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I • � 

NO� ICE 

This report is one of severa l  commissioned by the 
Environmenta l Re search Asses sment Committee for us e in its 
study of the role of re search and development in regulatory 
decision maki ng in EPA. The views expressed herei n  are 
t hose of t he Pane l on Environmental Impacts of Res ource 
Mana gement a nd do not ne ce ss ari ly repre sent those of the 
Committee. 

�he pro j ect o f  which t his report i s  a part was approved 
by the Gover ning Board of the National Re search Counci l, 
whose member s are drawn from the Councils of the Nationa l 
Academy of Sciences , the National Academy of Engi neering, 
and the I nst it ut e of Med ic ine. �he members of the Panel 
responsible for the report were chosen for the ir special 
competences and w ith regard for appropri ate ba lance. 

Th is report has been reviewed by a group ot ner than the 
a uthor s  according to procedure s  approved by the Report 
Review Committee consi sting of members of the Nati ona l 
Acad emy o f  sciences, the Nat ional Academy of Engineer ing , 
and the I nst itute of Medicine. 

This study was s upported by the 

Environmental Pr otec t ion Agency. 
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The Panel on Environmental Impacts of Resource 
Management was one of four panels commissioned by the 
Environmental Research Assessment Committee (ERAC) to 
identify scientific and technical information needed for 
effective regulatory decision making. The reports of the 
panels are part of the assessment by ERAC of the role of 
research and development in the u.s. Environmental 
Protection Agency (E PA), an analytical assessment that is, 
itself, one part of a more extensive study by the National 
Research Council of the acquisition and use of scientific 
and technical information by E PA in its regulatory decision 
making. 

The prime objective of the ERAC study was to examine the 
processes by which information is acquired by EPA through 
research and development. Because these processes have both 
managerial and scientific aspects, the Committee divided its 
work into two parts. One part, concerned �ith the 
organization, coordination, and �anagement of research and 
development to support the agency's mission, is the subject 
of a separate report by the ERAC itself. The other, which 
deals with the identification of technical opportunities for 
research and with strategies for guiding research planning, 
was divided among the four panels. The report of the Panel 
on Sources and Control Techniques deals with research needed 
on the generation of residuals and strateg ies for their 
control. The report of the Panel on Fates of Pollutants 
deals with research needed on the transport, transformation, 
and accumulation of pollutants in the environment. The 
report of the Panel on Effects of Ambient Environmental 
Qual ity deals with research needed on the effects of 
environmental pollution on living and nonliving things. 

This report, prepared by the Panel on Environmental 
Impacts of Resource Management, deals with the 
identification of fundamental and important needs for 
information on the environmental consequences of the 
management and use of natural resources. Knowledge of the 
effects of resource management activities is an important 
component of the information E PA needs for many of its 
regulatory decisions, as well as a vital consideration in 
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the decisions of other agencies whose missions are to manage 
resources. 

In its charge to this panel, the ERAC asked the panel to 
recommend strategies and priorities for research and 
development that would produce information of significant 
value for environmental decision making. The objective of 
this panel's study was, therefore, to identify questions 
that EPA needs answered and to suggest effective ways to 
apply the nation's diverse research capabilities to the task 
of finding those answers. 

The Environmental Research Assessment Committee wishes 
to express its appreciation of the contributions made by the 
members of the Panel on Environmental Impacts of Resource 
Management in the preparation of this report, for the 
cooperation of the members of various agencies and 
institutions, and for the assistance and support of Dr. 
James J. zucchetto of the Departroent of Environmental 
Engineering sciences of the University of Florida in 
Gainesville, who served as a consultant. It also wishes to 
acknowledge the contributions Roade by the staf f, 
particularly the dedicated work of Dr. Edward Groth III who. 
as Staff Officer for this panel, provided invaluable 
direction, support, and editorial assistance. 

