland -rcmr The 
srrle a t  which t h y  obmw humtn mpacu on 
wcllnnd resourccr to be a-uming is far 
greater than the a t  which they arlr qua-  
ttom or make dccisionr En* 'prctlnnd land- 
scapes have been altered inadvcrtenttv 
through the cumulatm effcco of numuam 
loalizzd individual a a i o n r  larights pml 
through r a r w h  mnduPed at one s i u m d  on 
one p- canmot pmvide suaightfomrd 
anmn about the conccqrmm of multiple 
inlcncung p- opcnung a t  the rcrlc. of 
~ l c n h c d r  and landscapes" (Prchcc to Bed- 
fordand Praton . 1988b) 
1 thur desuibcd in an earlier work what 1 here 

refer to as an mmngnItN of s a l e  in both the wry we 
conduasaenldc  inqutv and thewivwc rcguhteand 
manage the envlmnmenr Within the r e p l n o v  
world. it is refmcd lo as the problem of cumulative 
Impan atrasmenr 

This paper p r a c n n  the mnccotual framcrmrk for 
:wolnns mat m c o n p t y  for w e ~ h d s  of the Great 
Lalra. 1 argue a t  the p~ n a d  is for a shift 
uoarard in the l m l  of aualysu at which we m n d u a  
yrcymeuts. Rather Ihaa the indrvidual projcn dis- 
charge. or s t t r  the mm~mum level of ana lys  n& to 
b e  that of the landscape - rvncnhcds. individual lake 
bas- and the cnurc Great Laka  Basin 1 then 
discus vanom elcmenu n-v to mahng that 
shifc gutdelina for arabluhing tcmmral and Spattaf 
bounaancr. a mnatonal approach to clvr~fying wet. 
lands and wetland types wthin the Great Laka  
Bmn. thc informatton rcautred to p m d c  a Eonten 
for dcaslon-making at larger tcmporal and Spalul 
scales. and a provuional set of $oak for the cnurc 
wetland rcsoura base of  the Great Laka. 

In developing the Iramnvork. I have dnwn heav- 

ilyonm~crvnprcrrioorwmk(BtdfisdmdRstDO 
1 9 ( r s l : R c n o n a n d ~ l ~ m d r m n l o f t b e  
arddcs in Bedford and P-n (1988b). apmally 
b a d  G e ( 1 9 8 8 )  and Brinron (1988). 

DEFINITIONS, SCALES, AND 
BOUNDARIES 

Conventional VS. Cumuiative lmpact 
S d u  

'Ihe fundamurul asocar of thu definirron (see 
bohng)  dmau a cbmge m pcnpccuw - an macase 
in the level of maMu both tempanl@ and sp~rul lv  

Fropx or ducharge. For m m n u o n a l  cumulauvt 
aruymcnu. thc scale m- to  that of an m d ~ -  
dual wellml. wlhm whtch wvml projcCIS Or aEun- 
u a  are mnsrdcnd I have argued that the appro- 
p r v u  wale for weUand~ u even larger -- "that Of 
muranrng systems of we&andr located wthm water- 
sheds landscapes and reg'10nr The uv r rmcn t  then 
baDmU bOundCd by the dumbuuon ( S P ~  a d  
temporal) of the r a o u r c a  of cmucm and m m ~ d e n  
thc tomi effect of all human a c u n t t a  and thur 
intenelattonrhp on ail weltrnd fuacuons W I I h I l l  
t h a e  landrepc syxcms" (Bedford and P r ~ l o n .  
19S8b). If the r a o u n c  of concern u the Great W. 

Note
Bedford, B.L.  1990.  Increasing the scale of analysis: The challenge of cumulative impact assessment for Great Lakes wetlands.  Proceedings: International Symposium on Wetlands of the Great Lakes, Niagara Falls, New York.  Pages 186 - 195.
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Figarc 1. SPATIAL SCALES OF CONVENTIONAL AND CUMULATIVE 
IMPACT ASSESSb%ENT 

then wetlaadS of the enUre b & U  need I0 be -0- 
sidered in -menu 

Why Use Larger Scalu 
The rcsoPr for in-tng rhesale of aua&is are 

both poliucal and scienufir F ~ L  the shift in scale is 
mprlrtent mth the txpmsed poliq of rhe fnrcr- 
nauonal Joint ConmLWO~ to adopt an c-raar 
approach to the G r a t  W (National RaeuEb 
Councrl and The Royal Soac~y, 1985). mrh the US. 
National EnwDnmurlal Poli? An (ret abovc), and 
wth various PI- of state ancl fcdcnl wetland legs- 
lation. The wellmd tuncuopr valued by wxlmy and 
frcquene invokal in leplation - hydmlogiq waur 
qual~v. and Life suppon funaropr - arc not the 
produa of a smglc wetland but of a anrland's rela- 
ttoprbp to o l h u  wctlandc. other w t u n r  and 
other land use rypcr Thy derive h m  the role 
wetlands play as mrnponcno of larger landrcrpe 
ururc Gnuder. for e n m p l ~  wetllnd wrer  q u a l i ~  
funatons. lnpuu from tcrravlal system. as well as 
wetland channcnrua.  rnfluena the effcn a wetland 
mav have on dowlrearn  waren. And because out- 
puu from one Mtem are lnpus to another. spaual 
relaUoMhtPS of wetlands to other ecosystem ma 
wthin a landrape ~nfluena the mowment of pollu- 
tans m ~ h i n  that landrape (Whigham et al, 19881. 
.Migratory wateriowl. that use both uplands and wet- 

lands for brrcding and feeding (Cardfn a a 
19853, and s h m b i n k  mt rely on many w a h a  
along conmenul-rclte Uyrnyr for fcdag, ram 
and brredmg (Mycn ct aL, 1987'). hrnher cnrc -r 
rhe need for larger s n k  a m & a  plPr. 3 

and regulatory d a u u m s  should be mrdZ thcrrnn 
wrh re* to rctnuoaUup of one 
anorha. 

S a n d .  borh the development md m.iavms 
of w a h d s  WIW a hulsnpc rctlcct hge-m 
faaon and long-term proaara as d as bX 
p- (Gorhlm. 1957, Damrm~ 197% Gc 
19%5: Winrcr. 1988). w p c  and n 
ab la  such as climrlr topogaphp. gmlog: mi 
vegmuon lod knd rtw patterm duummt W 
logic vanabla which in ~m daaminc if m u h a  
w ~ U f o r m . w h t r c ~ ~ w i U f o n a a n d w h u ~ b i  
gcocbcmrcal pmpcrua  wiu bc w e w  vim t 
Great Lake% Batin fonncd over fhwnds of F 
[oUmng the r e u u t  of ihc W e  
some 10.000 yean ago ( H m  1% 19 
Friedman and DeWitf 1978). Geis (1985) i M  
~ I h b l a  mrrelaud with shoreline morpholow a 
hydrolo~c regme as rhe primary fed- definj 
the enwonmental grrcllcnu along which Gn 
hkcs wcllandr dcvelopcd 
Thtd the scale a t  which degndauon and lor 

hnn occ~md and are ooauring is lu krgcr tbrn I 



individlul siu or ~m s ~ t c n h c d r  Thc purem 
hY~fromoneofrcurersdLocllimpacumd 
lauatoLmrordemduionofmonoftheMLIDd( 
r n t h i n t h c c n m c ~ - k ~ u ~ ~ ~ u i n ~ ~ ~ ~ -  
t o ~ f o r t h e b r u n u a w h o l e ~ n o r a ~  
barcline apmst wbich to judge the p- -t of 
lo- Weller. 19881. Yet a clear ptanrc of the 
mapimde of wetland 1- cmagu whm prrar- 
menu of individual ponionr of the hc arc mu- 
sidcrai together (fable 1). The vstcrn a d  of h k c  
Erie. o n e  an aurmvc murh of ag-reIy a 
km2, now mnvlnr only about 1 S O k d  Of wd8rdS. 
most of which arc diked ~ ~ r f ,  1m. 'Ihc 
Grccn Bay pomon of Lakc MiEhign has lost 
apprcmmauty 60% of the masrpl masbud that 
emtd in rhe 18403 at m m p ~ a h l e  ~ n r a  Lcvch (Hu- 
N C ~ ? L  19n). OIhcrp~~oUSofhkCMichignas  
well as other hkc~ s- haw a r p c n m d  mm- 
stvc l c u a  

Of the wetlands that remain the gmPll pi- is 
one of d e p d a u o n  ~ t h  mulnple impacu Of human 
~ c u v l u a  atmmnlating ovcr umc HiMnc uauh of 
lnacaslng human m p a u  on G r a t  Lalta wethack 
have been we11 doaunentd (fI2~lrmn 19n. MUd- 
roch. 1980. Hcrdmdorf et al 1986 H- 
1981. Stuckcy, IW, Colbrrrn rhnvol~une). 'Ihcmm- 
b ind  effcns of agnculmrr (dnining, dikillg, pad-  
crdc and fertilizer runom, lalrc mmmace (dndgiug 
and disprml), water 1 m I  regularion (Beblord a Sl.. 
1976), m m c u o n  of roads uld I2tlwq& ruidatkl 
dmlopmmt. WClhDd d m &  md point md nOn- 
potnt dischargw of polluunu. indoding toxic 
s u b r m a s  (see Evans 1988). hm rarrlrcd- in 
euuophicltioa. a l u n w n  in historic pa- of 
water level nuattauon. elcnlcd mnocnmwm of 
heaw metals and tonc s u t s m o a  (e.& Pms) in 
scdunenu frapcntauon of habiuL loss of divmny, 
and tnvwon of cmuc spa in mast remining 
wetIandr 

RUDIMENTS OF A BASIN-WIDE 
ASSESSMENT 

Although additional work spaa6c to the Great 
bkcs would be rquucd for mplcmenuuoo. the 
rudrmenu of a bann-wdc -mem of the cum&- 
w e  effms of wetland loss and degndauon can be 
o u t b d  at this stage on the barn of ptmovr w r k  
for other systems (Praton and Bcdford. 1988: Bed- 
ford and Presmn, 1- Lee and Gossdi& 1988: 
Gorwlmk and k 1989). The basic elcmenrr for 
such an -mat are: (1) guidelina for establishing 
the spaual and temporat boundaries of the arurs- 
menC (2) a funcuonal darrt6uuon of wetlands in (he 
basin: (3) prmding m n t a  for dcclston-malung. and 
(4) establishing goals Major progress m each of t h e  

arw~bcmndcfortheGrculaLcc&Itinmth 
s?.ncmurccffDrL 

-PIC the poti t id d-n has bem 
m d e t o v l e w i h e c ~ r c t o f l n h r r r a n ~  
(Nadonrl R a e a d l  C o d  md ihe &pal 
1985). pad bcnw mlcrzhcd boooduia z; 
l;rlPr arc wll-m gvrdeiincr for wmng spa* 
bo- do not need to be espblirhed For tbc 
G n u  lrba tbc lppmPrnIC -.for rtrcnmg 
cprnotrtivc arc Flgmc I): (1) the stlbanter- 
s h e d - c h e . n ~ o f ~ . j o r m c r m t a n d ~  
f c d i q i n t o W M d d L . L a S  (2) thedninychsinof  
e r c h ~ i r k c . v h i r h ~ s ~ a l l t h e  
s n b . w a I c a b e d r : m d Q i h e ~ b r d n f o r t b c  
~Orrrtlrbawil ichrPbslnnes.uindividlul  
~ b a s i n s T h s c ~ t b c n a P b l i s h t h e s p a -  
t i d i r l f o r . t u m n m r i n a i c a i g h d o n m d  
a a d ~ m y a t t b c b e b o l l n d u i e s n f t b c ~  
and agpga td  munkds (see Born and KNlhcl- 
nlcki.sm-). 

Where t cmwnl  bonndaries for the auerrmmr 
shollld be set are lrrr oonous. Thc CEO dcfiniwn 
refen to g u t "  and -I&& Lo-bk future 
aaiDnraaiDnraaiDnr but doun't say haw far in10 the past nor 
w m  is che -nab& f-le fu- Clark 

~ ~~ 

the d k l m n ~  P-n and B& 
(1988)adopudchirbrrisforrcrriryrimeIclloand 
r e m p i d  the rcvcnl time s a l a  ow which pmc- 
cpa mnmlling ditl[crcnt orcrtrnd funamcu o p c n u  
and nmvcr. lcc md (1988) and G a w h k  
and Lce (1989) emphrcaed the bug  rime scrla of 
some- p- (e& development UmcLor 
a bonomlrnP forat)  and the p a r m n c n e  of msny 
rypr of wcuaud a l u n u o l u  Thy also noted the 
p m a i d  reality rhrt historic dam for wetland tune- 
ttom seldom go back more than 20-50 yean Given 
the lack of hirtonc d a u  for G r a t  Lalra wetland 
fuuaotonr 1 suggest Ukat we use srmaure for defining 
the bourrdana of "past" - ic the prc-settl-t 
area of wctlandr. A rational baris for setting the 
bow0u)r into the fumn is leu  easily dcfincd but 
cenamh shonid indudc at least one to w humrn 
gennrnons (LC 2040-1. 

Functional Classification 
If all the wetlands of the Great Lalra Bash arc to 

be considered then some basu for simplifying the 
divenlty of types mmt be idcnciSd in o rda  to 
d m l o p  a ptaure of the raourcc as a whole without 
m h e l r m n g  data b a r s  and the dtcision-rmldng 
p- In Bedford and Preston (1988a). we d e l -  
oped the nuonale for such a simpli6cauoa We 



Table 1. SOME ESTIMATES OF CUMULATIVE WETLAND LOSSES 

FOR VARIOZTS SECTIONS OF THE GREAT LAKES 

:/ GREAT LAKE & SECTION ( %LOST 1 SOURCE 1 
11 Lake superior I ? I 

Lake Michigan I 
IDNR 1987 
[i Wdcr 19881 

1 Michiean - vanous secnons 
I 

50 - 71 Jaworski & Raphael 1978 
[in WeUa 19881 

I Mchiigan I - 72 Jaworski & Raphael1976 
sin Edsall a a!. 19881 

i Lake ~ r i e  I 1 Ohio sincc - 1950 I s 56 1 We* 1975 

1 since - !850 I - 93 1 

11 Lake 0nta"o I I 
! 

Western end - Niagara River ro 
83 McCullougb 1977 

Michip  J a M  & Raphael 1978 
[in 19m 

/ 
I 

C m a d b  shore w m  of Bay 
of Quinrc - various secnons 8 - 100 Whillans 1982 



Bedford - haeasing the Scale of Analysis 

r u r m d m n r c a m a m m i ~ o m ? : o r ~  
beCrme 11 was bued nor on s ~ m a  mmmxmon or 
c o ~ r p p x o p c m a  but nrhcr on aunaensf10 o i  
wWancis thnt duarmnc thcu funau~nu~e The 
scheme arc proposed wa based on w mthcac 
Mnrbla wluch suongly lnfluencc f n n c u o u ~  land- 
scape VUubIes mnmllrng h y d m l o ~ ,  ggcomorpho- 
logy and porluon m the hndsnpc and sol1 propa- 
t ~ u  Hvdrology d u e a h  or mdmuly d c u m m a  all 
s ~ m d h t n d c h v l a n r m o ~ i ~  
HOW long, how ofm. and when w e w &  are fboded 
dutnnma nus of b t o g a x k m a l  p r o o e ~  md 
v e g c a ~ n  pat- Patbs and nrer of mater move- 
ment m n m l  the mffpon of polluunu and d- 
menu ClYufvrng vntmds on the basis of gannor- 
phology and landvrpc panuon smnfm them 
a a a d m g  to thar landform m d  snmmndmg land- 
form. Thac pattcrar mfluenet mater mwcmmr 
~CC~DIS and n t a  of w t a  uanspon and nnmcnt 
regma wlhm wetland& and the opcnncrr of the 
wulnnd to cnhsnga mth adjacent For 
-pic wetlands f m p g  lake shores arc far more 
open to tunanpa wth  the laka than wUaad5 
b e h d  barner bcacna mat arc mfrquenrtv breach- 
ed. Sod properua suongly t n h c n a  vegeuwn 
d p m c s  and b~ogcachunrcal cydtng. mdudmg 
phmphow retcnuon (Richardson. 1985). and the 
amunukuon of meuk and umc subsclnccs m scdb 
m a t s  (Feijtel ct aL 1988: Gambrcll and Pam* 
1978; 1988). R&cd sol1 mcasurcmcnu arc not 
n c s u s q  for ch,ubauon purposes but bmadsclle 
t i i c rcnm 1n peromt orpaac mt tu r  (tugblow), 
rmwal mnunt (tughnowl. sad depth (sballowl 
deep). and pamclc suc (mudlpear undhl iy ,  uc) 
can dI f fmuate  ~ U a n d s  on the bass of vanabk 
slmngly mrrelaltdwth funcuoe 

A funcuonal c l a n 6 s u o n  for Great Laka wet- 
lands could be dmlopcd bv modtfnng Bnnron's 
(1988) scoeme to make it more spmfic to the Great 
L k a .  B ~ O J  11988) offered an tmual ba ru . r  
c l l s rhng wetlands on t k b g u  of ~eomomhology 
ripe postuon He duungunhcd nwnne. 
bar= and f i - u ~ p g  G&II~S baause of fundamental 
d iucnccs  m ctranncrrrrto of t h e  rypu of wtcms 
that mnuol element mta affccmg water q U N .  A 
p m l o n a l  claruficauon for the Grcat b k a  (Tabk 
2) would drfIcrcnuau four malor Ua+rer of werlmds 
(1) lakahorc (2) atuannc. (3) nvennt and (4) 
wetlands oaumng wthm watershed bastnr d n m g  
Into the hka but not themrelva in surface Mter 
conua w t h  the laka or rheu m b u u n u  The tn- 
fluena of last rvpe of wetland on the L a k a  mteht 
be acned  through effcnr on groundwater mown: to 
the laka or through then role as habtut for spmcr 
u m g  ibe lakes. Convene&. aacaung a surface water 
m n n m o n  bv dntntng thae  wetlands into tnbu- 

Providing C o n r m  for Decision-Making 
The -a of cumulauve tmpan assessment 

rcqvlra rbat dcclr~om be put 1n m n t m  Cumukuve 
cf fox .  by defimuoe are landsape level. long-urm 
phenomena They oarur as the mnrcqucnu of 
numaous human m u a  m wehIds  and w h I d  
landuapa over trmc Focuung on mdrndual stus, 
prolent or s p p a  n c u s m i y  mnvs thae lafga- 
s p l c  and longer-term paturns. Dearton-malnng that 
LS to be cffccuve at the scala relevant to the Great 
L;rLn z an -urn therefore. must be put m the 
w n t m  of part and future acuonr affcntng weltmds. 
as well as current patterns of impact% 

That contcn can be pronded bv d c w h t n p  a 
common gwgnphtc tnformauon m u m  IGIS) for 



Table 2. I'ROVISIONAL FUNCTIONAL CLASSIFICATION 

FOR GItEAT LAKES \VETl.ANDS - 
LAKESIIORW3UNGE WETLANDS 

I ~ c " , ~  

bnia 

dikrd 

inurdulul 

ESNARINL! 

WAIERSIIED B A S H  WETLANDS 

urc 1. 

I 

A 

? 

lliah Qualilv. Uncommon l'ylles 

-- Ecoloqlcallv inlacl - 

Irreverril~lu 
Loss 



through time and .nlkacd A a ~ n ~  wollld be 
pmndcdfordsniDmatrcvcntrcllcs.tromm 
perrmts to thc m d n g  of buin-wide pnoriris for 

m a r  are well aublirhcd (Btmoogb, 1986) and its 
manv advantages for cumnhtm mpaa z+urrmcnt 
alnrdv have been deMbcd bv Johnston et 11 (1988). 
Baiicv (1988) has rdaufied some of thc pthlL 
m u d  wth cruung map - etrha 
manuallv or w t h  a G1S - [or rnatmcnt  or planmag 
P U r p m e r .  

EstabIishing Goah 
The most d i i l t  but csmual mmpooat  of 

cumdauve lmpaa -meat u aublirhmg goals 
for the r a o u r a  under mnndaauon wand Gauc- 
I I L .  1988: Gmrclrnlr and Lee, 1989. Bedford and 
Prrrurn 1988b). Goah may be bucd on KICOU6c 
~nfomuuon but thcyarcnlua. not -and u.IIEh 
annot  be obj-ty defined. Some goak my mn- 
flla mIh 0th- Nonethelar as Lee and Coueltnlr 
(1988 p. 600) potnt ouc 

'Goal wtung detrrrmna the l m t r  of armitla- 
tlvC C f f C N  that are to be mcaprrr+d u m- 
paas. Goals dnvc the rnccrprnrwn of the 
dt-n a proposed actmy vnU have on 
mamtauune Ihe mugmy of the landsape umr 
Baause  the unuaa of mort stngle pcnmt 
raucsrr in not deltprble at the landsape 
IcvcL ductton of the m p a a  anih rupca to 
the goal should be Ihc reguktorv m n c u p  
ratncr than just absolute magutude of the 
lndmdual unpan and IS s1@8ncc In mnm- 
b u u q  to depndlUOII of flood s tongc water 
qualm. and Me suppon funcuoar.' 
A general gaal for Grcat Laka wectands u mplt- 

ctt m agrcemcnrr a1rc.a~ rcachcd b e m n  the Umtcd 
States and Canada to ratore the tnugnry of the 
Great 1 .  -urn As Steedman and Regicr 
(19m have argued wetlands wll play a ccnval role 
tn rchabrlttaung the Crcat Laka Based on mv own 
quahtauvc a s s r n e n t  of the current status of Great 
Laka wetlands. I s u g a t  below a set of p m l o n a l  
goals. 'Ihac goals wll need to be refined and mod!. 

~ 

piamirrrprrscntcdbythcrrt.risc.acrafthc 
~born .n leuabc lor lhebe~hor imnPl  
~ r c p r e r c n ~ a ~ c m n r u c o f a h u b . r b u a  
l a a r i n o c M l r m m t r i m r N o e u a ~ f o r r h e  
corirrGreuL.toB.rinaism,bmthcrcisn~ 
~ i h l ( m o r r ~ h . l i ~ f r h e ~ ~ H I L . n d  
-has been lost ne.crml fim ts pmbabiya 
goodMhighcr.givmthatmtnmhucuh.dbeen 
d n i n s d f o r a ~ a r e l l ~ n b c g a n r m l d n g  
imhnloris ofmuhods (We&, 197s). Much of that 
10s  is irrrvaribk urher litally or p- a t i a  
n o r ~ ~ d D l r m c r ~ r i l e r ( ~ g . M o m #  
hW&an (Hadcobort 1987)) md miilioar of .cxs 
hm beem so long for . g n a l ~  porpapa 
rbasoikmdh@robg,hwebuaakredrenrrty. 
Rumation wDllW he prohibi- erpcllwe andku 
PIO(LLd lCqlljrC an unralinicrlly-long umc Inmr 
Somc urn lamifl orbcrc hydrologic paltams mp 
porrivcof~~~.nddcvelopmmtcDPldberutored 

'Ihchrgux~nofwdandsrrmliniog,~prr- 
~ ~ u t h e . r + r . b o n L E c t h * l . t O n t o n u l ~ i n  
figure 2 ate co~lo@auy de- urmlly for 
~ n + 9 o p r ( ~ ~ . b o v e ) . o n l y a ~  
fmaion of the originnl wuland rerrrllroc base is 
ccologidy i n u a  prilh thcir StInaEm and fnnaion- 
ing st i l l  largely mdinurbcd High qtulity sila and 
s i t s  mpponing mmmmon smlmd mmmtloitiu or 
unmmmon pknt or animal spaoa. are but a uny 
b a m n  of what once v m  a nther large wcclmd 
r-bul 

Thc amnr to the lch of the bar ~ l p r c  2) 
indicate &- whm we sti l l  haw choice 1 would 
argue that for thmc wethlds in the mu indi- 
uud the uppcr anuw our choice should be prau- 
nmn with no lou or degradation llloorcd The 

no latitude left if we arero rcuin ~n rcnuunu of 
our w e u d  heritage and c n m p l a  of ~ t e m s  from 
which we might lurn lo reston other -1cmr Only 
in the area indiaud by the Iowa armw (figure 2)  is 
there room for decision-making It is for thuc rypa 
of w e u d  that goal sctuog will be mud for guiding 
thmc decisions. 



Susuulpble dmfopmcnt of rhc biapbcrc b 
bsmmer mmmon theme of lholcscckiagn,~ 
t e p t e  enwomnenal con- mrh dcvclopmc 
(World Commmm on Lmronmmt and M 
mmt 1987). Tbau arorldng tn IIU Gru! W 
regon wtuch contams w of the m a  dmebp 
coanvra tn the mild n w  ~~ thu rmrpm 
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DEFINING AND ANALYZING CUMULATIVE 
ENVIRONMENTAL IMPACTS 

CHERYL K. CONTANT AND LYNA L. WICCINS 

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

Introduction 
Several recent environmental problems illustrate the cumulative nature of the 
impacts of human development activities. The Global 2WO Rcporr ro rhc Prcs: 
idem (U.  S. Council on Environmental Quality 1980) cites global problems of 
diminished biodiversity, build-upof carbon dioxide, depletion of the stratospheric 
ozone layer, and acid rain as significant cumulative impact problems. Closer to 
home, many urban communities have become aware of the cumulative effect of 
increasing development on transportation congestion. air pollution, and the avail- 

Note
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p r 0 j ~ U  need lo be included in cumulative analyses. and that contemplated or 
anticipated projects need not be addressed. This finding suggcstcd that similar 
development activitm in a region necd not be considered togcther in an impact 
analysis unless thcy had bccn formally proposed 8s a program or sct of proposals. 
W e n  a series of inttmately connectcdpropo~edactions were identified, however. 
thc v u n  suggested (quite boldly) that an cnvimnmenw region may be a more 
.ppyoprialc r a l c  for a cumulative lmpvt  uu lyau  tiun ih snuller pmjcct arca. 

S m g  rucfion to this numwcd uope of lnalysis ensued horn both thc 
' cnvironmcnul community and the Resident's Council on Environmental Quality 

(CEQ). In  responsc. CEQ promulgated more inclusive language in ia 1978 NEPA 
regulations (U.S. Council on Environmental Quality 1978). Specifically. the 
rsgulations require that connected, similar. and cumulative actions k gmupcd 
logether in an analysis. Included in thc gmuping of actions which would w m l  
L common analysis arc lhox activities that: ( I )  are interdependent puts of a 
l m e r  action. (2) automaticdly trigger other actiona. (3) have cumulatively a i g  
nificant impacts when viewed with other p r o p o d  actions, or (4) arc similar 
emugh in time or geography lo other reasonably foreswable or proposed actions. 

In addition to defining the appropriate scope of activitics to be includcd i n  
Impact analyses, timing considerations are addressed, in part. through the "tier- 
ing" pmcss. In most situations, an individual proicct proposal is pan of a luger 
p g n m  of  activities (Hapkc 1985. p. 10289). that is. a "branch in a wce of 
planned actions." By tiering, analyscs arc performed early in the planning process 
on,a y t o f  related or comectd xtions. Subsqucol analyses of specific project . ,.. 
.R9pwllr arc then reviewed in the context of these detailed environmental anal- .. . . 

. . , . 
'1 :r. :Iq thc wnlcxtofcumulative impctuulysir,  this tiering mechanismesublishcs 

the legitimacy of gmuping together gwgnphiu l ly  pmximate or similar types 
01 e v i t i u  to examine thcir overdl impact.' h u g h  tiering. cumulative im- 

me wnridercd u r l y  in a pmgnm planning pmccss and within the context 
p ( :~ luger .b ranch of related xtivities (Barney 1981). 

. ;. ,.1,. I ' ~ d y r i c  and Conceptual Dewlopmcnr 
, ,.. . %  

Seycnl ~ u r c h c r s  and practitionen in the prrl decade have suggested compre. 
a+aches to considering cumulative impacts in project review. By 

dcRpjng typologies for cumulative impacts, h e x  analysts highlight the key . , b . . .  

clcmcnts to be considend in thcir assessments. Most typologies focus ?tl the 
processes by which human activities produce cumulative cffcclr within a n a N d  
system. Included in many of these typologies arc the natural systems p-wr 
olaccumulation (Clark 1986). delayed response (Baskctvillc 1986). triggefb and 
thresholds ( h s l o n  and Bedford 1988). nonlinear functional relationship (Bcd: 
lord and Preston 1988). and synergism (Vlachos 1985). 

Basketville (1986) c h . ~ c t e r i u ~  cumulalive impacts into three you@ Ih.1 
refieel his wnccm lor the way naM11 rystem respond to exlcmal prrawru; 
His first gmup results fmm repeaicd "incremental insults to the system." 
increment adds to the previous increments ovcr time. His m d  groupid'& 
situation where a single action or some limited set of actions results in a syslcm 
change in shucture or dynamic. Exposure to a cancer causing agent exemplifiu 
this type o f  impact. The initial exposure incident might have appeared benign. 
but its introduction into the system creatd changes in its shuclure that prbducc 
significant cffccu much later in time. ' '  

The third gmup of cumulative impaclr noted by Baskctvilk corrcspondS lo 
the accumulation of impact by cycling over space and time. He cites thc clear- 
cutting of forests as an example. Although the impact of one clear-cut aria m y  
be panidly mitigated by natural processes of movcry. these new species may 
not be the proper oncs. As the natural balance is shifted by clcar-culling and 
recovery ovcr timc throughout a forest. the impact xNa l l y  movesthrough v~dous  
cycles. migntes uound the forest, md changes the overall natuk o f  the f m s l  
in a cumulative manner. 

Bunlands and others (1986) devclopcd another typology of cumulalivc effccu 
that focuses on the sources of such naNrd syslcm impacts. In  paniculu. thcy 
include: time-crowded perturbations. space-crowded perturbations, synergisms. 
iqdinct effccts, a d  nibbling. They use the conccpl of crowding to refer to ihc 
effect resulting fmm thc inability of a system to mover from an earlier or c l y r  
perturbation before a new one is prcsenl. Tou l  effects that are qualitatively or 
quanlitalively different hom the sum of the effcce of the individual disturbmees 
arc synergistic. Indirect cffccts arc those impacu produced a some timc n 
distance away fmm the initial perturbation, or by Iome complex pathway; nib- 
bling is the impact resulting from the incremental insult of repeated actions on 
an arc. over lime. 

These earlicr efforts are summuiud by Sonntag el al. (1987) into a lourput 
typology of cumulative impacts: ( I )  l i ncu  additive cffccts. the impact o f  incre- 
mental small additions along a linear cause-effect response relationship; (2) 
amplifying or exponential eflccts, the result of an inccmental addition that 
produces a larger effect than earlier additions; (3) discontinuws efkcts, the 
impact resulting from exceeding a threshold or the crossing of a stability bound- 
ary; and (4) srmctural surprises, multimedia and multisystem impacts that may 
produce longlcrm changes i n  natural systems' responses to further penurbations. 

lssucs concerning the relationship bcnvccn development actions and their 
cumulative impacts on thc natural environment were raised in a series of research 



projects investigating cumulative impact aswssmcnt in the Corps of Engineers * regulatory pro- (Conunt 1984; Sukhiv 1988). SUkhiv (1988) views cu- 
mulative effecU u the ruult of Iwo KU of procum: summation of significant 
cffLCU d tbc integntion of ayatemic effects ud conuqucncu. He, therefore. 
~ ~ m o l p m d u r a m u ~ i m p . a r u r o e i u c a w i l h c h g a  
in cbc impctu, for growlb (ccommic d mid) ud impacts that accumulate 
within d m  modify the suucturc of a n u d  ayslcm. 

In cbc typology developed by Contmt (1980. cumulative lmplcu uc the 
ruwl of ddieiva d aggcguive d o n r  poducing impacts ihrt accumulate 
Laaarvnully or s y m ~ h t i u l l y  over Lim d I-. Additive d o n ,  refer lo 
rcpuLDd aimilu utivi&, whiie agpgative u&ns -pond lo gwpings of 

mnk. Conunt .ad W i & w  (i989) dd "growdt inducement" lo retlect thew 
.okavuioo hu cauin vtivitiu can alter tbc rue of develoomcnt of new u- 
tivith in an m u .  l l i s  ph- induced imprc mph &+nt-setting 
rHcaof 8ome v t i v i t i u  h stimulUing even p a l e r  development than previously 

Dmloping a mmmon let of cooccpl lo describe cumulative impacts h u  a m -  
bdv 8Uud.d Lbc uwu. rerulam. d -bm. I l i e .  Mmv malvsts have 
r& w tbc forms o f d c v ~ ~ ~ ~ t  d v i t i c s  ihrt poducc cum;laiv;impacts: 
o&m luve conantrate4 on ibe functions of ru& syatenu m d  the waG that 
lmpca accumulate. inlmct, orpmduce systemic channu. ibex two cateaorics 
of-bw8, whicb reflect tbc twoTcontexu blo which a-proposed action mist be 
plrod. uc prticululy ueful in identifyiig the key components in a general 
~ t i o o  of cumulative imp-. 

'Ibc fint KI of i u u u  documcots the pucoce m d  influence of past m d  cumnt 
dcvckpmcnt ucivitica. u well u tbc expccwiw of funuc development. These 
ocher utivitia m y  be similar a diffmot, wna&ted m unco~eclcd, to the 
popaed d o n .  'lhe ln(mcluionshipa between and  cumulation of develop 

utivitiu u u b l i r b  the matext f n  an individual proposed project, and 
h h  cbc cumdalivc nature of drvelooment mions. Effccu resultinn from this 
cumuIUivc - of development =ions nuy be lugely igmred undcres- 
UmUcd Ln m a t  impact ururmcnu of individual pmjecu. 

'Ibc d bud category of usuu included within our definition of cu- 
m ~ v a  impn, dacribu thc ~unulative lutun of the effects of development 
laiau. In puliculu. thuc mmpmcnu refer prinurily lo the nahml system 
o~a~cxtof&velopmcntutivitiu. ~umuladvechan~ulo~arutunl system inc~ude 
tba nlbbbg away of a rr;lavsc b u e  by repute4 utions; the crowdig of a 

resource buc (in time or space); unanticipalcd (or nonaccumuluive) responsa I of a natunl system; systemic changes including synergistic responses, structunl 
1 changes. or cycling; and interactions across nahml systems. 

Tlkcn together. these two genenl categories yield a much broader and wm- 
prehensivc definition of cumulative impuu. Our typology s u ~ e s U  that cu- 
mulative impacts include two categories of effects that result from the contexu 
within which a proposed project is p l d .  Table I summuiz.cs tbc componcnu 
of cumulative impacts that result from UK two contexts: other developmcnl 
activities and mmy natunl systems. 

By noting that a puticulu project is put of a luger set of mticipalcd or 
unmticipatd development activities. our typology adds the effects of 0 t h ~ r  
activities to the definition of cumulative impacts. Simple, incremental impm7U 
uc considered cumulatively significant when placed in the context of other p u t  
and curnnl development activities. Funher, cumulative impacts result also from 
failing to include the effects of future developmrnl actions. unrecognized growth- 
altering changes, or shifts in regional development smctures. 

A neognition of thc complexity of impact processes in natural systems adds 
many of the concerns n o l d  by scientists who have idenlifted that the simple 
addition of impacts over timc m d  space docs not account for al l  of a projecl'r 
impacts. Many cumulative impacts result from the project's perturbation to a 
variety of natural systems. Effects that exceed a system's ability to recover. am 
unanticipatd (that is. non-lincu a discontinuous), cause structural ehmgeS 
within the system, M occur intenctively acms ~ v e r a l  SyStemS uc included u 
put of this category of impuls. 

Elements in a Cumulative Impacl  Analysis 

To be comprehensive. therefore. m appnch for considering cumulative envi- 
ronmental impacts of individual project pmposals must include mechanism that 
capture the inlemlationrhips of development activities md the ~0mpkxitieS of 
natural rystcms' responses to prturbationr. In  this Kction, We pmpow a gCned 



appmach to cumulative impact mnlysis that responds to these contextual issues 
m d  is built upon the t u b  of monitoring ud modeling. Although numerous 
appnuchcs have been used or p ropod  for use.' none has explicitly recognized 
the effect of a project's contexts (other dcvclopmcnt actions m d  natunl systems) 
on h mdysis 01 cumulative impuu. This new approach, depicted in Figure 
I. includcs plnl lel sets olmdyr is ulivitics lor t k  twocnlegoties of cumulative 
Impact comidcntions. 

A primary uJk necessary for cumulative impact analysis is monitoring lor 
,both cuegorier 01 impacu. To ensure the proper considcntion of past dcvcl- 
opment activilics, monitoring identifies and l n c b  development actions by type. 
by laation, md over time. Funher, monitoring dm includes the collection of 
data on a ~t of socioeconomic system punmeten that describe facton affecting 
the m m  and nte of development activity. Monitoring is also essential within 
the m.Nnl system context. Fq h system surrounding a proposed project. 
time caiu data am useful in identifying existing envimmcnul conditions m d  
In providing a d+brw for underrunding system' responses. thresholds. and 
iokkctions. 
, lk next major set of uJks quires modeling of both development patterns 
and mlunl systems' responses. Within the context of other development rctiv- 
Ih; dur on past activities ud cocioeconomic system p.runetcn am used u, 
develop md calibrate regional h d  use development models. Outpuu of thew 
models provide forecrru of the rypc lad n a m  of future development actions. 
yieldin8 a more comprehensive pi- of the inmmenul effect ("insult") of a 
pkc( in relation lo olher put, prrsenl, m d  foreseeable future development. 
In ddition. the enhaticed lmd UK modcling c f f m  c m  identify a p d c u l u  
pojat', clTcct in shihing the ~UUCNIZ & of regional dcvelopment, or in 
cluoging cxisting rates of powih. 
Fbr natural systems, modeling cf loN focus on undenunding the responses 

of t h e  system when pemrbcd by development activities. "Crowding" can be 
eumiocd by determining the recovery time (or space) needed lor a puticulu 
8y1lcm when pcmrbed by a development activity. Other, more complex. re- 
eponp un alm be modeled for h v ~ c t y  of natural systems affected. lncludcd 
& mponscs uc h s e  unmticipted c f fa t l  resulting from exponential or 
dirolltinuour functional relationships. as well as system-wide changes such as 
ti&~a~edcffcct.s. cycling, or slructurd iltcntions. A final issue tobe captured 
In thae modeling c f f o ~  includes the responses resulting from interactions across 
~ n u r l  system. Models brwd upon ecosystems, rather than more narrowly 

defined natural systems, can enhance capabilities in mlking these cross-system, 
cross-media impact predictions ( R a n  1987; Hunslkcr et 11.1969). 

With this analysis appmach. cumulative impact considerations can be more 
rigorously and more thoroughly included in individual project userrmenu. By 
undenunding the imponmcc of the context of a puticulu pmject, monitoring 
and modcling 01 both development activities and n 8 N d  systems become es- 
sential elements in cumulative impact analysis. An emphasis on monitoring 
activities improves the capability of the malysis approach in describing existing 



-A conditions (for development utivities ud environmental systems) as a baseline 
Q] f a  future compuisons and uxssmenu.  Eapanding the scope of modeling to 

include more sophisticalcd methods enhances the considention of cumulative 
i m p u  resulting from nonlinur, discontinuous, synergistic, or c m s s . d i a  el- 
fecu. Thcx  impmvcmcnu should result in more wmprehcnsivc assessments 
ud mon thorough inclusion of cumulative impacu in projecc-level k i s i o n s .  

. ImpUaUo~la lor CumulaUve Impac t  Coarlderal lon 

laoaponting this new uscssmnt  a p h  into pmject4evel decisions will 
quire sigli6unt impmvcmenu in cxistinp ldminismtive and managerial sys- 
t em.  k v i w r  ancmpu at cumulative impact uaersment have U e d t h e  scientific 
d q l n i u t i o n a l  capwily of most governmental or wnsulting offices (Contan! 
1984  Dickcn and Tunic 1985; Cowut 1986; Sukhiv 1988). 'lhuc shortcomings 
Aadd oot lud to ignoring the problem of cumulativc i m p m  analysis; nther. 
limiucirm should be identified c h l y  ud potcntial solutions identified. 

A mja limitation in m o ~ t  cumulative i m p 1  analylca is the l.ck of detailed 
d t a i n g  inlomution w prrviau development prow ud scvcnl key en- 
rimamad panmeten ( D i c h  and T u d e  1985). By identifying thc msd for 
(hL Mamution on both s idu  of thc p n l l c l  mucarrs f a  cumulative impad 
d p h ,  new a impmved infomution nunagemcnt ryslcm will be needed. 
Pumutcly.  r ean t  developmenu in g m p p h i c  inlomation system (CIS) and 
rcmro unsing m y  pmvide the opportunity fa impoving the monitoring ud 
-8 of projan data and cnvironmcntal system' conditions (Johnston ct al. 
1988; C m m t  md Wiggins 1989; Hawku el al. 1989). 
: Umiutianr ruulting ~IWI thc I r k  ofuicntific undenunding of rurunl sys- 
,k' pbcnomcru further consmi. thc capsbilitiu of mon cumulative impact 
mulpu. VuUy impmved modcling eKoN f a  ~ N n l  aysems am euential to 
h v r p o n t e  ~umulrtive impvl  m i d e n r i a o r  in p m j a t  level decisions. Some 
o f c h a c  Lmpmvemcnu wlll require p t e r  invutmcnu of resources; OUYn will 
q U h  1 ahin In thc lypa of ayrtcm studied. For exampb, undcnmding 
Mld cumulative i m p u  will require gmtu cxpendilws for bu ic  research 
d data c o l l d o n  (Ruton  and Bedfad 1988). Additional research on undcr- 
luadiD81he &Ilavtion8 bctwtcnlcvcnl iurunl systems will neccssiulc anaiyxs 
of 1 new level of system. known u ecoryStem. Rcsent r e s w h  on ecosystem 
mod& b paOduEi0.g promising. but d m i W y  limilcd. m u l u  1 H u n s . k ~  1989; 
HvnrtP eC d. 1989). 
'.. SimUlrly. mom comprcbcnsive modeling efforts ue necessary in understand- 
in1 md forcculing the complex pmaasu in roeiocconomic systems that pmduce 
b d  we development. This improved undenunding would aid in pcdicting 
futum dcvrlapmcnt r t iv i t iu ,  in identifying gmwlh-dlcring pmjecu. and indi- 

d l~8u  in economic deVclOpmenl prururcs. Oulpuu of thew models. 
bowcva. must be muvided d the i~lrrooriate u d e .  m d  indicate the vuious 

locational and spatial interactions that occur in regional development pmuwr. 
Recent advancements in combining GIS and land uw models may provide thc 
data and scientific capabilities to make the required spatial land use and devel- 
opment forecasts (Densham and Goodchild 1989; Hanisri1'1989). 

A final wt of limitaions noted by most analysts reflecu the inability of existing 
managerial systems to conml expulcd cumularive impacu (Peterron et 11.1987: 
Hinch 1988; Sukhiv 1988). In many cases. management ofwmulaive imp.M 
relics on "ycdno" decisions about a projecc with modifications made to 
original design to  midgalc cumulative impacu. This limited form of i m p r t  
mmagcment d m  not reflect the compk% nature of the accumuhtion of impUU. 
nor the idiosyncnries associated with the conleal within which the impwu oeeur. 

lncorponting new muugement mshanisms for conhulling expuled ellecU 
is the critical final step to a complete discussion md conhul of cumulative 
impacts. Some suggcslcd approaches have included m additional layer of rc- 
view spccificdly for cumulative i m p m  considcntions (Pstcrron el d. 1987). 
greater use of programmatic i m p m  uxssmenu  (Hapkc 1985). or usc of 1 
"pduated scale" for both project reviews ud modihations ( C o n l ~ t  md 
Wiggins 1989). 

At the heul of most of these ruggesled elfom is m a c m p t  to ~ o l v c  thc 
mismatch that is often prcxnt bctwern thc level at which a cumulative imp*  
occun and thc juridiction through which w n m l  cNorts c m  bc exercised I B w -  
lands el al. 1986). Under prcscnt condicio~,  even (hc mwt wclldrvelopcd c f l W  
to concontrol cumulative impvets within a aaiu of juridictionr can be thwuccd by 
inaction by a single entity within thc i m p 1  m a  (De.kin 1986). cumulative 
impacu that ue felt at a regional scale (St&hiv 1988) c m  only be a d k d  
through planning pmcesrcs dimling development at that s u m  scale ( J W  el 
11. 1983; Sonnug a al. 1987). Therefon. adequate conml of cumulative imp.cl, 
requires regional planning ud coopmtim.  

This call for regional plmning is not u simple u one might think, however. 
Cowut (1986), in his discussion of Vermant's Act 250. suggests that a stale 
land uw prognm designed to conml cumulative impacts is nc4 enough. Pmpef 
planning proccsxs ue ncccssary to monitor development activities. define the 
relevant policy goals. determine appropriate management smegies ,  and .do@ 
the proper conml  actions. Under UKlc enhanced regional planning conditions. 
an enlightened and proper conml of cumulative cmxquences is feasible. 

Combining impmved monitoring md enhanced modeling with more imagi- 
native management can lead to mm thorough and rigomus cumulative impact 
analysis at the project level. Added relwrces will be necessary to accomplish 
thcx  improvcmcna, but the resolution to some environmental problems m y  
rcst on our ability to identify ud conml the effects of individual projecu with 
benign direct impacts. but cumulatively significant impacU. Recognizing the 
importme of projects' natural and developmental contexts is a significant fin1 
steD in  im~mvinn cumulative impwt malysis. 
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Chapter 111 

Integrated Coastal Management 

DEVELOPING A SUSTAINABLE VISION 

Most indicators suggest that. throughout the county. human impact upon urban coastal areas 

continues at a level of severity that threatens the biological integrily of many marine systems and seriously 

impairs their capacify to produce a full range of goods and servica valued by people. 