John M. Neuhold 

Chair�an 

Environmental Research Assessment Committee 
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SUMMARY 

Many act ivit ies undertaken in the development and 
management of natural resources occur on very large 
geographic s cale s , and the effects of such act ivit ies may be 
felt over extend ed per iods of t ime .  Decision makers 
responsible for the management of resource s must identify 
and compare the like ly long-term and short-term consequences 
of a lternative management choices. Those consequences 
include both bene fits o f  resource use and adverse effects, 
such as undesirable environmental impacts. I n  order to be 
most useful for decision making , resea rch on the 
environmental impacts of resource management activities 
should be part of a comprehens ive analysis of the ecological 
and socia l s ystems in which the resources occur and are 
managed. An analysis is needed that integrates the many 
physical, biological and social considerations that affect 
policy choices. 

Cbapter 1 of this report discusses the si ze and 
complexity of resource management problems, and examines the 
apparent inability o f  ex isting institutions for decision 
making and research to deal with such i ssues in an 
appropriately comprehensive ma nner. 

�hap�-1 describes a generali zed approach to the 
anal ys is of resource management problems, based on 
simulation modeling of resource systems. The physical and 
social elements of a generalized s ystem and the wa ys those 
elements interact as the system changes �ith t ime are 
discus sed in terms of components that a useful model should 
include. 

The chapter next L riefly reviews several a nalytical 
tool s for the study of complex systems, and finds each 
valuable, but none ent irely satisfactory. Ecological 
models, although some are very large and sophisticated, 
cannot yet be sa id to represent the actual comp lexity of 
real ecosystems ; nev er theless , simplified ecosystem models 
have useful practical applications in the management of 
specific resource systems. Sirrilarly, available methods for 
social and economic analysis of systems need not include all 
the elegance of current economic theory in order to te 
useful for management decision making; simfle, pract ical 

1 
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techniques can be developed for applying such tools to 
specific resource proble�s. some existing models attempt to 
integrate the ecological and socioeconomic elements of 
systems; for example, EPA developed the Strategic 
Environmental Assessment System (SEAS) model. Although such 
efforts still face substantial methodological problems, some 
significant progress h as been made toward the needed 
comprehensive analysis of resource systems. Energy 
analysis, a still-developing technique for measuring and 
comparing the transfers of energy that occur in natural and 
technological systems, is a somewhat different analytical 
approach that can provide valuable descriptive information. 
However, the theoretical and methodological foundations of 
energy analysis are currently too imperfectly developed to 
make this approach a primary analytical tool. 

The principal conclusion of Chapter 2 is that no 
existing approach is satisfactorily comprehensive or 
flexible to meet the need for analysis of complex resource 
systems. The most urgent research need, therefore, is to 
deve lop, test, and bring into general use an improved 
capability for comprehensive, integrated analysis of such 
ecol ogical and social systems. 

Chapter 3 identifies information needs and recommends 
rese arch pro grams to support decision maki ng in the 
manageme nt of natural resources. The research 
recommendations are structured around the framework of the 
generalized resource sys tem described in Chapter 2. In the 
panel's judgment, the most important and fundarrental general 
research needs are in the following areas: 

• Better information on resource flows that a system 
can produce, and particularly fl ows of extra-market resource 
products; 

• Quantitative estireates of interactions among resource 
flows; 

• Improved techniques for measuring and projecting the 
social and economic impacts of resource management 
activities; 

• Post-project assessments of the total cos ts and 
benefits of selected major resource managemen t actions; 

• studies to assess the validity of methods for 
projecting social demands for resource produc t s ;  

• Studies of the ways in which legal and i nstitutional 
structures constrain and influence resource management 
activities and their environmental and social impacts. 

2 
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In addition, for many resource systems, specific needs 
exist for the following kinds of information: 

• Improved resource inventories; 

• Improved understanding of interactions among resource 
systems; 

• Data on physical impacts of management activities; 

• Data on impacts of management activities on the 
functions of ecosystems; 

• Improved techniques for the mitigation of physical 
impacts; 

• Improved methods for measuring and comparing the 
values of resource products, including extra-market 
products. 

Each of these major research topics is illustrated with 
exampl es of information needs on specific management 
activities in particular resource systems, drawn from the 
spec ial knowledge and expertise of panel members. 