Given the importance of coastal areas to society, managing their social and economic uses in a 

suslainablc fashion should be a central tenet of government policy. In the absence of controls, coastal 

resources are unpriced and widely accessible. and the market fails to reveal social values o r  restrain use. 

There is a need for a complete system of resource valuation capable of identifying the consequences and . 
opponunity cosu associated with various patterns of resource use. Unfortunately, such a comprehensive 

tool does not exist. Some work has been done, particularly in the area of human uses of water resources. 

but i t  is significantly incomplete, especially wilh respect to the full range of human values, the 

wnsequcnces of health effects. and ewlogical values. Thus, there is no comprehensive set of economic 

tools capahle of  developing . nJ implementing an optimal cnastal management strategy that meeu society's 

goals. 

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

manner is more diflicult. I t  rquires, at the least. that society formulate a clear vision of the coast's future 
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and identify the tasks necessary to achieve that vision. The concept of integrated mascal management 

(ICM) is a starting point for that vision. This concept is associated here with two general objectives: 1 

restore and maintain the integrity of coastal ecosystems, and 2) to maintain important human values ar 

ws associated with those resources. 

Recently, the Environmental Proleaion Agency, through its Science Advisory Board, explored 

problem of making its management programs more relevant to ecological imperarives in Reducing Rirk 

Senrng Prionries and Snaregies for En:m~ironntental Rorecrion (EPA 1990). In a substantial sense the 

methodolop for integrated coastal management set forth in this repon is a further step in the general 

direction proposed in the EPA report, 

OBJECTIVES O F  INTGRATED COASTAL MANAGEMENT 

I To re5tore and maintain the inlegril). of coastal ecosyaems. and 

I To malntaln tmportant human values and uses associated with those resources. 
- - 

PRISCIIDLtlS ASU 3IETIIODOLOCS FOR A SSSTEh1 OF INTEGRATED COASTAL hlANAGEhlE 

I m p ~ ~ r l m l  chmgch in lhc lu-o dcwdcs since the passagc of the Clean Water Act suggest that 

integralcd ~035131 managcmcn~ is achierntlc. Two dcvelopmcnts, one social and the other technical, a: 

worth h~phl~ghling: 

Todd!. a far grcalcr proporuon of thc public cares ahout the environment in general and 

co3staI area3 In particular thm 20 years ago. 'Thb awareness is a potcnlially powerful political force It 

can he cf lcc~nc  i n  d r n ~ n g  adm~ttcdl! complex processes lo uscful conclusions. 

AdJ1t1on311!. ~mportanl tcchniwl procress has hccn made ovcr the past 20 years in source 

reduction. trcslment s).rtcms. outf3lls. and modcl~np of s!s!cms. Allhou~h scientific knowledge about 

coastal proccsscs 1s far from complete, i t  is far adunccd ovcr thal of a gcncration ago. Beyond mere I 
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scientists and engineers also understand in a more sophisticated way Ulc nature of how mastal processes 

operate. Finally, modem computing and other dam management tools have given scientists and others for 

the tint time the capacity lo organize, analyze, and display this complex of informalion in a way which is 

accessible to technical analysts and lay persons a l i k ~  

Integrated coastal management is an ecologically-based approach to environmental management 

and is therefore in many ways a departure from the technologydrivea strategy which has characterized the 

national effon since the FWPCA of 1972. especially in urban areas where a major emphasis has been 

appropriately on the construction of sewage treatment plants. In fact. lo a ccnain anent ICM is analogous 

to the water-quality-based efforts which preceded the 1972 amendments and which were thought to have 

been largely ineffectual. Two decades have passed and it is now time to reconsider the validity of an 

ecologically-bad strategy especially in highly complex situations. As noted above. the public attention to 

en\ironrncnul issues and the scientific understanding is vastly more pronounced than was the case in the 

I%&, and therefore the basic likelihood of environmental action is enhanced. In addition. there is now a 

well developed regulatory sytem. with permits, inspection and enforcement procedures. capable of assuring 

that identified ohheations arc. in fact, met. This system is now being complemented by the development 

of an economtcall~-hased incentive s y e m  which may add men greater force to the compliance imperative. 

Perhaps most crlttcally. i t  is now necessav to assure that scarce public economic resources are spent on 

those rn3nagcment options that will have the maximum posittve impact. Society can no longer afford to 

spend large amounts of money solving unimponant problems. 

The lollouing discussion o f  integrated coastal management seu  fonh a set of interlocking 

managcmenl principles and a related proccss. The fundamental objective of this system is lo allow for 

improved identification of important priortties and hetter allocation of resources to the identified 

prohlcms. An integrated sFtern is interlocking and iterative, that is. each of the principles builds on and 
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influences others. The following discussion identifies these six principles and sugguu  how they can be 

applied in a coherent and logicai fashion. 

Principles 

The following principles should underlie the development of an integrated coastal management 

system and the institutions necessary to implement it: 

1. Coastal management's overall objective is to maintain ecological p- and meet human 

needs for goods and senice..  Accordingly, management anions need to be developed on the basis of tl 

best science available about emlogical functions as well as a comprehensive understanding of human ne 

and expectations. which are both tangible and intangible. 

2. Management objectives should be expressed as water and sediment quality, and other 

environmentally based goals. Using environmentally based goals allows flexibility in the methods used I 

achieve those goals, while assuring that ecosystems are protected at the desired level. 

3. Comparative assessment of risk, and available management concepts should drive the selecti 

of management options. This approach will assure that a rational basis is used for focusing action and 

* resourcu on the most important problems. A dynamic and iterative planning process should integrate 

risk-based analpis with cvolving scientific understanding and human expenations. The p r o m s  is a 

continuing one and allows tor incremental decision making when that is the prudent course. On the ol 

hand. i t  also provides a context for making the high cost or  risk decision most likely to be correct in th 

face of  sc~entific unccrtaint).. This integration requires a stable institutional base for the planning pro0 

4. A transdiscipllnary perspective is critical to coastal problem solving. While specific discipli~ 

such as chemlstn. biology. and hydrologj and their integration through environmental engineering 

prlnc~plcs wi l l  alwab5 be central to this transdisciplinary pcrspeaive. increasingly fields such as emnomr 

law, and sociology are Important components of marlne management. Maintaining systems for routine 

exchange and analysis among professions is essential to help managers gain a comprehensive understan 
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PRINCIPLES OF INTZGRAED COASTAL MANAGEMENT 

Management anions are based on the b a t  available scientific information about 

ecological functions, as well as a comprehensive understanding of human needs 

and expectations which are both tangible and intangible. 

Management objectives are expressed as water and sediment quality and other 

environmentally-based goals. 

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

of management options. 

A transdixiplinafy perspective is critical lo coastal problem solving. 

The ICM process functions in a context that is responsive to scientific uncertainty 

ahout the functions of coastal systems. 

. ICM is driven hy both science and engineering. and public expeaalions. 

* of coastal prohlcmb. H'lth a linked analytical s)slem. disciplines could assist more effectively in 

formulating a transd~sciplmafy management response. Such a system should integrate scientific, 

enpnecrlng. and other inforrhation into management practice in a timely and flexible fashion. 

5. Thls s!stem should funcllon in a context that is responsive lo scientific uncertainty about the 

functions of coastal ecos).stems. Accordin_ely. 11 is based on the premise that how these natural systems 

respond to strcsses from pollutron events, overfish~ng. sed~menlat~on. or encroachment on habitat is not 

oflen ucll undcnrood or suhject lo human ~nlervent~on. Management actions instead must recognize that 

11 is the human act~\.iues at the source of t hex  stresses that must be reduced or changed. Managing from 

this penpecrlve clmalcs coastal preservation concerns Inlo day-today public policy considerations such as 
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how to meet housing needs. transponation needs. and other sustenance needs while protecting the 

environmental quality of the coasts. 

6. lntegrated coastal management is driven both by science and engineering. and public 

expectaiions. Especially important. therefore is the requirement that there be significant opponuniti 

public participation and involvement throughout the process. Appropriate public values are not onl] 

economic or  recreational, but also those arising out of an ethical and aesthetic concerns for protectia 

the environment. 

Proms 

The process of integrated coastal management is composed of the following elements which ; 

applied in the sequence they are discussed. Elements at the bottom of the list are not less imponan~ 

earlier ones and should feed back into the former. The flow chan in Figure 111-1 gives a simple scht 

view of the relationship among the elements. 

1. Set Goals. At the outset of the development of a management plan. it is important to dl 

a well-informcd understanding of the goals and expectations held for a coastal region and the range I 

. envtronmcntal prohlem areas that require further attention. Management has two primary objective 

protect the fundamental functions and biological richness of the ecosystem. and to maintain importa 

human uses. The starting point of integrated managehent is to identify the problems threatening th 

goals. Two rmportant tasks must be completed to meet these objectives: 1) define critical (imponat 

environmental processes in  time and space using existing information and data: and 2) define and 

rationalize the variety of human expectations about uses and benefits to be derived from the coast. 

En~~rronntenrol Rocrsses. All coastal systems are not the same. There will be variations in I 

functions of natural processes. In a particular s!.stem the important elements of these processes mu! 

identified with sufficient precision so that management can protect them. The definition of processe 
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1 Figure 111-1 PI- of Integrated Coastal Management 
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issues inevitably leads to a system for setting priorities. forcing decisions about issues that are more 

imporlant to address than others in order lo maintain ecological and human health. 

Human Erpecmrions. Societal values and needs with respeci to a panicular coastal system a l s  

vary from region lo region. Ohen there are conflicts among various interests, and changes in va lua  a 

needs will occur over time. Initial management sleps must seek lo understand the existing range of 

expectations. This understanding will further contribute to an appreciation of those elements of the 

natural systems that are important for protection 

Once important environmental processes and human expectations have been identified, the 

anthropogenic conditions that threaten their maintenance can be determined. 

2. Define Gcocraphic Extent of Concerns. It is imponanl to address environmental problea 

the scale on which they occur. Thus, integrated coastal management must be based on adoption of a 

relevant environmental domain with appropriate aquatic. terrestrial, and almospheric cornponenu T 

starling point lor def in inphe  geographic extent of an issue olten will be the coastal area of concern 

or all of  its walcrshcd. and other areas as dictated hy imponant relaled marine and terrestrial proas! 

- For examplc. concerns ahout pclagic fishems likely would suges t  concern over a large area. The pr 

of defining the geographic extent of an issue should also take into account sources of problems and c 

demands on the s y e m .  such as for the products produced in the coastal area. which create stress. 

Only rarely will there he a perlecl co~ncidenu: between either the variety of ecological doma1 

the barlous sources 01 degradation. or the boundaries of  admtnistrative jurisdictions. However. 

approxrmatlons of such areas. both as a means to facilitate identification and location of the most 

important envtronmcntal processes and most immedtatc or stgnificant sources of degradation. can be 

developed at a scale which is consistent with approprlale managcmenl actions. An overall goal in 

adopung relcvant cnvironmcnlal domains is lo m~nimize lhc numhcr 01 significant causes and e f l W  
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taking place outside the domain and maximize the effectiveness of management measures that can be 

taken within the domain. 

In many situations the result of this analysis may produce both a variety of environmental domains 

and parallel sets of variable jurisdictional boundaries. As the problem analysis progresses. decisions can be 

made about the most logical way in which to draw areas for specific management and concern as a 

function of knowing what problems arc imponant and what management options can be used to address 

them. 

3. Assess and Compare Risks. An assessment and mmparison of risk t o  ecological systems and 

human health across the full spectrum suggested above should be completed before management options 

are selected. The risk comparison should guide decisions lor setting priorities. Ideally, risk management 

decisions should place the burden of control on activities that may significantly h a m  humans o r  the 

environment. While risk assessment methodologies are not fully developed and comparisons of human 

risks with ecological ones are dimcult to make. even a qualitative examination driven by the goals set for 

coastal management will substantially improve the priority setting process. The continued refinement of 

risk asscsmcnt and comp~rison rncthods using the basic concepts of dose, exposure, and hazard is crucial 

to integrated managcmcnl. 

Whcn an inlcfratcd understanding of environmental degradation and deterioration in human use 

has hccn dcvclopcd. choices for priority attention can he made on the basis of the relative importance of 

issues w lhm the total complex of problems. In addition lo  deciding which problems are important to 

solve. t h ~ s  anal!s~s should also include a component that attempts to define an understanding of what level 

of protcctlon or  management is required in ordcr to meet cstahlished goals. 

An i n q r a t c d  understanding of  the sources o f  degradation provides the basis for choosing those 

control optlcmh that will yield the greatest net hcncfits. A comprehensive display of the relative risks and 
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their causes is the essential ingredient to a strategic approach to management. It is also critical to 

decisions about allocaling societal resources to those problems that are of most immediate imponana 

The science of natural systems ohen will be understood imperfectly. A comparative risk anal] 

can contribute to maximizing the probabiliry that more important problems will be addressed first. 

However, uncertainty may occasionally be so significant as to not allow for a dearly rational choice; e 

social values may appropriately demand that preventive anion be taken. Where such value laden cba 

are made. they are likely to be better informed if made within the context of strategic assessments of 

comparative risks and with inpul from the public who ultimately provide the nurssary resources. 

4. Develon and Compare Alternatives for Risk Manaeemenc. Coastal problems cannot be 

managed successfully as separate issues. such as pollution or wetland loss or fisheries depletion. The! 

at least two reasons for the need to integrate such pressing issues. In the first instance, apparently 

separate issues arc interrelated. Thus. fisheries declines muld be due to overfishing, pollution. or hil 

reproduction due to loss of tidal wetlands. Secondly. resources are scarce. In the foregoing case of 

fisheries loss. i t  would he ideal lo define tne most likely cause of the loss and then design managemu 
. 

options addressing that specific problem. Thus. risk management strategies must be devised lo addre 

most important elements in the complex structure of prohlems in an integrated fashion-one that aar 

irnportant s o u r w  of risk and achievable management alternatives. 

Risk management decisions should be made through the consideration of priorily problems i 

light of atailahlc management options. resources. administrative and legal structures, and other facro: 

re lev an^ to solutions. Consideration must also be given to the tradeoff between expenditures and ba 

both w t h  respcct to diflerent solutions lo the same prohlem and solving different problems. 

Kol all problems need to be addressed using the same kinds of strategies. While a standards 

based replalory sjrrem may be essential to providing a hasic framework of governance, other technir 
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such as economic incentives, streamlined management, land use policy, and education will be appropriate 

for particular problems. 

Too often society perceives that the problem of a coastal environment is singular or  one- 

dimensional. Thus, enormous efions are made to imprwe a sewage treatment plant or  KO eliminate the 

presence of a particular chemical, yet problems remain. As suggested above, more frquently, degradation 

in resources is due to the combined effens of a number of human actions or  to a mndition which is not 

the most obvious. While correcting one problem might mitigate environmental harm lor a brief period of 

time, long-term prolection and restoration may not be accomplished. This situation does not mean that 

all problems need to be addressed with equal vigor simultanenusly. It d w  mean that choices must be 

made ahout which problems to solve in a context that considers the mulliplicity of causes and effects and 

maximizes the expenditure of  resources on those issues which are important. 

These four steps described together constitute the Dynamic Planning Process. This process 

whereby values. ecological processes. comparative risks. and strategies are developed and assessed must be 

considered as a dynamic and conlinuing planning process. Such a process is needed to capture interactions 

where onc action may lead lo anolher. lo recognize new problem. lo respond to new knowledge, and to 

recognize and correct mistakes. This process is an iterative exercise in which choices are made about how 

lo anlic~pate and resolve conflicu and set priorities among multiple uses before environmental harm is 

done. I n  order to pve reality to the plmnlng process, i t  must be tied to some sptem of allocating uses in 

the coaslal cnvlronment. These s!5tems can include a broad spectrum ranging from land use controls. to 

regulaton s!~tems with permits, to protected area oroerams such as marine sanctuaries. 

The d!namlc nature of [he planning process is the core concept that allom for feedback between 

the varlou elements of the methodolog)-. Al one scale there are a serles of inleractions among the 

plann~ng process. the conducl of scientific acti\uy and the establishment of implementation programs. 

Wilhln the planning process itself there are numerous ilerative steps between the various functions. 
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Perhaps the strongest connections exist between the comparative risk assessment and comparative risk 

management activities. 

5. Rationalizine Institutions. Institutions and mechanisms of governance must be r a t i o n a l i  

a fashion which is capable of meeting the demands that an sosystem-based management initiative wil 

dictate. Ideally, one might strive to create a single management institution responsible for all aspens 

management within an entire coastal emsystem. In a world with aisting institutions, government 

boundaries and variable ecological boundaries, however, the development of an ideal institution will r 

be possible. However. an improved system of coordination. and communication among institutions a 

far to remedy the current, highly fragmented governance structure. 

I t  also may be InxsSaN to create new institutions and structures to meet certain managemen 

needs. For example. a significant land use management objective may only be able to be implementa 

with a change in the relation between local and state governments. While theoretically achievable, if 

change is politically impossible. in fact. il i m ~ o s e s  a constraint on management options. 

6. Selection and lmnlementation. Once alternative management options have been developt 
. 

choices must be made about ihe alternative to be implemented. lnevitably the choices result from a 

polilical decision making process that may involve executive and legislative authorities among several 

jurisdicrions. and entities having different missions and levels of authority. This political process is ai 

integral part of coastal manaeemenr. In the first instance. fiscal. regulatory. or institutional realities I 

pose mnstrainrs that make certain options impossible lo achieve. Innexibility in environmental laws 

regulations make it  diflicult to implement an ICM approach effectively. The existence of such constr; 

will force reconsideration of management options. In addilion. failures lo use scientific and related 

information may result in insuflicient attention to the coastal problems so that hard choices are avoid 

Finally. if puhlic expectations and values are ignored it may be dillicult to implement recommended 

alternal~ves. 
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I. Monitoring. Integrated coastal management must include a comprehensive monitoring effon 

that focuses on factors of significant ecological, human health and resource use importance, o r  the 

procesxs that are crucial lo them, and the control measures which have been put in place in general, 

such a monitoring system will not only measure the status of water quality from a chemical and physical 

sense but will alx, take the pulse of the biologic regime. The results of monitoring function as a feedback 

mechanism to modify management actions, direct new research, and provide information for public 

accountability. The products of monitoring are the essential glue that allows integrated coaslal 

management to take advantage of the new factors of public concern about and the technical capacity to 

understand environmental problems. 

8. Information Manaeement. Monitoring and research develop the data that drives an integrated 

data management system. lntegraled coastal management can only be accomplished if monitoring and 

other data for environmental systems are managed in a way that allows managers and other interested 

parties to appreciate and make decisions about the whole. Ar noted, in the last decide. for the first time. 

significant capacity has been developed which permits a much greater degrec of comprehensive 

undcrstandmg. This new capacity consists of three essential elements: significant increases in raw data; 

enhanced models for analyzing this data: and powerful hardware and software to manage the data. While 

data and models will never be complete or perfect, [he increased capacity lo manage them does provide an 

ability lo integrate available data in a fashion that substantially enhances the prospect of integrated 

management. It is this information that helps to continually refine the understanding of the nature of 

particular coastal problems, expands the capacity to carry oul comparalive risk assessment and 

management. and ultimately allon5 for the development of new options for implementation when needed. 

Finally. i t  provides the picture as to whether efforts have succeeded or  failed. 

9. Research. An ongoing research program to continually refine the capacity lo carry out the 

various elements of  the dynamic planning process is essential. Altempting lo carry out each step of the 
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process will suggest questions to which there are only incomplete answers. Funhermore, research coup 

with monitoring will develop new information that might suggest additional questions. The system mu! 

foster the formulation of these issues and the making of decisions to provide for appropriate research 

efforts. The need for more research need not become an excuse for doing nothing. To the contrary, 

display of problems, comparative risks, and management options with an understanding of uncmainty I 

allow decisions lo proceed where problems are severe. 

CONCLUSION 

Integrated coastal management is a rigorous and dimcult process. It is needed for situations tl 

are scientifically or governmentally complex. costly. risky or  otherwise fraught with a degrec of unccrtai 

Accordingly. i t  need not be used for those problems which. upon initial examination, present a relative1 

simple solution. 

While integrated coastal management may he useful most often in complex ecological systems 

extend far hcyond the limilsof an urban area. it is also a useful analytical and management methodolo 

when decision-maken are faced with problerr;s having a predominantly urban theme. In urban areas, 

. sourcn of human perturbation of the marine environment and their effects are ohen highly complex. 

Urhan areas also rarely affect adjacent marine resourcn in splendid isolation from events in freshwatet 

watenheds or the distant ocean. Finally. public resources are always scarce and must be allocated lo 

correcting those prohlcms having the highest likelihood of important environmental benefits. Integral1 

mast31 m~n3gemcnt provides a context for considering all of these complexities and then deciding wha 

important to he done i n  the urhan setting. 

Integrated coastal management is an ilerati\.e proccss. As discussed. there is continual feedbar 

among the various components of the methodolos?.. Equally importantly. the entire process can be us 

for a particular situation with an increasing lcvel of precision over time. For example. a quick analysis 
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might be carried out in a matter of days using existing information. The rcsuh of such a rapid exercise can 

set up the dimensions of a more protracted process by identifying gaps and problems that r q u i r e  focus. 

For the elected official this apparently complicated profas should have utility because it will 

produce clearer choices which allow, and may even force, the political process t o  allocate resources to the 

most important problems. In essence, the process allom the political decision-maker t o  strike a balance 

between the expectations of various publim with respect to the fans as presented by technical professionals 

and reach a conclusion about implementing achievable management options. While those responsible for 

political choice and implementation need not necessarily understand. or even participate in. every aspen of 

the scicncc or planning of integrated coastal management. it is a process that p rodum rational choices 

and allour for their refinement and modification over time. 
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Figure 3. (a) I) istt~rlrance regintcs. (11) forest processes. (c) 
enviruttntental constreints, and (d)  vegetatiun 
patterns, viewed i n  the cuntext o f  space-time 
clutnaitts ( f ront  U rban  e l  al. 1987, page 120; 
Copyright O 1987 lry the An~er ican I n s t i t ~ ~ t e  o f  
I l iulugical Sciences, repr inted wi th  permission). 

Ct~nctional unit. Typically, ecosystems ecology deals with such concepts 
as externsl, physical, forcing functions; nutrient cycling; trophic structure; 

and cowmunity diversity. These concepts have little nteaning at the lower 

W level o f  the hierarchy. Botlon~land forest ccosyslern characterization 
et~:lbles one to estimate the "cascade" cffect of human :~ctivities; for 

example, to trace the impact o f  a hydrologic modification to the forest 
vegetation and from there through the forest's tmphic levels. 

A final level of bottomland forest systems organization is that of the 
landscape. While there is considerable overlap between concepts 
concerning ecosystems and landscapes (see Gorselink e l  al. Chapter 17), 
the latter term i s  usually reserved for large heterogeneous areas composed 
of several ecosystems that arc spatially and temporally linked and that 
func~ion as an integrated unit. The importance of spatial patterns i n  
landscapes is cxplici l ly recognized. Landscapes have their own 
properties, relaled to large areas and to long time frames. For example, a 
river is a complex system of many parts that function together as an . . 
integrated whole. Ileadwaters, upland slopes, floodplains. terraces, and 
river channels are all spatially and structurally integrated and intemlated. 
River systems cannot be fully understood by a study o f  these individual 
pans; their interrelationship is a lundamental property o f  the system. 

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

I) Manaeemcnt of individual 
jhc ~ n r e e r ~  . As a result. 
related processes arc ignored, and the resulting management actions often 
have unforeseen and undesirable side effects. For example, flood control 
projects arc too often designed to minimize on-site flooding, with little 
reeard to itnoacts on water qualitv and biota, or even on resultinp. - . . - 
downstream flooding and/or secondary cffccts to the biological integrity of 
downs~ream reaches. Since bottomland f ld ing  regimes determine the 
quality o f  most o f  the valued services of bottomland forest systems. such 
a focus maximizes flood control at the expense of other sewices. 

There has been considerable effort devoted to the development of 
evaluation systems for rating bottomland hardwood forests and other 
wetland ecosystems. Evaluation protocols such as the Habitat Evaluation 
Procedure (HEP. U.S. Fish and Wildlife Service 1980). the Golet 
Evaluation System (Golet and Larson 1974) and the Wetland Evaluation 
Technique (WET. Adamus et al. 1987) were developed with the idea of 
rating the services of a specific wetland sia, or o f  comparing the relative 
value of  services provided by alternative sites. They all focus on the first 
level of bottomland forest systems organization. site-specific processes. 



I f  ~ ~ i o d c l s  are correctly bounded, the WET and Golet procedures deals 
q~~alitatively with second level (ecosyhteni) processes such as primalry 
[ i r ~ ~ d ~ ~ c t i o n ,  flood reduction. and water quality pmtection. N o  current 
rating procedure adequately addresrcs third level (landscape) processes, 
Illdeed t l te of a specific 5ite (1h:1t i s ,  i t s  context ill tile 
1andrc;lpe) can only hc cvalui~tcd i f  that c(1111exI i s  ~ S S U I I ~ C I ~  10 persiSl 
tl~rough time. l h i s  presunip~ion i s  unwanan~cd in the ahsense r i f  an 

i~t~plerner~tcd n;~tural resource rtr;lnagclilcnt plan for t l ~ c  entire walersl~ed 
landscape. l:or era~i~p lc .  the valuc of a ripxian site for flood ahatenietlt 
changes i f  other flood detention areas arc isolated  fro^^^ lhc r iver by levees, 
i f  a dam i s  constructed across h e  river upstream, or i f  land clearing 
increases runoff. 

2) B o t t o ~ n l a ~ ~ d  hardwood lorest SWCIIIS onerate as  i n t e ~ r , ~  
-. l l i i s  statement is relatcd to the previous point. Rather 
than nianaging to niaxiniize one service at the expense of other services, 
cvaluation and managemen1 procedures shl~uld recognize the integrated 
functioning of bol to~i~land hardwood forest systen~s, and manage to 

optimize for the greatest conihined value o f  a l l  services. At a niinimum, 
management decisions should he based on an explicit recognition o f  the 
balance between gains in  one service and the loss of others. An  excellent 
example of the integrated functioning o f  botton~land hardwood forest 
systems i s  the functional role of the elevation gradient found at many sites. 
As elevation changes across a floodplain, flooding frequency, depth, and 
duration also change. As a resull, soil characteristics and vegetation 
patterns also chmige in relatively predictable ways (see Chapters 12 and 
14). Biotic and geochemical processes related lo  soil salurillion, 
inundation. and accessibility (primary productivity, nutrient recycling. 
decomposition. fish reproduction) also change predictably across this 
grddienl (Gosselink el al. 1981 ). One issue discussed at length in  the first 
workshop was whether classifying bouonilaad hardwood forest sites 
according to flooding (and related vegeration and soil) zones was a useful 
management devise (see Clark and Benforado 1981). Despite 
considerdble evidence that ecological processes change predictably acmss 
the gndient, and despite consensus about the utility o f  the zonal concept 
for organizing and communicating some types of  information about 
bottomland forest systems, workshop participants rejected the idea of  
usinn zones as a manaremenl tool precisely because the concept ignored 

the integrated nature of the bottomland ecosystems along complex 
environmental gradients. Repeatedly individuals and workgroups 
emphasized that the functions of each bottomland "zone" (as defined i n  
Chapters 12 and 14) changed as water levels changed. The land-water 
interface moves up and down the zones with changes in river stage. and as 
this occurs the ecological processes associated with that interface move. 
I l ~ u s ,  while the idea of rating zones (for example. giving highest priority 
for preservation to the annually flooding zone, and progressively lower 
priority to higher zones), seemed to be a reasonable regulatory innovation. 
i t  ignorcd points repeatedly made i n  the workshops: (a) zones are 
interdependent, that is, the quantity and quality o f  water, materials, and 
biota in  a particular zone depend on changes that occur as these items 
cross and interacl with other portions o f  the floodplain ecosystem: (b) 
functional proccsscs move among zones, depending on flooding depth; 
and (c) different zoncs pc r fom different (or very similar) services and 
suppon different (or very similar) flora and fauna at different seasons. 
depending on flooding. 

3) ) 
. . .  . . 

The ecological value of a site depends in  pan on 
its position i n  the landscape. For example. construction in  a bottomland 
hardwood forest site upsueam from a reservoir could threaten an urban 
water supply. Or, clearing a bottomland hardwood forcst stand near a city 
could have a larger adverse effect on hunters, than clearing a similar stand 
many miles away from an urban m a .  Although the concept o f  landscape 
context is broadly recognized, from a wetlands regulatory perspcclivc i t  
has been difficult to address. Current 8404 regulations consider 
ecosystem processes, but generally the fwus has been on site-specific 
functions and services. Early evaluation approaches and procedum dealt 
strictly with site-specific conditions but not the landscape contexts in 
which wetland sites exist. More recently. WET (Adamus c t  al. 1987) 
began to broaden the focus o f  functional assessments by evaluating the 
oownunitv and signif- o f  a particular wctland process which may 
occur i n  a wetland, but landscape contextual considerations and their 
influence on the functional attribuas o f  a particular wetland at both s ia-  
specific and landscape scales arc n m w l y  interpreted. 

4) d. 
Landscams. as intcmted ccoloeical units. arc characterized bv Drocr--e 



I l l a t  have meaning only a t  landscape scales. Ii~nunately. these processes 
can oflun be n~earurcd a1 spcxific poinls in ~ h c  I m l w p e .  thc meantrelricnl 
rcflcclil~g l l l c  functional inlcgrily o f  the wlu~lc syslc~n For cxalirplc. t l ~e  
hydrograph at a specific point on a river is a function of lrrccipita~ion over 
the upweam porl ims of lbc watcr~hcd. I;~nd II\C on the watershed, t l lc  

frequency and inlensity of upwcall l  human activities that affect water 

flows, watershed slope, and soil characteristics. Similarly, waler qualily 
at a specific site on a river, reflects upstreant loading, which i n  turn is 
controlled by all the above parameters. I.arge, continuous tracts o f  
bottomland hardwod forest were identified by both the wildlife and 

ecosystem processes workgroups as  landscape slructures with functions 
and altribules thal ~ranscend the average size of individual $404 permit 
sites. Large foresled bottomland tracts consist o f  a diverse army o f  

subsysteriis that have the polential l o  support a full set of species with 
narrow habitat requiren~enls, especially those species adapled to forest 
interiors. Thesc trac~s niaintain sp;~tially hetcrugeneous palcll-dynamic 
prnccsses whereby shade-toleran1 and shade-intolerant species can occur 

in  all life stages. They enhance genetic interchange and diversity, which 
we especially important to maintain viable populations of large, temestrial 
organisn~s. They also n~aintain faunal assenihlages that havc community 

and trcrphic integrity. 

5 )  ,4 site-srxcific fncus cannot deal &uua~clv with cumula~ive 
w. Cumulative elfecls are, by their nature, landscape-level 
processes. They can be characterized as occuring in  five general 
categories: time and space crowded, synergistic, indirect, and nibbling 
(Beanlands and Duinket 1983). The additive impacts (which result from 

nibbling), occur as a result o f  human activities on many different sites, 
which taken together havc significant effects on the structural and 
functional integrity o f  the environment. Since evaluation o f  the 
environment o f  a single site through assessment techniques such as I lEP  
or WET considers only the impact o f  modifying i t  cannot and 

does not consider what happens to the whole landscape when many 

different sites arc modified. Thus, almost by definition, a site-specific 
focus does not consider the landscape, and therefore ignores cumulative 

cffects. 

REI:OhlhlENI)AI'IONS FOR I)OTTOMI.AND l lAR I )W001>  
FOREST MANAGEMENT 

Ilicrarchical considerations, as discussed above, lead to a number of 
recommend;ttions for management of forested bottomland wetlands. 

1) 1 . . 
c as well as on silc-snectfic t m o a  Section 404 o f  the Clean 

Water Act, and attendant regulations and guidelines (33 CFR 8 230. 40 
CFR 5 320-30), provide for regulation of  dredge and fill activities i n  
Waters o f  the United States. including wetlands. Section 404 does not 
regulate development of upland sites. Nevenheless, because uplands. 
wetlands and waterbodies (within river basins or hydrologic units). 
function as an integrated whole, effective management o f  bottomland 
hardwood forest wetlands requires that upstream and upslope ecosystems 

Er. be managed as pan of an integrated landscape. As discussed above, . g 
landscape management is necessary to: (a) maintain landscape-level 
ecological propenies; (b) maintain the functional inmgrity o f  individual 
sites within the landscape. since these sites arc influenced by what occurs 
around them; and (c) control cumulative impacts. 

2) A p .  As pan of the federal 
Section 404 permit process. judgments about human actions in  wetlands 
are made by permit specialists in  response to individual permit requests 
prepared by project proponents. I f  regulatory actions are to maintain and 
restore the physical, chemical. and biological integrity o f  the nations's 
waters. as required i n  the Clean Water Act, they must be made in  the 
context o f  plans for the entire landscape. This follows from previous 
arguments: if decisions arc made on individual sites from site information 
alone. them can be no effective management of the landscape. And if the 
landscape degrades because o f  the cumulative effects of many sie-specific 
decisions. the individual sites wi l l  also degrade. because they are part o f  
the landscape. This implies that decisions about sites should be made 
only in  the context o f  landscape plans. Such plans must be formulated 
and articulated local decisions (Gossclink and Lee 1989. Lee and 
Gosselink. 1988). Although site evaluations are primarily reactive. 
landscape evaluations must be m. xtdng the conditions for site 
development. 





O I I ~  of a nu~nher o f  specific reco~nn~endations for implementing the 
nu net I~M goal i s  advance planning. "A major element in these refomis is 
increased eniphahis on advance planning to guide our wetl;tnds protection 
and nunagenlent programs. The f:orurn recunimends all stales undcnake 
the preparation of State Wetlands Conservation I'lans to provide a basis 
fur all subsequent acquisition. regulation, and olher wcllands prolection 
and rnanagenienl activilirs. Iliese efforts. which sl~nuld rcflcct local I;nnd- 
use plans and o~her hocietal values. should result in the nation's wetlands 
progmnis anticipating needs and prohle~ns rather than nierely reacting to 
them" (conservation Foundation I Y X X ,  p. 4). 

The no net loss policy. i f  inipleniented, would elevate the status of  
welland niitigation, since presuniably dredge mid fill pennils that involved 
"unavoidable losses" would impose condilinns for wetland creation and/or 
restoration to offset the losses. Currently, 111itig;ltion i s  carried out 
willwut much regard for whether creatcd wetl;lnds replace the services of 
the developed sile in  a landscape conlext (I.arson 1987. Kusler and 
Kcnlula IYXY). Federal guidelines slate a preference for on-sile, in-kind 
( i.~., local) replacenient o f  wetlands that arc impaired. but i t  has been 
extremely difficult for regulators and wetland scientists to address the 
question of functional equivalence, especially as related to position and 
function o f  wetlands within watersheds. Advance planning, which 

eslablisbes a blue print lor the future of a landscape unit, could identify 
key sites for wetland creation andlor restoration, that would enhance 
ovemll 1;lndscapc inlegrily (Gosselink el al.  IYOO). 

REGULATORY STRATEGIES T O  IhlI'I,EhlENT 
PLANNING W l T l l  A 1.ANUSCAFE FOCUS 

Wetland Regulation under Section 404 of  the Clean Water  
Act 

In  the United States, the principle regulatory tool to protect wetlands 
is Section 404 o f  the Clean Water Act, and associated U S  Army Corps 
of Engineers (ACE) and EPA regulations and guidelines (33 CFR 05 320- 

P 330; 40 CFR 4230). Aside from initial uncenainties about the regulatory 
-L 

intent of the Act and the incremental clarification of the regulalions through 

successive coun challenges (Anonymous 1988). the chief hindrance to 
effective regulation is probably the incompatibility of cumulative impact 
issues with site by site permit review. By definition, a site-specific focus 
cannot l imit cumulative impacts. except in the most restrictive case of 
denying all 0404 permit requests. That is, in the absence o f  landscape- 

dcvelopmcnt i s  enough, or to allow development of one site but not 
E level plannmg, there can be no effective mechanism to decide how much . 

analher, i f  the r i le  evaluations are equivalent. Under current ff 
administration of  6404, the development of one site often sets a precedent la 

s for the approval of all similar permit requests (or types o f  projects), since e 
the criteria for permit approval are usually the same regardless of  6' 
landscape context. This inevitably leads to an "all or none" syndrome, in  
which environmental activists are pitted against development interests over a 
isolated issues and local sites, rather than focusing on site-specific project 
impacts in  the context o f  an overall plan. E a. 

Inability of the 0404 program to manage cumulative impacts is 8 
compounded by the issuance o f  nationwide permits. particularly 
Nationwide Permit 26 (33 CFR 330.5 (a)(26)). This general permit. 
which allows up to 10 acres o f  fill to be placed into headwater wetlands 

k 
(wetlands located in  headwater reaches of tributary streams with a mean 
annual flow of less than 5 113 sec-1) and i n  isolated wetlands (wetlands 
that are not bordering, neighboring. or contiguous to Waters of the United _ States), effectively exempts about 7 million ha of wetlands from regulation 
(Anonymous 1988). and may have led to significant cumulative impacts to 
water quality, hydrology, and food web support functions throughout the 
range of forested wetlands in  the Southeastern and Mid-Atlantic states . 
Headwaters arc critically important because they form the primary contact 
between terrestrial and aquatic ecosystems in  landscapes that support 
bottomland hardwood wetlands. They also exist as the headward-most 
member of bottomland hardwood wetland continua. 

Originally. the Nationwide Permit program was designed to reduce 
paperwork and agency response time to permit requests that were 7 
repetitive (e.g.. Nationwide Permit 3 - repair and replacement activities), 
which had potentially minor impacts (c.g.. Nationwide Permit I - aids to 3 
navigation). or which potentially impacted relatively small areas (e.g.. 3 
Nationwide Permit 26 - headwaters, isolated o r  intermittent waters). 
Dredge and fill activities permitted under Nationwide Permit26 usually 



P 
h) proceed wilhout requirements for n~ i t iga l i t rn  Thus, leniency i n  

N;llionwide Permit 26 pcrrnilling of projecls proposed for headward 
extensions of  wa~crsheds is, by definition, bour~d to resull in incren~en~;~l. 
unn~iligalcd cun~ulative irnpacls. Ihis silua~ion i s  exaccrhated by the fact 
111at IIIC~CIIK~O~ "nibbling" o l  hcadwatcr and iwlaled wetlands i s  c o m n ~ o ~ l  
fur thrce niajor reasons: ( I )  unscrupulous pracliccs on lhe part o f  project 
pruponcnls. who have bccn known lo  design projecls so that individual 
parcels (in devclnpmcnl projects) are less than 10 acres (e.g.. 100 acre 
tracts split imo mulliplc parcels olY.9 acre); ( 2 )  high pcrsonncl turn-over 
rate within regulatory agencies, which leads l o  failure l o  lrack #he 
uumulalive elfccts of Nationwide I'cnnit 26 pennilling over time within :I 
givcn wa~ershcd; (3) the slow  KC of incremcnlal wetland develop~nent 
(from an instilutional viewpoinl) thal can occur over many years. l iven 

with the besl ins~itutional memr~ry. the cumulalive effecls o f  Nalionwide 
I'cnnit 26 aclivitics are diflicull to except after years o f  incren~ental ch;~ngc 
in a watershed. 

I m g  Range Opporlunil ies for a 1,andscope Focus and 
I ' lanning 

In  [lie four ycars since the ITPA-sponsored botlomland hardwood 
forcv workshops. the idea thal planning is a ncccss:lry precondition o f  
cumulalive i m p ~ c t  ni;ln:lgenlent has gradually gained recognition. For 

example. the report o f lhc  National Wcrlands I'ulicy Forum stares "To be 
cffcctive, the nalion's wetlands protection and management programs 
must anticipate rather than reac I.....' lhey should consider lhe whole, not 
just the individual parts. In short.  he programs should be based on 
con~prehensive planning for wetlands protection and management ...." 
(Conservation Foundation 1988:lY). In  addition, ol;lnnine, which sets 
the conditions for management o f  the wetland resource, has been 
distinguished from m, which is one (albict probably the strongest) 
of a number o f  tools available lo implement planning. These tools run the 
gamut from programs of  persuasion, offering incentives and 
disincentives, through regulatory prohibition, to acquisition. A difficulty 
in both planning and implementation is that they can involve many 
different agencies at federal, stale, and local levels, as well as public and 
private inkrcsts, whose individual missions and inlerests must be merged 

to achieve a consensus about the future o f  the resource and to imp lewnt  
the plan. Each agency works within relatively restrictive regulations and 
guidelines developed as the best way to satisfy its mission. I n  this context 
i t  is appropriate to ask two questions about our institutional capability to 
address curnulalive impacts. First, what agency, i f  any, has either the . . 
rcsponsibili~y or the authority to initiate comprehensive planning? 
Sccond, within lhe existing regulatory programs o f  EPA (as the nation's 
lead environmenlal proleclion agency). what f lexibil i ty exists for 
comprehensive planning? 

P 

Federal Aulhur i ty fur Cumprehensive Nalural  Resource 
Planning 

I 
In the United States no federal agency, or even group o f  agencies. 

has either the mission or the explicit authority to undertake comprehensive 
natural resource planning at landscape scales. This is in  part because of  
the nature of  the political system in  this country. Generally, the legislative 

i 
branch responds to particular issues with legislation tailored to address 
that issue. Legislation. therefore. is usually focused on a single resource 
(c.g.. water quality. rare and endangered species), and agencies with 
responsibility lor implementing the legislation are constrained by that 
focus. They do not have a mandate for managing the landscape to 
optimize a l l  resources. A recent report on the nation's floodplain 
management activities (Johnston 1989). stales (with reference to natural 
floodplain values) "....federal, state and local programs to manage these 
natural values are often not focused on U u  floodplain. but on the particular 
resource or activity. For example, programs have been developed to 
protect water quality. but they are not focused on managing floodplains 
for water quality protection ...... Floodplain management andlor protection 
of natural floodplain values is typically na an explicit program objective" 
(pages 7-20 to 7-21). 

Two reasons for the reluctance of federal legislators to address 
comprehensive planning arc: (I) the strong wdit ion in  the United States 
against land-use planning, which is seen as abrogating rights of individual 
ownership of land, and (2) the historical rights o f  states and local 
jurisdictions in  these matters (i.e., envimnmcntal federalism). As a result. 
federal environmental legislation has generally avoided any hint o f  land- 



use planning. Haher, i t  has allernpled to protect and enhance the public 
resources o f  air, water and federally owned or managed lands. Ally 
rcstrictio~~s 011 thc IISC of private lands have heen enacted to protect tllcsc 
public resources, and only aflcr biller hatllcs in thc Congress and in  llle 
courls. The requircme~~l for a permit for wetland develop~llent, as 
ruquired under 5 404 of lhc Clean Water Acl, i s  an exccllenl example 
1l1i5 type o f  legislation. l h c  Act's purpose i s  to mainlain and restore the 
physical, chemical, and biological inlegrily of lhc nation's walcrs, which 
include wellands (40CI:R 328.3 (a) 1-7). lhus, regldalion o f  dredge and 
f i l l  activities in  privately owned wetlands i s  justified in  the Act because 
wetlands havc bcen shown to function in scvcral ways that directly 
influence the nlainlenance o f  water qualily. In conlrlst. land management 
practices in  uplands, which can also slrongly alfecl duwnslopc water 
quality, arc not usually regula~ed. (We refer here lo  such practices as land 
clearing, not to the production of point source effluenls, which 
regulaled.) 

Despite thesc poli~ical considerations, several Acts passed by the 
Congrcss during the late 60's  and 70's do provide possibililies for natural 
resource planning on landscape scales. ' h e  1970 National Environnlental 
Policy Act (NEPA. 42 U.S.C. 4371 el rrq.)  hroitdly recognized natural 
environmen~al values and incorporaled then1 imo federal decision-making 
for largc projects. Al~hough thc requirement to address cumulative 
impacts i s  specific in  NEPA, i n  prac~icc the Environmenlal Impact 
Statement i s  largely reactive. Environmental Impact Statement review is 
no1 usually viewed as a comprehensive planning process, and thus has 
ncvcr effec~ively addressed cun~ulalivc impacts. 

An  earlier ACI. the Water Resources Planning Act of 1965 (WRPA). 
has greater potenlial for comprehensive planning. Although i t  was passed 
l o  address h e  widespread problem of flood losses, in  combinalion w i ~ h  
NEPA i t  has the potential to cncouragc [he development of comprehensive 
resource management plans. The WRPA crcaled the Water Resources 
Council, which was charged w i ~ h  ( I )  assessing the adequacy of  basin 
plans and cswblishing principles and standards for federal participation in  
river basin planning; and (2) crea~ion, operation and lermination of  
inlerslale govcmmcnl river basin planning commissions. The Principles 

P and Standards issued by [he Waler Resourccs Council (1973) established 

a thrcc "accounts" by which proposed actions were l o  be evaluated; (1) a 

"Na~ional Econon~ic Devclopment" account, which. as implied. evaluated 
Ihc cconornic uli l i ly o f  the projccl; (2) an "Environmental Quality" 
account, and (3)  an account called "Social Well Being". This document 
was a major attempt to dcxribe a procedure for standardized basin-level 
planning tha~ addressed multiple rnanagemenl objectives including both 
economic dcvelopmenl and envimnmenlal quality (Field 1979) .E 

1-hc Watcr Resources Council was aclive i n  promoting the 
cslablishn~enl of River Basin Commissions. Several were eslablished in  k' 
Ihc lale 60s and carly 70's. and were required to prepare comprehensive, @ 
coordinaled plans lor  heir region or basin. 

The ambilious programs scl fonh by the WRPA did not fare wcll. 
In 1982, funding was wilhdrawn from the Water Resources Council and 

z 
River Basin Commissions. The Waler Resources Council was disbanded. a 
and the River Basin Commissions gradually closed theiroperations. The ?f 
1983 revision o f  "Principles and Standards" dropped the "Environmental 'E Qualily" and "Social Well-Being" accounts. As a result the "National a. 
Economic Development" account provides the sole basis for project 3 
justification (Interagency Task Force on Floodplain Management 1986). 
In  the absence o f  the Watcr Resources Council, the WRPA and Executive 
Orders related to floodplain and wetland management (Executive Ordcrs 
11988 and 11990) have been coordinated by an Interagency Task Force 
on Floodplain Management (created in 1975 todevelop a Unified National 
Program for Floodplain Management, and formerly chaired by a Water 
Resourccs Council represenlalive). While this task force has sponsored 
several imponant initiatives i t  does not consider itself a policy group, and 
does not have the influence o f  the Water Resources Council. 

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

Generally. responsibility for land-use planning is resewed for the 
states and local authorities. State and local governments are i n  a stmnger 



p poiition tlun the federal governnlent to institute con~prehensive planning 
-b ( I )  through their authorily to initiate zoning and other land use restrictiuns. 

and (2)  because they arc closer to the local prohlenis and Illus able lo  t;lilnr 

plans to local conditions. Therefore, federal legislation. such as the 
WHI'A and the CWA. docs not precmpt thi.; autl~ority. hut through a 
system o f  inccntivcs encourages state a s r w ~ l ~ t i n n  l'or example, the 

(:WA cncourages sI;~lc.; (thrnugh grants for cotllpliancc) l o  assume 
r~spnnsibility for regulatinn of l(u-al water qtt;tlity. inc l l~d i l~g IIII the lYR7 
revisions). the devel(~pmem nf plans for c~mtrol  of aonpninl pollution 
sources. The repor1 of t l~c  Natior~al Wetlands I'olicy l:on~rn rcllects this 
trend. "The Forum recomnlends that: stalc and lwal govern#netlts and 
regional agencies, with the suppun and cw1)eration of the relevant federd 
agcncics, undenake wetlands planning to achieve the goal o f  no net loss. 
and that Congrcss allocate adequatc funds to assist with these elforls" 
(Conservation Foundation IYXR. p. 19). 

In summary, there is at present little Congressional, executive, or 
fedcral agency cncouragenlent or authority for comprehet~sive nn~lt ip le 
objcclive land,cape planning, of thc kind needed to mlnage cu~nulalive 
impacts. In somc rcspects (for cxan~ple, with the Water Resources 
Council and the WHI'A) there l l as  been a retreat, since the 1970's. in  the 
crecutive branch's willingness to de;tl with comprehensive planning. 
Somc agcncics are working to institute such planning within the authority 
o f  existing statutes and regulations. Ilowevcr the nature of these statutes 
often l in~ i ts  the scope o f  planning efforts. Nevertheless, some existing 
statutes provide nrchanisrns lo  address cumulative inlpacts. In  the 

following section we examine EPA's opportunities for cumulative impact 
management through its mandate fur wetland protection. 

EPA Oppurtuni t ies l u r  Landscape Planning and Cumulat ive 
lmpacl  Management . . Advance SSecon 404 of the Clean Water Act requires 
EPA and [he ACE to regulate dredge and f i l l  activities i n  wetlands. 
Nationwide the ACE has authority to cvalute and issue permits for dredge 
and fill activities. but EPA has authority to veto ACE decisions under 
$404(c) of the CWA. ' he  procedure, as described in regulations issued 
by the ACE and EPA (33 CFR $5 320-330; 40 CFR 0230) is largely 

reactive (that is permit evaluations are usually initiated i n  response to an 

individual application). Because the 0404 permit process focuses on 
individual permit sites i t  fails to address landscape contextual problems. 
and thus provides no mechanism to manage cumulative impacts. 

EPA. however. has authority for planning i n  the Advance 
Identification program. as described in Section 230.80 o f  the 404(b)(l) 
Guidclincs (40 CFR Pan 230). The ACE has a similar authority under 
thcir "Special Area Management Plans". Under 5230.80 EPA and the 
permitling authority (ACE or an appmvcd State agency). act jointly to 
identify wetlands and other waters of the United States as possible future 
disposal sites or areas generally unsuitable for disposal site specification. 
111e results are informational, not regulatory. Any person may still submit 
an application for a 0404 permit regardless of the designation o f  the site. 
I h e  results of the advance idenlification process simply put the applicant 
on notice about the relative probability o f  obtaining a permit. Thus this 
program is used to improve the public's understanding o f  wetlands and to 
provide a degree of predictability to the regulated community that docs not 
exist within the context o f  individual permit reviews. I t  also provides 
EPA regional offices opportunities to coordinate more effcclively i n  local 
or slate planning processes. Documents developed in  the advance 
identification process contain wc~lands assessment and othcr data that arc 
potentially useful in  other welland protection activities such as the 
development of local zoning and regulations, the identification of valuable 
sites for purchase or zoning easements, and for public education efforts. 

Although the $404 (b)(l) guidelines arc specific as to the purpose of  
Advance Identifications (i.e.. designation o f  wetlands as unsuitable for 
disposal site specification) EPA's Advance lden~if ication guidelines 
(Office o f  Wetland Protection 1989) clearly encourage a broad perspective 
on ecosystem pmtcc~ion and management. For example. the program can 
be used in  combination with other portions o f  the 0404 (b)(l) guidelines 
to address large geographically-based issues. Advanced identifications 
can be focused to reduce or reverse regional trends o f  wetland losses, 
andlor for assessing cumulative and xwndary impacts within designa~ed 
boundaries (0230.80 (g) & (h)). The preferred units for advanced 
identification program are watersheds or ecosystems because components 
o f  these systems functionally relate to one another. Broad participation by 
all agencies and groups with inlcresls in  the geographic area is usually 



encouraged, beginning early in the advance identification process (Office 
(if Wetland Protection 1989). Thus the advance idcntification program 
may be used as a weans to initiate comprehensivc planning. even lhougll 
Ill'A's auhority under Section 404 i s  lirnitul to jurisdiclional wetlands. 

Thc potential of Advance ldcntifications for use as a planning 
n~echanism for cumulative impact n~anagcnicnt i s  just beginning to be 
realizcd, with the recent issuance of guidelines by the EPA Olfice of  
Welland Protcclion. The number 01 advance idcnlilication programs 
initiated across the U.S. has increased rapidly in  the past three years. and 
several have k c n  completed. They vary in  size from several l o  over 
llW).000 ha. Documents prepared for these programs are limited to the 
authority under $230.UO to identify wetlands unsuitable for disposal. I t  is 
not clear. therefore, to what extent they are being used for more 
comprchensivc planning. One dilficulty is that no agency has authority to 
expand [he advancc identification program into a comprehensive multiple 
objective project that can result in  the developnient of natural resource 
pro~cction goals and bring to bear many different regulatory and non- 
regulatory tools to implement the goals. Some broader authority is needed 
to acconiplisb his.  I t  could be located a t  the stale level, but most states are 
not organized to handle programs that cut across federal and state agency 
lines. The Advance Identification guidelines (Office of Wetland Protection 
1989) provide a broad perspeclivc, and specific recomn~endations for 
comprehensive planning, but their cffcctivc iniplementation appears to 
require broader authority and more focused suppn  from EPA. 

Interim Orr rnr tun i t i~  for Cuniulalive Im~ac t  Manaeemen~ As EPA 
and cooperating federal, state and private sector groups gain more 
experience with and more confidence in Advance Identifications, we can 
expect better recognition and management of cumulative impacts i n  
wetlands. In the short term. the 5404(b)(l) requirenlenls for alternatives 
analysis, impact assessment and impact minimization can provide 
opponunities to improve the permit review process and specifically to 
address cumulative impacts. tlowever, there are distinct administrative. 
conceptual, and practical limits regarding the extent to which cumulative 
impact assessments can be effectively incorporated into individual $404 
permit reviews. These limits arc defined mostly by agency time and by 
staffing constraints. As discussed above, agency personnel are 

U1 significantly influenced by lack o f  clear definition of  "goals" for 

management 01 an individual permit site in  the context of the landscape i n  
which i t  occurs. by lack of "institutional memory" on the part of 
regulatory agencies. by lack of familiarity with the rapidly evolving field 
of landscapc ecology, and by the unavailability o f  landscapscale data in  a 
usable and accessible form. 

Goals set the context for assessment o f  cumulative effects and their 
perceived impacts on the condition of wetlands. Even though the 
D404(b)(l) Guidelines direct federal agencies to review "cumulative 
effects" (230.1 l(g)) and "secondary effects" (230.1 1(h)) i n  the context o f  
individual permit reviews, only broad direction is given in  the 6404(b)(l) 
Guidelines. the ACE Regulations (33 CFR 320-330) and from the Clean 
Water Act itself regarding standards or criteria for review of cumulative 
and secondary effects. Thus, while the agencies are required by their 
guidelines to review cumulative and secondary effects, they currently have 
no specific standards for doing so. I n  addition, while most agency 
managers and staff are relatively well trained i n  basic biology, 
jurisdictional delineation of wetlands, and the administrative or regulatory 
details o f  individual 0404 permit review. they are relatively unfamiliar 
with the new and rapidly evolving field o f  landscapc ecology. This lack 
of command of the subject matter often leads to review of 6401 permits i n  
the context of what is familiar to agency staff and management (i.e.. site- 
specific review), and not necessarily what is most technically valid (i.c.. 
site specific reviews combined with landscaplevel reviews). 

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

The main point to emphasize is that assessment o f  cumulalive 
impacts needs to be carefully and slowly implemented, and incorporated 
into the standard procedures used by regulatory agencies during their 



-b reviews or wetland-related projects. I~iipleinentation should be 
incrcwe8ul. along with "business-as-osual" considerations o f  individud 
~ ~ c n i i i t  rcviews. Hecausc intrrxlucti~in o l  l;~nd\capclevel reviews inlo lhc 
b4lM prwess i s  crpcriniental, agcncics nccd to develop and n~;~intain a 
cIu;~l track apprnach lo  permit rcvicw. Whcn pnsihle, data from 
cu~nolative i~npact asscssn~en~ clforts initiated under rcgional Advance 
Identifications or Special Area hlan:~gcmcnt I'lans should he used l o  
sub\tantiate claitt~s of cuttiulativc or secondary effects related to individual 
pennit reviews (cg.. liPA-Region l'hrec Recoriin~ended Section 404c 
determination lor the Ware Creek. V A  I'niject. USITA. Philadelphia. I'A. 
1989). Simultaneously, agencies need to devote increased time and 
resources to Advance Identifications andlor Specii~l Area Managetnenl 
I'lans tliat rcly principally on landscape-level analyses that focus on 
rtlanagerncnl of cun~ol;ltivc impacts and anticip;~tory approaches to pemiit 
rcviews (Gosselink and i r e  IYXY) .  

Another elfeclive tool in cumulative impact nianageinent is the 
"layering" of State $40I(Water Qualily) authority over individual as well 
as nationwide permit reviews, This approach has proven to be an 
cflective tool consistent wilh the goals o f  environmental federalism as 
anic~~lated by the currcnt (Bush) ad~ninistr;~tion For example, stales with 
5401 pen~~i t t ing authority can eflcctivcly veto isuance of individual 5404 
or N;~tionwide Pcrniit 26 pcnnits through denial o f  sute wetlands pennits 
or 54OI ccnifi~.ation. 

A final suggestion regarding current approaches lor dcaling with 
curi~ulative eflects rel:~tes to two major concenls articulated thmughout the 
bottomland hardwood forest workshops by agency personnel: ( I )  the need 
for a unified approach to the delinition o f  wetlands under federal 
jurisdiction, and (2) the necd to dcal consistently with agricultural and 
silvicultural exemptions in conforniity with 9404(l)(l) and (O(2). 

With regard to developtnent or a consistent, unified approach for 
definition o f  wetlands. the "Federal Manual for Identification and 
Delineation of Jurisdictional Wetlands", issued January 10. 1989 (Federal 
Interagency Committee 1989), promises to go a long way towards shifting 
the focus of 8404 review from questions concerning jurisdiction to more 
substan~ive issues. This i s  a positive step for the national wetlands 
protection process. I t  has panicular relevance lor dealing with cumulative 
impacts because agreement on wetland jurisdictional boundaries allows 

participants in the 5404 process lo  devote more time and effon to deal with 
identification of project purpose. siting alternatives outside jurisdictional 
wetlands, minimization of impacts, and mitigation o f  unavoidable impacts. 
as required in  the 5404 Guidelines. With the recent emphases on d 
landscape ecology and "no net loss" o f  wetlands, such cffons are bound 
to incorporale landscape-level thinking into the planning processes 
associated with individual permit reviews and with Advance 

B 
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Identifications and Special Area Management Plans. 6 
Seclion 4(W(O( I )  & (2) of the Clean Water Act address agricultural. 

' 

silvicultural and ranching exemptions for "on-going and established" 
operations (40 CFR 232.3). The new wetlands delineation manual 

the Swampbuster provisions o f  the Food Security Act o f  1985, consistent 
application and enforcement o f  54(4(r)(l) & (2) can work to maintain 

I 
clarifies regulatory jurisdiction over these exemptions. Combined with E 

boltomland hardwood forest patch size and structural integrity, help to 
limit non-point source inputs to Waters o f  the United States, and maintain 
reasonably natural hydrologic connections with functioning (even though 

il 
farmed or forested) wetland ecosystems. 

The National Wetlands Policy Forum (Conservation Foundation 
1988) identified a number o f  pressing wetlands issues that necd to be 
addressed. The Forum suggested that while some of the present 

I 
regulatory deficiencies can be addressed by modifying present regulations, 
others probably require new legislation at both federal and stale levels. 
Recognizing the slow pace o f  major legislative initiatives we have. in this 
chapter. focused on the possibilities for improving wetlands protection 
within the present statutory and regulatory framework. Summarizing 
these possibilities. a three-pronged approach, operating within current 
regulatory constraints, can produce significant improvements i n  
management of cumulative impacts in bottomland hardwood forests. 

I )  Gradually incorporate landscape ecology principles and 
cumulative impact evaluation into current wetland permit reviews 
that are completed under federal or similar regional, state, o r  
municipal authorities; 
2) Expand the use of advance planning authority under 8230.80 of 
the EPA 6404 Guidelines, and the ACE Special Area Management 
Program. to address landscape level planning and cumulative 
impacts assessment; 



(3)  Continue to cxplore ways to use the comprehensive plar i~~ir ig 
nuthorily of the Water Resources Planning Act o l  1965 and the 
Walershed I'rolcction and Hood Prcvcntion Act o i  1954. to 
incurpor;m comprchcnsivc planning a1 landscape scales. This 
apprwxh intcgra~es the niultiple n~issinns of the many icdcral. 
stale, and l w a l  authori~ies and private interests that have a slake in  
wellands. In thc final analysis only comprchcnsivc plannint: can 
lead to clfectivc managcnvnt of cuniulativc impacts, and crfectivc 
prutec~ion of forested bo~tomland rcsourccs. 
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Landscape Conservation in a 
Forested Wetland Watershed 

Can we manage cumulative impacts? 

James G. Gosselink, Gary P. Shaffer, Lyndon C. Lee, David M. Burdidc, Daniel L Childers, 
Nancy C. Leibowia, Susan C. Hamilton, Roel Boumans, Douglas Cushman, Sherri Fields, 

Marguerite Koch, and Jenneke M. Visser 

M ore than one-half of the 40 
millton ha of wetlands i n  
the corerminus Uni ted 

States is tore,red [Frayer et al. 1983). 
Most of these werlands (57%; Aber- 
nethy and Turner 1987) arc in the 
sourhe~srcrn United States. They are 
characterized as permanently, semi- 
permanently, or  in termi r tenr ly  
fluoded and are dominated by cypress 
[Taxodranr spp.). tupelo (Nysra spp.). 
and oak (@ercus spp.). The broad 
h5ississipp1 R~\.er alluvial floodplain, 
which esrends from the Gulf of hlex- 
ICO to snuthrrn llllnois. h~storically 
supportc~l the lar~esr Unlred Stares 
expanm of iorested wetlands. but 
since rhc 1950% rhcsc arcas havc been 
raptdly convcrred rn the production 
01 corton. cwn. and mvbeans (OTA 
1984,. tlrrnwn r r  21. 1198I)ot~marcd 
rhr lob, i,t ripartan lorest 31 more 
than :O':u 5lncr prrserrlemenr days. 
r'hrrneth? and Turnrr (1987) calcu- 

Prompt action is 
needed for landscape 

planning to be 
cost effective 

lared a 23% loss since the 1950s. I n  
the Mississippi River alluvial flood- 
plain alone. bottomland forests de- 
creased from 4.8 million ha in 1937 
ro 2.1 million ha in 1978, a 55% loss 
(MacDonald er al. 1979). 

This rapid wetland loss is of intense 
concern to env~ronmcnral inrcrests. 
Forested riparian wetlands perform a 
numbrr of valuable services for hu. 
mans, ~nc lud~ng moderation of down- 
stream floodtng, marntenancc of good 
warer qualiry, and provision of di- 
verse habitats for wlldltfe (Wharton 

Srmth Carolma. Georgcrown. SC 29442. 
N m c v  C. 1clhou.m I, J wrrhnd r a c n t w  
wtth SSI T ~ ~ h n o l q y  Scrwms Corp.. Cor- 
vAI,. OR 97333. Su,m C. Hmnltan and 
Rorl Bournan, arc rr,c=rch armcmrrr in 
the C o ~ d  Erulop lnrrtture a( L o u ~ r ~ a n ~  
Stare Untrrrrnr~. D c w ~ h  Cu,hmm. ior- 
mcrly a mdmr Jr L . w t m n a  h r r  Unwrr- 
,I-. nrru r o d r ,  in U c * t  1.1nn. OR 97068. 
Shrrrn FrclJr in an lnrrrn J r  rhr US Enu. 
ronmmr~l Prcnrrrwn .Agmr) ~n Warhmg- 
run. DC. .\I~rguenrc kcch 1, 3 resc~rch 
cnvtronmcnt~l~\t at  rhr South Flornd~ U'J- 
t c r  Al~nagrrnrnt Dt,trlct. Wrrt Palm 
B r ~ c h .  FL I l l l h .  Jrnnckr hl. Vmcr  i s  a 
pmtdocroral rrxarrh scncntlrt in the 
C o m d  Ecolc>gr lnrttrurc 21 Louwana 
Statc Unwrwry. & 1990 Arnrr~can inm- 
rurc oi B ~ d o p c ~ l  Sacnccr. 

er al. 1982). Thesc are largely public 
benefits. Aside from the economic re- 
mrn for resourcc harvests-timber 
and wildlife-benefits do nor gcner- 
ally accrue to  the land owner, but 
rather to  individuals or groups down- 
stream. Wetlands have therefore been 
recognized as public resources and 
are federally protected under the 
Clean Water Act (CWA) of 1972 
(Public Law 95-2171. Dcspire this 
protection, freshwater wetland loss, 
and particularly forested wetland 
loss, continues. The cumulative im- 
p 3 a  of many individual actions, no 
single onc of which is particularly 
alarming, threatens the inregrtty of 
whole wetland landscapes. Analysis 
of potential solutions to this problem 
makes an interesting study of cumu- 
larive environmental degradation, a 
phenomenon that is increasingly 
wtdespread. 

This artrcle addresses general tssues 
in environmental planning related to 
the cumulative impacrs of human ac- 
civities on the envtronment. We focus 
specifically on wetlands, alrhough the 
problem is more eneral, and the is- 
sues addressed anfmerhods discussed 
havc broad application. To  set thc 
stage, we introduce the legal and ad- 
minrsrrative framework for wetland 
rceulation. the nature of cumulative 
impacts, and the use of ecologrcal 
~rrncioles (soecificallv landscaoe ccol- . . .  
ogy princ~ples) in environmenral 
planning. Next, we assess the cumu- 
lative impact of human activities in 
thc Tensas River basin, Loursiana, 
and show how the assessment can be 
used for planning purposes. Finally. 
we discuss the generaliry of this ap- 

Note
Gosselink, J.G., G.P. Shaffer, L.C. Lee, D.M. Burdick, D.L. Childers, N.C. Leibowitz, S.C. Hamilton, R. Boumans, D. Cushman, S. Fields, M. Koch, and J.M. Visser.  1990.  Landscape conservation in a forested wetland watershed.  BioScience 40(8):588-600.



proach and its applicability in other 
wntexts. 

Federal jurisdiction in 
forested wetlands 
Discharges of dredged o r  fill material 
into the w a r m  of the United States are 
regulated under Semion 404 of the Fed- 
eral Water Pollution Aa Amendments 
of 1972 (33 U.S.C. Section 1251), as 
amended in the CWA of 1977 and 
again in 1987 (Public Law 100-4). In 
pranice, the term w a r s  of the United 
S m p s  has brm defined t o  include wet- 
lands and, spenficallg, most bonorn- 
land hardwood forcsrs.' Although 
"normal" forestry pramias are sraruro- 
nIy exempt under Senion 404(0 of the 
CWA, clearing of foresred wcrlands for 
convcrsion ro uplands results in dir- 
charges regulated undcr Secnon 404.1 
Large areas o f  wetland forests were 
cleared before 1972, whcn amviries in 
wetlands became regulared under the 
Federal Warer Pollut~on Act. For both 
legal and rechn~cal reasons, cleannp has 
c~nrinucd despite the prorecnon df the 
CWA. 

Ir has rakcn years and a series of 
courr decrsions 1Narural Resources 
Law lnsrirure 19881 ro clar ih uncer- 
ralnrles abour the geograph~c lurrsdic- 
uon 01 Sccrion 404 and the types o f  
anrvlrlcs rr  cxcmprs. For example. the 
US Army Corps o f  Engineers. which 
jointly admlnlsrcrs the Section 404 
prosram with the US Environmental 
Prorccrron Agcncr IEPA). agreed. 
only a, rcccnrl\ as 1984, to  apply 
n l r ~ o n w ~ d e  th r  decirlon in Avovelles 
Sporrsmen's Leaguc v.  Marsh 1Na- 
rional Wcrlands Eiewslerrer 1984). 
Thlr deciwon. whlch clarified the IU-  

risdicr~onal defin~rron o t  a wetland 
and whar consrlturcs 3 reculared ac- 
rrvtry, was nor rellccred in rhr r e p l a -  
rlons that p d e  permtr procesrrng un- 
111 Eiovember lY86.' 

Cumulative impacts 
An imporranr rrchn~cal hmdrance ro 
protecrron o i  iorcsred wcrlands has 

'11 C.F.R. I 2 8 . l : h ,  2nd 40 C.F.R. l J 2 2 l r ; :  
Avortllcs Sponmm'r Lrapuc \ .  U r r i .  -15 
i l J  Pi-. YO3 n l l .  Irh Ctr. 1981. 
:1J C.ER Scmon J?J 4. '  md 40 C.F.R. 
S r c r w n  l I l . l ~ h ~ .  , \ o \ r l l c \  Spurrmen'r  
Irrguc \ .  hl-lr>h. 715 F l d  89-. YUI nl?. 5ih 
Cnr. 19x1 
' 3 )  C.F.R. \ \  JX-330.  

ARKANSAS 

Sample stallons tor 
slage. discharge 
ana waer quality 

Fipvrr 1. Loormn oi rhc Trnras h a w  in norrhcarrcrn Louwana. The basm ir b n u d  
on rhc carr by thr hlm~sstppt Rwcr. on rhe rourh by rhe Tmwr.Cocodnc Icvcc. and I 

rhc wcrr hy rhc BJWU Bmholomcw warcrrhcd bounday and thc Ousch~ta and BIam 
Rtvcr Icvce,. Thc norrhrrn boundzrr. IS pol~r~cal, rhc Arkansas-Lou~rlan~ bordrr. Wat 
f low grnrrally lrum norrh ro rowh through rhc study arca. Prmcnpal strcamr Arc r 
Bocut and Tmm, R~urr, irr~butano of rhc Ouachm River) and Bayou hhcon 
rnbunry ot the Tmra, Rnvrri. 

been the difficulty 01 managing rhc 
cumulattvr impacts of incremenral 
clear~ng of  small rracrs (Lee and Gos- 
selrnk 1988;. C l r , ? l u h r l V  mrpact IS 

defined in the Councd on Enwron- 
mrnrsl Quallry replar lons ( w h ~ c h  
mplemmr rhr Narlonal Enwronmcn- 
ral Policy Acr o i  1969)' as: 

rhr impact on thccnr~ronmcnr w h ~ h  
rcrulrr from rhe incrcrncntal tmpm 
of the acrlon whcn added to orhrr 
part, prcwn, and rcasonablv iorncc. 
able fururc acrlonr rcgardinr oi rh.71 
apcncy (Fcdcnl or non-Frdrrdl or 
pcrron undenaker such othrr zc- 
rmnr. Cumuiat~vr mparrs can rcsull 
from mdwdually rnmor bur collcc. 
rwclv sign~ficanr acrtons rakmg placc 
over a pcnod of rme. 140 C.F.R. \ I  
1508.7 and 1508.81 



The CWA and reguladons for implc- 
mentarion of  Section 404 by both 
EPA (40 C.F.R 230) and the Army 
Corps of Engineers (33 C.F.R. S S  
320-30) require consideration of cu- 
mulative impacts, bur for a number of 
reasons (Beanlands et al. 1986,  
Horak cr al. 1983) they are seldom 
waluated in permit review proccsses. 

Wetland forest conversion to  aari- 
culture 1s a ryplcai cumulat~vc i m ~ i c t .  
H~sror~cally, the mcrcmcntal clear~ng 
of 10 ha to as much as 2000 ha in an ~ 

indtvidual permit has been perceived 
to  have no significant ecological im- 
p a n  on a total toresr system of  several 
million hectares, and the cumulative 
effect of many such permined acrivl- 
ties has been ignored. 

This failure can be understood if  
the current regulator). process 1s con- 
trasted with the ktnd o f  process re- 
qutrcd for cumular~ve lmpacr assess- 
ment. The Section 404 permlr process 
focuses on the Impact o f  a proposed 
acrlvity at an tndlvidual werland per- 
mlr sltc. In contrast, curnulart\.e Im- 
pacts are landscape-level phenomena 
rhar result from d e c ~ s ~ o n s  at many 
~nd~vldua l  pcrmlt sms,  as well as ac- 
rlwttes rhar arc not regulated under 
Sectton 40.1 iGosse11nk and Lee 
1989,. Hencr cumula t~w impacts are 
orten c x t r r n ~ l  to thc tocus of lndlwd- 
uai prrmlr r ruew. In add~tlon,  thc 
current permlt process IS largely rmc- 
r ~ v c :  that IS .  thc  declslon about 
whether or nor ro approve an  acrlulry 
on a sltc 15 made In respon,? to a 
prrmlt r r q u w .  nor in adran i r  ot  11. 

I t  cumulat~r.e impacts arr to hr 
manaped. rhr decls~on at an indlud- 
ual s ~ t e  will h a w  to be govrrncd by 
ra r l~er  declsmn, made ahour the al- 
lorahle  cxrrnt of mod~hcar~on  ot the 
whok I2nd\c~pr  unlt. Thu, cumuh- 
rwc i m p ~ c t  m~napemenr has thr po- 
tcntlal to  c h q x  current wetland r c p  
ulator). p r~cr t i e \  in two s~pnrficant 
way\: 11 r a l w  thr tocu, of mJnApr- 
mrnt trom s~re-%pcc~lic to  n a r u r ~ l  
Iandscapr unit>. and 11 Imposes plan- 
nlnp. on the current \ccuon -10.1 pro. 
c uhtch 15 Iarpcly r a c .  I r  
\hould h r  n tmd thar EPA has ~ u l h n r .  
Iry tor p l ~ n n l n p  under the rcgu lmm> 
a d s  advance t d e n r ~ h c a r ~ n n  
procedurn (40 C.F.R. 4 230.80). 

Trchnqur ,  lor addres>~ng cumul3- 
twe tmpJcts presented In recenr wnrk- 
shops and puhl~cmon,  (Branland, et 
31. 1986. Bediord and Preston IY88. 

Figure 2. Bonomhnd forest areal changes 
in an area covcrlng seven parishes in the 
Tensas basm since 1935. Open squares 
from US Forst h c e  surveys (F.arlc 
1975, May and Bcrtclson 1986), dosed 
squares from MncDonald cr al. (1979), 
and crorscs from Yancey (1970). The 
seven-parish boundary approximares rhe 
b o u n d a ~  of rhc Tcnrar basm and covers 
an rquwalent area. 

Clark 1986, Vlachos 1985) include 
one o r  more of the followtna: check- 
lists of charaneristics o r  pr&esses to 
be considered in the analvsis, matrices 
of intcracr~ons among tiuman anivi- 
ties and environmental conditions, 
nodal nerworks thar depict likely im- 
pacts from disturbances, and simula- 
rton models of ecosystems and re- 
sponses to  human activities (Risser 
1988). lh general, these approaches 
build on widely accepred rechnlques 
o f  conrenttonal enwronmenral im- 
pacr analyses (McAllister 1980 ,  
Munn 1975, Wesrmann 1985). How- 
ever, there is not currenrlv any merh- 
odologv for cumulative Impact assess- 
m e n t ,  o r  even any  conceptua l  
approach rhar 1s generally accepred 
b) sclenrlsr, and managers. Rlsser 
(19881 recommends contlnutng the 
search for a rune of cumulat~ve im- 
pact techn~ques underlam by a strong 
conceptual has15 rhar incorporate rr.. 
crnr dramarlc ad\.anccs in our under- 
s tand~np ot  landscape ecolog! as well 
3s new method, i e . ~ . .  remote senslna - 
t rchn~quc>'  tar landxapr malvs~s.  

h s c w n c n t .  The ch~r~c te r lza t lon  01 
cumulart\e rtfcctb on hoth the rcolog- 
I C ~  structure znd the tunctlonal eco- 
logical proccsses In a des1pn3tcd land- 
scapc umr. 

Goal-setting. Agrrement by public 
consensus on environmental goals for  
the assessment area, b a s e d  o n  the 
assessment and consistent with regu- 
lations under the CWA. 

Impiemcnration. The dweloprnent 
o f  specific plans to  im&mcnt the 
goals, based o n  the lan&uP struc- 
NIC and hnc t ion  of the rrca that is 
assessed. 

The need to manage cumulauvc im- 
pacts o n  a landscape scale requires 
that the boundaries o f  an  aswssmcnt 
unit encompass a n  area that is, to  the 
extent possible, ecologically closed to  
water a n d  nutrient Bows (so thar 
forces external to  the basin can be 
minimized) and also large enough to 
satisfy the home range and habitat 
rcquircmenrs of the farthest-ranging 
animal species of interest (e.g., the 
black bear o r  the Florida panther). 
The larter requirement has a double 
benefit. It ensures that the analysis 
will address the protection of the tar- 
get species, and in s o  doing it also 
encompasses a diverse group of spe- 
cies with smaller ranges. Pragmatic 
considerations such as political juris- 
dinion and map scales also influence 
the choice of  boundaries. Gosselink 
and Lee (1989) recommend bound- 
arles that enclose areas of 1 m~lllon ha 
or more that are natural hvdrolog~c 
watersheds o r  drainage baslns. 

T o  characrerize an area rhts large, 
the proposed cumulartvc Impact as- 
sessment methodology focuses on a 
Irm~red number o f  landscape mdtces 
thar reflect ecologtcal srructure and 
hydrolog~c, water-qualtn., and b~ot lc  
funcrlons. By landscape indrces, we 
mean smple,  measurable properties 
that Integrate ecological processes 
over large areas. For example, a 
stream water-qualiry record reflects 
water chemistry conditions in the w3- 
rershed above the sample srar~on.  
Lonp-term data records are used, thus 
enabling a rune-serles analys~s of svs- 
tem change. 

Landscape ecology and 
n a t u r a l  r e s o u r c e  c o n s e r v a t i o n  

Troll (1950) defined landscape ecol- 
og\ as the srudv of the phvslcob~olog- 
lcal relartonsh~ps that govern the dlf- 
ferent sparla1 untrs of a region. It 
deals wlth large areas and the tnterac- 
rlon of parts wlthln these areas. Thus 
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the emphasis is on the panern of the 
landscaoe and how panern mfluences 
ecological processes o r  funcrions 
(Forman and Godron 1986. Turner 
isso. 

Of particular relevance to cumula- 
tive impacts is the srudy of island 
biogeography, a field p~oneered by 
hiacArthur and Wilson (1963. 1967). 
and the appl~carion of that knowledge 
to the des~gn of ecological preserves 
(Diamond 1975, Harris 1984. Mar- 
goulis and Usher 1981, May 19751. 
These stud~es are concerncd with the 
size and shape o i  parches in the land- 
scaoe. their isolarion trom each other. 
and the mfluence of these tactors on 
soectes dn.ers~r\. Whereas in the mo- 
neerlng stud~es the parches were is- 
lands ~sulared by water. m applica- 
rrons to natural prrser\.es the parches 
studled were forcsrr. tsolared by 
grasslands, a ~ r ~ i u l r u r ~ l  tields. or  
other human harrtcrs. 

Diamond IlY'j: wmmar~zed five 
landscape p r~n i lp lo  tur namral re- 
serve,: 

U'r uw r h c ~  pr~nc~plr ,  in  ihr tvllon- 
InF cumul~r~vr  lmpJc1 dtriuwrm. 31. 
[houph nr rcwFnlzr l h ~ r  conwlrr. 
able cimtro\cr,!  surround^ rhr 
a p p l ~ c ~ r ~ o n  ol insul~r  h ~ r l u p  to ap- 
pllrd con\rrvJrmn ir*ur\ INos 2nd 
Harm 1986. Schcrncudld-COY er 31. 
1983. Strnhrrlc,n .mJ ,Ahclr. IYX2. 
S~mbcrloh ~ n d  Cor 1YX7. h>ulr  2nd 
S~mberlofi 19861. 

Assessing cumulative effects in 
a river basin 
We have assessed cumulative 
in the Tensas River basin in nonh- 
eastern Louisiana. We illusrrate the 
feasibility of a landscape-level asscss- 
ment and the utility of this approach 
for natural resource conservation 
plannmg. 

Description of the Tensas basin. The 
Tensas basin study area is composed 
of alluvial bortomlands of the Missis- 
s ~ p p ~  Rtvet. This nver overflow area 1s 
defined as wetlands for lurlsd~ct~onal 
purposes under section' 404 of the 
CWA. Boundaries correspond with 
Louisiana Dc?anment of Environ- 
mental Quality Hydrologrc Segments 
0809-0812, which agree closely with 
US Geolog~cal Survey (USGS) Hydro- 
log~c Units 0805001-0805003. The 
basin comprises approximately 1 mil- 
lion ha [Figure l ) ,  an area large 
enough ro sustain a viable population 
of black bear (Nowak 1986). Thus 
the cho~ce o f  boundaries did not pre- 
clude the option of managing the ba- 
sm for the largest endemic mammals. 

The climate of the study region is 
charactenred by mild winters and 
warm summers. Temperatures range 
trom an average o i  9" C in winter ro 
27' C in summer. with an annual 
average o f  18' C. Ramtall averages 
I31 cmiyr and 1s heawest dur~ng win- 
rer and sprmp. months, comcidenral 
u ~ r h  peak flows ot the ,M~ss~rs~ppi 
R~ver. H~sror~caIIy durmg h~gh MIS- 
s1s51pp1 R~ver  srages. local rwers 
b d e d  up, f loodm~ much ot rhe T m -  
5 3 5  bas~n (Lower h l ~ s u s s ~ p p ~  Repon 
Cornprehenswe Study Coordinar~ng 
r n ~ e  I .  hlan-mad? levees 
prwcnr rh~,  hxkuaier  floodmg ro- 
d ~ \ .  

The r e l a t ~ v l  1131 and poorlv 
dr31nrd lmd I, t y p ~ c ~ l  of the ropue 
r ~ p h v  ol the Xll,r~,,~pp~ R~vrr allu\.~aI 
plam. h l *  ~n rhc c>htcrn porrlon of 
rhr h w n  n v r c  torrnvd rccmrly by rhc 
l l ~ r , ~ w p p ~  R~hcr. Thmc i n  rhe uor- 
ern puruon ucrr  d r r ~ w d  trom older 
,ud~mmr\ ut rhc Ou.ich112 R~vcr. Un- 
der narur~l cond~r~onl.  t h r x  h~ghly 
tcrr~lc >wI,. prtm~rtl! ol the Sh~rkey 
I s r .  r wporous forest 
\lands. Lowrr I R~ver  
t l u d p l ~ ~ n  t<,rr,r, .lrc 3rnunc rhr most 
producr~ve ti,h and w~ldlltr hab~rars 
In rhc tin~red 5ra1e, (Glargow and 

Noble 1971, US Army Corps of En. 
gineers 1974, US Depanmenr oi Ag 
riculture n.d.1. They are locared in thr 
Mississippi Flyway and are thereion 
imporrant to migrating, wintering 
and resident bird populations (Bell. 
rose 1980). 

The srudy arca is characterized h! 
extensive agricultural and timber re. 
sources. Although Sharkey soils art 
highly fertile, they are difficult rc 
farm. Drainage is necessary to esrab. 
lish crops (US Army Corps of Engi. 
neen 1984). Historically, morc thar 
90% of the smdy arca was f o r a m  
werland. However, with improvec 
technology and federal economic in 
cenrives, large areas of forest haw 
been cleared and convened to pro. 
duction of soybeans, conon, rice, anr 
corn (Sravins 1986). 

The Tensas basin contalns one o; 
the largert remaining tracts of for 
ested wetland in the Mississippi Val, 
Icy. the 50,000-hectare Singer Tract 
This land, owncd by rhcchicago hlil 
and Lumber Company, remamed ar 
old-growth forest until the 1940s 
when the last portion was logged. Thl 
cutover area has since been manager 
for timber production. and a second 
growth forest has developed. How 
ever, this land is currently be~nl 
leased in small parcels ( 2 0 W 0 0  ha 
to local agricultural inreresrs. Rr 
cenrly, the federal government pur 
chased pan of the tract ro esr3bl1sl 
the 20.000-hectare Tensas River Eja 
rional Wildlife Refuge (Figure 1 ) .  11 
add~r~on.  Louisiana acqu~red 7779 h. 
adloinmg rhe refuge and esrahl~shcc 
the Big Lake Wildhie Managemen 
Area (US Army Corps o i  Enpmeer 
1984). Bes~des the Nat~onal Wildhtt 
Refuge and the Big Lake Wildl~tl 
hfanagemcnr Area, r e l a t ~ \ d y  teu 
rracts of land are publ~cly owncd. 11 
all, publ~c areas roral approxlmatel! 
44.000 ha. Withm them. torests art 
harvested commercially, but no Ian' 
IS  cleared. 

Ecolog~cal charactcnzar~on. We uwc 
a number of md~ces to charactern 
rhe Tensas basm at a landscape scale 
These ~nd~ces, a subser 01 [hose rug 
gested by Gosselmk and Lee (1989) 
werc based on forest srrucrure (an' 
land use), stream srageld~scharge. u~ 
rer-qualny records, breedlng brrd sur 
%eys. and Chr~srmas b ~ r d  counr, 
They employ h~sror~cal data sers (ap 
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proxtm3re1, I W l  to presrnrl pencr- 
ally av~llahlc  across thr  h r e d  States. 

KarlnnaIIv. rhr US Forest Serv~ce 
and US Dvpdrrment ot r \~r~cul rurc  
p r o v ~ d e  land-u,e in iormar~on ,  hy 
count\.  on torrs1 ~ r r a  ~ n d  rype and 
on crop p r o d u i ~ ~ o n  and area. In ad- 
dlr~on. man, itdrcs h ~ t c  rccenrlv pro. 
duccd map, t h ~ r  dt,pla\ Imd-use In. 
tmnarmn.  

Records of srrcarn stage and d ~ s .  
c h a r ~ e ,  cn l l r~~r rd  h! rhr .ACE and 
USGS. cover rxrmslvc arcas rhrough- 
our rhc Un~rcd Starcs (Hurch~nson 
1975, 9 .  Rrcords for somc 
srreams provldc cnnr.lnuous data 
from thr  turn of thc crnrury: other 
records cover 50-year per~ods. Thc 

USGS also malntatns a n e w o r k  of 
srarlons m o n ~ r o r ~ n g  water quality. 
The hest nt these lrhe N a r ~ o n a l  
Stream Quallry .Accounr~n~: Network 
!N,ASQ.ANi: Smlrh er aI. 19821 dates 
from 1'4'4. h u ~  e ~ r l ~ e r  records are 
ai,o avmhhlc t o r  some srarlons. 

In general. long-term d313 on b ~ o r a  
are 5c3rcc. Thc h o t  record5 are o f  
h ~ r d  abundance: rhr US F ~ s h  and 
W ~ I d l ~ r r  Scruce hrrcdlng htrd surveys 
tBv\rr~k lYX I I ~ n d  rhc Auduhon So- 
clrrv Chrl\rmdi h ~ r d  counts (Drennan 
et aI. I Y X 5 l .  Breeding h ~ r d  survevs 
hare bccn conduered slncc 1967, 
where35 some Chnsrmas blrd count 
rccords go hack 85 o r  more years. All 
rhcse dX3 sers wcrc approprIare for 

this prororype smdy, because they 
provide historical records of struc. 
rural and funcrional changes in the 
basin that generally reflecr landxape- 
level processes ra ther  rhan site- 
specific ones. Howcver, these data 
sers may be shon,  fragmented, or 
sparially incomplete. Additional data 
sers, collecred by local agencies, may 
be available in some localitics. 

FORESTED WETLAND AREA AND DIS- 
TRIBUTION. In rhe Tensas basin, a p  
proximately 10,000 ha  oi foresr have 
been cleared per year since 1937. 
Only approximarely 157,000 ha re- 
main, roughly 15% of the original 
forested area (Figure 2). Most of this 
forested area is in four patches, each 
10,000-30.000 ha, in the easr-central 
p a n  of  the basin (Figure 3). The larg- 
est conrains the Tensas N a r ~ o n a l  
Wildlife Refuge and rhe srate Big 
Lake Wildlife Management Area. 
There are four additional parchcs be- 
w e e n  3000 and 10.000 ha. T h e  resr 
of the forested area is in small parches 
fmosrlv less than 300 ha) widelv scar- 
rered throughout the basin ( ~ i ~ ; r e  4). 

This foresr patch dlstribut~on con- 
trasrs sharply with the situation in 
1957, when rwo large parches ac- 
counted for 326.500 ha of  the toral 
560.000 ha then foresred (Figure 41. 
In the inrervenmg perlod, the large 
foresr patches were fragmented by 
conversion to  agr~culture, and small 
parches disappeared for rhe same rea- 
son. As a result, rhe total number o f  
parches remained at approxlmarely 
500, most of them less rhan 300 ha in 
size. 

Fifrv-five percent o i  the stream 
edges were foresrcd in 1957, and less 
rhan 15% by 1987 (F~gure 5). This 
figure does not show dlmenslons less 
than 250 m, and narrow foresred 
borders were probably class~tied as 
agrlculrural fields. However. rhe error 
lnrroduced is probably mlnlmal: on- 
stre observations and derailed a n ~ l v s ~ s  
of several 1:24.000 photo-ortho quad 
maps revealed rhar most agr~culrural 
fields in the bas~n extend ro srrcam 
banks wlrhout any lnrervenlng tor- 
ested strip. 

HYDROLOGY. Throughout the Ten- 
sas basln. public works prolecrs hare 
generally increased runoff efficlencv. 
This effic~encv IS shown by LAND. 
SAT imagery from rhe peak flood 
rime in January 1983 (rhe highcsr 
river stage of rhc decade), whlch 



Figure 4. Bottomlmd iorrs  la: parch SIX and (b) frcqucncy dirmiburion, 1957-1987. 
The horlzonrd axas groups rhc parchcr by snc clarscr, on an exponential scale (c.g., 
10" ha. 10' ha.. . . 10" ha) .  The hc~ghl ofcach bar is  proponional to the arca wnhin 
each snc class 1.1 or rhc number of parchcs wlthm a snzcclass lbl. wh~ch is gvm below 
each bar. Src Gosclmk rr 31. (19891 for dctah ofrncrhodologv. 

shows no slgnlficanr floodlng anv- 
where In the basln. cxcepr in the 
sourhcrn ponion along the Ouachita 
R~vcr .  

We analyzed r~ver-stage rccords 
and assoc~atcd d~scharge dara from 
rhe lare 1930, ro the prelrnr for the 
B o d  Rlvcr 31 Glrard. Bayou Macon 
ar Delht. and lhc Tcnsas Rwcr ar 
Tendal IF~gur r  I I .  T h e  srageldls- 
chargr character~si~cs o f  rhc rhrce ma- 
lor streams h a w  c h a n p d  significsnrly 
during the p3s1 50 years (Figure 61. 

The sragc,dmharge reiarlonship 1s 
an Index ol rhr sr~blllr\ .  of a srrcam 

Ftgurr 5 .  Trmpor~I r h m p  in rhc lrnsrh 
01 srtrArn5 hcmlrrrd h\ Iwrrt in rhr Tcn- 
s a  Bmn.  L o u w ~ n a  Src G o r d ~ n h  cr d .  
(lYL191 lor mcthorlolop\. 

sysrem. I r  rends ro be relarively con- 
sranr in und~sturbed watersheds (e.g., 
Belr 1975). In rhc Tensas bas~n.  each 
stream behaved diffcrently. probably 
rcflccring differences In the srruaural 
management of the three streams 
rather rhan cffecrs of forest clearmg. 