Finally, Chaeter � examines the critical issue of 
institutions for research, and some institutional mechanisms 
that might lead to the comprehensive, integrated analysis 
that is needed. Examples are presented of research 
programs, within and outside the federal government , that 
have taken a comprehensive approach to ana lys i s  of resource 
management alternatives and their environmental impacts. 
While numerous programs contain elements of th e desired 
approach, none of the programs meets the criteria set down 
in Chapter 2 for the research needed to support decision 
making. Furthermore, there has been little effective 
coordination among programs; each agency has used somewhat 
different methods and models to achieve different research 
goal s. As a result, it has not been possible to achieve a 
synt hesis in the study of interrelated resource management 
problems. There has also been considerable wastef ul 
dupl ication of effort, when several agencies had to gather 
complementary data, but in incompatible forms. 

we conclude that there are substantial obstacles to the 
conduct of comprehensive, integrated research, which are 
inherent in the institutional structures through which 
resources are managed, the related research is conducted, 
and researchers and decision makers are trained. These 
obstacles include the specialization of researchers into 
reductionist dis ciplines; the focus of agencies (and of most 
research funding) on narrow missions, either in the 
production and use of resources or in the protection of 

3 
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env ironmenta l qua l it y; and the f ai lure o f  eve n  "succe s s f ul" 
coor dinating mec hani sms to t ra nscend the mis s i on o rientation 
of the participants. These institut ional factors make it 
unl i ke ly , in our j udgment , that a capability f or 
compre hens ive analy s is of resource systems , f lexible enough 
to be applied to the diverse management prob lems , could be 
deve loped wi thin existing re search programs ,  even by 
bu i lding upo n the best e xi st i ng effort s  and coordi nating 
mechanis ms . Whi le several excellent programs are de scribed 
in the chapter , and we be l ieve these e f forts shoul d 
cont i nue , we a l s o  be lieve tha t the re i s  a need for a 
research ins tit ut ion with a truly comprehens ive mission. 

we recommend , the ref ore , tha t a new national resea rch 
cent er be establ is hed for the purpose of deve loping and 
test ing a ge nera lized systems apfroach for t he i nt egra ted 
analys is o f  resource systems , wanagemen t  activit ie s , and 
environmenta l impact s .  As we envi sion i t ,  the new i nst itute 
would work c lose ly w ith EPA , resource-ma naging agenc ie s , and 
other users of res earch on re source systems , b ut the p rimary 
respons ibi lity f or da ta gather ing and for the conduct of 
mode ling and other s tudies would rema in with those user 
agencies . The chief f unctions of the new cen ter would be to 
ass i st agenc ies in t he app li cati on of emerging methodo logies 
f or comprehe ns ive ana lys is to their own more miss ion 
specif ic problems , a nd in the process t o  i ncre ase the 
correspondence among approache s and to b roaden the exchange 
of dat a and e xper ience among the d i f ferent re s earchers . I n  
addit ion , w e  bel ieve i t  is e s sentia l f or the new ins titute 
to establish c lose t ie s  with dec is ion make rs in re source
managing agenc ie s ,  so that t hr oughout the des ign and conduct 
o f  the research effort the wor k of the cente r  wi ll be as 
valuable as poss ible f or resourc e  manage ment �o licy making . 

As a corol lary to our recommendat i on f or a new nat ional 
research cen ter , we recommend that a n  inte ragency task force 
be established immed ia te ly , to assemtle informat ion on 
cur rent comprehe ns ive re search programs , ident ify the most 
c r it ical res ea rc h need s ,  and s uggest operati ng pro cedures 
f or the proposed institute. 
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CHAPTER 1 

RESOURCE MANAGEMEN� AC�IVITIES ADQ_lHEIR 
ENVIRONMENTAL IMPACTS : AN OVERVIE� 

Many of the most s igni f i cant environme nta l problems 
fac ing moder n societie s  result f rom activi ties undertaken in 
the use and management of nat ura l re sources such a s  
agri cultural lan ds , fore st s , minera l s , and fossi l  fue l s .  
Th is c lass o f  env i ronmenta l probl ems i s  particularly 
import ant be caus e most resource management activit ies take 
place over large geographic area s and long time perio ds , and 
t he impacts they have on the environment , although often 
diff use and s ubtle , are li ke ly t o  occ ur on similarly large 
spat ia l and te mpora l sca les. Furthermore , the s ize and 
complexity of the ecol og ica l a nd soc ial systems in which 
reso urces occur and are managed frequen tly make it an 
except iona lly di f f ic ult challenge to deve lop resources 
with out damagi ng the env ironme nt . 