Bavou Macon IS an example of 
increased hydrologic effic~ency, prob- 
ably rhe most common change In the 
Tcnsas basin. The effecrs of channel 
trnprovemenrs inmared in 1957 and 
conrlnuing unrll 1 9 6 i  arc clearly seen 
ar the gauge ( F t ~ u r e  6h). Beginnrng rn 
1963. pcak dlschargc increased 
sharply. whrrca, pcak s r ~ g e  appears 
ro have decreased slightly  figure 7). 
Thcrr I S  no 1nJ1car1on char runoff 
trom the ~ncrra,~ngIy clrared warer- 
shed incrcasvd Jurmg 1953-1967. 
Therrtorr. thc h r g r  inerrare in pcak 
d ~ s i h a r ~ e .  hrp~nnnng In 1963. is more 
Itkrly an ~ n d ~ c ~ r w n  o f  3 hydrologl- 
c ~ l l y  marc rmctrnr ,Iream whose 
flood peaks arc ,harp and , h w .  As 3 

rcsulr o f  lhrsr ch~ngcs .  bottomland 
Ilood~ng In ~ h r  Bayou Macon subba- 
sin I, now shurrrr and more sporad~c  
rhan 11 war in rhr past. 

STRLAN WATER Q U I I L ~ T Y . E X C C ~ ~  for 
dara on rurbldsr!, long-term srrcam 

water-quality records from the basir 
are lacking. Monthly total Kjeldah' 
nitrogen and total phosphorus data 
from stream water samples, taken a1 
the same locations as the water-lcve 
gauges, werc available for  1978- 
1986 from the USGS benchmark anc 
NASQAN programs. Thcse data wen 
analyzed by using techniques foi 
time-series analyses described by Hir 
scb et al. (1982; see Childers anc 
Gosselink 1990 for details). 

We chose t o  examine phosphoru 
and nitrogen, b c c a u x  they are kc: 
nutrients involved in primary produc 
t ion  a n d  excellent indicators  o 
srrcam eutrophication (Lund 1965) 
Phosphorus is a particularly good in 
dex of warer q u a l i ~  for several rca 
sons. First, i t  is the most commoz 
nutrient limiting aquatic plant g r o w l  
in freshwater systems (Hecky an( 
Kilham 1988, Hutchinson 1957 
Kuhl 1962). Second, as a commol 
fenllizcr consnruent, it is o h m  a goo, 
index of  a ~ r ~ c u l r u r a l  disturbance. FI 
nally, solu6le inorganic phosphorus i 
quickly adsorbed to soil parr~cles ant 
immobilized, making it a good i n d  
cator of erosion from the adiacen 

Fngurc 6. Chmprr from 1935 n, 1985 8 

rhr riopr, of dschaqr rtrrng cur,r~ ht 
rwrrn the 2.74 and 3.96 in rwrr wart 
lcvrl lrcla~nrr lo rhr US A r m  Ccnp c. 
Engnccrs datum). 31 Bwou Bocuf, M a  
con Rwcr. and Tcmar Rwcr rncs. Thl 
warrr-lcvcl rangc rrflccts d~rchargc r m  
%,hen ovcrbank floodmg kgtnr (cmr. CI 

blc mcrcrs pcr srcondl. 
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Figurc 7. Maxmvm d~rchargc and srrcam 
warcr lcvcl (sngc), 1940-1985, Bavou 
Macon at Drlhj. Loumana, wlrh asroo- 
arrd rrrucrural chanpr in rhc warcrshed. 
(X, rnnggsng and clearing; XX, channel 
Improvcmcnrs: '. pcrccnr of roral area of  
Easr and Ucrr Carroll panshcs; cmr, cu- 
b~ mrrcrs per second:. 

warershed (Sm~rh er al. 1987, Wetzel 
1975). 

Unforrunarely, the shorr penod of 
record precluded mcanlngful tune- 
serles analysis of phosphorus. ln- 
stead, we used rurb~dlrv dara that had 
been collecred since 1958 ar rhe same 
rhree mrlons.  Because o f  the adsorp- 
tlon ot phosphorur ro so11 p a n ~ c l ~ s .  
rhc r e l a t ~ o n s h ~ p  between turbid~ry 
and roral phosphorus IS fa~rly close 
(Hirsch er al. 1982). In data from the 
three meamr.  39%-57?0 of rhe van- 
abil~rv an pho>phurus can be a r r r~h-  
urcd rrar~,r~call! ro t u r b ~ d ~ r y  (Figure 
X I .  

To filter out the varlat~on in turbid. 
IF caubed h v  dlirrrences in seasonal 
d ~ s c h ~ r p .  whlch m~ghr  orherw~se ob. . 
rcurr 1kmg.rcrm trmdr. we performed 
3 rcgrc\>tt>n a n  ot  r u r b ~ d ~ r )  
apatn\r uarcr 5 t ~ g e  I J  prou! tor d m  
c h a r p :  F~gurc Y I  2nd plorred rhe rr- 
,lduaI, a p n - , ~  "me (F~gure  101. We 

show nutrient data for Bavou M a m n  -.. -- 
only; data from the other L o  streams 
are similar. The residuls represent 
rurbidity conccnrrarions indepmdenr 
of flow (flow-adjusred ~ r b i d i r y ,  H W -  
sch et al. 1982). 

The seasonal range o f  flow-ad- 
jusred turbidity values has increased 
since 1960. but the lone-term slam is 
flat ( ~ i ~ u r ;  lob) .  ~ b s & c  turbidity 
concenrrauons have increased during 
the same period (Figure 10a). al- 
though the regression accounrs for 
only 2 %  of the variation in the data. 
T h ~ s  dlffercncc benvccn the slopes of 
rhe flow-adlusred and the absolute 
dara ~nd~cares  thar ~ r b r d l r v  lncrcases 
arc p r ~ m a r ~ l y  due  ro h y d r o l o g ~ c  
changes (e.g., runoff and stream m<d- 
ificarions) in the basin above the sam- 
pling s~re. 

Phosphorus concentrations in ex- 
cess of 0.1 mgil arc associated with 
prcdicrable biotic community changes 
in running streams (LC., eutrophica- 
tion; Mackenthun 1973, US EPA 
1976). Phosphorus has exceeded 0.1 
mg/l in 96% of rhe approximately 9 0  
samples taken from all rhree streams 
in the past eight years. On the basis of 
rhe work of Omernik (1977). who 
showed thar phosphorus levels usu- 
ally exceed 0.1 mg/l when more than 
50% of the watershed is d~srurbed. 
these elcvated concentrations are nor 
surprlslng, because approxlmarely 
7590 of the warershed had already 
been cleared when phosphorus sam- 
plmg was inlrtated (1978). 

The pos~r~\ .e  slope of turhid~ry as a 
tuncrlon o i  srrram srage also ~ n d ~ c a r e s  
srrcam eurroph~car~on (F~gure 9) .  h 
powwe slope represenrs an enrzch- 

r-. ,-Clr-. 

Figurc 8. The relationship of total phos- 
phorus to rurbidin (ncphclomerrk turb~d- 
iry unirs) at Bavou Macon (roral phospho- 
rus = 0.0001 (rurbidm] 0,175; r' = 
0.58, p < 0.01). 

menr phenomenon thar accompanies 
erosion from cleared areas of the wa- 
tershed. In forested watersheds, ero- 
sion is minimal, and rurbidiry often 
decreases with incrcasmg discharge, 
because suspended panrcles are di- 
lured by the large water volume (Hir- 
sch er al. 1982). 

BIOTA. During this century, a num- 
ber of species endemic to  the Tensas 
basin have become locally exrincr: the 
red wolf (Canis lvcuon Schreber). 
Flor ida pan ther  (Felis concolor  
Coryi.), ivory-billed woodpecker 
(Campephilus princip~lis),  and pcr- 
haps Bachman's warbler (Venmmra 
bachmanii). Local extinctions are 
continuing. We analyzed breedlng 
bird surveys' conducted for 14 of the 
years between 1967 and 1985 by the 
same observer and Chr~srmas b ~ r d  
counrse irom a sttc in Ouachlra Par~sh 
for 1930-1935 and 19-3-1983 (Bur. 
dick er al. 1989). 

Breedtng-b~rd survey data show a 
s~gnificanr decllne of between rhree 
and four species per decade in the 
number of bird specles that use for- 
ests. The breed~ng-b~rd survey dara 
also reveal rhar 11 blrd species de- 
chned in dens~rv our of a rord of 3- 
hottomland ioresr-dependent specter 
tor \r h ~ c n  there uerc rnough srghr~ngr 
ro ~ n a l v z e  trend, T ~ h l r  I Thorc 
rpecles declmng ~nciuded such area- 
dependent specles as rhe p~lea t rd  
woodpecker (Dryocopas prleurus), 
red-headed woodpecker I hlel~nerpes 
enrhrocepbdus). Acad~an tlvcarcher 
(Emptdonox iwescons), great-cresred 
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flycatcher (Myiarchus crinitus), east- 
em wood-pewee (Contopus virens), 
orchard oriole (lcterus spunus), and 
red-eyed vireo (Vireo olivaceus). 
Three species increased in abundance: 
the fish crow (Corvus osrifragus), first 
noted in 1977 when a reservoir was 
consrrucred in the area. and rwo soe- 

lamer nvo steps represent a transition 
from a fairly objective scientific or  
technical characterization of the eco- 
logcal condition of a landscape to a 
value-laden prescription and manage- 
ment plan implementation for that 
landscape unit. Goal-setring should 
bc an exomsion of oublic values that - ~ ~ -  . ~ - ~ - - ~  

cies characterisric of 'forested fiild incorpo;ates many considerations, in- 
edga, the Carolina wren (Thryotho- cluding compliance with existing stat- 
rus ludovicianus) and the rufous- ures and a balance berwccn a healthy 
sided towhee (Plpilo eryfhrophthal- environment and economic develop- 
mush 

S~milarly, Christmas bird count 
dara reveal thar out of a total of 45 
species analvzed. 7 species declined 
significantly smce 1930 as rhe for- 
ested area declined (Table 1). These 
spec~cs include the red-shouldered 
hawk IBlrrco lineatus), red-headed 
wood~ecker. and the whrte-breasred 

ment. Indeed, there is no single cor- 
rect solution to a planning problem. 
Each plan refleas the values of those 
involved in its development. 

In practice, sening goals and devis- 
ing plans for a landscape unit are 
probably most successful when they 
involve the participation of all fed- 
eral, stare, and local agencies with 

nurnaich . i t r r ~  c~ror~nrnrts , .  S o  spe- ~urrsdrction; prrvarc lanoownen; en- 
clcs s~gntncanrl\ ~ncrcascd in abun. vrronmcnral groups; and intercsred 
dance. 

To e l~m~nate  the influence of orher 
factors corrrlared wnh wetland forest 
loss, we compared densirles of bird 
spec~cs thar use forcsred wetlands, 
ustng brcrdrng brrd survey routes 
wrh ditierrnp amounts of adlacent 
forclt corer. Excludmg rhrcc gregari- 
our sneilrs ired-u~ngcd blackbird. 

public citizens. On-one hand, wetland 
regulation is hindered by private land 
ownership, fragmented and uncertain 
aurhorrty, and competing or  con- 
flicting interests (Natural Resources 
Law lnsrirute 1988). On the other 
hand, broad participation offers the 
opportunity to educate and to reach 
consensus, usrng all the diverse regu- 

common p r~ck lc .  a-nd mournlng latory and non~egulatory approaches 
dorc) char ~1x1 use fields c~rensrvelv, available to solve plannrng problems. 
a, adlacmi rorrsr area decreasid T o  simulate this broad uanicioa- 

The ecologial status of the Tenras 
basin. In setting goals, we first for. 
mally interpreted the  ecological^ 
healrh indicators in the Tensas basin. 
Is the patient in bad shape? How bad? 
For example, if the current environ. 
mcnt is considered healthy (i.e., CUP 
rent cumulative effects of human PC. 
tivitia arc not considered detrimental 
and the environment is adeauate tc 
support good water qualiry' and ; 
diversc native biota, then goal-senin1 
should focus on nrotecting an appro 
priate level of u ~ s t i n g  resources fa 
future eenenoons. If, on the othe 
hand, &muiadve human effects an 
considered to be deletenous. then ap 

-~ 
~ ~- ~~ 

rherr wcrr s~pnrticanrl? icwcr toresr rlon. we ~nvited representarives from 
specie and lowrr dcnslt~cs ot  these a numbcr of state and federal agen- 
spcc~rr ! 8 u r d ~ k  cr 31. 1989) .  cws. enrironmcnral groups, and inter- 

esrcd public crrrzens to a one-day ; 
Planning for cumulat ive  plannrng session.- Wc revrewed the 
impact  m a n a g e m e n t  rcsulrs o i  the Tensas assessment and f 

enaaeed in a three-steo exercm thar 
- 

propriate goals are to redress th& 
impam and restore a healthy e n n  
ronment. 

We judged the environment of thi 
Tensas basin to be seriously de 
graded. primarily by two rypes o 
activities chat are both cumulansl 
and intcracting. Public works proiea 
have reduced the area of the basi 
previously subject to flooding dun4  
normal spring high-water perrods 
and bonomland forests have beel 
converred to cropland. 

Public works projecrs gcnerallv re 
duced the hvdroperiod of the forest! 
making the land more suitable fa 
farmrng and stimulating botromlan 
conversion (McCabe et al. 1981 

v~ c~ ~ ~~~ ~. -~~~ ~ ~ 

In thr thrce.>tcp process of assess- involved determining rhe ecologrcal 
rnenr. pual.,crrmg. and planning. the healrh of the Tensas basin. senlng 

goals tor rhc h m n  rnrlronrnenr ac- 
, cording to its current healrh. and de- 

. , : scr~blng how rhosc goals could be 

. . . j rmplemenrrd. Goals and plans were 

. . . , developed in hroad o u t l m  at that 

. . / .v I. .. meettng and modified subsequentiy 
" b) the aurhors. Wr proenr them ro . :. *,. . . . .  

: .. .. -- . . .  . . illusrrare rhr utilir\ ot this process tor .- .- . m3na~cmrnr 01 curnu~ative impdcrr. 

-- -. , . -. . - - . . . . .. -. - . - -. . . . . .. . . , - . -- - . . . -. . - 
Wrrrr i c v r l  u,rd as a proxs lor $,,,, L ; , , , . ~ , , , ,  ,jrprrrmtnr,, wo pnrarc sarr!rmn dur ro flow has brtn rcrnovcu 
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Sravins 1986). This forest conversion, 
especially the  loss of strcamside buffer 
strips, led t o  poor warcr qualiry 
through increased erosion and ienil- 
izer runoff f rom the cleared land. The 
highly eutrophic (US Environmental 
Protect ion Agcncy 1 9 7 6 ,  Mack-  
enrhun 1973)  streams in rhe basin n o  
longer meet the CWA goal of warer 
q u a l q  rhar for the  prorec- 
rion and propagarion of fish, shel!fish, 
and wildlife (33 U.S.C. S lZSl (a ) ) .  

Land clearrng also conrriburcd ro 
rcducrion in rhc divcrsiry of indige- 
nous flora and fauna. Although black 
bears srill exisr in the Tensas Wildlife 
Refuge, rhe arca o f  large foresr 
parches 1s marginal for supporr of a 
viable popularion. Forest bird spccics 
wirh narrow nlche requlremenrs are 
also declming In number and popula- 
rlon size. In sum. rhe arca is nor 
supporting a balanced ind~genous  
popularron of flora and fauna, a s  
called for in rhe C W h    several lop 
carnivores have become cxr~ncr) ,  but 
whcrher i r  can contmue ro suppon  
rhe extant spccio is also doubrful. 

Coals for thc Tcnsas basin. Thc CWA 
prouder  3 srrong srarutory incenrlvc 
for env~ronmcnral goal-setting. 11s 
goals Jre '.to resrorc and maintain rhe 
c h c m ~ i ~ i ,  p h y s ~ a l .  and b ~ o l o p c a l  In- 
rcgrlrv ot rhr wsrcrr of the Unircd 
h r o "  iJ3 U.S.C. 5 1251). and ro 
protecr "balanced mdigenous popula- 
rwm" o f  shellfish. fish. and w ~ l d l ~ f e  
(33 U.S.C. 5 131 1!hi l ? ] l .  The ACE 
r c g u l ~ r ~ o n \  t o  i r o n  4 pcrmir 
rcvlru  133  C.F.K. 51320-301. rempcr 
rhew goal, waih conrtderarion for hu- 
man dcvelupmcnr needs. and requlre 
a "pub l~c  inrerest revleu-" based on  a 
hroad-rrarhtng hcnehr:cosr analvs~s 
3 3  C \ 3 . 4 .  EPA'r r e g u l ~ -  
rwn, tor m p l e m m r ~ n g  Secrlon 404. 
h,wcvcr.  p ruvdc  tor overr~dtng ACE 
dcrt\lons x r~cr lv  on rnvtronmcn~al  
gruund, !13 U.S.C. 1 3 4 4 1 ~ ) : .  

The ~ 0 2 1 ,  we scl tor the Tensas 
h ~ w n  u r r c  a refinemrnr o f  CW.4 
p v ~ i \ .  The! Jrr s, tollour: 

8 5, furihrr net lo,r of forested wer. 
I ~ n d , .  01 rhc h t s o r ~ c  torr,red w r -  
I ~ n d ,  in rhc has~n .  8590 has been 
con\.erted I I I  t ~ r m l a n d .  and this loss 
15 rclared to  unacceprable degrada- 
rlon of waicr qua l~ry ,  h)drologic 
funcrmn. and h~or tc  divcrriry. T h ~ s  
p a l  15 conronanr wnh rhc prlmary 

Fiprc  11. A p r m m  plan ior honomlmd hardwood (BLHFI usc in rhc Tcnrar Bar~n.  
Kc% cirrnmtr arc  conrmrvmon oi largc forcrr rracrr and acqutrnton and rcsrorarton of 
lorcrrrd r lparun crrrtdorr to mcrcxc rhccrtvc parch r m .  

ps1 01 "no ner werland loss" re- 
ccnrl! rrcommcndcd b) the Nar~ona l  
W'erland Polic! Forum iconserva-  
rmn Foundarmn 19881 a n d  aftirmed 
hv rhe admln~rrrarlon ot Pres~denr 
George B u h  

Irnpruvr w2lrr q u ~ h r y  lo  full com- 
p l ~ ~ n c e  w r h  E N ' \  sugge,ted m~nimal  
srandard,. a, mil tcard by phospho. 
ru, i.\lackcnrhun 1973. US Enwron- 
mental Prorecr~on Agency 19761. T h e  
currenr poor watcr qualirv rhrearens 
srream fauns and poss~bly human 
healrh. and ltm~r, rccrcarronal use of 
rhc basin's u ~ r e r  resources. 

8 Return srream hvdrologv in rhe re- 
mainlng large foresr parches ro rhe 
natural parrcrn of spring flooding 
Changed hvdrology rhrearens [he re 
maining foresred wetlands. There- 
fore, turure acrlons should a m  ar 
restoring historic flooding parrerns in 
foresred tracts. 

Conserve exisrrng blora, especially 
rhose species rhar requrrc largc for- 
esred areas and/or foresr interiors 
T h e  black hear IS a rarger spec~es. 
Preservrng and cnhancmg condirions 
char s u p p o n  a viable black bear pop- 
ulation w ~ l l  also provide suirable con- 
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ditions for mosr other species now in 
rhe basin. 

Implemcnrarion of goals. Goals pro- 
vide a vxsxon of rhe iurure, bur unless 
they can be implemenred rhev have 
l ink pract~cal s~gnificance. In this sec- 
rion, we dlscuss srrategies for imple- 
mentarlon of the Tensas basin goals 
based on landscape ecology prxncl- 
ples. We also present specific plans to 
show how rhe srrarcgles can lead ro 
decisions about how to use and regu- 
lare specific rracrs of land. 

The first goal provides an overall 
lim~r ro further werland loss and an 
lmol~ed mechan~sm for manacing the 
laidscape through u,erland iesiora- 
rlon and creation. The eoals can all be 
approached throughu appropriate 
management of rhe landscape. The 
ecolo&cal defradarmn in rhehasm IS 

due not only to the areal loss of 
borromland ioresr. but 3150 ro the 
parrrrn of rhar loss. For example. 
fores~ tragmenrar~on IS 3 major iacror 
in eroslon of h~orxc dlvrrslry IDia- 
mond 19'5. Harr~s  19114. .Llargoul~s 
and Usher 1981, .\lay 1975;. and 
clcarcd srrcam b~n l i s  conrr~hutc dxs- 
proport~on~rclv r n  rr-am-qual~rr. dcg- 
radxwn ihwrancc  ct 31. 1484. PC- 
terlohn and Currcll 1'184,. Thrrcinre. 
our prrscr~pt~rmr ~ocu \  on landscape 
parrrrn and uie prlnc~plo hasrd on 
xsland hwgrography 3 5  appl~rd to na- 
rurv prrwrvcs. 

Thrrc 15 An ~ m p l t c ~ ~  alsumprkon 
rh.ir 11 an ayproyrnrc land>iapc par- 
rrrn 15 prcrenrd. rhr ceologlcal wuc-  
rurr* 2nd procr,,rr aswinred w r h  
x n d ~ ~ d u ~ l  \arc\ w ~ l l  gcncrally also he 
prrwrvrd. Some Impacls. such a\ pol- 
luranrs that ahrcr only p a n ~ c u l ~ r  spc- 
c o .  ilearli txol~rc rhts a,,umprmn. 
Bu t  t l l r  to r r r td  \rrrland,. whcrc 3p. 
r~ iu l ru r~ l  cnnverswn 15 rhr prlmar\ 
~mpaet. ~ h r  asiumprnon wrm* rPAbon- 
ahic. 

Thrrc prlmar! Iand\capr mJn.1yr- 
mrnr rrr~ruplr, can hc uwd 10 lmplr- 
mmt the la>[ rhrw po2lb. The, arc 2 5  

r,,ll,?u,: 

0 C ~ m r n r  . l rd r rsorr  I a rp  block, 
o f  horrcmd~nd upland tnre%r. Appro. 
p r t ~ ~ r l \  ~nrcrsprr,cJ wlrh smallrr 
rrJct5. Th15 irrargy uould Improve 
warrr qu~111) h! mlnlmlllng the d r ~ .  
m2rli incrc~w in ernuon ih3l aicnm- 
pan!?, l m l  d~vurbance iX1urphrcr cr 
21. 1976. Urs~c 1965): malnr~ln 2nd 

improve the floodwater storage and 
peak stage reduction amibured ro 
freely flooding forested weriands 
(Caner er al. 1979); preserve fo ra r  
area-sensitive stenotopic s o e d a  by . . 
favoring them over morc oppomnis- 
ric generalists found in abundance 
along foresr edges, which nccd less 
prorecrion (MacAnhur and Wilson 
1963, 1967); and preserve sufficient 
habitat for survival of mammals and 
birds with large home ranges (Soulc 
and Wilcox 1980). 

Conserve and restore conrinuity be- 
tween forar oatches bv crcarine or ~~~ 

I 
conserving foresred corridors, pamc- 
ularlv alone srreams. Forcsred srream 
edge; m p k c  water quality by fil- 
rering nurrients and sediments in 
overflow waters and in runoff from 
adiacenr uplands (Lowrance er al. 
1984. Pererlohn and Correll 1984). 
Prorected floodplain corridors also 
srore floodwaters, reducing the im- 
pam of downstream floods (Caner cr 
al. 1979). This srrategy also increases 
rhe effective size of foresr patches by 
providing corridors rhrough which 
anxmals can mow safely from one 
small parch to anorher (MacArrhur 
and Wilson 1963, 1967). 
0 Ma~nraxn and restore forest conri- 
p l r y  across rhe floodplain from 
stream ro upland. This strategy 
rexntorces the provlslon of llnear cor- 
r~dors along srreams ro ensure prorec- 
Elon 01 thc whole rangc of borrom- 
land zoncs iLarson er al. 1981). thus 
enhancxng floral and taund d~vers~ry 
and provxdxng tor sate lateral move- 
mrnr of an~mals across rhc bortom- 
land from srream ro upland. 

in the IWO areas where they are mosr 
conccnrrared (Figure 31, rhe large 
east-central block of patches and the 
crescenr of fairly large parches along 
the western border of the basin. These 
areas are nor only the largest remain- 
ing forested wetland trans, bur they 
also present the b a t  oppomniries for 
enhancement of the basin ecosystem 
rhrough corridor dcvelopmenr. They 
fulfill Diamond's principles for con- 
servation of biota in natural reserves 
(Diamond 1975); they address the 
habitat requirements of the black 
bear. 

T o  develop the plan displayed in 
Figure 11, we worked outward from 
the largest forest patches, linking ad- 
iacenr parches with corridors (mosr 
along streams) that represent primary 
sires for foresr restoration. Expansion 
of rhc two forest patch-corridor com- 
plexes was haired when addirional 
corridors contributed linle ro overall 
forest area in the complex. Approxi- 
mately 400 ha of corr~dors among 
forest patches would increase the 
effective size of the largest forest com- 
plex from 50,000 ha to more than 
100,000 ha. In the same way. along 
the wesrern edge of  the bas~n, 600 ha 
of appropriarely placed corridors 
would form a 63,000-ha ioresr com- 
plex. 

Thc plan assigns the IWO forest 
parch complexes the highest level of 
regulatory prorecnon. Inrermed~are- 
level prorecrlon is asslgned to forest 
patches o i  intermedxare slre sur- 
rounding rhe h~ghest-pr~orlr? areas 
(F~fure  1 I .  This o r  follows 
from D~amond's p r~nc~p l r  rhar closr 
d~sluncr patches suppon more specler 
than patches farther apan. F~nally. 
the small. isolated parches scatrercd 
throughout [he basin are gwen rhr 
lowerr pr~ortry of prorecrlon, whlch i s  

rhar currently prov~ded under Secr~on 
404 of the CWA. These small parchrr 
conrr~bure Ilrrle ro srream waler qual- 
nr and hydrolog~c hutierrng. and they 
,upport prxmxr~ly forcx-cdgr and oy- 
portunlsrlc specles that 3re plrnutul 
and do nor need add~rlonal prorer. 
r1nn. 

The goal of no net wetland loss can 
he xmplemented in the conrext of rhts 
plan through a number of dificrcnr 
approache,. alone and in combxna- 
tlon. F~rsr. Secr~on 404 of the CWA 
prowies a powerful roo1 tor manap- 
menr. because almost all of rhe rc. 



maining forest is jurisdictional wer- 
land. T h e  advance identification 
pmvisions of  the guidelines imple- 
menting Sectlon 404 (40 C.F.R. 5 
230.80) allow EPA to  identiby. before 
any permit is requested, crirrcal wer- 
land areas (e.g., the high-pr~orip ar- 
eas o f  the Tensas plan) as generally 
unsurrablc for classification as a dis- 

o f  kcy forest sites. Public agencics (Soul+ a n d  Wilcox 1980) and IS 
own approximately 44,000 ha in the wrdely u x d  in Europe (Turner 1989). 
basin. These sites are nor contiguous, in the Unired States ir e v o k e  vrsions 
and plan rmplemcnrar~on should con- of land-use planning, an Idea mar 
slder purchax of  adlornrng propemes conrravencs chcnshed norrons or the 
to  hnk ~ u b l l c  parcels. n e h u  of ~ n v a r e  land ownershro and 

Conclusions 

. - - 
1s-therefok p o l r t ~ o l  anathema. Con. 
sequendy, in the Unrted States. srar- 
ures such as the CWA and r m l a t t o n r  - ~~~- 

posal sire. Because mosr mechanized We have reported a specific case study pertaining to these statutes are formu- 
foresr clearme undertaken to convert undertaken ro rest a aeneral a ~ p r o a c h  lated to rceulate oublic resources such 
forested werl&ds ro agriculture is, for 
legal purposes. a "discharge,"a this 
process IS an lmponanr means of  pro- 
t emng crtrical werland areas before 
s~re-spectfic controversies develop. 
EPA also has authority to override 
Army Corps of Engrneers decis~ons 
and ro deny o r  resrrrcr thc use of any 
defined are3 tor dtsposal-s~re specifi- 
canon under Sectton 4041~).  In the 
p3sr. EPA has used r h ~ s  aurhorip 
spar~ngly. 

Second, the apncles  reviewing Sec- 
tlon 40-1 perm!! appllcattons can also 
requrrc pcrmlrrees to prowde resrlru- 
rlun tor unavo~dablc wcrland loss un- 
der current rcgulatlonr (40 C.F.R 5 
3 0 I ! d  5 ?30 . - j ld i .  a n d  33 
C.F.R. 5320.4:r)i. Whrrc ir d a n c e s  
~mplcmunrar~on of thtr plan, resrlru- 
rlon could hr rcqulrcd for medlum- 
2nd hlu-prrorlrr ucrlands lassumlng 
r h ~ r  rhc p r o p c d  xr tv l t :  reprcsenrs 
rhr lra\r cn\~ronmcnraIIy damagtng 
p r ~ c r ~ c ~ h l t  ~lrernarwc: 4 0  C.F.R. I §  
Pan 2.301; the exrcnr of mrrqwlon 
c<,uld hc r r l ~ r c d  ro rhc prtnrtry rank- 
. Thl\ I t r a t r p  mould not onl? 
cnwrc no WI o\crall I O U  or wcrlands. 
hur 11 r t d J  hr uwd to secure key 
wrr ,d!~r , .  

ThrrJ. n ~ m r r ~ u l x n r y  d ~ s ~ n c c n r ~ v c s  
1 0  dncour.lpr \~ct land inrcsr c lrar tn~.  
2nd inrcnuvc> ro cncour~ge  wetland 
I o r w  c ~ m w n ~ r ~ m  arc =Is<, avmlahlr. 
t t , r  c\>mplr. rhc 5\ramphusrcr prnvl-  
I I h d Securstr Act or 
l V H i  CJu\r 2 rArmcr to low nearly all 
I , u h , ~ d ~ r r  t o r  clcartng and 
p l ~ n ~ ~ n g  a r rhnd , .  Thc Conserv~rlon 
K r r c n r  l ' rogr~m 01 rhr sJme X I  pro- 
L I J ~  ~n ,n imrlrr  rn cnnservr and 
c n h a n ~ r  * l r c x n d c  ccrrrdorr hy pav- 
In& IJrmrr* rrnt to ,rr 3 ,dc  cropland 
2 r  huhcr \tr!p,. 

Fourth. rhr p i ~ n  could 3150 he tm- 
plcmrn~ri l  t h r t q h  ourrlghr purchaw 

t o  cumulative impaG assess&nt and 
management. We applied methodol- 
ogy developed for forcsred wetlands ro 
a specific I-million-hemre area in the 
Mississippi River alluvial floodplain. 
This pilot study has demonstrated thar 
an anric~parory methodology for  cu- 
mulative impact assessment and man- 
agcmenr can provide a focal point for 
rcgularory programs and foster plan- 
nlng to restore and protect ecosys- 
rems. 

Did the Tensas basin provide a fair 
rest o f  the method? Although typical 
o f  hydrolog~c basins of the Missis- 
sippi River alluvial floodplain, where 
the most r a p ~ d  loss of Unned Stares 
wetlands is occurnng, the basin is in 
many other aspects atypical. It is a 
rural area wirh no large population 
centers o r  Intense indusrr~al develop- 
ment pressurc and n o  significant 
pornr-source dtscharges of pollutants. 
Human acrrvtrles rhat domrnate the 
landscape are lim~ted ro hrmrng and 
large flood-conrrol prolecrs. Because 
the area 1s almost enrrrely lurisdic- 
r~ona l  werland, regulatory aurhorlty 
under the CW.4 extends ro essmrlallv 
the enrcre b m n .  Most warersheds are 
J mosatc o i  werlands and uplands. 
and rheretore no ieprslar~on prov~des 
comprchens~ve regulator? aurhor~ry 
o\.er de\.elopmcnr. 

Desptrr rhese ltmrrar~on,. tour as- 
pect, ot thr merhodologr appear to  
he hroadl) appltcahle to  roource 
plann~ng. Flrsr. [he method tdcnrtfies 
2 procor  of e c d < , g ~ a l  characrerrza. 
rlon. ~o . ' I .wt~ng .  and plann~ng rhar IS 

a gcnerai requtrcment tor rhc contain. 
mrnt ut cumular~w tmpxr,. 2nd pcr- 
hap5 l o r  n a r u r ~ l  rcwurcr conserva- 
r l ~ n  in  gmrr.ll :BcJtord and I'resron 
IYXS. Lr>,,rllnL 2nd l c r  IYXVr. 

Second, the method tocusrs arren- 
rlnn ar rhe l~ndrcape  level !~.c . .  warer- 
shed, and d r a ~ n q e  b~slnsr  and bases 
plann~ng on landscape ecology prlncl- 
plo.  Although 3 landscape tocus is 
common in conrcr\.arlon ecology 

a s  water a i d  air,'and land-use resrric- 
dons  a rc  incidental t o  that focus. Our  
approach, conversely, implies that 
landscape structure (including land 
use) is intimarely tied ro ecological 
process, a n d  that the most direct way 
to  conserve public resources is by 
careful landscape plannrng (Turner 
1989). 

In this study, we used principles 
derived from insular biogeography to  
plan forest pattern. These prrnnples, 
which relate biotic diversity ro forest 
patch dynamics, are particularly ap- 
propriate because they appear ro ap- 
ply equally ro protection of scream 
water quality and wetland hydrologic 
values. In other types of landscapes, 
other principle may nerd ro be iden- 
tified. For example, in an estuarine 
sysrem domrnared bv bays and 
marshes. we know o i  no species 
whose d~s t r ibur~on  IS related to large. 
unbroken marsh rracrs. Are parch S I X  

dynamtu  important in thts kmd of 
system? Numerous studies ind~care 
that hydrology, whxh IS cerratnly 
linked to  parch srze dvnamtcs. 1s the 
p r m a v  control on csruarme sysrem 
processes (Clark 1974. Gosselmk and 
Lee 1989). It IS nor vet known. how. 
ever. what landscape mana emenr 
prmcrples are approprrate u n L  clr- 
cumsrances such as rhese. 

The rhrrd broadly applrcable aspecr 
of our  methodology is rhar relarlvely 
few wrdelv available long-term d m  
sets on water quahv .  hvdrologv, and 
h m a .  supplemented w ~ r h  land-cover 
data and maps, can prov~de the basrs 
tor an analvs~s ar rhe landscape level 
sufhc~ent to  ~ d e n t r h  the malor srrur- 
rural and functional changes related 
ro human acrrwrlcs and ro ~ r o v r d e  
adequate lnformat~on for a rohust 
analvsrs of cumulartve ImDacrs. Thls 
relrance on a few relatrvel~ s~mple 
md~ces needs to  be evaluared funhcr. 
A srmplc characrertzarron method I S  

mponanr .  because i t  puts cumu1arrr.e 
tmpact asressmenr and landscape- 



level ~ lann ing  within the resources of The National Wetlands Policy Fo- 
local reeularorv offices. which can rum's recommendarions for a "no net 
complct; char&tcnzatrons wrthout wetland loss" p o k y  sumulated a 
meat analn~cal sophrst~catron and ex- surge of mrercst in werland creation 
kssive outlay of time and money 
kg., six months for the characreriza- 
tion, ar less than $O.ZO/ha). As Bed- 
ford and Preston (1988, pp. 571- 
572) noted, "Improving the scientific 
basis for regularion will not come 
merely from acquiring more informa- 
tion on more variables. It will come 
from recognizing that a perceptual 
shift in temporal, spatial, and organi- 
zatronal scale is overdue. The shift in 
scale will dlnare different-not neces- 
sarily more-variables to be mca- 
sured in future [research]. . . . The 
goal has been to srmplify withour 
sacrificrng sirent~fic r~gor." 

Fourth. the pdor study shows that 
approprlare landscapc structure can 
be rmplemcnted wrh  exrstlng regula- 
tory and nonregulator? tools to 
achlcve conserr.at~on goals. Imple- 
mcnrmg a cumularrve rmpacr assess- 
mcnr me rho do log^, such as rhc one 
rested in rhc Tcnsas basm. rcqutres a 
chanec in both currcnr redator) .  fo- 
cus Lnd pracr~ce. bur nor a qual~rarrve 

- 
chance In the lcpal and r c g u l a t o ~  
framiwork g o t r r " ~ n ~  werland pro- 
rccuon. In general. tedcral srarures 
(parr~cularl\ rhc CWAJ provldc a 
clear inccnrwr for strong enwron- 
mcntal prorcctlon. and the rcgula- 
rlons ~mplemenr~ng those sraturcr are 
broad enough to prov~de for an antlc- 
Iprory. Iandri~pr.lrvel management 
s~rareg,. 

The tad. ahcad I S  I D  ~dmrrty appro- 
prurc rcgul~rnr? and nonregularory 
tool, ior daticrcnt l ~ n d s c a p o  and dif- 
ferent k ~ n d s  UI conscrv3r1on ap- 
proach~,. For w~rcrshcds that are nor 
prcdom~nanrl\ urrlands. 3 nurnher o i  
orhrr p lmn~ng \chtclcs are ara~lahlr. 
Ar rhc tcdcral I c w I .  rhcxe tncludc rhe 
l i~ t lonal  tn\~ronmcnral Pollcy Acr ot 
1969 and. opccnl l \ ,  thc Wxer Re- 
wurco  PI~nnlng Act nt 1965. A more 
rrrtr~crcd vchaclc 15 the Watcr\hcd 
Prnteir~on 2nd i l r , r d  "rcvcnt~on r\cr 
of 1954. ~rlm~nnrcrcd hv rhc So11 
C ~ , n r r n a ~ m n  5cr\.1cc. Bur thr most 
po\rcrlul land-u,c aurhor~r? IS vcmd 
In rhc \rxr 2nd i n  local zonlnp au- 
rhorlrte,. I t  hroad paructpatlon from 
all l r d ,  01 po\crnmcnr. 3, well as 
prwatc lnrrrr,l5. IS sough! In goal- 
sculng, rhcx rc r< , l ,  c3n hc brought ro 
bcar on the plannmg process. 

and resrorarion. In the context oi ~ ~ ~ - ~ . .  - 

landscape planning, restitution for 
unavoidable werland loss can be en- 
dorsed as a means of rcsroring func- 
tional integrity to the environment. 
This kind of mirigation is a opular 
concept, but it has general f' y been 
applied on an ad  hoc basis in connec- 
tron with approval of individual per- 
mits. Under thcsc arcumsranccr. thc 
mitigated environmmral losses arc 
seldom fully redressed (Larson 1988). 
However, mitigation a u l d  bc a pow- 
erful vehicle for implcmcnring water- 
shed-scale plans, and it has the polen- 
t ~ a l  t o  stcm wetland areal and 
funct~onal losses. 

Prompt action is needed for land- 
scape plannmg to be cost effective. In 
rapidly changing areas, such as the 
Tcnsas basin, options are quickly lost. 
For example, Figure 11 presents a 
plan for the basin as it was in 1979. 
Recently acqu~red data show that ag- 
ricultural development has frag- 
mented the largcsr 1979 forest patch 
(47,000 ha contaming the Tensas Na- 
r~onal Wildlife Refuge and the Loui- 
slana Stat: Big Game Management 
Area) into four separate patches. A 
rcvrsed plan to restore the arca will be 
less cffcct~vc and will cost more than 
our plan; that IS, to build a 100,000- 
ha conriguous forcsr arca around 
these public lands will now require 
the acqulsmon and restoration of ad- 
dmonal ioresr tracts and corridors. 
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Ecosystem Assessment Methods for 
Cumulative Effects at the Regional Scale 

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

ABSTRACT 

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

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

INTRODUCTION 

Effective management of our natural resources requires a holistic approach to 
environmental assessments. Since 1978, the implementing regulations for the 
National Environmental Policy Act (NEPA) have required assessment of potential 
cumulative environmental impacts. Cumulative impact assessment. effects 

Note
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assessment for programmatic environmental impact statements (PEIS), and 
ecological risk assessment share some common goals and needs when applied 
to large geographic areas or regions. In the United States, a region can range in 
size from sn area the size of several counties to several states. A region should 
contain a certain degree of homogeneity with respect to the characteristics used 
to define it (de Blij 1978). The goals of these assessments include making 
informed decisions and protecting or managing the environment at large geographic 
scales. The needs of cumulative. pro,mmatic, and risk assessments at the 
regional scale include (1 )regional and national integrated databases, (2) monitoring 
that characterizes conditions at several spatial scales, (3) quantified relationships 
between landscape structure and functidn. (4) mechanistic understanding of the 
controls on landscape functions at several spatial scales. and (5) models for 
several spatial and temporal scales. 

l 3 e  common goals of assessments for cumulative impacts. PEISs, and ecological 
risk are to make informed decisions and to protect or manage the environment 
for large geographic areas. A cumulative impact assessment should qualitatively 
or quantitatively assess "the impact on the environment which results from the 
incremental impact of the action when added to other past, present, and reasonably 
foreseeable future actions" (CEQ 1978). The PEIS is appropriate for general 
maners or related actions that are similar in nature or broad in scope and have 
cumulative impacts (Sigal and Webb 1989). Myslicki (this volume. Chap. 5) 
points out the advantages of using PEISs to look at cumulative impacts. A regional 
risk assessment should evaluate the aggregate influence of multiple disturbances 
on the total resource as bounded by the region of influence for the hazard of 
interest. Risk assessment goes beyond a cumulative or programmatic assessment 
in that it must quantify the probability of impact and the associated uncertainty. 
Thus. a regional ecological risk assessment is the extreme quantification of a 
cumulative or programmatic assessment and represents what assessments should 
be striving to achieve. 

This paper proposes that a regional ecological risk assessment provides a 
useful approach for assisting scientists in accomplishing the task of assessing 
cumulative impacts. A risk assessment approach is independent of scale (i.e.. the 
components of the assessment are developed for the appropriate space and time 
scales of each individual assessment). The Canadian Environmental Assessment 
Research Council and the U.S. National Research Council (1986) stated. "neither 
scientists nor institutions are working at the temporal and spatial scales needed 
for the assessment of cumulative effects." Thankfully, this statement is no longer 
me ;  however, often the research and analyses are being developed in different 
disciplines. The theory and analyses from landscape ecology (Turner 1989) and 
research and tools from geography, both of which focus on spatial scale, when 
combined with a risk assessment approach, hold great promise for future NEPA 
assessments. This paper discusses in detail the importance of defining the regions1 
subregions for assessment; this activity relates to our need to quantify relationships 
between landscape smcture and function and to understand the mechanisms that 
control landscape functions at different spatial scales. 
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Figure 1. Relahonship between national w pqnmrnalic, regional, and lOCal assessments. 
Arrows show the direct~on for tiering between these assessments. 

CUMULATIVE IMPACT ASSESSMENT APPROACH 

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

The approach outlined for regional ecological risk assessment (Hunsaker et 
al. 1990) can be used for cumulative impact assessment and programmatic 
assessments for large geographic areas. Risk assessments can be thought of as 
having two distinct phases: the definition phase and the solution phase (Figure 



Figure 2 The two phases of regional risk assessment the  hazard definition or scoping 
of the problem and the problem solution. (Fmm Hunsaker et al. 1990. Regional 
ecological risk assessment. Environ. Manage. 14(3):32S332. W+h permission.) 

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

SELECTION OF REGIONS AND SUBREGIONS FOR ASSESSMENT 

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

Demonstration Data and Models 

Recent international agreements for controlling atmospheric pollutants have 
focused on methods to identify and map the distribution and amwntsof deposition 
of atmospheric pollutants that doldo not cause significant harmful effects on the 
environment (critical loads) (CLRTAP 1989). The United States has emphasized 
the need to develop critical loads for appropriate geographic areas (i.e., regions1 
subregions whose endpoints or resources of interest respond in a similar way to 
the hazard of interest). The examples used in this paper come from that effon 
to develop and demonstrate an assessment approach for determining and mapping 
critical loads in the United Srates. In these examples, the assessment region or 
reference environment is the Adirondack region in New York State. The endpoint 
is the proportion of lakes with brook trout, and the source of the acidic deposition 
hazard is sulfate deposition. The sulfate exposum are for current deposition and 
50% of current deposition. The lake acidification model results shown are from 
an empirical. steady-state model (Henriksen 1984). The probability of fish presence 
was predicted from surface water pH using an empirical fish response model. 
These predictions assume that brook trout once existed in the lakes (Baker et al. 
1988. 1990).' 

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

Mcdcl dcvclopment har k n  a major prl of h e  10-year NAPAP effnn. Mndcls havc teen 
extensively applied to x w s  the regional effects of acidic dcc~rmprsitinn (NAPAP 1990. Tumn el 
al. 1990b. Sullivan 1990. Baker el al. 1990. Thomum er al. 19901. In panicular. watershed modcls 
have k n  used both alone and in combination with fish rcspnnw rmdels t o w c h a n g e s  in warn 7 
chemisuy (lhnrnmn ct al. 1990) and in h e  suilabiliry of warm ftx fish (Baker et sl. 19901 rcsulling 

Y pmjec 
frnm dcprsirinn-driven changes in acid-bax chemistry. Thcsc analyses havc k n  pcrfomrd for 
relattvcly large regions like h e  Adimndack Mounuim. 



database was assigned to its appropriate subregion, and cumulative frequency 
distributions for each subregion and each database were developed for the 
probability of fish being present. 

Selection of Assessment Subregions 

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

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

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

? In Figures 3 hn~ugh 5, pH and fish ptwncc arc presented as cumulative proponions. Cumulative 
frqucncies have been convened to cumulative pn~ponions to faditale comparisons between data 3Y 
sets and iubregions. The curves depict rhe pmpnion of lakcs having a pnhbility of pH @%? 
presence of x or less. Tn read a curve for a given subregion using a given data u L  pick a value on 
the ht~riznntal axis and read the pnyxmion of lakcs on the venical axis with a pmbabiliry of x nr 
less. 
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CURRENT CONDITIONS 
---- 

SUBREGIONS BY ~ R O L W I C  UNITS 

Figure 3. Current probability of brwk trout being present in Adirondadc lakes within 
watershed subregions according to major river basins. 

DDRP). For example, using the river basins a subregions, the Henriksen model 
predicted fairly different subregional responses to deposition loads for each 
database (Figure 6) .  Model results using lake populations from EL5 and ALSC 
predicted that lakes in the Lake Ontario basin would have a higher probability 
of fish being present under a 50% deposition reduction from current levels than 
lakes in  the other two basins. When DDRP lakes were used, the model predicted 
the opposite. For current deposition. the model predicts the Lake Ontario basin 
to have the highest probability of fish presence for all the lake populations. 

The subregion schemes captured spatial differences in response under different 
deposition scenarios with varying de,wes of success. This point is illustrated 
using the Henriksen model and the ALSC database. This database contains the 
largest number of lakes, and the Henriksen model could be applied to this data 
set. The soil order and the river basin subregion schemes best captured spatial 
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CURRENT CONDmONS 

SUBREGIONS BY ELEVATION ' 
.. 

Figure 4. Current probability of brook trout betng present in Adirondadc lakes within 

elevation subregions. 

differences in response as shown by the vertical separation of the cumulative 
frequency curves for the subregions (Figure 7). In an actual assessment,confidence 
bounds would be calculated and graphed for the cumulative frequency distributions 
and would be used to determine if results were significantly different for different 
lake populations or subregion designations. For the elevation subregion scheme, 
lakes in the low- and medium-elevation subregions had very similar response 
panerns to deposition scenarios for the Henriksen maiel and the ALSC database. 
This lack of distinction is supported by the field data for the ALSC; however, 
field data for ELS and DDRP show a distinction between elevation subregions. 
If  resources in a subregion are not responding differently to an exposure than 
resources in an adjacent subregion. there may be no reason to keep separate 
subregions. Thus. one can conclude that selection of appropriate subregions for 
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CURRENT CONDITIONS 

SUBREGIONS BY SOIL GREAT GROUPS 
I 1 I I 

Figure 5. Current probability of brook bout being present in Adirondack lakes within soil 

subregions. Cumulative trequencies are not shown for subregions wth less than 
ten lakes. 

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

DISCUSSION AND CONCLUSIONS 

The approach as outlined by Hunsaker et al. (1990) for regional ecological 
risk assessment is useful for scoping and performing both cumulative and 
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Figure 6. Henriksen model r e s u k  for presence of brook trout with current deposition and 
reduced deposction fw three databases. Lakes were assigned to river basin. 
Cumulative lrequendes are not shown lor subregions with less than ten lakes. 

programmatic effects assessmenrs at the regional scale. The definition of the 
assessment region and subregions is an imponant component of the assessment 
process. As shown by the Adirondack examples, different data sets may suggest 
somewhat different subregion schemes. Defining regions and subregions can 
improve the assessment by giving policy maken a geographic context and by 
capturing the spatial variability of endpoint responses. The use of ecologically 
functional subregions should improve the cost-benefit ratio for control and the 
accuracy of the sensitivity predictions by fine tuning effects models. Even a 
logical subregion scheme is not useful if it is so complex that sample size within 
subregions becomes too small for statistical confidence. Of course. the risk 



Flgure 7. Henriksen model resutls for presence of brook imut with current deposition and 
reduced deposition. Lakes were assigned to soil and river basin subregions. 
The number of lakes used was 1280 from the Adirondack Lakes Survey 
Corporation (ALSC) database. Cumulative frequencies are not shown for 
subregions with less than ten lakes. 

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

It is always a challenge to present in an understandable manner the analyses 
and results of complex assessments to policy makers and the general pubiic. This 
task is only exacerbated for regional and cumulative assessments where large 
amounts of data, large geographic areas, and more quantitative methods are the 
norm. 1 believe that dose-response curves, cumulative frequency dismbutions, 
and maps are very important tools for illustrating cumulative effects analyses. 
Tools that will improve our ability to perform regional and cumulative assessments 
include geographic information systems. improved application of remote sensing . -~ 

data, and landscape indices that capture landscape panerns relevant to ecological 
processes (O'Neill et al. 1988). The availability of integrated databases is one 
of the factors most hindering our ability to perform these assessments. A recent 
emphasis on ecological monitoring at the regional and national scales (Hunsaker 



and Carpenter 1990) and revisions to national monitoring programs (Hinch, 
Alley, and Wilber 1988) are an encouraging sign that such data2ases may exist 
in the future. Both consistent and comprehensive long-term monitoring are needed 
at the correct scales for cumulative effects assessments. 

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

Control of impacts often occun at the local scale. Thus. if cumulative impacts 
are best addressed at the regional scale, we must prevent the EIS process from 
becoming an analysis without context. This can be achieved by regional and 
programmatic planning as performed by associations of city and county 
governments, river basin commissions, state planning activities, national monitoring 
and assessments, and follow-up audits of NEPA documents. 
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ABSTRACT I Soc~ety needs a quantitative and systematic 
way to est~mte and compare me lmpaca of e n n m n w  

The objective of risk-baud ecologKal auezrment ir 
to provide: ( I )  a quanurarive his for balancing and 
comparing risk aso&rcd with environmenul 
hazards, and (2) a systematic means of improving the 
estimation and understanding of those risk. In eco- 
lo@ risk auerrment, uncenainties concerning p 
t e n d  environmental effccrrTrc explicitly recognized 
and, if possible, quantified. A better undemanding of 
risk aumatcd with an environmental hazard is 
achevcd bv comparing the magnitudes of uncer- 
mnucs in different 8tep of the causal chain that linlcc 
the inlual event (e.g.. releare of a toxic chemical) and 
iu ulumate consequence (e.g.. alteration of an ec* 
synem). Ecolog~cal processes operate at a variety of 
scales in space and time. Many environmental hazards 
impact large gcographc areas (e.g.. add deposidon. 
nonpoint-source pollution. and i n m a d  global CO,). 
vet mdiuond concepu and methods in ecology and 
risk arsessment are relevant mainly to single sites or 
small geograph~ areu. Effective long-term manage- 
ment and protection of valuable narunl resources re- 
quire a better understanding of how the scale of the 
ennmnmenul hazard affecu ecologd processes and - 
UM WORDS R s p w  ns. LanoocaDs sxqy. I m m  -s. b 

n n n n m t a ~  

over what AQ the effecu should be monitored and 
examined. 

Any risk lrwument should be properly d a l e d  for 
the environmental hazard being analvzcd. Hazards 
and their amcialed risk -menu will exist along a 
continuum of spatial &. but for .ZA~C of discussion. 
we will  divide that continuum into two classes-local 
and regional. Our differentiation is b a t  illustrated bv 
example. Lml hazards amenable to local risk as-- 
menu indude: (1) the annual effms of a single indus- 
vial effluent on water quality in the m k n g  zone of 
the discharge. and (2) the effms of harvesting prac- 
tices on the habirat of an endangered species in a tract 
of a national f o m r  Regional counterpans to these 
local hazards would be: ( I )  the impacu on water 
qual~ty in a river basin that will result from proposed 
indusvial and municipal d i r g e s  and projected 
land we in the next ten yean. and (2) the effect of 
fomt  management pracdm on the r u ~ v a l  of the 
spotted owl in the entire Pacifu Northwest. In rhcsc 
latter rwo examples, both the caux and the conse- 
quence of the environmental h&rd are reponal. Re- 
gional hazards a-~ alm be caused bv a local phenom- 
enon that has a regional consequence k g . .  single- 
source poUutanu h a t  become widdy diiperxd. such 
ar the radioactivity from Chernobyl). Alternadvelv. 
multiple local f a m n  a n  combine to create a reponal 
hazard to a population. species, or  ecosystem type that 
k widdy dirpcned. 

In this article, we propose a two-phase approach for 
doing regional ecological risk aueument and discuss 
the key componmu of that approach. Sources of un- 
cenainry in regionaJ ecological risk assessment are 
idenuticd and cval~ratnl. 

Note
Hunsaker, C.T., R.L. Graham, G.W. Sutter II, R.V. O'Neill, L.W. Barnthouse, and R.H. Gardner.  1990.  Assessing ecological risk on a regional scale.  Environmental Management 14(3):325-332.



Table 1. Regional risk assessment terms 

T m  Defmition Ex=* 

H d  Pdluunt or rainy and its dkrupdw mfluem F0rc.S ~ U t h g  pCik rbu dimhaw ailid 
on the ecodyl~cm conuaning the endpoint habitat for an endangered spda 

h d p t  Envimnmennl ennty of concern and rhe Exdncwn of an cndangmdspma 
daaiptor or qurlny of the enmy 

Soum te rn  Qlulituive and quantitative dacriptionr of the ForestcurdngpCikandthehromd 
scarce of the hvud ec~nomic~thuinflurncerhnninthe 

P*dmnu 
Reference Ceognphic location and tcmponl pmod for the Piedmont of the Unitcd Suta in the next ten 

rnnmnment risk wvment m 
E x p m u ~ i u t  Intensity of chcmid and phywnl exporum of Amount of hrbmL for an cnrhngcrrd species. 

modifiation an endpoint to a h a a d  that i~ bn 

Approach to Regional Ecological 
Risk Assessment 

Our approach to regional ecolog~cal risk m m e n t  
is derived from the method described by Barnthouse 
and Suer  (1986). The k y  s tep indude: (1) qdta t ive  
and quantitative description of the source erm of the 
hazard (e.g., locations and emission levels for poUurant 
sources). (2) idenrifcalion and description of the refer- 
ence environment within which effecu are expecud. 
(3) selmion of endpoinu. (4) estimation of spariotem- 
p o d  patterns of exposure by using appropriate envi- 
ronmental transport models or available data. and (5) 
quantifiudon of the relationship between exposure in 
the modified environment (reference environment) 
and effms on biota. Thne  five step produce a risk 
assessment that describes the ultimate effects of the 
+rd on the endpoints in the reference environment 
aAd interprets the significance of thov effects in light 
of the uncenainties identified in each step. 

To exprcss some of the concepts peninent to re- 
gional rirk assessment. we find it helpful to adopt the 
conventional term developed for sitcspccific asses- 
mcnt of chemicals (Cohrrun and Covello 1989. 
Barnthouse and Suter 1984). Dcfmidons of thew 
terms are even in Table I along with a regional ex- 
ample. Although it is conventional to use only the term 
exposure. rrr believe it is dearer to use exposurchab 
irat modifiuuon to define both the chemical and the 
phvsical cxposum ha t  the entity (or the target or- 
ganism) might experience in the modified environ- 
ment. 

Regional and I d  risk -menu have two dis- 
tinct phase (Figure I): (I)  the definition phase. in 
which the endpoin~ source terms. and reference enn- 
ronment are defined: and (2) the solution p h .  in 
which exposure and effect are d and exposure 
levels are related to effms levels to determine risk (the 
probability of a certain event happening). 

L o d  risk -menu and regional risk -menu 

differ signifiaarly in both definition and solution 
phasa. The definition phase of iml -menu 
ten& to address the xlecdon of endpoints. the devel- 
opment of source terms, and the devripkn of the 
rcfmnce environment as distinct activities this phau 
is likely to be influenced or conauained by regulations 
or conventional pncrica. In regional risk assessment. 
h o m e r .  h e  i n i d  concept of rhe hazard usually is 
more nebulous, and the inmaoions between the com- 
ponents of the definition p k  arc ohen complex. We 
foreve that the definition p k  of regional ecological 
aueuments will be iIm6ve because the source terms. 
endpoint. and reference environment am all interde- 
pendenr Any refinement in one of rhae components 
will affect the others. Funhermore, one must consider 
not only ecological proc- but a h  peninent social. 
economic. and institutional pmeuer. Only then can 
endpoints properly be xlccud. source terms devel- 
oped. and the reference environment (in this EM the 
region) described. In the solution phau. regional as- 
vuments diier  fmm local ones in two ways. First. the 
models used in the e x p u r e  and e f f m  assessment 
must be region& local models may have to be adapted 
to larger geographic regions (Dailcy and Olson 1987) 
or very different models developed. Second, the e x p  
sure or effms awumenr must account for uncer- 
tainty that may arise beuuv of spatial heterogeneity, a 
feature that mav not be signifcant in I d  assessmenu. 

Developing source terms can be d i f f i l t  for rc- 
p n a l  hazards because they often involve multiple 
sources that vary in borh space and h e .  For example. 
an analysis of a regional owne problem would need to 
consider industrial point source emissions of hvdr* 
carbons. biogenic hydrocarbon emissions. as well as 
automobile emissions of nitrous oxides. In some in- 
stances an emission m y  become a source of impact 
only under a cmain combination of fanon. For ex- 
ample. sewage treatment effluents m y  induce an en- 
vironmental problem such as a mjor  f ih  kiU onlv 
when the treatment plants are overloaded and river 
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PlgUm 1. The two p h  of rgiod rut warmcnt: rhe 
huud defintuon and h e  pmbkrn dumn.  

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

For a regional ilueument to be effective, the s p a d  
and temponl boundanes of the reference environ- 
ment must be defined appropriately for the h a z a ~ ~ I  
and the endpoint. Funhermore. the repon should be 
funmionally defined: that is, its boundaries should be 
determined by p h v ~ d  or biologKal prarescs that af- 
f m  the impact of the hazard such as the boundaries of 
watersheds. airsheds. and physiographic pmvinm. 
Unfortunately, however, auesrment boundaries are 
often determined by nonecologKal factors. such as p 
litid boundaries. a d a b l e  dam, or the influence of 
intemt group. Asmments that u x  funmiody de- 
fmed boundaries rill have greater applicability to 
other relpons with similar problem. 

The gcognphii area in which an endpoint experi- 
ences the hazard might or might nor be contained 
wirhin the geogmphd area that produced the hazard 
(Bormann 1987). The b tu r  possibility may occur 
when economrdpotiud p m c w  have an imporunt 
affm on the hazard. as in the cau of atmospheric de- 
position. For example, air maue~ cross political 
boundanes.  us nsk -men[ aimed at protecnng 
the forests of Germany cannot be conducted without 
considcnng the emissions of neighboring countries. 
More research is needed on how to integrate ecolog. 
i d ,  d. and economic dau in order to determine 
the boundanes of -men[ rcgioru. The apprc- 
priate sparul and rempod bounduies of the refer- 
ence environment for a regional problem may not be- 
come apparent until an aueument is undeway. 

for any nrk luessment, weument cndpoints must 

be polcnfklly affeaed by rh cihdana, be impor- 
oat m society, have an unambipw and opentional 
definihn, and be acc&bk to prrdiaion and mea- 
rurrma~t (Bunthouv and Sum 1984). In addition. 
endpoints for regbntl -menu must be rep-- 
udw of rhe regional ref- environment. Regional 
asusmenu can uu endpoints that occupy small arms 
if they arc dimibuvd ynnr the reference envimn- 
mnU kg.. verml pooh in wurbern California coastal 
province). 

lkgbnd risk endpoints can be exposure-oriented 
Or cffe~m,r*ntai. ~porurcorirnud mdpointr in- 
dude media or biota conumiruud by poUuunts. Ef- 
f e c r w r h d  endpoints indude unacceptable changes 
in population or in rywm properdes such as pmduc- 
rivity or albedo. Endpoints can be defined by legisb- 
don (e.g.. a+mia or atandarrb) or by ecobgual scnsi- 
dvmbtorhehuu& 

Our orprirna indiata chat regional endpoints 
should be defmd in mmr of dmmxionr chat a n  be 
made over k g e  gcognphic ueu and often long time 
p e d .  For brrcmraial systems. endpoints might in. 
dude the percent of cover of different vegetation 
typa. rhe productivity or composition of the em- 
system or rhe p r r v n a  of an indiator species. The 
endpoints in aquatic -menu might be the fre- 
quency of Ma or nth+rdcr s p e m  in which an im- . 
portant speck bemma extinct. the percent of areal 
reduction of Spmbm in salt marshes. the spaes  com- 
p i n o n  of an aquatic community. or the qualitv of 
waur a indiated by a waurqualicy index. Long-term 
data a- usually needed to identify signifwnt trends 
in regional studia. 

l n t e g n d  propcrrier of regions or landscapes mav 
ako be appropriate cndpoints in regional ecologtcal 
risk -menu ( d m  and others 1984). Exampla of 
such properties indude dominance (degree to which 
the landscape is dominated by a panicular land type). 
contagion (degree to which the landscape is disccud 
into small patches or a g p p z d  into large, continuous 
pauhes). f n d  dimension (index of complexity of 
s b p  on the landscape), and amount of edge 
( h m m e l  and others 1986. O'Neill and others 1988). 
Beewe such indicn can be calculated from clauifica- 
tioru dwelopd from remotely sensed imagev. they 
might be esparlly uuful in long-term monitoring of 
rrgiolul p r o c w .  

Sources of Uncertainty in 
Regional Assessments 

Regional ecdogicll risk weument involves, for the 
most pan the m e  sources of uncertainty as local risk 
assessment. The relative i m p o m  of a given source 



of unrrnaincy depends on the hazard and the end- 
point. Some components of uncertainty are relevant to 
both the description and the solution p h w r  of a re- 
gional risk assessment. whereas others are imponant 
to only one p h w .  Uncertainria related to source 
terms and boundary definitions are relevant to the 
problem definition p h w .  whereas unceminries re- 
lated to model structure and model paramem are 
relevant to the problem solution phau. Uncertainties 
related to temporal xale and spaual heterogeneity arc 
imponant to both phases of the asxsment. AU rhc 
uncertainties are combined in the final risk assessment. 

The quanrifiarion of uncerrainty for local ecolog- 
ical arressmenm h onlv recendv received serious at- 
tention (Suter and others 1987). and quantifntion of 
uncertainty for regional assessments k just developing 
(Kamari and others 1986. Cosby and othen 1987). 
Uncertainties may remain quite large in regional as- 
sessments. and there may be no p& way to re- 
duce that uncertainty regardless of cost. Risk assess- 
ments centering on dhurbances that are highly d c  
pendent on economic. d. andlor political factors 
are likely to fall into chis category. If v o n a l  risk 
vsmenu  are to be economical and useful. recognition 
of the importance of t h e  f a m n  early in the problem 
definition is mrical. 

Sometimes it is diflicult to define source terms for a 
hazard. c s p m a U v  in predicrions for the distant future. 
When some component of the hazard is highly uncer- 
tain. wenanos are a tool for bracketing the potenual 
range of the hazard or some component of ir Typi- 
d v .  several poss~ble XU of xenarios-that is source 
terms, reference ennronmenu. and endpoints-can 
be considered. Scenarios will likelv be used in regional 
risk assessmenu when considerable uncertainty exists 
about the hazard k g . .  climate change or fumre mix of 
energy technologes). The results of such risk auesr- 
menu arc cond~uonal on the evcnu in the xenano. 
Thus it is Important to try to selm xenanos that take 
into account probable events. For regional studies. the 
absolute uncemnw predicted for a p e n  wenano 
mlght not be verv useful. but the comparisons between 
the relauve-uncemnty from the analysis of each sce- 
nario will be useful to the dedrion maker. 

The least amount of uncenainty occurs when the 
"true" geograph~ boundary for the hazard is known 
(Allen and others 1984). as with a pollutant whose 
transpon and fate are weU defined. Boundarv defini- 
tions become a problem when the functional repon 
crosw poliucal boundaries. Once a boundary is xt 
and analvsu proceeds. the ability to asxss the uncer- 
tainty i n d u c e d  bv the choice of the boundary is lost. 
Boundary problems could n p a a l l y  add to the unccr- 

t a i n t y o f a n l u a u n e n t i f t h c r r k a n o ~ n o f a n  
imponant source, a cumponentof an endpoint, or a 
p m e u  W influences the relawnship between a 
source and an endpoint. For some problem. the error 
associated with h e  definiion of the spatial and tem- 
ponl boundaria for a region should k evaluated by 
admating rhe rirlu under several different boundary 
definirions. 

Uncertlinty wil l  increase if the risk assessment docs 
not encompass disturtancc dynamics at the appro- 
priate temporal &. If exposure has considerable 
temporal nrlh within a year, man annual values 
of exposure or monthly averages may not reflm the 
i m p ~ t  on the endpoint. For example. e p d i c  events 
of low pH associated with snow melt are of very shon 
dunrion but can nevenhelezc determine trout sur- 
rid. In chis caac. the nrurmes for pH and aluminum. 
not the means. are of critical imponance. and the use 
of monrhly avenges would mult  in a highly inaccu- 
nte or wen meaningless estimate of e f f m  on fuh. 
Instead. houdy measuremenu for aquatic systems arc 
needed. The appropriate temporal & may vary with 
d i i r e n t  aspect$ of the same diiturbance. In the p m  
ceding m u t  example. knowing sulfur deposition on a 
M y .  nther h on a monthly. basii would prohablv 
not reduce the unanrinty in the risk uvrsment since 
concentnrions in snow arc dependent on long-term 
not short-term deposition. 

The availability of dau k and models i s  a critical 
factor in the quality of an -merit. Although un- 
certainties in models and data arise in local risk asses- 
menu. they may become more critical in regional ones. 
The ability of a model to r e p m n t  environmental 
p m w  at the spatial and temporal scales of interen 
is a fundamend issue. Few regional-xale biolopcal 
models exist. In most instances. either local models will 
have to be adapted to larger regions (Solomon 1986. 
Dale and Gardner 1987, Thomton and others 1985. 
Coaby and others 1987) or entirely new models will 
have to be developed (Emanud and othen 1985a.b. 
Hunsakcr and othen 1986). 

Uncertainties urodated with panmeter values can 
be parually rndved through srandad uncertainty mt 
procedures (Gardner 1984. Hoffman and Gardner 
1983). f'anmercr uncertainty indudes W natural 
variability and uncertainty mulung from lack of 
knowledge. In regional ecologial rick asxsments. 
uncertainties that arise from the inherent variabilitv 
and heterogeneity of natural populations and em- 
svstemr are opeollly impomant. Population and ec* 
system dam contain inherent variability that no 
amount of monitoring will reduce. 

The quality, acquisition. and w of data can dra- 



madally lffm rhe cost of an arrasment and an con- 
tribute to uncertainty. Point data for large geograph- 
ical regions ue often u n m n  in quality and ditribu- 
tion. For aumpk. one state may gather waterquality 
data with one technique, and another rrav may 
another uchnique or a different sampling frequency. 
@mote-sensing technology, however, offen a ryn- 
optic view of a region and hold promire for providing 
data that is truly regional (e.g., Greegor 1986, NASA 
1987. Tucker and o t h m  1986).] Data manipulation 
and exuapolation can also contribute to uncertainty 
beuw error may arLc during the pmess of sam- 
pling at a particular spacial and temporal frequency 
(gnin and extent), exrrapolaiing from point data to 
contour data and aggmgating and disaggrrg;lting 
data. The cluifwtion of geographic arcu according 
to the relative homogeneity of one or more rnvimn- 
mend  auributes can be extremely w f u l  in reducing 
uncenainty if the d w i f ~ a d o n  vllc is appropriate to 
the W. Goregions M examples of gmgnphic 
darrifwtions (Bailey 1983. 1987. Omcmik 1987, 
Rohm and othen 1987). However. the contribution to 
aueument uncenainty from such d ; l u i u o n  n& 
funher investigation beaux cluifuadon or aggrega- 
tion of data could m k  spacial heterogeneity that is 
+ I k a n t  to a reahtic evaluation of the hazard 
(McDaniel and othen 1987). 

Some repond-rale models may well be impossible 
to validau in the uaditional sense. In such cases. 
quantifica&n of the e m r  -red with rhe model's 
svuclure wdl be difficult Examples of such models in- 
dude thore that predicl a modified environment as a 
result of evenu that have never occurred. such as a 
major u-ansporration accident involving n m e  gas. an 
extreme c h u t e  change, or any situation in the dimt 
future. In such cases it u useful to compare models 
that purport to prcdii the same condition or ef fm 
(Thornton and othen 1987. Turner 198%); if the 
models pvc umilu mulu. then confidence in their 
prediction u improved. But sometimes only one model 
is available. A n h e r  verifradon technique is to uu. as 
the d u a d o n  data XL the poniom of a lrnown data 
duu%uuon that are repmntative of the conditiom 
that the model nee& to p& For example. a model 
designed to prcdic~ the effecu of climate change might 
be verified wing dau on the effects of observed andl 
or hirtoric climatic extremes-the wettesr/driest and 
warmesl/coolest ponions of meuorologKal records. 
Klemn (1985) ducusxs model tnnsfenbity and 
prevnu a hienrchid h e m e  for sysunutic testing or 
verifiotion of models. 

S p a d  heurogeneity can be a major source of un- 
certainty in regional ecologid risk assessment Mort 

emlogKal modding ha not included spacial relawn- 
ships, and t h e  arc no a a q x d  murures of h d -  
vape paaern or hevrogrneity that an be linked to 
procarer occurring at a landsape rok (Bormann 
1987). Although spuLl heterogeneity is not necn- 
d y  a firtor in all regional risk -menu, it can 
conuibute to unceminty in some situations. Thus, one 
must tint uamin if spatial heterogeneity is Likely to 
influence the projected wwme of the hazard. If it is. 
then spatial hcterogmeity must be accounted for in 
the lueurnent 
Some hazards an be viewed as im aggregation of 

hal hazards-the situation where cumulative effms 
uetinuroraddicive. Inruchaser,theregionalriskis 
simply the sum of the iml rirlrr. For instance. estinu- 
riom of the number of acidic Ucs in the United Stater 
ha been mued as an m t e  problem. Therefore. 
the United Swa wr s r n d f ~ d  into: (I) regions; (2) 
homogeneous subregions with respect to phvsiog- 
nphy, ygeation, climate. and soik and (3) alkalinity 
d;lua. Then. a SUM sample of all the lakes in a 
snatum was wed to prrdict a Rgional and, eventually. 
a national value for the number of Kidic lakes 
(USEPA 1986). If. however. one or more properties 
associared with the tunrd become apparent only on a 
+rial rok. then treating the h e r d  as an aggrega- 
rton of l a d  effecu is inappropriate. The impact of 
sewage on water quality, for example, is a function of 
not only the amount of sewage but also the qualirv of 
the water upstream of the discharge. Thus, when the 
connectedness of the hydrologic system is an impor- 
tant feature of the hazard. simply summing local risks 
is not an adequate hueument 

hpecu of spacial heterogeneity that might influ- 
ence ccologKal risk indude patch and population sues. 
ntio of patch edge to interior, ditance bctwnn 
patches, and appropriate spacial resolution. Because a 
beuer understanding of thcx aspects is esxnual for 
rcgional ccologial -merit, t h y  are d h d  sep 
antely at greater lengrh in the following paragraphs. 

The size dutribution of habitat patches or pupula- 
dons in a rgion may affm the impact of a distur- 
hnce (Turner 1987a. Shupe  and others 1987. Haves 
and othen 1987). For example. forest bird species 
richness in a tempente agricultural landscape is a 
lineu function of the log of the size of remnant forest 
pa& (Freemark and Memam 1986). Thus a hazard 
that reduced forest pat& size would affm species 
richness differendy for different size patches. All 
species require habitat of rome minimal area; cenain 
populations arc likely to d i p p e a r  if that area be- 
coma too s d  (Nou 1983. van Dorp and Opdam 
1987). Furthermore. some ecosystem functions kg. .  



wetland ability w remove polluranu) may disappear 
when the system is reduced beyond a amain point. 
Ignoring the size diwibution of parches or popula- 
tions may increase the unanainty awriatcd with the 
risk aucument when this type of spatial hererogcneity 
is imp on an^ 

The ratio of edge to interior of landscape ekmenu. 
such as lakes and fomts. may be imporunt in as- 
sessing the ecological rirk of some hazards. For ex- 
ample. the ratio of fomt  edge to interior has a pro- 
found effect on the magnitude of blowdown cxperi- 
enced in the Pacific Nonhwest (Franklin and F o m n  
1987). Cutting pattern that increax that ratio will in- 
crease blowdown even though the wral a m  of cut 
forest mav remain the same. 

The distance between similar units of land or phe- 
nomena may also affm the outcome of a regional em- 
lo@ risk wssmenL For inslance, diitance between 
similar habitau may affm the ability of a species to 
migrate. which. in turn. may affm its ability to main- 
tain a stable regional population under a given level of 
diiurbance. Conidon that facilitate movement or 
transpon affm the maximum connecring distance be- 
ween areas for some pracues or activities. 

For each haard there is a parricular spatial scale at 
which uncenainty is minimized or the hazard is most 
dearly Ken (Allen and othen 1984). b n d m p e s  are 
analogous to pointillistic paintings. If the viewer is too 
close (at too fine a resolution). the objects of interest 
cannot be e n .  If the viewer is too far away (at tw 
coarse a resolution). again, the objects of interest 
cannot be e n .  I t  will be important in regional risk 
assessment both to identify the optimal spatial m l e  for 
viewing and collecting data and a h  to underscn.1 
how the sale at which the Landscape is viewed a w : .  
uncemintv. 

Concluston 

rUthough r e p o d  s ~ d i e s  have been performed for 
manv rcarsJMcHarg 1969. Levenson and Stearns 
1980. CSDOE 1981. Klopatek and others 1981. 
Westman 19853. the ecosystem propenies that are im- 
portant for reponal scales arc s d  pmrly undentood 
(Meenterneyer and Box 1987). The degree to which 
these properties are significant in regional risk asxrs- 
ment is even lerr understood. To define the uncer- 
tainty arrociated with ecological risk assessments. we 
need aka to consider the possible implications of scale 
to the risk assessment. 

Regional risk assessment has some attributes in 
common with local risk assessment but has others that 

are unique. 8'CllCd theorrdal fnmework for 
doing the two typa of e n v i r o n d  risk -men[ 
is the same. Both have nvo p b  first, the hazard 
definition. in which the endpoins s o u m  tennr. and 
refmnce environments arc defined and d a a i k d :  
and second, the problem soluwn, in which the e x p  
sure and effect on the endpoint are d by using 
modeb and the risk and its auocird unrrnainty are 
determined. Regional risk -rnent differs in: (1) 
the euent of intension beween the sourn terms, 
endpoinu and r e f m n a  environment; and (2) the 
degree w which boundary defit ion and spatial heter- 
ogmeiry are dgnifknt in determining uncertainty. 
Although loal risk -menu involve the develop 
ment of data bua and the urc of model. thev steps 
may be more i g n i f i  in regional risk assessments. 
Few regional-level dam bua of biological variables 
exist: funhermore. unique problem arise in aggre- 
gating or intcpting dissimilar 1 4  data inw regional 
data bua. Regional modeb of ecolopxl processes are 
much leu common and can be d i i t  to didate. 

Alrhough most of the fundamend are in place for 
doing regional risk Yseumens m a r c h  is still needed 
on both theoretical and applied issues. Link is known 
about the influence rJut data aggregation has on un- 
crruincy in model panmetem Questions about this 
influence invariably arise in regional studies with large 
data bua. b l o g d  hierarchy theory. ecoregion def- 
inirions, and multivariate and spatial staristical tech- 
niques will be useful in aversing the signifnnce of 
data aggregation. Rewarch on the appropriate models 
for rcgional studies needs w continue. We need to 
know under what circumstances it is appropriate to 
adapt a local model to a region and how to do so. Our 
tools for describing landscape pattern are still experi- 
mend. The development of landscape pattern indices 
that capture imponant ecological proccuer at the 
landscape scale could signifmndy simplify regional 
monitoring. However, this development will rquire a 
more complete understanding of the interaction be- 
ween landscape pattern and ecological processes. 
Some of the more recent technological tools-such as 
geographic information systems and satellite sensors 
that capture biologKally significant spectral patterns 
(Tucker and Sellers 1986)-will be useful for ad- 
dressing the theorerial and applied rwarch issues 
that the regional scale poses. The simple lack of ade. 
quae spatial and temponl data for large geographic 
areas severely limits regional risk assesmenu. Manv 
twls and ideas exist. but they need to be tested and 
refined before regional ecological risk assessment can 
become an effective tool for managing and protecting 
natural resources. 
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Chapter 1 

In toduction 

T his report provides resource managers and 
technii staH with an approach for evaluating 
the cumulative environmental effects of indi- 

vidual humanimpxkontheenviro~ll~~t particularly 
with Rspect to wetlands. This document isintended to 
give the reader a general understanding of cumulative 
impacts and to d&be how a synoptic assessmRlt is 
produced. Although specitically designed for use in 
wetknd permit evaluation under the asan Water Act 
(CWA), this method can be applied to cumulative irn- 
pact assesanent in general'. A h  objective of this 
report is to enmunge resource managers responsible 
for wettad protection to corder and view wetlands 
within a landscape cuntext 

'Ihe ryroptic approach, so named because it provides a 
broad oveniew of the environment was develomd 

I s@6dY for casesinwhich time,re&urce~,andir;for- 
mation are limited. The method is m t  intended to 
provide a precise, quantitative assenment of cumula- 
t i v e ~ ~ U d n a n a r e a , m r c a n i t b e u d  toasses 
the cu&lative effectr of specific impacts Rather, it 
mvidesarelativeratineof curnulativeimmctsbmucR r -  ~~~ ~ 

areas. The appmch is %tended to beeasiiy applied so 
it can augment the k t  professional judgmcnt used 
daily by wetland managers and regulators. 
This report is divided into two sections Section 1 
d m i  the method and illustrates its use. It defines 
cumulative imoacts, reviews the regulatorv basis for 
cumulativeim~asesment,and inbodu& the wet- 
land Research Tfwram's W s )  svnootic a o m c h  
(Chapter 1). It ahIraprovides the e m ~ c ~ l  bascfor the 
synoptic indices (Chapter Z), d & k  in detail how to 
conduct a synoptic assessment (Chapter 3). illustrates 
the method's use and weral  p i b l e  applications 
through four case studies ( h p t e r  4). and contains a 
sumrrary that discusses future direcfions (Chapter 5). 
W o n  2 contains detailed background material for 
readcrsintcrestcd inadditionalinformation. It includn 
a discussion of environmental stress (Chapter 66) and a 
review of wetland functions and the effects of impacts 
on these functions (Chapter 7). 

Cumulative Impacts 
Tr~itionally,impctassessmenthaseMlua~ thclikely 
effectsol a singleaction on theenvironmcnt. Thcrc has 
k n  conam, however, that numerous activities con- 
sidcred insignificant by the~elvescould, whcn taken 
togethcr, c a u r  significant degradation and damagc to 

' Brouse of its gcncnl MNE, the synoptic apptmch is not 
limitcd lo @ally defincd (LC., "~ridictionat7 wetlands. We 
~hercforc dcfinc wctlands in the bmadest sense, as l h o r  
pc01ywcmr t h l  arc chanctcrized by: the pmence of watcr; 
unique soils, cornparcd to adpccnt uplands: the prcrncc of 
vegetauon adapted to wct conditions; and an abrencc of flood. 
intolcnnt vrg~tation (Mitsch and Gorrlink 19861. 



Figure 1 .l. 'ASnon h~rtorvof America.' DvlhecsnoonlR R.Crumb.prsph,cally tllu*ratersumulat#ve~m~swertlme. Mhouph 
none ol lne mdw dual impaClSwO~ld have been ezpectcd to s.gnlfcanlly damagcthacnwronmanl.1he cumulelw resdt 0s. mqor 
loss ol enwonmental lunctmns Illom CoEvolutaon Ousnerly No. 23. Fall 1979. O R .  Crumb 19921. 

thc environment (Kahn 1965; Cdum 1982). An analogy 
providcd by Ehrlich and Ehrlich (1981) illustratn this 
concept. If a singlc rivet pops out of a kt's wing, no 
xnous  threat cxists. b u r  no onc rivct contributes 
significantly to thcplanc'sainvorthiness. But if cnough 
rivets arc lost, thc intrgnly of the planc's structure 
gradually wcakcns until a failurc occurs. In this anal- 
ogy, thc cumulative cffcct of thc individually minor 
impacts would bc catastrophic. In thc same manncr, a 
convcntiorul implct an~lysis might conclude that a 
singlc dwhargc Into a wctland would not amount lo 
significant implct and would thcrcforc bc acmptablc. 
Howcwr, an aswssmcnt that ignorcs thc combincd 
cffm of t h c r  cumulat~vc impacts could srnously un- 
dcrcsbmtethccrtcnt ofcnvironmcntal damagc(Fiprc 
1.1), thcrcby frustrating yolicy and managcnicnt goals 
(Irwin and Rrdn 1992). 

A mapr difference between traditional impact assgs- 
mcnt and cumulative impact assessment is that the 
fomwr i spe r fo rd  with respect to theproposeddirhtr- 
bance. Cumulative impact asessment is p e r i o d  
with respect to valued environmental functions 
(Beanlands and Duinker 1983; Preston and Bedford 
1988). Cumulative impact assesanent must therefore 
take a holistic view of the environment. An excellent 
ovcrvicw of cumulative impacts and wetlands is given 
in a spccial volumc cdi td  by Bedford and Preston 
(19%) that includcs a rcvicw of regulatory issues 
and thc status of scientific understanding of cumula- 
tivc impacts with respect to hydrology, water quality, 
and wildlife. Thisvolumeis highly recommended for 
rcadcrs intcrcstcd in a mom indepth treahnent of the 
subjccl. 



Regulatory Mandate 
Rcgulationsprcparcd by thccouncil on Environmental 
Quality undcr thc National Environmental Policy Act 
rcquirccnvironmental impactstatcmcntsto "anticipalc 
a cumulatively significant impact on the cnvlronmcnt 
from Fcdcral a c t ~ o n " ~  (38 CFR Sect. 150.6). A cumula- 
tivc impact is dcfincd as: 

"...the impact on the cnvironmcnt which 
results from the incrcmcntal impact of thc 
actlon when addcd to other past, p m t ,  
and r c a s o ~ b l y  forcrcablcfuturc actlons rc- 
gardlcss of what agcncy (Fcdcral or  
non-Fcdcral)orpcmn undcrwkcssuch 0th- 
actions. Cumulat~vc impactscan result from 
individually minor but collmivcly s~gnifi- 
cant actions taking place over a pcnod of 
timc." (40 CFR S s t .  1508.7) 

Under CWA Section 404, permits must be obtained to 
discharge dredgcd or fill matmial into w a t m  of the 
United States, which include most wetlands. TheCWA 
Section 404(b)(l) y i d c l i n o  contain the mteria thatare 
u r d  in evaluating a pcrmit for a proposed discharge. 
Thcsc ~cylat ions,  promulgated by the Environmental 
Rolcction Agency (EPA) in conjunction with the Army 
Corpsof Enginecrs,call forconsidcrationof cumulative 
impacts (40 CFR 230.1 1): 

"111 Curnulahvc impactsarc the changes in 
an aquatic ecosystcm that are athibutablc to 
thccollcct~vccffcct of a numbcrof individual 
d i s c h a r p  of drcdgcd or fill material. Al- 
though thc impact of a particular dixhargc 
m a y  constiNtc a minor change in itrlf, the 

"'Fcdrral action" has bmn intcrprctcd to include any adion 
quta tcd  by the fcdcral govcrnmcnt. 
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cumulative effe :h pierr- 
meal changes can result in a maior 
impai-t of the water resources and i nk -  
fere with the vmductiviw and wateraualitv . . 
of existing aq'uatic e c o ~ t m .  
121 Cumulativeeff~kattributable to thedis- 
chargeof dredged or fill material in watmof 
the United States should be ~redicled to the 
extent reasonableand practi&l. Thepmkit- 
ting authority shall collect information and 
soliat information from other sources about 
the cumulative impacts on the aauatic eco 
systwn.~hisinfom&onshallbeddcllmented 
and considered durine the decision-makine 

-t applicati&, the issuance of a Gen- 
eralPBmit,and rno~toringandenforcement 
of existing pernuts." 

Regulatory Context 
If a propord discharge involvna mapr or controver- 
sial action, pcrmit cvaluation requires extensive 
information and may include mllcction of field data 
and wen an ~ n v i r o k t a l  Impact Statement (Hiruh 
1988). However. most of the ~crmit  rcouests d v c d  
each year are formtnor. routi&ctions.'kauseof the 
l a w  n u m b  of rqucsts and the limited amount of 
timc and staff, a simpler cnvironmental assessment 
must tc mnducted, ba rd  upon &sting information 
Therearea numbcr of methods forcvaluatingcumula- 
tive impacts (Appendix A); however, noneof these are 
practical within the replatory constraints of Section 
401. Although thc concrpt of cumulative impacts is 
intuitive cnough to havc influcnccd the guidelines 
for pcrmit cvaluation, the lack of an easily applied 
method makes i t  difficult to consider cumulative 
impactsaspart of routine permit dmsiom(Prestonand 
Bcdford 1988). Thcrcfore, regulators must often rely on 
k t  profmional judgment in ordcr to comply with thc 
401bXl) pidclincs. A mapr goal of EPA's Wetlands 
Rcscarch Program has barn to provide permit revicw- 
ers with an easily applied technical approach for 
asrsstng cumulative impacts. 
Ourcurrcnt understanding of thccnvironmcnt and our 
lack of dab make i t  irnpossiblc to provide a prx ir ,  
quanttlative evaluation of thc c f i ~ S  that cumulativc 
wetland losscs will havc in a spccific region or to 
prcdict how addi l io~ l  wetland losrs will add to tho= 
cffms. Howevcr,our undcrstanding of ccolopcal pro- - in gcncraI,and wetlands in particular, should bc 
sufficient for us to makc qualitative comparisons 01 
thm cffct-ts bctwccn diffcrcnt arras. For exarnplc, we 
m y  not tc ~ b l r  to sly t h t  thc cumulativc loss of 100 
htctarcs of wctland within a particular area caurd a 

10% reduhon in waterquality; however, wc should 
abletosay thata 100hrrtarebssof wetland i n a m  "A" 

~ ~ .- 
will mor6likely cause a reduction in water quality than 
a similar loss in area "B". The synoptic approach is a 
response to Hiruh's (1988) call for "simple pmtwmls, 
analytical procedures, or logic flows, and somedo's and 
don'ts or rule of thumb" that can augment the sik- 
specific uennit review mocess and i m m  in k t  

ihisa@toAuate&mdativeimp~until more 
rigorous m a r c h  provides better alternatives. 

The Synoptic Approach 
'Ihe synoptic approach is an hxpemive, rapid - 
ment method that can assist nwnagasand regulatorsin 
evaluating cumulative impacts within the regulatory 
constraints of tight sdredules and bud* Although 
research on the loss of wetland function is far from 
complete, the synoptic approach can support develop 
ment of the best possible management shategies based 
on current knowledge. 

Ushrgthesynopticappm&,wetlandmanamana$rswillbe 
able to produce &om1 or statewidemaps that rank 
prtio& of thelan&capeaocosding to synbptic indices. 
Thee mamand indica will enableoermit reviewen to 
consider h e  landscape d i t i o n  oithe area in whi& a 
particular permit is proposed compared with other 
areas within their jurisdiction By providing the envi- 
ronmental context in which wetlands oaur, the maps 
also will allow wetland managers to examine wetland 
issues more comprehensively. Further, because the 
assessment is prepared at the same time for an entire 
state or region and not on a permit-bypermit basis, 
using this method will save time and money. 
The synoptic approach mnsistsof five steps Fable 1.1). 
Two mapr steps are definition of synoptic indices and 
rlcclion of landscape indicators. The synoptic indim 
represent the actual functions and values within the 
particular environmental setting of interest. The land- 
scape indicators are the actual data used to represent 
thew indim. Choosing indicators often q u i r e s  mak- 
ing simplifying assumptions because of limited 
information, timc, and money. For example, agticul- 
tural area as measured from a land-use mapcould bc a 
landxape indicator for agricultural nonpoint source 
nuhcnt loading, which would be thesynopticindex for 
that particular management concern. The synoptic 
indcxand landxape indicatoraredefincd xparatcly to 

'The cnd product of a rynoptlc arwssmcnt n d  not be a r t  of 
maps, but muld consla solcly of tabular data rummancr. 
IIowcvcr, wc ~ C ~ I C V C  that prcscntatlon as maps is mom 
appmpnatc for thc tntcndcd uw, and gwr a "btg prturc- 
mcmcw that tabln annnt  pmvtdc 



keep them diW, so we remember that agricultural 
area is not the management concern; it is only useful to 
the extent to which it represents nonpoint source 
nutrient loading. 
The synoptic approach is flexiile enough to cover a 
broad spectrum of management ob ' jves  and con- 
straints The specific synoptic indices and landscape 
indicators used in an applica tion depend on theparticu- 
lar goals and constraints of the assessment. ?hey also 
d&d on the a d  environmental setting. H o k ,  
ths M b m k  d m  mt omoide a &fir, ddaikd d u e  
forchwsing fhesynop&indices, &d&sitsupplYasamtifi- 
cnlly-toted list of lanhape indicators hPoing b n  
mnjidcnce limits. This is not p i b l e ,  given our cunent 
state of lmowiedge and the strong dependency of the 
synoptic indices and landscape indicators on the par- 
ticularsof the assessment. Instead, thenppmadr relict 
on the ussecmtent tram to makc ddfcwns, sin# they are 
bat qualified fo know their particular Ncds and mn- 
strain&. The synoptic approach provides the user 
with an ecolo~cally-based framework in which local 
information and k t  profwional judgment can be 
combined to address cumulative impacts and other 
landscape issues 
The synoptic approach is not a fixed ptocedure that 
always u r s  the same data saurces and provides a 
standard end product. Rathcr, a synoptic assessment is 
a aeative process that rcquires the manager to weigh 
t h c n d  forprrrision-asdctdned by management 
ob'@ives-against the wnshaints limitcdtim?,money, 
and information. An initial synopticasscssment could 
bc conducted using the bcst available information 
and then updated as bcltcr data become available. 