The environmenta l impact s of resource management 
activities may be de sired ob j ectives of management , as in 
t he case of altered nutr ie nt f lows or regulated densi t ies of 
pest popu lat ions in agr i culture and forestry ,  or may be 
gene ra lly unsoug ht , de tr imenta l conseque nces , s uch as acid 
mine drainage , nut rient and sedi ment los s  from crop lands , 
the scarri ng of desert lands by tracks o f  re creat ional 
vehicles , or the inundat ion of f armlands behind dams. Some 
impa ct s , such as the c ul tivation of pre ferred crop varieties 
or the select ive harvesting of f ish populations, are changes 
in t he  structure of biologica l commun ities , rather than 
changes in t he physica l  or chemica l  c harac te r  of the 
environment . Other impacts ,  such a s  changes in patterns o f  
growth and community s tructure i n  rura l areas that are 
subj ect to rapid developme nt of min i ng or rec reational 
faci liti es , are primar ily soc ial in nature . Each kind of 
change may have secondary and higher-order env ironmental 
ef fects .  

The same ecosystems that produce food , f iber ,  and timber 
also provide recreat iona l opport unit ie s  and w i ldlife 
habitat , and per form eco logica l  function s that are cri t ical 
to human society , such as the �e gene ration of clean air and 
wate r and the cycl ing of nut rients. When management 
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a ct ivit ies a re underta ke n  to opt imi ze pro duction of one or a 
few of t he many poss i ble out puts o f  the re source s ystem, t he 
cons e quences of su ch a c t i vities ma y  incl ude the ina dve rtent 
foreclos ure of the potent ia l �roduction of o ther resources , 
o r  the reduc tion of the capac ity o f  the system to perform 
i mportant e colog i ca l  11publ ic ser vice s . "  

The large geog ra ph ic e xtent and long t i me  spans o f  man y 
potent ia l impact s of res ou rce manage ment and the cost to 
so ci ety o f  long-term e nvironmental damage and pote nt ial 
loss es of vital resource product s  ma ke the ca reful 
eva luat ion o f  su ch impac t s  a n  e xtre mely important e l e men t i n  
t he sound mana ge ment o f  the nati on ' s  natural resources .  
Reso ur ce manageme nt i s sues , i n  turn, a r e  c lear ly a mong the 
m ost p romine nt , crit ical, and ur ge nt soc ia l  a n d  po lit ical 
concerns fac ing soci ety . G rowing and competing de mand s for 
land ,  wa t er ,  ene rgy, mater ia ls , f o od, recreat i on ,  and other 
reso urce s  or res ou rce p roducts wil l be centra l nat ional and 
i nte rna tiona l is sues for t he  f oreseea ble f utur e .  Ma jor 
societ a l  decisions tha t de termine how cruc ia l  resource s wil l  
be managed w i l l  of nece s s i ty be made dur i ng the next f ew 
decades . The re source and e nv i ronmenta l cons equ ences o f  
thos e  dec is i ons w il l ,  i n  a l l  like l i hood , have substant ial 
i mpacts on t he quali ty o f  life tha t  f ut ure generat ions wil l 
experience , and could inf lue nce the s t ruct ure and sta bilit y 
o f  f ut ure so ciet ies. 

The i mport an ce o f  ma naging resou rce s i s  more t han 
matc hed by t he complex ity and di f f i culty of the task of 
choo sing strat eg ies that ens ure a de qua te p rote ction o f  
environment a l  va lues . we sha r e  the ofte n- stated view that 
env i ro nmenta l co ns iderat io ns cannot usef ul ly be ex tra cted 
and exa mined i n  isolat ion from res ource manage me nt p rocesses 
as integ rate d e nt i t ie s .  (Fo r de ta i led di s cus s ion of this 
po int, see Ford F ounda tion 19 74 ; Nationa l �sear ch Coun ci l  
19 7 2 a ,  19 73, 19 7 5a ;  Mo l l  197 6 . ) Env i ro nmenta l  impact s o f  
reso ur ce management ac tivities a re best dealt �ith in a 
cont ext t hat permits s imultaneous cons iderat io n  of the 
e colog ic a l ,  technica l, e conomi c, a nd soc ial d i me ns ions o f  
t he ent ire s ys te m. Furthe rmore , many d iffere n t  resource 
cy cl es ( e .g., food , wate r ,  m i nera ls, energy) a re 
i nte rconne cted a nd i nterde pendent , a fact that adds s t i l l  
grea ter comp lexi ty t o  the ana lyt i cal ta sk. 

INFORMATICN NEEDS FOR DECISION 
MAKING IN RESOURCE MANAGEMENT 

Deci s ions a bout manageroent of the nation ' s  nat ural 
reso urces a nd a �out enviro nme nta l protec tion in re sou rce 
manage ment u ltimatel y re flect soci a l  pol ic y ,  but t hey 
re qu ire a s ound s cient i fic a nd t e chn ical inf o r mati on base . 
So me e nv i ronmental h a zards may be trivia l in compari son to 
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the social benef its to be ga ined t hrough proper us e of 
re so urces ; f or example , a wel l-managed f orest re source 
system can yield many prod uc ts a nd amenities with mi nimal 
last ing i m pa ct s  on the e nvironment. In a few othe r cases , 
the environmenta l  impa ct s  of a resource managerrent act ion 
woul d be so overwhe lming a nd severe that the act ion is  
clea rly unaccept able ; a dam that would inundate Yosemite 
Valley is one hypothet ical example . For the great major i ty 
of resource management dec is ions , however, the choices are 
not so o bvious ; many complex and subtle trade - of fs are 
i nvolved . I t  is i n  such cas es that deci sion making i s  most 
difficult , and the need is g reates t f or thorough , credible 
sc ientif ic and t echnic a l  ass essmen ts of polic y alternat ives . 

�he inf or mat ion needed for res ource ma nage ment dec i s i on 
making includes ( 1) knowledge of the f undamental soc ial 
goals and narrower s pe ci fic goals that a re the ob ject ives of 
the manage ment pr ocess ; (2) descript ions of al ternat ive 
comb inat ions of mana ge me nt a ct ivities that might be carried 
out in a g iven resource sys tem ; (3 ) projections of the 
expected consequences (resource Froduc tion and e nv ironmental 
impacts) of the var iou s  possib le managemen t strategies ; (ij) 
estimates of the pos itive and nega tive value t o  society of 
the var ious pos s ib le combinations of outcomes .  Given suc h  
information , po li cy dec i sions ca n then b e  made in li ght of 
social a nd polit ical values and pres sure s ,  as we ll as of the 
ava i lable scientific a nd econoroic assessme nt s .  Throughout 
the proces s ,  the ins t itut i ons th rough wh ich pr oblems a re 
identifi ed, strate gi es a re de s igned, and dec i sions are made 
can cons trai n and gu ide manage me nt choices toward pa rt icular 
goals at the expense of othe rs .  

The pr incipa l func t ion of re sea rch in re source 
management dec is i on making i s  to acqui re and d isplay 
informat ion in a manner that wi l l  pe rmi t  dec i s ion makers to 
compare t he like ly conse quences of a l ternative policy 
opt ions.  The question s  posed ty resea rch,  ho�ever , should 
be b road enough to encompass a ll the e lements of dec is ion 
mak ing listed above . That i s , we be l ieve it is important to 
compare t he impl icat ions not only of a lter na t i ve strategies 
for achieving re sour ce management goals , b ut a ls o  of 
alternat ive set s  of goals , and of alte rnat ive ins t it ut ional 
mechan isms for s elec t ing g oa ls a nd strateg ies . 