F i u n  12. Improving best probsshnal judgment (BPJ). 'a' 
represents the hypothesized . s fu ry  of BPJ under current 
conditions; most profasirnab probably pivc w r r s t  a n m e n  
more than 50% of the time. and the most experienced 
professionals nuy  be fairly urunte.  However, the lust  
experienced proferdorulsm~dowonethantheflipof awin, 
ia., their answers may be mong more often than right A 
pr&im, quantitative aneammt  would gm.lly impmve the 
-racy of BPJ 1's') m d  rduwvariabilify. However. such an 
assessment wuld be impndiwl  within a regulatory contm. 
The ynoptieappmuhisammpromimthatcan~implemsn~ 
within regulatory constraints and yet 6 1 1  improve the nocuracy 
of BPJ ('b'i. 

T a b  1.1. Major steps in conducting 8 ynoptic 
nssoswnent 

Step 1. Define Gods and Criteria 

Step 2 Define Synoptic Indices 

Step 3. Soled Landsrape lndiuton 

Step 4. Conduct Assessment 



Lmbowitr - The Synoptic Apprcmch 

Chapter 2 
Ecological 

Basis for the 
Synoptic 

Indices 

T he synopticapproach provides a framework for 
making comparisons between landscape sub 
units' so cumulative impacts can be considered 

in management decisions. Comparisons are made by 
evaluating oneor more landscape variables, or synoptic 
indices, for each subunit. Defining the proper synoptic 
indices for a particular assessment isa critical step and 
depends on the environmental setting and the specific 
goals of the asesmmt In this chapter, we provide an 
overview and rationale for the synoptic indices, draw- 
ingonconceptsfrom th~eedidplines: systrms wlogy,  
or the study of ecological systems (ecosystems),includ- 
ing their respon!+e to s-; lan&ape ecology, which 
examines the interactions- ecosystems;and risk 
assessment. which evaluates environmental risks 
anodated &th human actions. 

Rationale for a Landscape Approach 
The purpose of a cumulative impact asesmmt is to 
evaluate thecumulativeenvironmental response to vari- 
ous impacts Because no standard usage exists for the 
term, we define impact as a human-generated action 
oractivity that either by design or by oversight alters 
the characteristics of one or more ecosystems; cumu- 
lative impacts are the sum of all individual impacts 
m m n g  over time and space, including those of the 
foresable future. We define #eds as the physical, 
chemical, and biological changes that result from an 
impact, including direct and indirect changes that can 
be removed in time and space. CumuIatioe #ects, 
then, are the sum of aU these changes resulting from 
cumulative impacts 
In conducting a cumulative impact m m e n t ,  we are 
particularly concerned with the l w  of valued fuc- 
tiorn 'Iheseccologicnlfu~o~areaggregatebehavion 
that arise from the many physical, chemical, and b i e  
logical processesthat take place in theenvironment. For 
example, whether a wetland reduces flood peaks d e  
pends on the pnxesses that determine the wetland's 
hydrologic budget, e.g., pcecipitation, evapotranspira- 
tion, surface and groundwater inflows and outflows, 
and tidal input (Mitsch and Cosselink 1986). 
Bccaur an impact can affect more than one ecosystem 
and k a u r  an ecosystem can be affeaed by activities 
outside its boundaries., an assessment of cumulative 
impacts cannot be limited to a single ecosystem. Also, 
many ecologcal functions valued by society depend on 
interactions bctween ecosystems; they are more prop 
erly viewed as landscape functions, rather than 
ecosystem functions. For example, the water quality of 
a river is not dclermined by any one ecosystem but by 

' Examples of possible subunits are counties, watenheds. and 
Rorcmons; selection of subunits as part of a synopticassessment . . 
s d s & d  in Chapter 3. 



the aggregate effect and interaction of all ecosystems 
within its drainage area. The landrape is an appropi- 
ate unit for considering cumulative impacts, @ly 
since landscape factors partially determine an 
ecosystem's response to cumulative impacts For ex- 
ample, the survival of organismsfollowingdisturbance 
on depend on landscape charaacristi~ such as ami- 
dorquality (Henein and Merriam 19SU)and t h e d w  
of habitat fragmentation (Merriam and Wegner 1992; 
S t a y  and Taper 1992). 
Synoptic indices allow us to evaluate overall wetland 
condition for a particular landsepe subunit through 
comparison with other subunits. Because the approach 
is not intended to provide a detailed landrape - 
ment, we must simplify and generalize our view of the 
landxape to ensure that relevant factors are included. 
'Ihe synoptic indim are therefore based on a simple 
model that describes ecosystem functions within the 
landxape and includes the effect of impacts on these 
functions. k a u r  the focus of an assanen t  is u r l d  
ecological functions, concepts of risk assessment are 
also incorporated. 

Landscape Model of Ecosystem 
Function 
Forrnan and Godron (1986) havedefineda landscapeas 
"a hctcrogcmus land area cumpod  of a cluster of 
interacting ecosystcns that is repeated in similar form 
throughout." Wetlands, forests, lakes, and streams are 
examplcsofsuchemsyjtcm lntcracbonsormrthmugh 
transfers of energy and material -includingnutrients, 
minerals, and organisms - bctwccn ecosystems. A 
landxape can bc viewed as a portion of the environ- 
ment c o m p r d  of ccosystcms within which materials 
and energy are han5fCITCd as a mult  of variousecologi- 
cal pr-. To furthcr s~mplify this new, we will 
consider these ccosystcms only as they affect the 
transfer of materials within and through the landrape. 
At any time, a landvape containsa pool of materials2 
and energy k ing  transferred bctwwn component eco 
systems (as opposcd to tmng cycled or stored w'lhin 
individual ccosystcms). Th~s dynamic state a n  bc 
described by the awegatc  flow of thew materials 
within and through the landmpc; it also include the 
p ro rn r s  that dnvc or arc controlled by thcr  flows 
Landscapcfunct~onsrrsult from thcrintcractions,asin 
thc earlier d~xuss~on of the cffrct of drainage area on 
river watcrquality. E.cosystcmsconmbutc to landscape 
funcbons by affcctlnfi (1) (he quantity of transfcrrcd 
material, i.e.. cithcr mcrcasing or dccrcasing the active 
pool; (2) the qualitv of (hc material, i t . .  transforming 
it into different forms; or (3)  thc timing of mlcrial 
transfers, cg., intrcducinga tcrnporal lag in hansfcrsor 
altering transfer raln. 

Fromthe~estperspedivc.ea&compa~~t ecusys- 
tern canbe wrrsidaed to functionaseithcra sourceora 
sink for a given material. Anecosystem is a s o w  if it 
causes a net in- in the total amount of material 
being transferred within the landrapc (ir., agom 
fmm theecosystemaregreater thanimporbinto it); it is 
amsidered a sink if it causes a net reduction in the 
material flux " We define these terms in the broadest 
-, without regard to the spedfic procesg reqm- 
siieforthehtnrtions. Forexam~le,anecosystffncould 
function as a sink h u g h  bioclknid conversion, fil- 
hation(es--valofsummded materials from water 
as it +huougfic~a~s~'or trapping ( eg . , dng  out 
of particulates from water). In the case of bilogical 
mdterials, an ecDsystem would be a sink if emigration 
wae less than immigntioh which could ormr if the 
death rate exceeded the birth rate (MacArthur and 
Wilson 1%7; Pulliam 1988). 
Because our definition of a sink is independent of 

causative processes ,an ecosystem that induces a net 
transfer o materials to on-site storage would also be 
considered a sink since thiswould lead to a net reduc- 
tioninthepool of materials. Conversely,anecosystem 
that removes material from storane and returns it to 
the pool acts as a source. For &ample, a riparian 
forest acts as a sink where Stream velocities are low 
and sediment storage increases through deposition; 
however, it acts as a sour- if high current velocities 
cause bank erosion, thereby removing sediment from 
storage (Pinay et al. 1992). 
A landsepe model that describes an ecosystem as ei- 
ther a source or a sink can easily account for the effeci 
ecosystems can haw on the quantity of transferred 
materials. When thestatusoftheecosystmassourceor 
sink is dynamic, the model can also amunt  for qualita- 
tive and timing effects. For example, an ecosptem that 
converts nibate to molecular nitrogen through deni- 
bification (a qualitativeeffect) would be desoibed as a 
sink for Ntrateanda soume formlecularniboge An 
ecosystem that stores waterbelowground durin&ning 
runoff functions asa sink at that time of vex. then as a 
source duringsummerand fall, when it ;lowly releases 
the water from storage. 
The ability and degree to whichan ecosystem functions 
as a soumor a sink iscontrolled bv on-site conditions. 
such as local hydrology and geo&rphology, soil and 
vegetative characteristics, nutrient availability, and 
population densitin. However, an ecosystem with the 
potential to reduce material flowscould not function as 
a sink if the paiticular material was unavailable. In 

' We define materials broadly to include biotic and abiotic 
mteTidls. 
' Anrrosyslemmuld beneithera snurcenorasinkifexpnsa~ 
eoual lo imwns. Such an ecmvrtem would be neutnl with 



other words,an ecosysteman reduce the pool of active 
landscapematerialsonly if it isconnected toatleast one 
source. Thus theability of anecosystem to funclionasa 
sinkdependson two factors the assirnilatme capacity, 
which is the amount of material the ecosystem could 
remove, assuming it was available; and lrurdwrrp in- 
put, which is the amount of mat&-' imported into the 
ecosystem from source ecosystems'. While capacity b 
controlled by characteristicsun'thin thi~ecwystem land- 
scape input is determined by interactions bmcmn 
ecosystems and depends on (1) the magnitude of the 
various sources, (2) where these so- are located 
relative to the targetecosystem. (3) the transport rnecha- 
nism of the parhcular material (eg., passive diffusion, 
wind-bomdispersion,gravityflow,ormigratDrymove 
ment in animals), and (4) the occurrrnrr of any sinks 
along the transfer pathway. 
Phosphorus retention by a wetland is one example of 
how capacity and landscape input mnml sink huu- 
tions A wetland'scapaoty toretainphospho~depends 
on factols such as plant uptake; the concentrations of 
minerals that precipitate phosphorus (e.g., fenic iron 
and aluminum); soil pH, which affects phosphorus 
solubility; and adsorption to soil mnstituents such as 
clays and organic matter (Mitsch and Gwelink 1%). 
The landscape input of phosphorus into the wetland 
depends on the types of neighboring ecosystems, land- 
use practices outside the wetland (e.g., fertilizer 
application ram), and landscape characteristics that 
control sedimentation rates into the wetland, such as 
slope. 

Aaording to the model we have been desc r i b i~  the 
landscape is a collection of source and sink ecosystems 
embedded within a mahix of neutral emsystanr Al- 
though this is somewhat simplistic and ignores actual 
processes, simplifying theoverwhe1mingmplexity of 
a real landrape is necessary if overall function is to 
become understandable This model allows us to visu- 
alize the landscapeas a dynamic network of interacting 
ecosystems,ea& of which can affect the quantity. qd 
itv. and timine of the materials badend within the 
la'i;drape. lt Zso providesa framework that allows US 
to consider the effect of impacts on landscape hrKtton 

Effect of Impacts on LanckcapeFunction 
It is important to d i i t i a t e  behveen an activity (the 
imm) and the ecoloeical nzmome to it (the effect). 
&use many enviror&ntal &plations target activi- 
ties (e. dirharge of dredge and fiU materials under 
cWA ~LI on 404). Numerous ecosystem characteris- 
tics could be altered by an impact. Lugo (1978) 
developed a generic model that described five ways 
in which an ecosystem could be streaed. We hvther 
aggregate these to define three general types of im- 
pact based on the type of characteristic being altered 
(Figure 2.1): 

Asdefined here, t h e n p o y  h thenetamaurtofnuterhl that 
crnberemoMd,aheracmuntingfor removalof on-sitcmte~iaL 
I f  p s  capacity b prekned, landscape input would have to 
indude on-sin p d u d i o n  

f 

Fipur. 2.1 Generic model ofecorvrtem impacts. Am impact can anectenernal driving lanorslforcinp funct ionr lbefore~~cro~s 
the ecorvstem boundary. e.g. h~drolog#c diversion 11): an impact can sffen ecorynem processes, e.g.. discharge of industrial 
pollutants that alter productwly lbl: and ah impact can alter ecorynem Aructurc, e.g.. hawening wildlifm through hunting (c). 



Cumulative Copstal Environmental Impncrp Wokrhop 

Changes in forcing functions - Ecosystems are ulti- 
mately driven by material and energy flows that 
originate outside their boundaries These driving 
factors are referred to as fomngfMm'm. For ex- 
ample, sunlight is the ultimate forang function for 
most ecosyjtcms, and hydrologic input (in the form 
of surface water, groundwater, or tides) is an impor- 
tant driving faaor for wetlands. Forang functions 
can be diverted or reduced in magnitude, or the 
timing can be changed. New forang functions to 
which the system is not adapted can be introduced, 
or the magnitude of an existing factor can be 
increased kyond its natural range. 

Changes in emsystem process - Recesses such as 
production or mpiration can be stimulated or d e  
presscd. and material or energy distribution within 
the ec05ystem can bealtered. 

C h a n e  in structure-Structure, built fromenergy 
and raw materials, is the collection of an ecosystem's 
physical,chemical,and biological charaaeristi~. Bio 
io$ical cxamplcs of msywem structure indude the 
various omnisms, thcrr complex behaviors, trophic 
rclationshi~s bctwccn orga&ns, seed banks 'that 
maintain biodiversity, and even dcad matter. Physi- 
cal~ctureindudesconcen~ationsofrawmatfflals, 
such as lakc watcr. Examples of structural impacts 
include harvesting of organismsby huntingor farm- 
ing, introduction of domestic spedes not naturally 
present, reductions in watcr level through drainage, 
and destruction of soil structure by compaction 

In gcnmal, msystcms affected by stress exhibit the 
following propcrtics (Odum 1985): (1) internal material 
cycling is r c d u d ,  (2) the community reverts to earlier 
successional stags, (3) efficiency of resource use 
declines, and (4) parasitism incrcars In s t 4  ex- 
systems, native spcciescanbc rcpladbyopportunistic 
species; this is especially significant in wetlands, where 
invasion by weedy sprdcs such as purple loosestrife 
can altcrcommunity shumre (Wilmx 1989). 

Not only does the mvimnmeht respond to individual 
impacts, it also rerponds to them cumulativelv. Ex- 
amples of mmulative impacts and cumulativectreffects 
appear in Table 21. Bomrann (1987) desoibed sewn 
sia'ges of ecasystem stress, ranging hum insignificant - - 
eff& at low hels of po~ution to canplete &system 
cullam under mntinued. severe mflution CTable 22). -, . . - 
~ l t h b u ~ h  based on air pflutio< tkse seven stages 
could represent a RRleral model of ecosystem response 
to cumdative im* From a land--pe peqk ive ,  
the ultimate conseawn~e d these chanzes is a l o a  of 
ecosystemfundion: Thistranshtesinto;changeinthe 
ability of sn ecosystem to act as asou rceor a sink either 
quantitatively (an inueaseora W i n  theexisting 
l e d  of function) or qualitatively (e.g., a change from 
~~u~.etosinkorviceve~). 
The boundaries for cumulative impacts and cumula- 
tive effects need m t  coincide Some cumulativeeffects ~ ~ -~ ~~ ~ ~ 

could axur outside a cumulative impact boundary; 
mnversely, cumulative effects within an area could 
partially result fiwn impacts occurring outside the 
boundary.. If the objjve  is to determine the cumula- 
tive effects within a spedfic area, a larger boundary 
must be defined that indudes impacts to external 
fomng furdons. 

Synoptic Indices 
Based on these principles, we d e f i i  four synoptic indi- 
ces for assessine cumulative im~acts and dative risk 
function,value,"fu~tio~l1055,&d rq~lacement pten- 
tial. These indices are landrapelwel measures, so 
each is evaluated foranentirelandscape subunit,rather 
than foranindividual componentecosystem Although 
the indices are meric and could be applied to any 
ecosystemcype,~ediscuaeachasitappl~&spedfical$ 
to wetlands. The hierarchical evaluation of these indt- 
ces as part of a risk assessment can be found in 
Leibowitz et al. (1992). 

Table 2.1. Tvpolosv of cumulative impacts and cumulative effects (after Beanlands et .I. 1986). 

Timecrowded Perturbations Dmurbances that are so freguent in time that the ecosystem doer not have the chance lo 
recover between disturbances 

Spacecrowded Penurbareons DiRurbames thal are so close in space that their effens overlap 

Cumulmrs Etlscl  Dercr#ptmn 

Synergisms Interanion of dilferent types of disturbance lo produce a response that is qualitalively and 
quantitatively dilferent than the separate effesls combined 

Indirm Elfectr Effects that are produced through a complex pahway and that are removed in time andl 
or dtstance from the initial disturbance 

Nibblina Simole addttive effects that result from cumulative impacts 



LMWk - The -tic Approach 

Insignificant 

Low levels Relativeh, unaffected; uwnlrtem may function as a sink 

Levels inimical to some species Changes in mrnp*itive ability of sensitive smies; lelation of resistant genotypes; little 
affect on biotk regulation 

Increased stress Resilunt species subniule for . a n s i f i  ones: some nikhes opened for lack of 
subnitutes; biotic regulation m y  be disrupted. but m y  return as .ynem b k o m a  
wholly populated by resistant species 

Swere levels Large plants. woes. shrubs of all species die off : .eo.y~m converted to own-small 
shrubs, weedy herb rynem; biotic regulation 8overeIy diminished; incmared runoff. 
notion, nutrient loss 

Continued swcre stress Ecowstem collapse: complnely degraded sco.rynem; m . y n e m  seeks lower level of 
nabiloty with much l eu  control over n e r w  flow and little biotic r.gulatoon 

Function 
Wetlands are capable of performing various functions 
as a result of physical, chemical, and biological prc- - ?hesefunctionscanbedividedintothreegeneal 
categories: 

Habitat functions-Providing support for wetland- 
dependent s p i e s ,  inclualng food, shelter, and 
breeding sites; - .  

Water quality functions - Water quality impmve- 
mcnt, nutrient cycling and supply; and 

Hydrologichnctions-nwdattenuationandmod- 
eration of hydrologic flow. 

The fwnch'on index refers to the total amount of a 
pam&lar funchon a wetland provides within a land- 
scamsubumt ~'fhour conddnof~~nofbmefiLr. 'Ihcindex 

~ 

is the rate at which material or & k added to or 
removed h m  the active landscape pool. In the ase of 
a sink function, the indcx isseparated into two compo- 
nenks: capacity, which is thc maximumnet amount of 
material that could bc removed by a subunit's wet- 
lands if the supply of material were unlimited; and 
landscepe input, or the total amount of the material 
imported into wetlands from conbibuting sourm. 

Value 
Environmental rcylationssuchas theclean Water Act 
considcr both ecosystem functions and their impact on 
public wclfarc (kcston and Bcdford 1988; Westman 
1985); thus we identified wlud ecological functions as 
thetargct ofa cumulativeimpactasscssmcnt. Wetlands 
can tc valued for thc tangible bcncfits they provide, 
ntchasclcan watcror hunting.orforintangiblctcncfits 
such as aesthetics. However, values arc hghly subjcc- 
tive, and a wetland characteristic valued by onc 
individual could be pcrccived asa liability to another. 

Even when the wetland provides a service that benefits 
the individual (such as improved water quality), the 
service could be undervalued because of poor informa- 
tion or cuntlicting goals. 
Whether a particular ecological function is considered 
valuableismt a teduricaliwe,but mustbedetennined 
by the policy maker initiating the synoptic ase%smmt. 
Such a dedsion might be based on law or on agency 
mandate. For example, by enacting the Endangered 
Species Act, Congress has determined that endangered 
species are valuable; similarty, an agency mandated 
with protectton of drinking water would value fum 
tions that improve water quality. Policy makers could 
detaminevaluesUvoughpublicinput.inteagencycon- 
sensus or both. Gosselink and Lee discuss policy 
considerations and the importance of ~oalsetting as 
part of a mmuktiw irnpci-ment Chsdink-d  
Lee 1989: Lee and Cosselink 1988). A hamework for 
including theefffftsof cumulative imps &on program- 
matic decisions is given in Irwin and Rodes (1992). - 

Onceit isdecided thata pnicularfunctionisimpomnt, 
the value index can be u d  to dcteimine the relative ~ - ~~ ~ - 

value of that function within each landscape subunit. 
This ranking depends on two factors. First, value is 
related to overall level of function, although this need 
not be a linear relationship (e.g., there could be dimin- 
ishing returns at higher functional levels). Second, a 
function may be consided valuable not because of its 
inherent value, but because it acts upon something else 
valued by society. In such instances, the overall value 
alsodependson t h e o r r u m o f  thisvalued object For 
example, flood reduction has no inherent value; it is 

These two sub-components are similar to the terms 
'effectiveness' and 'opponunity" used i n  the Wetland 
Evaluation Technique (Adamus 1983). However, the synoptic 
terms and their meaning are derived from the previously 
devribcd kndsepe model. 
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valuedbecauseitredurrspro~&mageand h w n  
injuries and deaths. Dams are not n-rily built 
where thelareest floodsoccur,but wherefloods threaten 
human popuLtions, valuablepm~,orboth.  Valued 
obixtscanalso indude~lantsand a~mals ;  thevalueof 
w6tlands for habitat cohd increase with thenumber of 
rare and enclanged species supported by that habitat 
'Ihisindexcanalsoinclude fuhirevaluesbycomidering 
the future benefits of these functions. Fudy, we mte 
that this index doesnot represent economic value, since 
it does not consider market factors, etc. Instead, it 
provides an estimate of the value provided by a func- 
tion within a landrape subunit, relative to other 
SU~UN& 

Functional Loss 
Functional loss represents the cumuktive effects on a 
particular valued function that have m r r e d  within a 
subunit Functional loss caused by changes in forcing 
functions, pr-,and structureshould anbemnsid- 
ered. Theindexshouldincludecompletelossoffunction 
from convmion, where the erosystem is changed into a 
different ecosystemor land ur(e.g., fillingina wetland 
to build a home), and parLial loss through deprrdation, 
where the impact do& not change t heeco~ tem type 
but alters function (e.e.. r e d u d  ~roduction throueh 
pesticide contaminatik). ~ut~re ' loss  should also k 
considered as called for by Council on Environmental 
Quality regulanons (40 CFR Sect. 1508.7). 

Functional loss depcnds on the characteristia of the 
impact, including the type of impact, its magnitude, 
timing and duration; and ecosrjtern ~ s i s h u e ,  or the 
re lan~xns~nvl tyof  theecosyriem tothermpact, based 
on ~ t s  robustnus and overall health (see Chapter 6). 

Replacement Potential 
Rqlacement potential rcfms to the ability to mpkm a 
wetland and its valucd functions. In this case, we are 
refcrring to functional r c p l a m t  canidout by pcople; 
howevcr, natural recovery could also be considered. 
Although not a component of a cumulative impact 
asscssmcnt perse, rcplaccrnent potential is included asa 
synoptic indcx bccause it is a consideration within the 
404 pcrmit promsand isalsoan important component 
of risk asscssmcnt (Leibowitzct al. 1992). The ability to 
offrt thclossof valucd hnctionsanddumecolo~cal 
risk is grcatcr if rcplaccmcnt potcntial is high; con- 
vcrrly, protection is morc critical for risk reduction if 
rcplaccmcnt potcntial is low. 

~rplacemert potenthl ddepends on many factors spe- 
dictotheparticukrwetknd,suchas thetwedwetknd, 
the function to be restored, and, in the &of mstora- 
tionethekind of i m m  thataltered theorimnal wetland 
(Kffltula et al. 1& Kusler and ~entuG 1990). In a 
synoptic assernnent, however, we are more m d  
with the landscape factors that mntribute to replace 
rnent potential. Because it is more difficult to replare a 
wetlaid if aitical driving factors have been dis~pted,  
this index deuends on the ovenll mvimnmental condi- 
tionof thesubunit. Forexample,it wouldbedifficult to 
reEtorea swamp withina histbrical b o d  plain ifa levee 
had beenconsincedon theriver. If restorationdid take 
dace, the wetland mkublv would m t  be sustainable 
bgak  natural ovhank  booding, which was a driv- 
ing factor for the original swamp, would be disrupted. 

Synoptic Index Evaluation 
In conducting a synoptic assessment, it is necessary to 
reline the eeneral m ~ t i c  indices into a &c set of 
indices tha? are m&reievant to managemkt c u m  
within a particular landscape setling. For example, in 
an applietion concerned with nonpoint source n i b  
gen pollution within an agricultural region, the specific 
indices for capacity and landscape input might be the 
maximum denihification rate and the nitrate loading 
rate, rqmtively. However, quantifying the specific 
indices aaxrately for large landmpe subunits would 
be difficult if not impsible. In order to evaluate the 
indices, the synoptic approach uses landscape indua- 
tonofactualfunctions.values,andeffectr Theindicators 
are first-order approximations that represent sarme par- 
ticular index,givencertain assumptions (see discussion 
in Chapter 3, Step 35). For example, data on agricul- 
tural nonpoint source nitrate loadings might not be 
available, in which case agricultural are. muld be used 
as a first-order landscape indimtor. 
In addition, we often take a risk-based approach to 
estimate spxific indices. For example, we may m t  be 
able to quantify the actual loss of hydrologic function 
due to cumulative impacts, but we could assume that 
the risk of actual loss is greater in areas with high 
function and high cumulative impacts, compared with 
arcas having low function and low impacts. Such an 
approach will undoubtedly make errors in assigning a 
rclativeranking tocach landscapesubunit. H0wever.a 
synoptic asscssmcn t need not providea perfect evalu- 
ation of cumulative effects. The goal is to provide 
information that will improve permit evaluationand 
managemcnt dcrisionsoverall. 
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,.-.. , - . -e- he p r k s  of produang a synoptic a s rmrn t  
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involves five steps CTable 3.1). Although p r c  . .:, 
7. . . 
I -  \ . . > ,  . ,  - sented and d i d  sequentially, it might bc 

. . 
, . . < % ~  /_, - . . , necessary in an actual application to follow these steps 

. . itmtively. We suggest thatinformation resulting from 

! this wocw m t  beviewed as the ultimate end product, - 
I 

ti 

but k t  synoptic asesmmts be updated periodically 
mrrflfftchangingobjxtivesand environmental condi- 
tions~~ toincorporatebetterdata. FurIher,it may not be 
possiile tu achieve the desired management ob'paives 
in a one- or *year period. By producing an initial 
assessment and improving it over time, an agency can 
obtain the desired d t s  over the long run while gain- 
ing useful short-run result% A synoptic assessment 
should bean iterative pnx~ss 
Preparation of a synoptic assessment requires the ef- 

I 
forts of a team of individuals having different 

' backgtuunds and ~sponsibiJities (in an actual a- 
ment, these roles need not literally be performed 
separately by thme individuals): 

The manager, who is in charge of theresource man- 
agement program and who makes the decision to 
conduct a synoptic assessment, is the individual 
with primary ~espondbility for defining the overall 
goalsof the assessment. 

The resourre specklif, who is the ultimate user of 
the final mam (e.e, a wnnit reviewer) and who is 
familiar wik the &a'; wetland resources and thcir 

chapter 3 ecological functions, has the primary responsibility 
for defining the emloeical relationships relevant lo 

Conducting a the prticuLr f ~ ~ & t  0 b . e ~ ~ '  

The technicalanalyst,whoassembles thedata,ma@ 

SynOpfic mcasurernents, calculates the index values, and then 
mats them. should be familiar with databar man- 
a&mcnt and geographic information systems (CIS) Assessment or cornputcnd mapping. 

Step 1: Define Goals and Criteria 
The purpose of this step is to identify expliatly the 
asscssmcnt objectives. intended use, requiredamracy 
Icvcl, and the constraints within which the assessment 
will be conducted. Often the objcchves call for more 
accuracv and dctail than constraints allow. This step 
may rcq'~ircrcpctition until an acceptable combination 
of objtivn,accuracy,and rcsourceallarationisagrd 
upon. 

Step 1.1 - Define Assessment Objectives 
Thc gcnmal objcctivcs of thc assessment depcnd on the 
overall mission and goals of the particular agency or 
organization conductingit. If the manager works with- 
in a Department of Environmental Quality, the focus 
could be wetland water quality functions. A managcr 



Tabh 3.1. Steps in conducting a synoptic assessment. 

S1.P Pmrdunm 

1. Define Goals and Criteria 

Z Define Synoptic Ind i i s  

3. S e l a  Landscape indicators 

4. Conduct Assessment 

5. Prepare Synoptic Repons 

1.1 Dafine Asenmmt  O b j ~ i v a  
1 2  Define Intended Use 
1 3  Anar A D X I I ~  Needs 
1.4 Identify A n a m a n t  Con.mint. 

2.1 Identify Wetland T m  
2 2  h i b e  Natural Sating 

23 Define landscape Bounday 
2.4 Dafine Wetland Funaions 

2 5  Define Wetland Valua 
2.6 Identify Signirkant ImpocO 
2.7 Wee! Landrope Subunits 
2.8 Define Combination Rules 

3.1 Survey Dala and Existing Methods 
3.2 Assess Oat8 M e q u m  
3 3  Evaluate c o a t  of Batu h a  
3.4 Compare and SelM Indicators 
3.5 h i b e  Indicator Assumptions 
3.6 Finalize Subunit Sdstion 
3.7 Conduct Re-Pulalwis Revim 

4.1 Plan Qualily Anuransd(luality Control 

4 2  Perform Map Measurements 
4 3  Analyze Data 
4.4 Produce Maps 
4.5 Asserr A a u r w  
4.6 Conduct Post.Analysis Review 

5.1 Prepare User's Guide 
5 2  Prepare Assessment Documentation 

for the F~sh and Came thnaon rmght bc parhcularly plan IS being dewloped). It may be necessary to get 
~ n t c w c d  in wctland hab~tat funchons. A manaeerof a m ~ u t  from other a m e s  or tnterested m e s  before 
w&nd protection program, however, might beY inter- iiMlizing the boudary. 
estcd in not just one particular function but in several 
functions orin wetland restoration. The management step 7 2  -&fine /,,tended use 
objcctivcs could be vmy specific, e.g., determination of 
wetland dcgradationcauscd by supfund  si&s,protcc- shoulddefinehow assessment resultswill 
tion of wctland habitat for sport fish, protection of be The assessment could be to Npport 
floodplain wetlands, ctc. vcry spmfic d d o n s ,  eg., to support cumulative im- 

pact assessment as part of Section 404 pennit rwiew, or 
During this step. theboundary for thestudy unit d s  it could be used for p e r a l  planning e.g., to help 
to bc ddincd explicitly. This would t)@cally bc either identify areas sensitive to fuhre impacts as part 
a political boundary, bard on thea&s juridiction of a State Wetland Conservation Plan. The particular 
(a state or multiaunly region) Or a natural boundary. uraff&thelwelof armacyrequiredand thedegrre 
c& a natural watcrshcd Or ~ ~ ~ ~ ~ ~ ~ l ~ g ~ ~ ~ l  pmv- of rcvicw the final products must undergo. Inaddition, 
ince. Thc study area could be of spccial intercst to an as part of a regulatory 
ml?aFmnt(Onefor whicha *alarramaMFment might nccd tom& spedfic legal testsor require public 



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

Step 1.3 -Assess Accuracy Needs 
Theoverallmanagement objemvesadintendeduseof 
the information determine the level of uncertainty the 
manager is willing to accept in decisions that make use 
of a synoptic assessment. EPA guidelines on data 
quality assurance refer to the process of selecting the 
level of accuracy needed as defining the data quality 
objectives. This p r a w  indudn five steps (EPA 1989): 
0 Define the derision: 

Devni  the information nccded for the dedsion; 

Dcfinc thc u r  of environmental data: 

0 Dcfinc the c o n r q u m  of an incorrect decision 
athibutable to inadcquatc environmental data; and 

Estimatcavailablc m u r m  

Theprcviousrctionscovercd the first threestepsof this 
pr-. Sinm any analysis has a level of uncertainty, 
and thus the chanmof erroneousconclusions,theman- 
agcr must mnsidcr the repercussions of incorrect 
dccisionsbard on the level of uncertainty. If it could 
lcad to litigation, for examplc, an assessment devel- 
oped forreylatoryapplicationsrnight r uireahigh 
confidcncc lcvcl. If the asscssmcnt is 736 mg con- 
ducted for broad-scale planning using best 
professional judgment, rcsults might be sufficient as 
long as they are "morc right than wrong." In other 
words, rcsults nccd not bccomplctcly accurate; rather, 
thcdata must bcadquatcfor thestatcd purposcsof the 
asrssmcnt. 7hc manager, in consultation with other 
tcamrncmbcrs, must dcfinc thclcvcl of accuracyncedcd 
foranasvvmcnt so thcbcncfitsoutwcigh thcliabiliticr 
Estimating available resources is discussed in the 
following m i o n .  

Step 1.4 - Identify Assessment Constraints 
l?wmanagcrmust cstimatcthcamount of timc,moncy, 
and personnel hoursthat canbecommincd totheprop3 
Regardless of thcobjxtivcsand nccds ioracruracy, the 
cffort will bc llmltcd by availablc rcsourm. 
As an cxamplc of possiblc asrssmcnt costs, thc Louisi- 
anaand ~ k h m g i o n  pdot propts that arcdlvusscd in 
Cbotn4cach tooka vcaranda halfforcomolct~onand 

and half-timtcchnicalanalyst (i.c.. two full-timccquiva- 
lcnts orr vcar for cach oroicct). Much of the technical 
~ - ~~r , r 8 

analysts' time was spcnt collecting data from various 

agencies, condudng quality conml checks, perfom 
ing map calmbtions, digitizing. and creating various 
databases. Other cus tsinduded approximately B 2 0 , W  
forsuppliand materials(excludingdata, whichmostly 
were obtained from cooperating agencies), plus access 
to a GIs. Although the purpose of the pilots was 
methods and development, and not an actual applica- 
tion, costs for a similar statewide analysis should be 
cumpaable At the opposite extreme, an application 
requiring high @on and field verification could 
easily require sweral yean of effort and cost hundreds 
of thousandsof dollars for data collection, analysis, and 
bbor. Project cosb depend on study area extent and 
whether adequate data already exist (Steps 3.1-33). 
The team should also consider other conslraints that 
influence the outcome of an assessment, such as legal 
requirements, agency mandates, institutional con- 
slrainb,and theneedforpubliccommentorintmg~ 
coordination 
If the resources available for an assessment are much 
less than what is deemed -ry based on best prc- 
fessional iud-t (Steps 1.1-13), then management 
can char& t& objectives (e.g., assess a smallerarea or 
a m  lessaccurateresults),relax theconstraints (finda 
sou& of extra funding), or conclude that the assess- 
ment is not feanile at that time. 

Step 2: Definesynoptic Indices 
Once theobjectives haw been determined, the resource 
specialist must define a specific set of synoptic indices 
that will meet the objecbves and intended use of the 
assessment. This involves replacing the four generic 
indices (fundion, value, functional loss, and replace 
ment potential) with a set of indices specific to the 
ob$chves. 
Defining the specific indices and the factors they in- 
clude requires an understanding of the interactions 
betweenwetlandsand regionallandmpes. Tosumma- 
rize this understanding, the resource specialist can 
provide a landrape desniption that includes wetland 
types, functions and related sodetal valua, natural 
factors sustaining the wetlands and mapr impacts 
(Table 3.21. 
Thc m u m  spxialist can consult with regional ex- 
perts for assistam in determining these interactions, 
for examdc: 

University or state Soil Conservation Senrice (XS) 
soilvientistsarefamiliar withrezionalfactors affect- - -  ~..~.~ ~ 

ing denihification capacity and idsorption potential 
(e.g., percent of organic matter); 

9 9 



Cumulative Coastal Environmental Impscts Workshop 

D m O w  E X M P ~  I 

Management Objective Develop riskassmsmem guidance for counh, planners to poled sparse mrlland 
populations of central Washington for watsrfnwt n d  other wildlife habiit. 

Wetland Type Palustrine (emargent r r u b - u ~ b  .nd b m a d  on fbodpbirn: d i n e  ltcrub-rcrub) in 
plavas and wind a u t e d  deprenions (Canning and Stevens 19%)). 

Natural Setting Basin, channerized by l oas  deposits and deep dry channels cut into bult surrounded 
by mountain rmnge. whiih provid. h f l rdo~ ic  inputs: arid climate cm avenge 
annual prscipimon); a r u r m  predominantly influent many go dry in d y v e a n  i0munik 
and Gallant 19881. 

Landscape Boundary Columbia Basin in Cemral Wnhington. 

Significant Impacts Water wilhdrmv8l (or irrigation; ahendmter quality and amam morphology from 
gruinp: high nutrient and suspended sediment. from agricuhur. and mining. 

Speu'tic Indices Habitat suppon. low dream now and hydmlogk modif&n M e r  withdrmalk non- 
point source pollution. 

Landscape Subunits Subwatenheds and wunly boundaries. 

C - V Y  Enmpl* I 

Management Objective Include cumulative impacts as pan of 404 permit rw*w in Southern California. 

WetlandType Intenidal u h  marshes. 

Natural Sening Mediterranean climate. .ecnlion and erosion o l  sediments, mrrn ocean current from 
Mexico. tidal flushing. Natural penurbationa indude norm wenu and catastrophic 
sed~mentation; dmught: lagoon clorum Uedler 1982). 

Landscape Boundary Southern California w a n  including intenidal dopes in river valleyl, from Point 
Conception l o  the inlernnional border with Mexico. 

Sngnificant Impacts Urwn development ldredge and fill disposal): reduced circulation from anthropogenic 
sedimentation: altered watershed hydrology IZedlr 198U. 

Specific Indices Cumulative wetland lou. suspended sediment loading. peak discharge. hydrologic 
modification. 

Landscaw Subunits Coastal watersheds. 

Hydrologists with universities or the state office of Step 2 1 -Identify Wetland Types 
Ihe US' Gcologiel (UX;S) can provide in- & first step in developing indim is to corn- sight into the hydrologic factors that form wetlands, pile a list of Ihe wetland found in the and can also provide information on hydrologic a5se55ment area, e,g,, specific wetland modifications that may affect wetland functions mslist limited typeof wetland if 

Biologists with the U.S. fish and Wildlife ~~rv io? mmgementobpaivesare~w,orit~nindudeal l  
(USFWS),stateagrmdes.ortheNahtreConservancy/ of the area's wetlands if obpaives are broad. ?he 
Natural Heritam Promam can ~rovide e x h s e  on identification of these wetland lmes can k based on 
wetland habitarand &tlandd&ndents&cies;and 

Biologists with the S(S and other agenaes will be 
familiar with wetlands in agricultural settings, as 
well as with opportunities for restoration. 

Other valuablcresounrsarc USFWS "Community Pro 
file" rcpom. Each of t h e r  reports provido a wealth of 
information on a regional wctland tp and often in- 
dudesdivussionsofgrologiel/clirrraticxttin~~h~ral 
forcing functions, ecological functions, ecosystem 
shucturc,and degradation by human impacts. 

popular classifications (e.g., ma&, bog, or pothole), a 
functional classification (eg,  Novitzki 1979; CYBrien 
and Motts1980),or themoredegiled system dewoped 
by USFWS(Cowardin et al. 1979). The choice of dassi- 
fication should match the assessment obpctiws and 
cunshaints. For example, if prokction of wetlands for 
flood control is the primary objective, the analyst could 
focus on palusbine or floodplain wetlands as defined 
by thecowardin system or floodplain/nverlower per- 
ennial wetlands as defined by a hydrogeomorphii 
dassification(perso~lcommunication,M.Brinson,East 
Carolina University. Greenville, North Carolina). If, 
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however, the obpctive is pmtection of wetlands for 
environmental education, then u ~ q w o r r a ~  wetlands 
near urban areas could be dassified using a popular 
system or one defined by the State Heritage kogram 
Where the objedive is to assess cumulative imparts, it 
will be important to select a classification that is bmad 
and synthetic. 
Se ldon  of a particular wetland classification scheme 
also depends upon the availability of information. For 
example, if National Wetland Inventory MWI) maps 
are available for the region, the Cowardin dassifr~tion 
is a logical choice. At the minimum, the classification 
should include or be cross-referenced with information 
on geomorphic setting and source of water because 
both are important components of the natural setting 
(Step 22) and are u r f u l  for identifying significant 
impacts (Step 2.6). 

Step 22 - Describe Natural Setting 
The analyst should undmstand the landscape driving 
factors or forcing functions responsible for the forma- 
tion and maintenance of wetlands because this 
informationisimportant fordcfi~nglandscapebound- 
aries (Step 23) and for evaluating the significance of 
impacts (Step 2.6). The natural factors include natural 
S~TCSSCS. such as drought, and shuctural components, 
such as soil and rcd bank (YX Chapter 6). The dassi- 
fication used to identify wetland tg.pcs(Step2.l)should 
pmvidcrclcvant infornwtion. A broad-scaleordetailed 
dcsuiption of natural factors can bc developed around 
a rrics of quntions such as lhor  listed in Table 33. 

Step 2.3 - Define Landscape Boundary 
In Chapter 2 wc notcd thal the bundarin for cumula- 
tive impacts and cumulative cffccts nrrd not bc the 
samc; the curnulalive cffccb occurring within a given 

area could result partially fmm impacts that take ohm 
outside the bouridary. -The mum spmalist ;nust 
define the landscaw boundan, m include the a m m i -  
ate natural rtting'6bcp 22) and impacts (~te~ ' i .6)  hat  
could be operating outside the study area. Evm if the 
actual analysisignores this larger boundary, the bound- 
ary must be defined u, the w u r c e  specialist can 
determine the degree to which theassessnent might be 
ignoring important factors. 
Becaw hydrology is the single most important deter- 
minant of wetland type and funciion, the landscape 
boundary should include at least the entire drainage 
area in which the study is located. For example, an 
assennent of the state of Louisiana cannot stop at the 
state boundiuy but must consider hydmlogic input 
fromupsheamsegmentsof theMississippi,Red,Sabine, 
Ouachita, and Pearl rivers The landscape boundary 
for groundwater discharge wetlands might indude 
recharge areas hundreds of miles outside the study 
area; likewise, the boundary for coastal wetlands will 
probably incfude estuarine, nearshore, and even off- 
shore waters. Thesehydmlogicboundariesalsodelimit 
many water quality processe5, such as hansporl of 
nubients, sediments, and pollutants. 
Defining the boundary for habitat prorrsses is more 
problematic than for the other functions. Biotic factors 
oprate on scales defined by the ranges of wetland- 
dependent species. Civcn the diversity of species, no 
stngle spatial unit can encompass all species' ranzes 
for; pakicular study area. thany tirnis, woreg& 
provide useful landsape units for habitat support 
(Omemik 1987);research by lnkleyand A n d e ~ n  (1982) 
and Larsen et al. (1986) demonstratesa correspondenc~ 
bctweenemregionsand wildlife and fish communities, 
mpxtivcly. If habitat of wideranging migratory spe  
cicsisan important elcmentoftheaaessment,a broader 
landscape boundary must be defined. 

Table 3.3. Examples of technical questions that could be used to  d c l c r i k  the natural facton determining wetland 
function. 

Ocscv~b ng n a l ~ ~ a l  wetland Wnat arethe gcolog~cal processes respons ole for thewetlandr'lormat.on, eq.. 
senmg tclaled to forcmg oepornl,on ol mame or rover nc sed~menls. g aclatlon? 
funct'ons' processes' What are the physiographic characto~stics associated with the wetlands. c.g., large 
m d  Rructure: deprerrmnr. rwer valleys. karst ropognphy? 

What are the hydrologic mlluences. e.9.. tidal. riverine or lscuarine energy. or 
gfoundwatcr mllucnce? 

What are the clnmatic influences, e.g.. tnming. type and amount 01 precipitation. length 01 
growtng reason? 

Whal are the chemical charKtermics and fluxes of the wetlands, e.g.. salinity, organic 
content, nutrienl and mineral availability? 

What are the natural penurbatoons that wetlands are either adapted lo or dependent on. 
e.g.. lare dependenl specles. per~odc onundat~on. seasonal drought? 



Step 2 4  - Define Wetland Functions 
The resource speciaiit next defines the pamcukr wet- 
land functions to be addressed. Depending on 
management obpctives, the functions of interest could 
be either spffific or broad. Because it is i m p i e  to 
assess all functions, even when the obpaives are gen- 
eral, the specialist must determine a subset of functions 
that best represents the broader dasr For example, 
consideration of hydrologic function in regions w k r e  
small, non-tidal wetlands prevail might include wet- 
land iduence on peak flow but not on storm ~ r p ,  
which occur mainly in larger, tidal wetlands. 
Habitat functions can be defined by determining the 
various species (including birds, fish, and mammals) 
that are dependent onor utilize the wetlandcommuni- 
ties identified in Step 2.1. For hydrologic and water 
quality functions, wetlands often function as sinla 
Therefore it is &I to consider the hydrologic and 
watcr quality sources that are found within the firticu- 
k r  landscapesetting, since thesourceisacompnent of 
sink functions (Chapter 2). Natural and anthropogenic 
sources should both be included. Chapter 7 provides a 
detailed divussionof wetland functions that havebeen 
reported in the literature and can serve as a source of 
candidate functions that should be considered during 
this step. 

Step 2.5 - Define Wetland Values 
A s d i r u d  in Chapter 2, whethera function isvalued 
isa policy decision rather thana technical mnsideratibn 
Ther valued functions could be a given, based on the 
objcctivcs. However, themanagermightchoosetomap 
the relativemagnitudeof many functionsfirst, thenuse 
this information todeterminc which wetland functions 
are most valuable. If so, the manager has deferred the 
valuation until after analysis. In either instance, the 
value may also d e p d  on the ccmccurrence of the 
function and "valued o b w  such as property. 
To define a synoptic index for value, the team must 
dctcrmine who ultimately bencfits from the various 
wetland functionsand whetherothervaluedobjectsare 
involvcd (re d~vussion on value. Chapter 2). For 
example, they might dccide that the value of flood 
protection is low if it occurs mostly in uninhabited 
rcgionsor that the valueof watnqualityimprowrnent 
is vcry high if i t  m r s  in areas that supply drinking 
watcr to large urban centcrs. 
Functionsand valucsarc kept distind by defining thmn 
in rparate steps. This allows thc team to considcr 
whcthcr important mlogical funchons, bard on tech- 
nical information, are k ing  undcrvalucd in tcnns of 
social perceptions. 

Step 26  -identify Significant Impacts 
In this step, the murcespeaalist determines themost 
significant impacts on the functions of interest. If the 
proportion of recent wetland conversion within a par- 
ticular @on is high it may be the dominant cause of 
functional loss, in which case other factors may be 
assigned lower priority. In this case, the index for 
functional loss would be loss of wetland area. 
If conwrsion in the Rgion is insignificant or if the 
soedalitthinksconwrsionisnotthedominaof 
h;lctiona~bs,thentheimpectsmostIikeI~tocause 
wetland degradation must beidentified. Tables 3.4 and 
3 5  are exampks of how best professional judgment 
could be orgadad to guide this p m e s  Table 3.4 
contains a l&t of impa& associabd with agriculture 
done with the -of deeradation each is emected to 

~inu%r tab& for other mapr ;lasses of 
wetland impacts (resource extraction, urbanization, 
and water management) appear in Appendix B. Us- 
ing Tabk 3.4 or a modification, the specialist can 
identify significant types of depdat ion that would 
result from commonly occumng impacts. Then the 
specialit could use Table 35  to determine which 
hvdm1o~ic functions would most likely be affwted 
b i  these%npacts (similar tables for walk quality and 
habitat functions aDwar in A ~ w n d i x  C). The tables 
can be used in re;'e~ o r d s  to de teAne  which 
impacts would most likely degrade a given function. 
As an exzunpk, in a stale where iivestock ranching is a 
mapr agticultural activity, possible impacts include 
fertilizers, harvesting, pesticides, species inhuduction, 
hampling. and water consumption (Table 3.4). Based 
on familiarity with the region, the specialist might d e  
cide that harvesting and hampling are the two most 
common impacts. Both have a high likelihood of 
causing degradation through changes in behavior or 
habits of wetland animals resulting from habitat al- 
teration,andboth havea mediumlikelihood ofcausing 
denudation (Table 3.4). If the overall function of 
interest is hydrology, Table 35 indicates that func- 
tional loss from changes in animal behavior is not 
likely. 
These tables represent hypotheses about the mecha- 
nistic linkages between impacts, degradation, and 
functions; they are an example of how best profes- 
sional judgment could be used to guide the selection 
process. 'TheresourespRcialistshould consult regional 
experts to ascertain whether these relationship hold 
true in the specific study area. 

Step 2.7 -Select Landscape Subunits 
At this time theresourcespecialist definesthelandscape 
subunits that will be the basis for making relativecom- 
prisons and reporting results. For now, the decision 
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Table 3.4. Typical n l . t iodips  axpated betwean agrh&ural imp.sa and d a n d  d o g r e o n  b+qd on best 
pofesiorul judgment Lettar indicates degrea and not Uaa intamW or durataon of i m w  
(H E high. M =medium. L = low). 

1-e Acldlfutmn Altemd Anmd mkaw0r c~rnpuoon Contammat#oflorlclry D.nud.tlm 

Channel~zatoon~ H 
Dramage?' L H L M 
Fen~ lue rs '~  L M M 
hll" L H H L H 
Harvenmg or Bumlngld M HIJ Ma 
Impoundment1 H M 
Irngat~onlflood~ng' L M M 
Prnmdesld H M . --. .. . -. - 

Species In t rod~c t ion '~  H 
Tillage? L L H 
T r a m p l i n ~ ' ~  H L M 
Vehi~lesBoatsPlanes'~ M M L L 
Water Con~ump t i on '~  M 

1nP.e Dchydnt~on EutrophkationEnnshm.ol Emion Inundmmn light Wuaion 

Channdi?atim3 M M M L 
Drainage?.' H M M M 
 fertilizer^^.^ H L 
Fill2' H M L H 
Hardening and B ~ r n i n g " ~  Ma 
Impoundment' M L H M 
IrrigauoniTlooding3 M M H M 
Penicidcm1-5 
Species Int rodu~t ion '~~ L L 
Tillage3 M H 
Trarnpl in~'.~ L L 
VehicleJBoatslPlanes'* M L 
Water C~nrumptcm' .~ H M 

1mp.e S.lm1z.llon €dmmentatmn Burlace RunoWTlming Thermal Warming 

Channelization3 L L H M 
DramagZ.' L M H 
Fenilmrsl M 
Fill" L H M 
Hardening and B ~ r n i n g " ~  M2 M' Hz 
Impoundment' M M H L 
IrngstioniTloodmg' H M M 
Penic8de~'.~ 
S W C ~  Introd~cl ion'.~ 
Tillage? L H M 
Trarn~l ing'.~ 
Vehicie~@oarr/Planes'~ 
Water Consum~t~on "~  M H L 
' Aquaculture 1c.g.. cranberrtes. rce. crayfish) 
'Crops - No Till 
>Crops -Till 

Foren? 
Lavestock 



T& 3.5. Effect of wetland degradation on hydmlogic functiom and degm d ew=ctd d o n  baed on 
best pof.r*orul judgment tH = high M r medium, L t lowl. 

1~ ,d P.ab Flow storm svrp Wmn Conrmlion Gmundwmr Hldm(ogic lwut 
- M i  R.duslion R.MI~M ExCharp. 
p~ ~p 

kidification 
Animal khavior 
Compaction L L M M 
ContaminationlToxicity 
Denudation M M M H M 
Dehydration H H H H H 
Eutrophicatio~nrishmenl L L 
Erosion M 
Habitat Fragmentation M 
Inundation H H H H H 
Light Reduction L L 
Salinization 
Sedimentation M L M M 
Surface Runoff H H H H H 
Thermal Warming L L 

should be bard on management objectives and KCP 
logical considerations; data availability will be 
considered in Step 3. For assessments at the state or 
regional lcvel. the USGS catalo~inp. unit or a similar 
st& unit might be most appro+Tebecauseit func- 
tions as a natural drainaee area. Ecoreeion subunits 

cg.. soil:vcgctahon associations, may also be uspfui. 
Sclmon of landmpc subumb might also be based on 
political mtcria, e.g., county boundaries. 

Step 2.8 - Define Combination Rules 
A spccific synoptic index is typically a mathematical 
expression that includcs several faaors. Facton that 
may bccombincd inanindcxindudccomponenlsofan 
indcx (for cxamplc,capacityand landscape input could 
be components of function. and degradation and cun- 
version could becomponentsof functio~lloss)orother 
indicts (c.g.,an index of valuc would indude function). 
Although a rparatc indcx muld be defined for each of 
thcse factors kg. ,  rparatc indices of funct io~l  loss 
through stormwater runoff and agricultural conver- 
sion), it is often dnirable to mathcmaticallv combine 
thcm intoa singleindex, in which c a r a  r t  dfcombina- 
tion mlcs n d s  tobc dcfincd. 7hcse combination rulcs 
must addrcss thc followng questions: 

Will thc factorsbccombincd by addition, multiplica- 
tion, or somc other operation? 

Will the data bc norrnalizcd, that is, adjusted to a 
common ordinal scale, prior to combination? If so, 
by what procedure? 

Willallfactorsbcmnsidcrcdtocunhibutccqually,or 
should wcighhng factors bc applicd to some? 

thi? study area? 
Dedsiors concernine combination rules are drfficult 
and often subpcti-&but deserve careful attention to 
reduce error. Mathematical relationshim between fac- ~ ~ -~ ~~ 

tors may be adlable  from the 1itealh-e or regional 
models. It is often necessary, however, to assume that 
faaorshaveequal weight(id..areadded without weight- 
me factors) or chat there is a firstdrder mwrtionalitv 
&een facton,ie., that the factonaremulbplicati& 
combined. At the minimum the -rce spedalist 
should expliatly derribe the cornb'ition ruls and 
any assumptions as part of the review (Step 3.7) and 
documentation (Step 5.2). Combination rules are fur- 
ther discussed in Hopkirs (1977). (YBanion (1980), 
Skutch and Flowerdew (1976), Smith and lkberge 
(1987). and USFWS (1981). 

Step 3: Select Landscape Indicators 
Landscape indicators are the actual measures used to 
estimate thesynoptic indices;eithera singleindicatoror 
combination of indicatorscanbeused. Selectingindica- 
tors requim balance between accuracy and cost. Mapr 
considmations are discussed below. 
Selection of landscape indicators, which depends on 
data availability, should not begin until goals are d e  
fined (Step 1) and the relevant environmental variables 
areidentificd (Step2). lnorder toeVahIatelheadequacy 
of an assessment (Step 4 3 ,  it is important lo keep the 
goals and environmental variables distinct from the 
tradeoffs that occurbeaur  of data limitations. Ifdata 
availability isconsidered tooearly on real-world limita- 
tionsbegn todominate the processbeforethegoalsand 
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environmental variables are articulated. Goal settine, 
defining synoptic indices, and selffting l a r d s e k  indT 
cators should ormr iteratively and m t  simultaneously. 

Step 3.7 -Survey Data and Existing Methods 
Contact various federal and stateagmoeshaving juris 
diction over the study atva to determine what kind of 
environmental data are available; for rmaller study 
areas, indude county agenaez Other could be 
university experts and state and university libraries 
The survey should indude both mapped and t a u  
information available for the entire awssment a m  
(Exam~les of data that can be used for the various 
&no& indices appear in Appendix D; scnmxs for the 
data ippear in ~p'&xiix E ) : k  part of the survey, the 
techrucal analvst should also note the fdowine hrlmsof 
information, &hi& w i U  b e n e c e s s a r y f o r d g d a t a  
adequacy (Step 32): 

The purposeof thedatabaseand the typeofinfoma- 
tion it contains; 

The methods used in coUecting. measuring, and 
analping the data; 

Examples of how the data have beenused,especiaUy 
if reparted as QSC studies; 

Known problems or limitations; 

Data format,e.g., hardcopy orcomputercompatible; 

Availability of documentation, both for data collec- 
tion and quality assurance procedures and, if 
appropriate, file formats forcomputerized databases; 

Procedure nceded to aquire data, induding cost. 

The survey nrrd not be limited to databases. Various 
cxishng methods and tcchniqua o n  also be used to 
estimate indices. For example, the USGS collects dis- 
charge data at various sampling locations on many 
streams and rivers. Annual water resources data r e  
ports for each statc provide summaries of these data; 
they arcalsoentered into the WAmORE database (re 
Appcndix E). Unfortunately, monitoring stations are 
not typically at the locations needed for the synoptic 
asrssmcnt, c.g.,at the lowest downskeam p in t  of the 
subunit. The technical analyst would have to selcct an 
indicator appropriate for atimating discharge at that 
location. 
One pssibility isto u r  rcgmsioncquationspublishcd 
by most statc U S 5  offim for estimating discharge 
using watcrshcd characteristics. For example, variables 
for wpcssion equations dcvelopcd for eastcm Missis- 
sippi include watershed area, channel slope, and 
mainstcm channcl length (Landen and Wilson 1991). 
Altcmativcly, mathematical modclscanestimatcmany 
variables; c.g., SCS's lR-55 ('33 1986) and the USDA 
Agricultural Rcrarch Scrvicc's ACNPS model (Young 
et al. 19873 estimate pcak discharge and agricultural 
nonpoint source pollution, rcspxtivcly, from factors 

such as topography, precipitation, land u s ,  and soils. 
Tk technical analyst can determime whetherappropri- 
ate methods are available throuxh a literature review. 
byconfening with regional ex*, or both 

Step 32 - A .  Data Adequacy 
Adequacy of existing data depends on m l  factors, 
indudine thed-to which an indicator based on the 
data q&nnts"the indindex and the quality of the data 
relative to the m g e m e n t  objeaives (Table 3.6). The 
Mowing example illustrates the d i  between 
tkse factors For a synoptic index of peak dirge, 
two psible indicatorsare moff  volume as calculated 
by the "curve n- technique (XS 1986) and dii 
charee estimates d u d  by the USGS -ion 
& diuusse;labove. Fo;thefomw, the Physical 
quantity being estimated (volume) isdifferent the 
variable of interest (OF& rate of d i r h a m  or volume/ 
time). Ihw isa &tiomhip behwen ninoff and peak 
dirharge, but thetwovariablesarenot identical How- 
ever.tkestimateofnuroffcouldbeaaurateifbadm -~ .  ~ - ~ 

highqualitydata. Conversely,anindicatorbasedon the 
USGS regrevion reprsents the same physical quantity 
defined by the index, yet it could be unaaeptable if 
calculaled u s i n g p r  quality data. Both of these issues 
must be taken into account. If an indicator that is 
physically different fmm the index i s b e i i  considered, 
the resoume specialist or technical analyst must deter- 
mine whether the indiitor represents a reasonable 
first-order approximation to the actual index and 
whether theuseof that indicator iscontingent uponany 
unmsonabble assumptions (Step 35). 
Potential indicator data should be evaluated according 
to a set of aiteria (e.g; Table 3.6). The technical analyst 
must also consider extra effort required to translate the 
data into the format needed for the assessment. For 
example,data foundinreprtsmight requireentry into 
a database. It is especially important to consider the 
extra effort required for pnressing mapped data. Do 
not assume that rnoredetail isbetter until you consider 
the additional cost. For example, the use of 1:250,000 
scale STATSGO soil maps, if available, may be much 
more appropriate for statewide synoptic asscssmcnts 
than 1:20,000 scale county soil survey maps k a u r  
greater effort would be r equ id  to analyze the more 
detailed maps. 

Step 3.3 - Evaluate Costs of Better Data 
Thc technical analyst should assess the time and cost of 
obtaining better data. Identifying the types of data 
nccded and the associated costs for produang results 
of variousconfidcmkvelsisuseful. Forexample,how 
much would th6 highest quality, most uuptodate infor- 
mahoncost? Whai;uould bc thegaininamracy l f  the 
budeet wcm~ncrcard bv$IOa00orif twoexham0nthS 
- " 
were available for the Hs&ment? These consider- 
ations would allowexistinginfomtim tobecornpad. 

lo5 
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Determine how well the indicator DO comparable data exist for the entire nudv area or are there gapsthat would limit 
represents the index: intraregional s o m p r i ~ n ?  

Do aandrrdized data exist forthe appmpriate time period, e.g,the pen ten yean. the 
entire war, or by season? 
Are data at the appropriate spatid Scale or are there major scale differenon between data 
sources? 
&c the classifmion systems used lor wetlands and other landscape n r i a b l n  
compa8bld For example,the U S W S  National Wetland lnventoy map. SCS roil1 maps 
and USGS Land UsdLnd C w n  mapscluaitv welands aaordingto different Criteria. 

Assess the qualiw of existing data: What is the source of the data. 0.9.. a p m y  or univeni~y? 
Can the originator {person or agency responsible for data collastion) beconuaed? 

When, where and how often were the data mllecIed7 

What methods were used for the data sotknion? 
Was the data collection associated with a Quati i  Assurance program7 If so. what. , 
information is available on the prairion. aauruy, represemattveneo, comparalnl~ty and 
cornplereness of the data7 
Are there assumptions, limitnions or u w r t s  to consider in using the &tabasel 

What are the time, personnel and coS mnnnints of obtaining betIer data? 

Determine level of confidence in What are the common nrumptions W w n  indicators and i n d i i ?  
the data: What evidence would violate them mumpt iond 

How should the weighing of variables be adjusted to compensate? 

Sten 3.4 - Com~are a n d  Select Indicators dammed (e.~., Landers and Wilson 1991); in other 
words,thesethese"gressionsaremeanttorepresent "pris- Givcn the adequacy of available data (Step 32) and the tine" conditionr Use of regressions developed in cost of obtaining better information (Step 33). the r e  this manner would indude the irnpliot assumphon soum sprrialist and technical analyst can select a suite that none of the watersheds has undergone of indicators that k t  balanccs the level of amracy cant hydrologcmodifigtion. nccdcd 1osatisfvmanammtobicctiva(Steo13)within 

existing constikits (hp 1.4). ' Thcr chdices are an . Use of area as an indicator for wetland function 
optimal solution, given the erjsting opportunities and assumes that function or capacity per unit area is 
constraints. similar for all wetlands or, if it varies, that wetlands 

havine different unit area rrswm are similarlv 
Step 3.5 - Describe Indicator Assumptions 

O m  indicators haw been r lmcd ,  tho rcsoum 
cialist and thc technical analyst should carefully 
dctcrmine which assumptions must hold if thc indica- 
tor is to rcprernt thesynoptic indcx adcquatcly (in this 
c a r ,  "adcquatcly" is dcfincd rclativc to thc nccd for 
accuracy, as statcd in Stcp 1.3). It is important for thcr  
assumptions tobc statcd explicitly, so thcy can be rcvis- 
itcd latrr in thc asscssmcnt to dctrrminc whcthcr thc 
assumptions wcrc violatcd (Stcp 45) .  This ~nforma- 
tion will also be includcd as part of thc asscssmcnt 
documcntation (Stcp5.2). Exarnplcs of assumplions 
that can affect thc outcomc of an analysis arc: 

Thc USGS rcgrcssion cstima tcs for pcak discharge 
arc oftcn dcvclopcd using data from \r.atcrshcds 
that arc not heavily urbanized. channrlizcd, or 

d i s t r i h d  between landscap;? subunits. The u& 
of ama as an indicator of a sink function further 
assumcs that all wetlands receive import from a 
sourceor, if not, that the spatial relationship between 
wetlands and sources is similar behvrrn landscape 
!%bunits. 

Theurof hydricsoilareaasanindicatorof hist 
wetland ama assumes that (a) wetland soil retainsits 
hydric characivristics after drainage or conversion, 
(b) hydric soilsare properly mapped, and (c) more 
pcrmancntly Iloodcd wetlands, which could a p  
pcar on SCS maps as waterand not hydricsoils,are 
cithcr insignificant in an area or are distributed in 
such a way that bias is uniform across all subunits. 
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Step 3.6 -Finalize Subunit Seledon 
Aft- ~?Mng the final indicators, the resourceanalyst 
should reconsider subunits in light of the type of data 
available. For m p l e ,  at first the analyst may sekt  
watersheds for subunits in Step 2.7 but later lind that 
most data werebasedoncountyunits ThedyStmust 
thendecide whether to prorate thecountvdata to water- 
shed u&ts (see ~ ~ p h i x  F) or to & counties as 
landscapesubunits. This will depend onoverall project 
goals and on whether the assumptions wcesary for 
prorating hold hue. 

Step 3.7 - Conduct Pre-Analysis Review 
Before conducting the assessment, the analyst should 
ask management and technical experts to rwiew the 
overall management obpaives, the synoptic i n d i i  
that were defined, and the selected landmpe indica- 
tors. The experts should, in particular, consider the 
appropriateness of the indicators with resped to obpc  
tives and constraints, and also review indicator 
assumptionsfor any evidenceof violations. If violations 
are found, data may need to be adjusted or discarded, 
and alternate indicators considered. 

Step 4: Conduct e s s m e n t  
Once landscape indicators have been defvred and as- 
sumptions have bccn explicitly identified, maps and 
data can bcobtaincd from theappropriatesourw. The 
technical analyst canbqgn thep-ofproducing the 
synophc maps. 

Step 4.1 - Plan Quality Assurance/Ouality 
Control 
Data for a synoptic assessment typically come from 
multiple sou- kg., state and federal agencies, uni- 
versities, and non-profit organizations) and come in a 
variety of formals, includingmappeddata,tabulardata 
from reports, and computerized databases. Because 
reliabihty of the final product depends on quality con- 
trol of data promslng. a r t  of protocols should be 
devcloprd fordetcrminingand maintainingdataqual- 
ity. Thc tcchnical analyst shouldbegin this stepeven 
bcforc data are rmivcd, using information obtained 
during the data survey p h a r  (Stcp 3.1 ). 
Protocols should bc dcvclopcd for designing the data- 
b r a n d  forurrcning, archivingand dmrncnting the 
data. Forcxamplc, protocolsdcvelopcd for data m n -  
ing should identify qucstionable data bascd on an 
understanding of cxpcclcd valuesand obviousoutli- 
ers: A value of 100 ccntirnclers per year for average 
precipitation would be questionable for a stale in the 

arid southwest, and a peak discharge of only 103 
cubic meters per secund would obviously be too low 
for a mapr river. Percentages should add up to 100, 
and areas for component land uses should add up to 
total area. Pmtocolsshould also bedeveloped for any 
variables to be measured, e.g, map mea'surements, 
and should indude criteria for assessine a m r a w .  
p r e d r i o n , ~ m p l e t e n e a , ~ ~ t a t i ~ & a n d  com- 
parability (EPA 1989). 
In addition to the initial information collected during 
the data survey (Step 3.11, data documentation s h d d  
include desaiptiom of the protocols, database design. 
and archiving formats 'Ibis information should be 
included as part of the assessment documentation 
(Step 52). 

Step 4 2  -Perform Map Measurements 
Much of the information used in a synoptic assessment 
is derived from ma= Examoles of information and ~- ~ 

50- indude: w e h  -'and number of wetland 
typesfmNWImaps,hydricsoilareafmmmuntysoil 
surveys, elevations and stream channel lengths from 
USGS topographic maps, and non-wetland land use 
from USCS Land Ux/Land Cover (LULO maps. 
Two typesof meanvementsareoftenrnade fmmmaps: 
area and length Uthemapisindigital format,aGIS can 
be used to generate these measurements. If a GIS is not 
available, thekahuesen beplanirneted orestimated 
using a dot grid. 'Ihese three techniques are d i m 4  
in Appendix G. 
If data reported for one type of spatial unit are to be 
prorated to another type of unit, pint areas must be 
calculated to serveas Wghtingfactors. Forexample, if 
populationdatareprtd by county need tobeadjusted 
to watershed subunits,thepercent of thecounty lying in 
a particular watershed must be determined from an 
overlay of the two different areas (see Appendix FJ. 
E m r  or bias can be introduced in map measurement 
through inadequate technician training, differences in 
accuracy between analysts, and defects or improper 
calibration of equipment. If maps are digitized for 
analysis in a CIS, compare hard copies of the digitized 
maps to the originals for accuracy. Also perform a 
quality control check for all map measurements by 
having a different analyst repeat 5% to lLl% of the 
measurements to establish an error level. A discrep 
ancy of more than 5% between analysts might be 
considered unacceptable. If the target is not met, a 
more comprehensive check is necessary. 
The tcchnical a ~ l y s t  must keep in mind the d i f f m  
between n c c u r q  of mnp mcnsumnml and m u l l  mnp 
m u r q .  A mapcanbemeasuml veryaccurately,but 
still have unacceptable overall accuracy if the map 
itrlf contains errors. For example, a map produced 
through photo-interpretation of aerial photography 



might contain significant classification errors if the 
phobinterplrrter is inexpRienced. A good discussion 
of data quality and errors in mapping is found in 
Burrough (1986). 

Step 4.3 -Analyze Data 
A number of calculations could be required to produce 
an index value for each landsape subunit from the 
variousdatasources Commonanalysesmightinclude: - 

Calculating ChamvlSlopc- UX;S d i i r e g r e s -  
sions often indude dwnel slope as a variable ?his 
s l o ~ e  is defined as the difference between tk eleva- 
tioi of points located at 85% and 10% of the 
mains&m channel length. This difference is di- 
videdbv thechannel distancebetween the two mints. 
i.e, 75% of the -el length (Appmdix HI.' 
ProratingArcas- Asdiscussed inStep43,datamust 
be ~mrated if an indicator is to be calculated for one 
&c of unit based on data reprted for a diffaent 
type of subunit. Many types of data are typically 
rrported by county, e.g., population statistics, agri- 
culturddata,soilcharact&tiadata,andendangered 
spxies statistics; if the synoptic subunits are not 
counties, thcse data must be prorated using the 
weightings generated in Step42 

305b Water Quality Summaries - Under Sedion 
3QR of the Clean Water Act, states are required to 
q r t  the cxtcnt to which their waters are meeting 
watcr quality standards. 'Iher 305b reports list, by 
stream rgmcnt or of wakr body, whether a 
sampled segment fully supports, partially supports, 
or docs not support (nonsupporting) the "desig- 
natedw"of that cegrnent (forexample,astreamcan 
be dcsignatcd as swimmable or fishable). If the 
serment is not fullv s u ~ w r t i n e  the rewrt lists the , .. 
cautegory of pollutant impamng%w wa&,e.g., point 
ornonpolnL The pcrmtagcofasrsscdstrcamsthat 
fully support stitc dcs ie tcd  uses could be em- 
~lovcd as an indicator of overall water Quality. To 
~ u c e s u c h a n m d ~ ~ a t o r , t h ~ s t ~ ~ a m ~ t s & t h i n  
eachsubunlt must bc~dcntihcd and the relcvant data 
s u m m a n d  forthatsuburut. Notethat thequalityof 
state305brcportsvancs by state. Theanalyst should 
also be aware of how the data wcrc collected. 

Final indcx estimatcsarc p r o d u d  by completing any 
othcrnrmssarycalculationsand convcrting tostandard 
units, cg., hom English to mcb-ic. Howcvcr, caution 
must be cxcrcixd whcn using rcgrcssion cquationr 
For cxamplc, thc USGS rcgrcssionquations for hfissis- 
sippi(1andcrsand Wilson199l)estimatcpeakdivhargc 
in f ? / x r ,  using arca (mi2), channcl lcngth (mi), and 
s l o p  (ft/mi); using mctric units for area, channcl 
Icngth, and s l o p  would be incorrcct. since thc rcgm- 
sion cquation was bard on t ho r  English units. If 
mctric units wcrc dcsircd, divhargc should first bc 
calculated in fp/rc using thc English units, and thcn 

converted ton?/= Thisindicator of hydrologicinput 
could thenbecombined withanindicatorof c a p m y  to -~ - ~ 

produceantsthateof hydrolopic W o n .  Additidnal 
ex ivnpl~  of index estimation are provided in the case 

Afterindexvduesarecalculated foreachsubunit, the 
subunits can be ranked by numerical values. For 
example, inan a s s m m t  of 50subunits, the subunit 
with thehighestvaluewuld begivararankof l for that 
index. and the subunit with the lowest value even a 
lank of 50. statirtical padcages such as sASg (SAS 
Institute,Inc 1988) can performth€5ecalculationsaut~ 
maticany. Rankings for each index should be included 
as part of the dadatabase 
ll-e last step in analyzing the data is to perform a 
complete data quality check on the final database. For 
any calculations F n n e d  by computer, the analyst 
should recalculate a sample by hand to assure that the 
algorithms were pmpmrned properly and that the 
output is accurate. 

Step 4.4 - W u c e  Maps 
The final synopticmapscanbeproduced byacomputer 
mapping package, such as a GIs, or manually if re- .. - .  
sourrrsaree~lylimitedorifnoautomatedsystem 
is available A CIS is recommended because it offers 
easy storage and manipulation of data and allows in- 
terim products to be used in later adyses. A CIS also 
gives the technical analyst greater flexibility to expeii- 
ment with different display formats. 
If a CIS is used, two different databases are typically 
required: one of the digital boundaries of the study 
area and its subunitsand oneof the index values that 
will be assigned to the subunits. Boundaries for all 
U.S. states, counties, and U S  accounting units have 
been digitized and areavailableat low coG in various 
formats (see LULC entrv. A~vendix E). If dieital 
boundary data are not &ai&le, hand digiti&on 
may be necessary. This could be cost prohibitive if 
the study area includes a large number of highly 
detailed mlveons. but thebenefitsof~roducinecom- . ,- 
puler-generated maps often outweiih the digkzing 
costs. In some instances, suffioent accuracy may be 
achieved at even lower cost by using electronic 
scanners that digitize maps automatically. 
The indcx values and rankings for each subunit must 
alsobccnarcd into theGlS. Thedhod ofammplish- 
ing this and thc amount of effort required will depend 
on the particulardataba&Scombination. Many CIS 
packagcsprovidcrou tinesforlmdinginfomtionfrom 
commonly used commcrdal databases. 
O m  thcdataarein thcCIS,mapproduaion canbegin. 
Wcmommcnd thatthctechnicalanalvst vroducecom- 
poncnt maps for cach index if the in& reprecnts a 
combination of data sources. For example, if the 
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Fipur.3.1. lllurtrationolmapsusin~diHeferenlclassinferv~lsloreprercntlhe.nmadala: ~ a ~ e q u a l i n t e ~ ~ l s b a s ~ o n t h e d ~ a r a n Q e ;  
(bl intervals bared onquanilcr: lcl inlcrvslsincraasingatconrtanl rate:and id1 intervals basedon thcfmqumy distribution iadapld 
Imm Robinson el al. 19841. 

USGS regressions are being used in Mississippi for is often unavailable, common alternatives are to di- 
pcak discharge, then component maps of area, chan- vide the rangeof numeric valuesinto equal intervals, 
ncl length, and slope should also be p rodud .  This or assign an equal number of subunits toeachinterval 
would allow thc technical analyst and remum s e a l -  ba rd  on rankings (e.g., quartiles). The visualappear- 
ist to examine the data and dctcrminc whether the ance of a given set of results can vary greatly, 
rcsultine swtial relationshmare reasonable. dcocndine on how intervalsareselected (Fiwre 3.1). " ,  
Omof the most important dmsionsin thcmapproduc- 
tion p h a r  is how to display the data. At a minimum, 
thc map should includc the index value for each 
subunit. Howcver. to promote interpretation, the 
data arc lypically aggregated into classes, or intcr- 
vals. Idcally, class boundaries should reflect actual 
thmholds of function or valuc. c.g., patch sizcs b e  
low which wildlifcuxdrops precipitously or strcam 
size abovc which local urban flooding is known to 
occur. Bccausc such technically spccific information 

'&~hoic~of class intervalsisoneof themok impor- 
tant decisionsin theentire processbecause thesynoptic 
maps will be the assessment's most visible outcome. 
People can easily reach erroneous conclusions if the 
map they are examining contains improperly dis- 
played data. Perhaps the best way to design the 
intervals for mapdisplay is to first createa histogram 
or frequency curve showing the distribution of the 
numerical data (Figure 3.2). This will allow the ana- 
lyst t'o detect any natural clumpings and alsn reveal 
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Fiour. 32 .  Dinerent porriMe data distributions: (a1 uniform with outlier. Ib) normal, Id bimodal. and (dl negative binomial. 

common patterns such as normal or logarithmic dis- -t's accuracy. If the assumptiom were v i e  
tributions. Many standard textsoncartography,such lated for some units, it might be pwible to adjust the 
as Robinson et al. (19841, include discussiom on dis- index values For example: 
play of mapped data. Selection of an indidor for peak dirharge could 
Once the appropriate intervals have been selected, the haw been based on the assumption that iubunits 
technical analvst mnsidm ootions for dimlavine the were not sienificantlv reeulated bv dams. If a s u b  

~ 

rangeof valu&, e.g., color, s&ding,orhat&ng. &lor, 
although mom e x p s i w ,  gives the greatest conhast 
and flexibility and should bccmidered if slidepresen- 
tatiom will bc made. Document production is less 
expensive if gray shadings am uxd; however, the ana- 
lyst should rlcct shades that pmvidcenough conhast 
to bc distinyishcd aflcr photocopying. 

Step 4.5 -Assess Accuracy 
Throuchout thc courr of thc a s r s s m t ,  the technical 
analysTand rcsourccspcdalist should look for evidence 
that anv of thcassumotiomstatcd inStc~3.5 havcbccn 
vlolat&and mns~dc;thccffcasthtswo;ld havcon the 

unit is f o u k  to hate akrge  dam or other mapr 
regulation, peak dirharge would be significantly 
lower than thedischarge thatwouldoccurmhtdly. 
The index value for that subunit could then be r e  
assigned to the lowest category. 

To calculate wetland loss, the indicator for current 
wetland area could have been derived from USGS 
LULC maps if digital NWI wetland maps were not 
available. In crosschecking the classification, the 
analyst might have found that some areas classified 
as seasonally flooded riverine wetlands by NWI are 
classificd on the LULC mapsasdeciduousforcst,i.e., 
non-wetland. This undmtimate of wetland area 
would cauranovmestimateof historic wetland loss. 
Thcxdata may beadcquatefor rclativecomparisom 
of wetland lossif thc proportionof dtxiduousforcst 
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is similar in all subunits, Even if some subunik a~ 
much more dominated by deciduous forest than 
others, the analyst might be able to derive a correc- 
tion factor toadjust thesubunits, basedon thepercent 
of riparian land cover. 

If the indices cannot be adjusted in such a fashion, the 
analyst may need to dirard the data for the landscape 
subunits in which violations occurred. In some cases, 
the analyst might determine that the indicator isunsuit- 
able for the required level of accuracy. 
Throughout the entire assessment process, the tech- 
nical analyst must consider the quality and aauracy 
of data sources to determine theoverall quality of the 
f1na1 products. Unfortunately, no formai pro&ss for 
weighme the various factors exists. Ultimatelv. the 
tech>icar analyst and resource spxialiit muit. use 
their own judgment and familiariiy with the data to 
determine whetherthesvno~ticresultsmeet the stated < .  
needs (Step 1.3). 

Step 4.6 - Conduct Post-Analysis Review 
The assessment team should again seek technical ex- 
perts' review comments following completion of the 
data analysis and synthesis. Thisinformation willassist 
the team in deriving conclusions and suggesting ways 
the resul& can be used. Because them is no method for 
quantitativelyassessing theaccuracyof results. thisstep 
and the pre-analysis review (Step 3.7) are essential to 
assurc that results are adequate for the intended use. 

Step 5: Prepare Synoptic Reports 
The last step in the assessment is to report how the 
information was derived and how it can be used. 
Two diffcrent documents are appropriate: a report 
for themanager and resourccspccialist (a um'sguide) 
and a detailcd reporting of procedures to serve as a 
record of thc complete assessment process (assess- 
ment documentation). Draft versions of these 
documents could also bc includcd as part of the post- 
analysis review (Step 46). 

Step 5. I - Prepam Uwf  s Guide 
Thisreport should focuson the ~esultsof theassessment 
and how the d t s  can be used to meet the original 
object~ves. It might include protocols and illusha- 
tions of -how the synoptic maps can be used in 404 
permit reviews and should indude any important 
caveatsand assumptionsas well as theoverall level of 
amracy. In particular, the user's guide should make 
dear that final numeric values are relative rankings, 
and should be treated as such. For example, if a 
subunit is ranked lowest of six for habitat functions, 
thisdoesnot necessarily mean the subunit lackshabi- 
tat or that its habitat is insienificant. It means it has 
lower habitat function, relazve to the other subunits 
Similarly, a relatively high subunit ranking for wet- 
land replacement potential doesnot necessarily mean 
aU wetland l o s s i n  that subunit canbeeasily q l a d .  
The intended audience for this report includes re- 
source spffialists whoaleinvolved indecision-making 
or planning, as well as murce agencies, rdenlists, and 
the public 

Step 52 - Prepare Assessment 
Documentation 
Eachsynoptic assessment should include, for internal 
use or distribution to interested parties, complete 
documentationof how theasswment wasconducted, 
including the objectives, constraints, rationale for in- 
dex definition and indicator selection, assumptions 
related to theindicators, and detailed descriptions of 
the procedures used in measuring and analyzing the 
data. Any problems encountered should also be 
described. The report should carefully document the 
sources and quality of the various data sets and de- 
scribe where and how the data are archived. It also 
should indude an overall assessment of data quality 
and recommendations on how the assessment could 
be improved in the future. This document is a de- 
tailed remrd of the assessment process, and could be 
valuable if procedures are forgotten, challenged (e.g., 
through litigation), or if the assessment is updated. 
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Cumulative impacts assessment should be bound c lose l y  w i t h  management 
planning f o r  an ecosystem o f  concern and should cons is t  o f  scoping and 
analys is  o f  impacts from the  past t o  the  present. Cumulative impacts 
management planning f o r  an ecosystem o f  concern should cons i s t  o f  
i n t e r p r e t a t i o n  and d i r e c t i o n  o f  impacts o f  ongoing and near f u t u r e  act ions. 
When deal ing w i t h  many problems i n  a complex s i t ua t i on ,  t h e  recomnended 
cumulative impacts assessment course o f  ac t ion  i s  to:  emphasize s c i e n t i f i c ,  
cause-effect understanding and comnunication; s t ress  measurable ove ra l l  ac t ion  
toward progressive goals; use a generation-long, ecosystem-level, problem- 
so lv ing  and so lu t ion-ach iev ing  process; and r a t i f y  an interagency 
co l l abo ra t i ve  d r i v e  toward cumulative improvement o f  the  s i t u a t i o n .  

Select ion o f  a s t ra tegy  f o r  dea l ing  w i t h  each p r i o r i t y  cumulative 
impacts problem should based on the m i t i g a t i o n  opt ions o f  res tora t ion ,  impact 
avoidance, o r  impact minimizat ion. The major ob jec t ives  o f  cumulative impacts 
assessment and management planning should be to :  generate l o g i c a l ,  
s c i e n t i f i c ,  and t ime ly  problem analyses; b r i ng  agencies together  
c o l l a b o r a t i v e l y  t o  develop an ove ra l l  management strategy, plan, and spec i f i c ,  
measurable resource goals; and meld those r e s u l t s  i n t o  comprehensive species 
and h a b i t a t  maintenance and enhancement b luep r in t s  f o r  the  ecosystem o f  
concern. Natural  resource agencies can soon an t i c i pa te  a s h i f t  from 
s c r u t i n i z i n g  i nd i v idua l  permits, l icenses,  and assessments w i t h i n  an ecosystem 
o f  concern t o  a new c a p a b i l i t y  o f  p rov id ing  ecosystem-level guidance. The 
pub l i c  can expect an ac t i ve  increase i n  p o s i t i v e  ecological  impacts and 
reduct ion i n  negat ive impacts as a r e s u l t  o f  cumulative impacts assessment and 
management. 

INTRODUCTION 

The growing awareness o f  cumulative impacts i s  accompanied by some 
puzzlement as t o  how they should be addressed. There i s  general agreement, 
however, t h a t  cumulative impacts (a lso  known as cumulative e f f e c t s )  are a 
serious ecological  challenge, as t y p i f i e d  by: a) s i g n i f i c a n t  d e t e r i o r a t i o n  o f  
major ecosystems (estuaries, lakes, and r i v e r s ) ;  b) fragmentat ion and l o s s  o f  

Note
Williamson, S.C.  1992.  Cumulative impacts assessment and management planning: Lessons learned to date.  U.S. Fish and Wildlife Service, National Ecology Research Center, Ft. Collins, Colorado.  18p.



critical habitats (wet1 and complexes) ; and c) long-tern population declines 
(anadromous fish and migratory waterfowl). 

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

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

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



assessment and management planning, because of its greater potential for 
achieving long-term goals. 

1 DEFINITION 

When determining the scope of an environmental impact study, regulations 
' 

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

This paper is specifically concerned with ecological cumulative impacts 
assessment (concentrating on impacts up to the present). The Council's 
regulations, first pub1 ished in 1978, provide definitions that can be 
suhnarized as follows: 

Cumulative imoact is the "impact on the environment" of the "incremental 
impact of the action". 

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

Environment means the "effects on natural resources and on the components, 
structures, and functioning of affected ecosystemsa. 

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

I TRANSLATION 

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

Cumulative impacts are the combined effects of all human actions and 
natural events on the ecoloqical environment (Salwasser and Samson 
10R6\ 
.a"-, . 

tumulative actions (plural) assessment is scoping and analysis of the Wzd 
imoacts of multi~ie D ~ O D O S ~ ~  actions on the affected ecosvstem, and is 
not the subject of this oaoer. 

Cumulative imoact assessment is scooing and analysis of the incremental -- 

imoact of one oast action on the.affected ec&vstem, and also is not the 
subject of this paper. 

Cumulative impacts (plural) assessment is scoping and analysis of the total 

ecosvstem. 
Cumulative impacts management planning is interpretation and direction of 

the total imoacts of present actions and multiple orooosed actions on 
the affected ecosystem. 



TYPOLOGY 

We have found that typologies of cumulative impacts create a good deal 
of research interest but, like definitions, the pursuit of a definitive 
typology may turn into a tangent from cumulative impacts assessment. The 
typology of cumulative impacts presented by the National Research Council's 

' 
Comni ttee on the Appl ications of Ecological Theory to Environmental Problems 
(1986) is adopted for this paper. That typology recognized the following 
cumulative impacts: time-crowded perturbations, space-crowded perturbations, 
synergisms, indirect effects, nibbling, threshold developments, and lag 
effects. 

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

I CONVENTIONAL ENVIRONMENTAL IMPACT ASSESSMENT 

A classical environmental impact assessment is motivated by a proposed 
project; it focuses on and describes many site-specific environmental effects 
due to the project (an individual development action or one interrelated set 
of development actions) (Truett et al. 1992). A cumulative impacts assessment 
is generally driven by resource declines or concern over possible declines; it 
should focus on an ecosystem of concern and provide an overview of major 
species and habitat problems and the causes of the problems. The Council on 
Environmental Qua1 i ty directed that environmental impact assessment consider 
cumulative impacts. According to Granholm et al. (1987). numerous 
institutional difficulties have been found with the practice of including 
cumulative impacts assessment as part of the environmental impact assessment 
process including: a) determining appropriate timing, costs and level of 
effort; b) apportioning the cost and responsibility for the assessment and 
mitigation among participants; c) coordinating assessment of different types 
of projects that cross agency jurisdictions; d) selecting appropriate methods 
and development scenarios for a particular assessment; e) limited history of 
application of most of the appropriate methods in a regulatory context; and f) 
identifying specific roles for project proponents and other interested 
parties. Making ecological cumulative impacts assessment part of an 
environmental impact assessment has been difficult and ineffective; the best 
use for a cumulative impacts assessment has been in management planning for an 
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Environmental impact assessment focuses on inventorying and analyzing 
individual project effects; cumulative impacts assessment for management 
planning should focus on understanding of the ecosystem involved and 
f o m u l  at i ng management programs to solve ecological problems. Recognizing 
that no agency has the overall authority to regulate, design, or plan for all 
the aspects of cumulative impacts, a cumulative impacts assessment should look 

' 
at a much larger geographic area than typically used for evaluating an 
individual development action. Cumulative impacts are a pervasive problem 
that requires a different way of doing business from just the review of 
individual Federal projects, permits, or licenses (Muir et al. 1990). 

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

WHY DO CUMULATIVE IMPACTS ASSESSMENT? 

Cumulative impacts assessment is most appropriate when dealing with many 
ecological causes and effects. Cumulative impacts assessment and management 
planning should be used in the most difficult ecological situations that 
encompass cumulative causality (started by multiple human actions and natural 
events), cumulative system effects (followed by decline of multiple habitats), 
cumulative fish and wildlife population effects (resulting in declines of 
mu1 tiple species), and cumulative restoration (rejuvenated by mu1 tiple human 
actions). 

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

I DESIGN OF SUCCESSFUL ASSESSMENT 

Advocates of traditional methods in educational and governmental 
institutions have created unfocused, time-consuming, misguided, and narrowly 
defined assessments (National Research Council of the United States 1986; 
Canadian Environmental Assessment Research Council and United States National 
Research Council 1986). The evolution of cumulative impacts assessment 
methods has been constrained by reluctance to accept responsibility for 
cumulative impacts assessment and management planning. Under these 
conditions, jurisdictional problems have overwhelmed the process and the broad 
spatial and temporal bounds necessary for managing cumulative impacts are not 



incorporated into the assessments. It is important for effective cumulative 
impacts assessment and management planning to emphasize not numerous small 
assessments or a single, final plan, but an ongoing, regional, long-ten 
strategy and planning process (National Research Council of the United States 
1986; Canadian Environmental Assessment Research Council and United States 
National Research Council 1986). 

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

overall situation, each problem, and problem interactions. . Stress measurable overall action toward progressive goals for each problem. . Use a generation-long, ecosystem-level , problem-solving and solution- 
generating process. 

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

COLLABORATIVE 

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

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

GOAL OR1 ENTED 

Goal orientation forces a cumulative impacts assessment and management 
planning project to be purposeful and focused. Setting quantitative, 
measurable, time-dependent goals implies that society has deemed particular 



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

The Canadian Environmental ~ssessment Research Council and United States 
National Research Council (1986) questioned whether cumulative effects could 
be managed without a comprehensive set of societal goals. To improve 
cumulative impacts assessments and make them useful in regulatory 
decisionmaking, explicit societal goals should be defined and made part of a 
comprehensive, future-oriented planning process (Horak et a1 . 1983; Stakhiv 
1986; Canadian Environmental Assessment Research Council and United States 
National Research Council 1986). A key point of cumulative impacts management 
planning is that strategic pol icy decisions should be made and goals for 
resources of concern set in the assessment, before management planning takes 
place. 

PROBLEM SOLVING PROCESS 

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

The complexity of many cumulative impacts problems corroborates the 
assertion that cumulative impacts assessment cannot be accomplished by a 
method or technique developed to apply in all cases. According to the Canadian 
Environmental Assessment Research Council (1988), cumulative impacts 
assessment under1 ines the need for a long-term, we1 1 -organized approach 
leading to resolution of the problem's scientific and institutional aspects. 
A successful cumulative impacts assessment should employ a problem solving 
process that can be applied intensively to a wide range of situations and 
utilizes adaptively the most appropriate methods and techniques. 

SCIENTIFIC CAUSE AND EFFECT 
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Cumulative imacts assessment reou tires a hiah order of analyst S 
interoretation of cause-effect 1 inkaaes: new concbts and a1 ternaiive 

and 
~~ ~ ~ ., . thinking 
proce;ses to ~ restructure the problem; new techniques to aggregate diverse 
impacts, and a holistic, integrative perspective (Horak et al. 1983). 
Granholm et al. (1987) concluded that new methods are needed to deal with the 
complexities of multidisciplinary systems and that available techniques such 
as group problem-solving, area assessment, and simulation modeling are either 
used ineffectively or not at all. Because cumulative impacts assessment, 
unl i ke traditional environmental impact assessment, is a f o m  of pattern 
analysis and must detect and analyze trends, cumulative impacts assessment 
needs scientific understanding of cause and effect (Canadian Envlronmental 
Assessment Research Council and the United States National Research Council 
z1986). 

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

RECOMMENDED PROCESS 

The recomnended cumulative impacts assessment and management planning 
process should follow the steps: 1) in the scoping phase, define the 
ecological situation in specific terms of individual problem statements and 
select one strategy for each problem; 2) in the analysis phase, investigate 
and document the problems and their causes in detail using the best available 

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

It has been useful to distinguish cumulative impacts assessment (Steps 1 
and 2 above) as the portion of the time horizon from the past to the present 
and cumulative impacts management planning (Steps 3 and 4 above) as the 
portion of the time horizon from the present to the future. Step 1 focuses on 
qua1 itative problem descriptions and is intended to accomplish problem 
identification, clarification, and expression. Establishing appropriate 
temporal, spatial, and political boundaries is difficult, but critical to the 
success of a cumulative impacts assessment (Lee and Gosselink 1988). Concern 
about cumulative impacts by Federal natural resource regulatory agencies has 
been pronounced in areas that are moderately large and complex (entire 
ecosystems with a focus on aquatic and wetland habitat). Generally, a 
.multiagency group of natural resource management experts should be gathered to 
work coll aboratively in a workshop setting. The group identifies important 
ecological problems contributing to the overall situation, agrees on problem 
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statements, and documents those problems using the relevant scientific 
literature. Careful statement of each problem goes a long way toward 
stimulating action on its solution. 

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

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

At several points during the assessment process, subjective value 
judgments must be made with reference to some framework of social values. It 
has proven essential to deli berate collaboratively on the ramifications of 
each possible strategy and gain interagency consensus early in the scoping of 
the problem. Strategy selection should be based on the Council on 
Environmental Qua1 ity's five options for mi tigation and depends on society's 
"acceptable standards" for ecological resources: a) where the current 
ecological condition is below acceptable standards, a restoration strategy is 
appropriate; b) where the current condition is about equal to acceptable 
standards, a strategy of impact avoidance (no net loss of habitat) is usually 
chosen; and c) where the current condition is above acceptable standards, a 
strategy of allowing some decline from current conditions by impact 
minimization will work. Impact minimization is generally the current strategy 
of the natural resource agencies concerned about cumulative impacts 
assessment. Just an agreement on the most desirable strategy for each problem 
is frequently a major advancement for the agencies involved. 

RECENT HISTORY 



Considering the number of a r t i c l es  being published, in te res t  i n  
cumulative impacts i s  increasing. The f i r s t  two a r t i c l e s  wi th  the term were 
pub1 ished i n  1975. I n  the period from 1975 t o  1980, the publ icat ion r a t e  was 
between one and four papers per year. I n  the period 1981 t o  1984, the 
publ icat ion ra te  was between 6 and 13 papers per year. I n  the period from 
1985 t o  1988, the publ icat ion ra te  was between 11 and 37 papers per year 
( W i  11 i amson and Hami 1 ton 1989). 

PROJECT BACKGROUND 

A cumulative impacts assessment pro ject  was i n i t i a t e d  by the U.S. Fish 
and Wi ld l i f e  Service i n  1984 a t  the Yestern Energy and Land Use Team (now the 
National Ecology Research Center). The project 's systems analysis approach 
involved the stages of: 1) understanding Ecological Services' user needs 
(Yil l iamson e t  a l .  1986). 2) conducting rea l  world analyses o f  cumulative 
impacts problems using prototype t r i a l s  (e.9.. Williamson e t  a1. 1987), and 3) 
developing and re f i n i ng  an assessment process. Collaboration w i th  other 
cumulative impacts assessment researchers was emphasized i n  interagency 
conferences t o  advance cumulative impacts assessment (see Williamson and 
Hamil ton 1989). 

To develop and improve a Fish and W i l d l i f e  Service approach, we 
undertook several cumulative impacts assessment case studies (by observing the 
work o f  other agencies) and prototype t r i a l s  (by conducting them j o i n t l y  wi th 
U.S. Fish and Wi ld l i f e  Service's Ecological Services f i e l d  o f f i ces  across the 
country). Some o f  these are described below. The process developed through 
these stages has been characterized as a c lassical  planning process f o r  the 
purpose o f  ecological problem solving. 

UNDERSTANDING BARGE NAVIGATION EFFECTS ON RIVERS 

The f i e l d  o f f i c e  i n  Cookeville, Tennessee used a sc ien t i f i c ,  cause- 
e f fec t  network diagram t o  prepare comnents on barge t r a f f i c  permit 
applications i n  the Ohio, Tennessee, and Cumberland Rivers. The diagram met 
the needs o f  the Corps o f  Engineers and the f i e l d  o f f i c e  i n  determining 
pr inc ipa l  resources o f  concern, problems, and causal pathways. The major 
contr ibut ion o f  t h i s  project  was the successful use o f  cause-effect network 
analysis. The diagram d id  not provide a quant i tat ive analysis, but i t d id  
provide a mechanism f o r  understanding and comnunication between agencies about 
important factors and a framework f o r  tracking potent ia l  e f fects  o f  barge 
t r a f f i c .  The Corps' o f f i c e  asked that future e f f o r t s  also provide such a 
cause-effect network diagram. The cause-effect network diagram was l a t e r  used 
by the Annapolis f i e l d  o f f i ce  and the National Fisheries Center-Great Lakes t o  
spec i f i ca l l y  describe several major omissions i n  a barge t r a f f i c  simulation 
model prepared under contract f o r  the Corps o f  Engineers. 

DESIGNING BETTER OIL FIELD DEVELOPMENT IN ALASKA 

The Fish and Wi ld l i f e  Service's regional and f i e l d  o f f i ces  developed 
planning aid documents t o  minimize the cumulative impacts o f  o i l  and gas 
development on the wet tundra o f  the North Slope coastal p l a i n  o f  Alaska 
(Meehan and Webber 1985; Walker e t  a l .  1987). The regional o f f i c e  applied the 



cumulative impacts assessment and management planning process t o  the Co lv i l l e  
Delta o i l  f i e l d  w i th  the in tent ion o f  extending the lessons learned a t  the 
Prudhoe Bay o i l  f i e l d .  For example, i n  the wettest parts o f  the o i l  f i e l d ,  
resul tant  f looding and thennokarst were found over l o r e  than twice the area 
covered by roads and other construction (Walker e t  al. 1987). Alaskan o i l  
development provided an opportunity t o  study cumulative impacts on a wel l -  
defined t e r r e s t r i a l  scale and i n  a re1 a t i ve ly  p r i s t i n e  habi tat  resource. 

PLANNING RESTORATION OF CHESAPEAKE BAY 

The Annapolis f i e l d  o f f i c e  conducted a cumulative impacts assessment and 
management planning project  i n  accord wi th the Chesapeake Bay Restoration 
Plan. The Environmental Protection Agency has the lead r o l e  i n  the bay 
restorat ion program and has emphasized restorat ion o f  water qua l i t y  (e.g., 
nitrogen loading, dissolved oxygen concentration) i n  the bay. One o f  the 
documents (Flemer e t  a l .  1983) prepared as par t  o f  the bay restorat ion program 
i s  so good that  i t can serve as a template f o r  the report  f o r  a cumulative 
impacts assessment. I n  conducting a prototype cumulative impacts assessment, 
workshop part ic ipants defined problems, i den t i f i ed  important cause-effect 
relat ionships, and developed preliminary remedial action plans (Williamson e t  
a l .  1987). As problems were examined through cause-effect network analysis, 
there was a c lear movement away from problem statements focusing on 
development actions (near the s t a r t  o f  causal chains) and f i s h  and w i l d l i f e  
species (near the end o f  e f fec t  chains); when problem iden t i f i ca t i on  was based 
on habitats (the hub o f  causes and ef fects) ,  the assessment focused c lear ly  on 
ecological goal attainment and remedial action management planning . As a 
consequence o f  the assessment, a 70% decline i n  d i s t r i bu t i on  o f  nat ive 
submerged aquatic vegetation across the bay proper and increased amounts o f  
suspended part iculates i n  h i s t o r i c a l l y  productive watersheds were i den t i f i ed  
as keystone problems t o  be deal t  with. The Fish and Wi ld l i f e  Service has 
chosen t o  pursue an emphasis on l i v i n g  resources (e.g.. indigenous species o f  
submerged aquatic vegetation) as opposed t o  an emphasis on water quali ty. 

GUIDING GROWTH I N  AN URBANIZED ESTUARY 

The Daphne, Alabama f i e l d  o f f i c e  conducted a Mobile Bay cumulative 
impacts assessment and management planning project. The assessment and 
planning project  contains four major elements: 1) a cause-effect network 
analysis; 2) a status and trends analysis; 3) goal-sett ing f o r  bay resources 
by the natural resource management agencies; and 4) development o f  a 
coordinated action agenda. I n  goal-sett ing work f o r  eight problems, each o f  
them had some combination o f  the following: current action goals (things that 
can be done i n e d i a t e l y  o r  that  should continue), management-related 
information goals (things that need t o  be done t o  improve and maintain our 
understanding o f  the bay system), and 20-year attainment goals (what would we 
l i k e  the bay i o  look l i k e  i n  20 years). The State o f  Alabama was concurrently 
conducting a cumulative impacts assessment f o r  Mobile Bay. The f i e l d  o f f ice 's  
work (wi th the other natural resource agencies) was adopted and carr ied 
forward as the State's recomnended approach and resul ts  f o r  Mobile Bay. The 
advisory group f o r  the State's project  has come t o  the conclusion tha t  
project-by-project cumulative impact assessments (see ea r l i e r  de f i n i t i on )  are 
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ineffectual and that an ecosystem-level cumulative impacts assessment (leading 
to comprehensive ecosystem-level guidance) is advantageous. 

ANALYZING A GREAT LAKES CONNECTING WATERWAYS ECOSYSTEM 

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

CLUSTER IMPACT ASSESSMENT PROCEDURE 

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

AVOIDING IMPACTS ON SALMON HABITAT 

The Snohomish Guidelines for the Evaluation of Hydropower Projects were 
designed to avoid further loss of salmonid habitats and populations due to 600 
proposed (mostly small-scale) hydroelectric development projects in 
Washington's Snohomish River basin. This cumulative impacts management 
planning project (see earlier definition) addressed each project through 
individual project siting, design, operating, and timing specifications for 
the project applications. The Snohomi sh guide1 ines (Stout 1988) were used in 
a situation where no further deterioration or loss of habitat has been 
accepted (and legislated) as society's intention. The Guidelines were 
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developed by a c o a l i t i o n  o f  concerned Ind ian  t r i bes ,  Washington S ta te  
agencies, and Federal na tura l  resource agencies. 

BOTTOMLAND HARDWOODS 

The F ish  and W i l d l i f e  Service conducted th ree  workshops f o r  t h e  
Environmental Pro tec t ion  Agency on t h e  ecological  impacts o f  bottomland 
hardwood defores ta t ion .  Cumulative impacts ana lys is  a t  l a r g e  watershed o r  
r i v e r  basin l e v e l s  became an important p a r t  o f  t h e  p ro jec t .  The p a r t i c i p a n t s  
came t o  the  conclusions t h a t  ecological  goals are essent ia l ,  t h a t  goals 
f requent ly  are no t  ava i l ab le  a t  scales t h a t  match cumulat ive impacts problems, 
and t h a t  a means o f  nonincremental ana lys is  i s  needed f o r  cumulat ive impacts 
assessment (Gosselink e t  a l .  1990). Set t ing.  goals o ther  than no change o r  no 
f u r t h e r  l o s s  was d i f f i c u l t ,  because i t involved society 's  preferences as we l l  
as p r a c t i c a l  aspects o f  regu la t ion .  Gosselink and Lee (1989) described a 
landscape ecology approach and i t s  use i n  a cumulative impacts assessment t h a t  
involves h a b i t a t  f ragmentat ion and loss. They hypothesized t h a t  i n d i v i d u a l  
features are no t  as important as the  pattern, and i t  i s  t h e  key features o f  
the pa t te rn  which must be i d e n t i f i e d  t o  conserve b i o t i c  d i v e r s i t y  and the  
broad func t iona l  values associated w i t h  these ecosystems. 

FUTURE NEEDS 

The general problem fac ing  the  U.S. F ish and W i l d l i f e  Service's f i e l d  
o f f i c e s  i n  t r y i n g  t o  assess cumulative impacts i n  1985 was t h a t  cumulat ive 
impacts assessments were no t  happening (Wil l iamson e t  a1 . 1986). That problem 
could best be redressed by convincing the  responsible e n t i t i e s ,  bo th  i n s i d e  
and outs ide the  F ish  and W i l d l i f e  Service, t o  conduct those assessments. I n  
addi t ion,  a process and methods were needed t h a t  prov ide t h e  techn ica l  
c a p a b i l i t y  t o  conduct a cumulative impacts assessment based on t h e  resources, 
no t  j u s t  regulat ions.  Two causes o f  the i d e n t i f i e d  problems were techn ica l  
shortcomings o f  i nd i v idua l  assessment t o o l s  and i n s t i t u t i o n a l  hesitancy t o  t r y  
something new. 

From a t e n t a t i v e  schedule f o r  the  ten  h ighest  p r i o r i t y  ac t ions  f o r  
addressing cumulative impacts (Wil l iamson e t  a l .  1986). the  f i r s t  s i x  act ions 
have been e f fec ted  w i t h  var ious l e v e l s  o f  e f f o r t  and success. The o ther  four  
act ions have the p o t e n t i a l  o f  moving Federal agencies from attempted 
cumulative impact assessment t o  the  more product ive area o f  cumulat ive impacts 
assessment and management planning. I n  t h e i r  order o f  importance, the  
suggested act ions are: a) review and enlarge agency goals and p o l i c i e s  f o r  
hab i ta t s  and species; b) conduct cumulative impacts assessments f o r  f i s h ,  
w i l d l i f e ,  and h a b i t a t  resources o f  na t iona l  and regional  concern; c) develop a 
Federal interagency counci l  t o  f o s t e r  b e t t e r  cumulative impacts assessments; 
and d) make ecological  moni tor ing and p r o j e c t  fo l low-up func t ions  a na tura l  
resource agency responsi b i l  i t y  . 

I n s t i t u t i o n a l  re luctance t o  conduct cumulative impacts assessment and 
management planning p ro jec ts  has decreased considerably but  needs t o  be 
reduced f u r t h e r  (Muir e t  a l .  1990). An interagency ana lys is  o f  the  
d i f fe rences between an incremental impact viewpoint ( i  .e., environmental 
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impact assessment) and a total impacts viewpoint (i.e., cumulative impacts 
assessment) would help. Undertaking sound environmental impact assessment 
without the regional context and cumulative changes is difficult (Canadian 
Environmental Assessment Research Council 1988; U.S. General Accounting Office 
1988). Federal agencies could improve individual analyses of pennits and 
licenses by providing a framework within which to evaluate them; this can be 
done by high1 ighting ecosystem-based, collaborative cumulative impacts 
assessment and management planning (Stakhiv 1988; U.S. General Accounting 
Office 1988; Gosselink et al. 1990). 

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

Through coalition and comnitment of the responsible natural resource 
agencies, those agencies can jointly do a more effective and efficient job of 
comprehensive ecological planning and management. So far in cumulative 
impacts assessment and management planning projects, the responsible natural 
resource agencies have included State departments of fish and wild1 ife, State 
and local departments of natural resources, ecological research institutes. 
Indian tribal councils, the Corps of Engineers, Environmental Protection 
Agency, Fish and Wildlife Service, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service, and Canadian federal and 
provincial natural resource agencies. Cumulative impacts assessment and 
management planning can shed light on these agencies' unified activities that 
will attract funding for ecological programs. 

The real contribution of mi tigation and reclamation actions to achieving 
society's ecological goals could be improved by using cumulative impacts 
assessment and management. When the natural resource conservation, 
regulatory, and 1 and management agencies ratify an interagency collaborative 
drive toward cumulative improvement of the overall situation, they should be 
able to move toward several management goals simultaneously. With cumulative 
impacts assessment and management planning, the Fish and Wildlife Service has 
been able to promote such positive aspects of management, mitigation and 
reclamation and avoid negative, adversarial, and confrontational situations. 



Ye have progressed considerably froln the baseline study approach tha t  
emerged shor t ly  a f t e r  passage o f  the National Environmental Pol icy Act as the 
primary response o f  ecologists t o  mu1 t iple-species concerns and as the major 
supplier o f  information f o r  the environmental impact assessment process 
(Truett e t  a l .  1992). Twenty years la te r ,  we have learned tha t  you cannot 
e f fec t i ve ly  regulate individual minor contr ibutions t o  cumulative impacts but 
that  you can plan for them i n  the aggregate. It i s  no longer a question 
whether we should conduct cumulative impacts assessment and management 
planning projects. We should! The question i s  also not how can we best 
conduct such a project. That depends on the situation, as described here. 
The question now i s  'How can we acquire the support f o r  conducting cumulative 
impact assessment and management planning projects?' Instead o f  continuing t o  
r e l y  on the a b i l i t y  o f  American c i t izens and i ns t i t u t i ons  t o  respond t o  
indiv idual  ecological crises as they are recognized and popularized, a 
technological capabi l i ty  f o r  coordinated, e f fec t i ve  action through cumulative 
impacts assessment and management planning should be developed before 
ecological problems reach c r i s i s  proportions. 
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Introduction 
This paper describes a cumulative impacts assessment process and the results to 

date from its prototype application to Chesapeake Bay. Cumulative impacts. s used 
hcrt. are the accumulation of all effects of human actions and natunl events on the 
scologicd environment (Sdwasser and Samson 1985). Odum (1982) called this 
~ituarion "the tynnny of small decisions" because no decision was ever consciously 
made to allow cumulative impacts. C a u x s  of eventual cumulative impacts problems 
arc usually sepanted in space or time m d  frequently differ in degree: therefore. the 
reduction in env~ronmental quality is gradual and ohcn goes unnoticed (Williamson 
e! 31. 1986). 

The Chesapeake Bay ecosystem [Figure I )  has been subjected to numerous alter- 
atlons. which oitsn inrenct in complex and poorly understood ways. Human actions 
in relation to housing. industry. agriculture. tnnsponation and navigation have re- 
jultcd in disposal and dispersal of solid wastes. heavy metals. petroleum hydrocar- 
h n ~ .  h~ocideb. hynthet~c organics. h r ~ t e d  water. nutrients. and acidic atmospheric 
crn~sions  tCapptr er a1. 1983. Flemer et a1. 1983). The water chemistry and physics 
oi the Bay haw deterior~ted. as indicated by increses in biochemical oxygen de- 
mmd. water ternperaturc. suspended sediment load. sediment deposition and tur- 
b~dity. by rcduct~on in strcam ilows and dissolved uxysen. and by modifications of 
d l n p  m d  alkalin~ty. The biolo$d composit~on of the Chesapeake Bay ecosystem 
hai bccn Atered. 2s indic~ted by chan_res in algae and submerged plant species (more 
nulsancc spec~esl. dccrcascs of most species o i  endemic submerged aquatic vege- 
t m m .  and increasts o i  c p ~ p h ~ t e s  on endcrn~c submerged plant species and predators 
tm 4 c n r a n  shcllfi>h. Populations o i  fish and wildlife species-such as the American 
t i !  srcr ~Crtrssu,rrrcr i~rryrnico~. striped bass i.Llorurrr sururilis) and cmvasback duck 
r.4yrlryrr rdi~lrrrrrcr~-have declined substant~ally (Lippson 1985). 

The U.S. F i ~ h  2nd Wildlife Service IUSFWS) has a l e p l  responsibility for main- 
:enance ~ n d  ennanccmtnt o i  b~ological resources in the Bay. The USFWS Can xsist  
In rehtormg Ba! water quality. biological productivity. and fish md wildlife popu- 
latlons to them former levels hy: I 1 I participating in the current revision of Section 
:OX watersned management plans through the Federal Clean Water .k t :  (2)  reviewing 
fedtrally permitted activities wirhm the Bay's watersheds. as mandated by the Fish 
md \l'ildliie Coordination .Act: 2nd 13) reviewing environmental impact statements 
:1lr rn;lior icder;d actions as mandated by the Yar~onal Environmental Policy Act. 

Note
Williamson, S.C., C.L. Armour, G.W. Kinser, S.L. Funderburk, and T.N. Hall.  1987.  Cumulative impacts assessment: An application to Chesapeake Bay.  Trans. N. Am. Wildl. Nat. Resour. Conf. 52:377-388.
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The USFWS's Annapolis Ficld Office recenlly k e m c  involved in a multlagcncy 
program to restore Chesapeake Bay and, therefore, needed to understand clearly each 
problem that influences environmental quality and hoy that problem is related la 
other pmblcms in the Bay. Once problems arc annyed, h e  USFWS can then: (I) 
analyze each problem or set of problems: ( 2 )  prioritize them in terms o f  relative 
Importance: 131 set management goals for affected resources: (4) design economicdly 
ic%ible remedial measures: and (51 measure progress toward management gwla. 

Methods 

In cumulat~ve impacts usessment. i t  is tempting to evaluate what is readily qua-  
tiliablc yet not meaninyiul. Usually. the diificulty is  to evaluate what is mcminglul 
but not wadily quanl~llablc. One category of problems can be formulated in a rel- 
atwely easy mmner by use of mathematical models. suitable algorihms and a com- 
puter's Jata-processing capabilities ISchenk 1986). Another category of problem 
can be formulatcd only with much difficulty. or not n all, and is addddnwd only by 
a specialist whose problem-solving ability is potentially far superior to computer 
methods. The pmcess used in this study relies on the problem-solving abilities of a 
group of resource man'agement erpens working cooperatively and collaborativcly in 
a workshop setting. 

The imponant problems affecting Chesapeake Bay were identified in two work- 
shop held at the USFWS's Annupulis Field Office. Causes. eifecu a d  lrcnds of 
those problems wcre modeled. a d  ncedcd actions wcre identified. T h m  criteria 
were used to screen pmblems beiorc complete analysis in thc ~ X o d  workshop: 
I I I which slemcnts uf the Chesapeake Bay restontion are the Field Office's re- 
.pon,ibility t r  concern: 121 whether and when the Ficld Omce would be able lo  
measure success in wlving a pmblem: and 13) which resources or ecological p m m -  
cten could be managed effectively. 

We uscd an ecological problem-solving approach tSalwasvr and Samson 1985. 
National Rescvrh Council 1986) lo  cumulative impacts asxsrmcnt for Chesapeake 
Bay. The complex environmental situation and major eiforu k i n g  expcndcd on 
restoration of Chesapnkc Bay IFlemer el al. 1983) indicated the locus should k on 
a buic step-undemanding the situation. The pmccss involved identifying the pmb 
lems contributine to the situation. aareeing on kynone problems. analyzing and - - . . 
documenting keGtone pmblems. m d  planning cor&ive ictions for keystone pmb- 
Icms. The resultinv informatiun is then uscd to convince decision makcn a d  man- 
age" "I the need for action. The early steps in the pmblem-solvinl pmccss arc the 
equivalent o i  the hypothesis penention and cxpcrimcnlal design phases of a xientific 
,tudy. The process we used is analaryuus to the diagnostic pmccdure called "SOAP" 
U K ~  by the medical pmiession. 

S: Subjec-iivr drrt.r~priun of the problems as staled by the patient lwe applied the 
nominal group technique in the t ia t  workshop. 



0: Ohirrrwr drrcrrnrinn of the problems bascd an the medical team's examin~tions 
and labontory test results lwc used a resource mameemen! team's consensus 
and an examinalton of the rcicnt~fic litenturcl. 

A :  Arsrssmrnr of the case by ltcmtrmg and rankme the m a p  problem< as deter- 
mmed by thc medical team l vc  used cauxelfcct diasramming in the l i rv  and 
recond workshupsl 

I? Plan o i  ipec~lic comct~uc m ~ a n s  for cach idcnt~ficd pmblem (we applied the 
tuncttonal ~nalyvs \yctum techn8que in the wuond wrrksha~pl. 

The htyhc\t pnority problems wcrt ~dcnttfied urlng the nwmnal jrtrup technique 
I Balus el a1 IYH!). whlch l~mltc verbal intcmctltvns Ia mxmuze indcpendcnl lhought 
2nd input. We stancd w ~ h  the prcmnc. "Cumulative imp~cts arc not hung adequately 
addrcrsed in Cheqmke Bay." and thcn asked "What ~ r c  the ecdcrgcal md  en- 
\,ronmental problcms asswutcd w ~ h  the Bay!" Thc paniclpants independently 
idcntstied numerous problems and then nnkcd the live nlurt impman1 problcms. h t  
the sccond workshnp.' we re.cxamincd the mo,l impanant pmhlcms bascd nn nur 
r~usc-eiicct analyses from the linr wmhhop As Er~ckwn I 198i) iwnd  dtcn hap- 
pens. the concludmg problem \tatcments ddfcrcd wb\tant~rlly iram the inmal prob- 
lem sta1cments. 

Cmro-cifcct diayr~nlnltnn ~Rtygr and lnnuc 19751 was u d  In rclate thc causes 

in J log~cal. undcntandablc ~ n d  technlrdly dctcn\~hle lormat For prcwnt~tinn pur- 
prws. dl o i  the analyses were rummarucd 2nd abhrcwated tlr their cwcntial paints. 

In lunut~onal malysls ,y,tcm tcchntquc IFASTI Jiagr~mm~nr. Ihgical. needed 
JcllonS  re idcnttlicd ba,cd on the causal palhw3ys in the iausc.cifect diaeram 
~Enckwn  198 11. Dixrcte tmks arc then idenuticd to addrr~r cach cause ncarcsl to 
the problem. First. the relined. quant8ficd pmhlem Wtemcnt 15 recast as an ob~cctive 
ior recovery. Then. r each ,rep to the nght the qucstitm "How!" is a,kcd and 
somparcd lo the yuesttnn "Why .'" ior cach \rep to the lc l t  Only the causer of the 
prohlem arc analyzed lor rcmedics: thus. ,olurtons that treat rymptoms rather than 
iaure, ian k ~votdcd. 

Results and Discussion 

P r r ~ b l r m  Dr r r r ip r ion  

The I 3  USFWS panicipmrs in the lint workshop ~Navemhcr I9851 created a l i s t  
,d 33 problems associated with Cherapeake Bay. The It1 pnrblr,nr listed most ire- 
quently were: I I I degraded water quality: 12) loss manh md  wetland habitat: 
I?I intcnswe rhoreline allcratton: I41 loss o i  >ubmerged rquatlc vegetation: I51 ex. 

-a ios ive numeas: 161 overscdimcnmtton: 171 pocx farming tcchn8ques: 181 problems 
caused by expanding humm pnpulatlons: 191 decline in anadmmous tirh pspulat~ons: 
2nd I 101 uverharvest. The tirst two problems were mal)zed A the tirxt wnrkshop. 

Analysis of the water quality dcpradalion problem pmduccd the following causal 
categories: increascd water acidify: cxccssive nutricnls: low dissolved oxygen con- 
centntiun: toxic wastes: sedimentation: increased water rempenrure: salinity mod- 
ifications: ;water erosion: more aleac blmms: and increased amounts of bacteria 
and virmcs. Some o i  the othcr problnns identified by the panicipanls aka were 
listed among the causes uf degraded wafer quality. 

,Anrlvsis of loss nf  welland habtts produced the followine causal categ&s: . - 
pllut!on tpum source and nonpolnt sourcct: wetland drainage: ti l l opntions: drcdg- 
me: Irerhwater ~mwundment: wave andcumnt scour action: wildlife prazinp, dama~e - - - 
lo iubmcrgcd aquatic vegctatim: and rising sea level. Hen. also. a number o f  the 
nrohlm~r identified bv the oanicipants were listed as causcs of loss of wetland habitat. , . 
Problem ,utcments 01 watcr quality degndarion m d  wetland habitat loss pmvcd to 
be r w  b r a d  lor orduclivc causc.cifcct analvsis. 

As a result a i  the l i n t  workshup. we learned that we should specify how to measure 
2 success. iocus on the rcsponsibililies and concerns of the USFWS. and thcn rank. 
wdcr the impmmt problems facine the Annapolis Field Office. The csantial poinls 
rverc .'How would we mearurc success'?' and "Do we have enuueh control lo  be 
~uccesstul'!" and .'Is that measurement of success a clear rerponsibility of our 
organir~tlon!" 41 the second workshopllanua~ 1986). live panicipanls lthe aulhors) 
annlyzcd three of the high priority problems facing the Field O fkc :  I I )  the decline 

nvcwintcring populations o i  canvasback ducks: (21 the decline of submergcd 
q w l i c  vegcotion: ;and 131 the increase of suspended pmiculates in a sample water- 
rhrd. 

Cmrlmhurk alurh. The cifccts of the decline in ovcminaring papulations of can- 
vasback ducks have k e n  generally negative. mwtly in terms of dccrc~scd viewing 
and hunting success (Table Il. Bcc~use of the simultaneous but unrelated i nc r cw  
in the Canada goose popuhtion. however. the level o i  popular concern is no! as high 
as i t  might be ~Mcanlcv IYB?l. The IJSFWS has signiticant control over legal and 
illeyal harvest tthrnugh huntins rcgulutit)ns and law enforcemenll. lead shot poisoning 
tthrnugh lead shot restrictionsl and avian disease tlhrough breakup of duck concen- 
Irationsl. However. these arc nut perceived as imponant causes of the canvasback 
duck decline. The decline of the canvasback's prefemd f t d .  submerged aquatic 
vegcmtion. is the most imponant c~use uf  the nvenvintcring prpulation decline. 

Of some 20 species of submerged aquatic plants in Chesapeake Bdy. 7 of the 10 
predominant rpcies arc regularly used by waterfowl IMcanley 1982)-wild celery 
~Vullisrrrriu umrricunut. soulhern naiad I~Vujur ,paduhtpmsist. muskgms IChara 
rpp.1. redhead grass lPorumu,qrron pcr/oliantsl, sago pmdwccd tPorarno,qrron per., 
rinurarl. widgeon grass ~Ruppiu maririmal and eclgrass tZorrrm marina). The abun- 
dance of a major allernalive food sourcc for canvasbacks. the Baltic clam lhfurf~ma 
hnlrrmt. has also declined. Cmvasbacks now use wintering grounds in the North 
Carolina rounds. where submerjed aquatic vcgcration and the Baltic clam are st i l l  
abundant. Restoration of submerged aquatic vegetation would appew to offer the 
greatest hupe of increasing the winter canvasbtck duck population. 

For the canvasback duck decline. we can measure management success (by aerial 
iuweys of duck popularionsl. m d  the USFWS has a legal respmibiliry for main. 
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tcnance o f  canvasback duck pupulattrrns. The USRVS. however. does n a  have 
ctmtrol over the major iacturs l i m ~ ~ ~ n g  orcrwintering cmvasbark Juck p,pulstions. 
Thus. elfuns espmded un dirccl re,tor~lion u i  awcrmintcring p)pulations uf can- 
\arback ducks on Chcsapde Bay mny be wastctul and prhapr iutilc. Thls same 
conclusion may well apply to uther declinmg migwor). u ~ t c r i u w l  spcics-redhead 
~A,vrkw umrricunul. ,\mericln wigcon 1.4,lur umrnlcd,lut m d  plnlail 1.4. ucnrul. 

S J m r r y r d  qrur;c vrqrronun The must impunanl dilccts u l  the decline uf  sub- 
tncrgcJ qual ic  vegetation are reduccd i w d  and cover for rhellfish. tintish m d  
u.atcnbwl. which led lo reduccd abundance n i  lhose animals and. consequently. to 
reduced hunting. lishing m d  obsewadon opponuntrics [Table 21. The major decline 
101 rubmerged quat ic vcgetauon in  Chesapeake Bay has occumd .iince Humcane 
.Agnes in  June ,972. Although submerged aquatic vcget~liun beds recovered within 
two or three ).can from damagc by a mure severe hunicane in .August 1933. the 
e~pectcd recovery iolluving Agnes has nor txcuned iSrcvcnwn r.1 rl. 19791. With 

Table ? S~mphkd cruses and clfccll mdyr~r of wbm@ qunt r  v e t a r m  decline nn Chn- 
a p r k r  Bay Ilk c a w s  and rffccu prccwd u -1 mpmvlt by the U S Firh a d  Woldlilc 
S c n r r  I Annrpuln FlcW O l k r  uc capatalurdl 
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thc exception of the invariun uf the intmfuccd Eurasian watermilfoil IrHwioph~Num 
spi~.u~urnl. illmost all submereed aquatic vceetation spccies have declined simulu. - .  
neously. 

Hurricane Afincs caused omlun~ed lrcshenin~ of Bay waters. which did extensive 
damagc l o  sub&erged aquaiic ve&tation Ms i~leven;on el  al. 19791. R e p w t h  l o  
t i m e r  abundance has no! occumd. and i t  is generally believed lhnt eutrophication 
of the Bay. not salinity mdilication. is limiting the recstablishmenl o f  submerged 
lqwdtic vc~etalion. Net orimarv pmduction of submer~ed aquatic veeelalion was JO 
& c e n t  u f ihe  total for ;ubmer&d aquatic vegetation and aigae in  1663: in 1975. i t  
was 6 percent of the total. Excessive amounts of nutrients in  agricultural tunoff 
waters arc stimulating green and blue-preen algae blooms. These blooms increase 
turbidity and increase b i ~ h c m i c d  oxygen demand. Suspended sediment from erosion 



is believed to be prcvcnting rccstablishmcnt u l  many submergcd aquatic vegetation 
bees. Numerous othcr causes may contribute to the dcpressiun o l  submergcd aquatic 
vcgctation regrowth. but ~ r c  consdcrcd to be relatively minor. 

Management succcts could be read~ly mclrurcd in area and biomass o f  wbmergcd 
aquatic vcgctatton beds. The USFWS has a respansib~lity to saicyuvd wetlands. hut 
no direct regulatory authortty w c r  any o i  the impmant causcs o i  submcrqcd ~ q u a t ~ c  
vcgctatton dccltnc. Thc rgcncwc that the USFWS wurks w ~ t h  on the Chcsapzke 
Buy restontm. howcvcr. have nlrna~cmcnt control 1c.g.. \ l q l ; m d  Dcprnmcnt o i  
Natur~ l  Resourcesl and regulatan contrul tr g . U S A n y  Curpt o i  Eng~nccnt. 
3 y  carpentlng w ~ t h  thcw aymclcs. the LSWS can work on thc submcrgcd aquatic 
vcgctation dccl~nc prublcm in d ~~~~~~~~mr wzy. 

Sarpmnd~dpurraulurr~. Thc negative eilccts i r i  c ~ c c \ w c  *urpndcd paniculatcs are 
prvastve across phys~cal hab~tat. rubmcrged a q u ~ t ~ c  rcgetattun. bcnth~c tnvcnc- 
bntcs. shcllti,h and t i n h h  tTdble 31. The Choptank Rwer tf igurc I I w>s chosen 
3s an example watcnhcd becduse 11 has J hlgh hl,tam~ dnd cll,tong lbut JceraJmp! 
t$,h md wtldlttc rcrnurcc value 2nd 11 hnuh rdnLlne hr the \ l ~ n l J n J  Dcp~nmcnt - .  
ul' Agriculture in the Cherapc~ke Ba) nunpomt ,ourcc prlluyon program. The pmb- 
lem statcmcnt was rc$tnctcd to the u p a r  irinton u l  thc uatcnhcd. which is pr immlv . .  . 
mtluenced by intnuatcnhcd inputs Thcrc. s in Cher~pc~kc  Bay in gcnenl. the 
current major conccms Jrc nanprmt \ourcc lhulings $11' rgrtcultunl icnilizcm. scd- 
Iment. m m z l  warlcs Jnd psttctdcs. 

The matonly ut the Chwtank Rt\cr ualcnhcd 1s in arnuultunl land uw. and 

. . . . 
agncultunl pncucc, 2nd natural eruwm. 

Ilanaucmcnt success wlth the ~uspendcd ~antculatey Drublem could be mu~surcd 
using on.*tte ~amplcr and turblditv mrdwrenlentr itr remarrely renwd retlectanccs. 
The C S W S  has only indirect rc%p>nsbb~lil) tor \urpcndcd pantculatcs tar they affect 
l i \h  2nd u~ ld l i i e l  and no rcgulmr) ~ u t h u r i t ~ .  The qenctcs that the U S F W  works 
with on the Chcsapc~hc Bay rcsrurJrton haw rccubtur? ~uthuriry w c r  unly pan u i  
thc problem ti.e.. IcderJl p n t t s  iur chmneliz~tiun dl rivcrinc and palustrine wet- 
lands~. By working cn lpenl~vc ly  cm the current rcvi,tun o i  the Sectiun 208 watcrshcd 
tnaniljement plans through the Fcderd Clem Wawr .Act. huuc\.cr. the USFWS cm 
intluence the suspended pantculates problem. but unl! on 2 !v~terrhed-byuatershcd 
barn. In total. the suspcndcd paniculatcs problem is meawable. nut reldily man- 
aucjble and m indirect rewms~bolitu of the Senice as i t  relates to iish. u~ ld l i l e  and 
their lhabitat. 

Table 3. Simplilicdrrurn md elks mdyris ofrhe inmueafsurpnded pmiculrtes in dw u ~ e r  
Choprnk River vatcrrhd llhe cruses and dfrcrr prccivd as m r t  imponmt by the U.S. Fish ud 
Wildlife Scrrre'l Annapolis Field Office m crpimlizrdl. 

.NCTRIENT LOADING 
FROM EXCESS 
AGRICULTURAL 
FERTILIZERS 

*NUTRIENT TRANSPORT 
FROM INCREASED 
AGRICULTURAL 
DRAINAGE 

Sdlmenl 
*LAND.CLEARING 

KTIVITIES AND 
DRAINAGE 
CONSTRUCTION 

*,\CRICULTURAL 
PRACTICES 

0"CATURAL EROSIVE 
PROCESSES 

.K~tunl rranrwhw ncas 

-- * Altered ltming and la r ion  
of 8rh spawning 

*INTERFERENCE WllH 
RESPIRATORY AND 
FILTER FEEDING 
MECHANISMS OF - 

FINFISH. SHELLFISH 
AND INVERTEBRATES 

*FILL INTERSTITIAL 
SPACES IN STREAM 
SCBSTRATE 
REDUCTION OR 

THE AMOUNT OF ELlhllNATlON OF 
SUSPENDED SPAWNING HABITAT 
PARTICULATES HAS +COVER AND REDUCE 
INCREASED IN THE BIOMASS OF BENTHIC 
WATERS OF THE UPPER INVERTEBRATES 
CHOPTANK RIVER REDUCTION OF 
WATERSHED DISSOLVED OXYGEN 

AND INCREASED 
ANOXIC CONDITIONS 

:INCREASED EPIPHYTIC 
GROWTH ON 
SUBMERGED AQUATIC 
VEGETATION tSAVl 

4 REDUCED 
PHOTOSYNTHESIS AND 
GROWTH OF SAV * Rcductiun ur elirninviun d 
,uucpnblc finfish e#'r nd 
I ~ x  

W A major step in the cumulative nmp~ctr Jne\mcnt prtscss is the s)nthe\is ~ r i  a 
Ul plan for c.omctmg each prublrm. The USFQS has thc her1 opponunity lor wcess 

u i th  the three problems here malyzed by influencing rubmrrpcd aquatic vqcwtion 
reaor~tion. The problem statement was changed into an objective u i  rcstomion o f  
wbmergcd aquatic vegetaion. An  analysis o i  a problem's causes should lead to 
identification o i  the elements u f  a solution. We plsmcd a set u i  tasks to address the. 
most imponant problem causes (Table 4). Mostoithc corrective el'lorIs wen  d i m e d  
toward decreasing nutrient m d  sediment loading in Bay waen. Additional tasks 
were directed towvd special mana~cment and Jamsgc reduction lor existing and 
historic submerged aqurtie vegctatiun beds: research un thc rilecls un wbmerged 
aquatic vcpctatiun beds of navigation chmnclization. erotic species invasion and 
aquatic herbivores: and masurenrnr ol'mstontion effort success by ;rerial phurog- 
mphy missions. submerged aquatic vegetation bed mapping and regular vegetation 
biomass sampling. 



'iL:BIIERCED 
.\OCATIC 
\ EGETATION 
%S.AVI 
I>IFTRIBUTION 
M.\S DECLISED 
IS 

LEVELS AND 
HAS FAILED 
TO RECOVER 

INCRESE TllE 
DISTRICILTIOV 
OF 
SCBhtERGED 
AUCATlC 
VEC.ET.ATIO\ 
IN 
CHESAPE 4KE 
BAY TO lVnV 
LEVELS 
0:mw 
ACRES1 

.tCnllt* r~n~ullurr l  h# 
mrnqcmml pncnre% I RItPtl 
lor lkh. *IIJIIIc md thew 

h.hllll 
>ASSESS EXCESS 
VUTRIENT IUPICTS ON 
V4LUADLE W4TERSIIEDS 

:REVIEW STATE WATER 
I)U,\LITY PLAWS TO 
PRUhtOTE YCTRIEST 
REDCCTIONS 

:INl:LLESCE rEDER.\L 
CUST SII:\RINT. 
PRIX;RA\IS FOR 
\GRICCLTCRE TO 

IVCRE.\SE 
LIGHT 
TR \SSXIISSIOY 
BY 
DF.CRE.\StS(i 
515PEVDtD 
>EDI\IE\T 

Conclusions 
The cumulative impacts assessment process described here can be used for problem 

rnalysis and prognm planning. Although the process is simple. it requires a detailed 
cram~nat~un of rhc components of each problem. One key to a successful pmblem 
analys~s or program preparation i s  cmfu l  spcificnion of the pmblcm statement or 
objccttve. T w  broad a problem statement may lend to failu; to examine cach of 
the individual problem components in enough detail to be uxful.  The inalysis and 
plann~ne results can be most elfectivcly displayed in a diagram or flowcharbecaux 
01 thc difficulty in prcscnung the complex inlomation in a text format. While all 
01 the ~n~errclatiunsh~os could be reorerented in the more traditional box-and-amw 

~~ . 
Jiapram. we believe that the iniormation is more understandable and easier to com- 
munrate in the cause.etfect diagram lorme. Application of the pmccss showed that 
it IS 2 valuable organizcr 111 group thinking. an easy way lo obtain understanding 
nnd general acceptance. and a comprehensive method lor identifying s p A i c  ms- 
lorallon tasks. 

Pntential usen o i  the prmlucts should be involved and have primary responsibility 
lor the analysis. Thu creates a sense of commitment and responsibility in cach 
pm~cipant. Involvement of perrunnel from many agencies and disciplines will m u l t  
in closer coordination 2nd Sreatcr cwpration in the achievement of resource ub- 
jccrives. Decision maker suppon will be more likely because of the logical and 
dciensible approach. well-defined scope of the cffon. and easily understood pmess. 
.Addi~~onally, individuals in each pnnicipating agency can understand haw their 
activities and responsibilities mesh. 

In this cumulative impacts aswssment process, we uwd a few simple techniques 
to studv a complex situation. We generated a hypothesis that restorationof submerpl 
aquatic vegetation should be a major thrust of the Chesapeake Bay restomion. 
Submerged aquatic vegetation decline is r keystone pmblcm that can be measured. 
monitored and manreed. md  i t  directly relates to declines in abundance of migrntory 
lish and wildlife srsc~cs tPrice c.r al. 1985). We believe that submerred auuatic - .  
vegetation rhould 6 a central focus of the restontionnf Chcrapake Bay. Dislribution 
and biomass o i  submereed aquatic vcmation. s ootioxd to mcsuremenls o f  nulrient - .  - . . 
concentrations and toxic chemical loading. can *we as an integrator o f  human 
imoaca on the Bav and 2s a uuantitative indimor I J ~  the environmental w ~ n l i t ~  o f  . . 
the Bay. Living resources insteadof water quality parameters would serve u excellent 
long-term me;wurcs sr i  the success uf  our restoratiun cffons. 
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