Idea lly , information would be ava ilable to res ource 
managers bef ore dec isions were made, describ i ng or 
estirr.a ti ng a ll of the ram i f i ca ti ons of each plausible 
management option in te rms of produc t ion of re source s , 
environmenta l impact s ,  and socia l impac t s ,  ove r  the entire 
geographi c  a nd tempora l extent o f  those consequences . In 
practice , this i deal is unat ta inab le.  In the f irst place , 
knowledge can a l most never be so e xact or so compl ete as to 
e l imina Le unc e rta intie s ,  and dec i s ions wil l probably always 
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have to be made in the face of some pos s ib ly s igni ficant 
unknown cons equences. 

More importa ntly, however, we bel ieve that resource 
mana gement decis ions up to now have seldom been founded upon 
an a dequate ly broad ba se of that information which is 
already avai lable or readi ly obt ainable . I n  many cases, 
resource manager s do not appea r to have cons idered a f ull 
range of alter native strategies; a nd the task of examining 
in an integrated manner all the important a spects of 
re source management problems seems f requen tly to have been 
beyond the capab ilitie s of both researchers and re source 
managers . As a result, we bel ieve tha t some importan t  
aspects, a nd  particularly the long-term environmental and 
social impacts of re source management choice s , have received 
less attention tha n  they meri t. 

For example, the Nat ional Environmenta l Policy Act 
(NEPA) makes such a comprehens ive ,  long-term asses sment an 

expl icit goal of nat iona l pol icy in the development of 
resources, a nd the u.s. Environmental Protect ion Agency 
(EPA) has been given t he res pons ibility for review o f  

environmental impac t  statements (EI S 's), prepared by those 
fede ral agenc ies engaged in managing resource s. However, 
the informat ional and conceptual base upon which s uch EIS 1s 
are prepared a nd reviewed ha s seldom been adequate , and can 
be improved. The chie f concern of thi s  report i s  to def ine 
an approach to research that would lead to s uch 
improvements .  Although techniques for project ing the 
behayior of comp lex, dynamic ecological and social s ystems 
over long time s pans have acknowledged limitat ions, we are 
conf ident th at s ig nif icant progres s toward more complete and 
accurate evaluat ion of the consequences of resource 
management choices i s  possib le. 

THE RESOURCE MANAGERS 

Throughout t h i s  re port, it i s  a s sumed that some 
individua ls or collect ive ent ities have the re spon sibility 
for maki ng dec i s ions tha t determine how resource s ystems 
shal l  be manage d. A large and diverse number of 
cons tituencies a nd interes ts usual ly pa r ti cipate in both 
making deci s ions a nd implement i ng strategies. I ndividual 
property owners, large and small corporations, executive 
agenc ies of loca l, sta te , and fede ral government s, and in 
some cases , legi s lat ive bodies acting a s  repre sentatives o f  
society a s  a whole, ma y  have management respon s ibility f o r  a 
given resource .  Respo nsibil ity for ident i fying, mit igat ing, 
or p revent ing envi ronmental impact s of management activities 
res t s  wi th many of the same managers , as well as with those 
gove rnment al age nc ie s ,  s uch as ePA, that a re charged with 
protect:ng t he e nv ironment. In some case s , the 
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accomplishment of mandated measures for environmental 
protection may require that environmental decision makers 
act as resource managers. For example, EPA participates in 
the development of land-use plans for river basins under 
section 208 of the Federal water Pollution Control Act (86 
Stat. 839, PL 9 2 - 500). 

Responsibilities for management of resource systems can 
best be described as diverse and fragmented. �he goals and 
preferred management strategies of the many different sets 
of managers and institutions involved are often dissimilar, 
and sometimes incompatible. �his fragmentation has had 
important consequences for resource management: for example, 
several different aanagement entities have authority to 
withdraw lands (such as forests, areas of unique geological 
character, or rangeland) from mineral development in order 
to preserve other values. Very extensive areas have been 
withdrawn from exploration and mining by several agencies, 
apparently without much coordination. �he impact on the 
nation's supply of minerals and other resource products of 
this piecemeal approach to management has not been evaluated 
in a comprehensive manner. None of the management agencies 
appears capable of balancing the multiple considerations 
involved to the satisfaction of the many interests with a 
stake in the outcome (Bennethum and Lee 1975). 

when several management entities with divergent missions 
have overlapping responsibilities for management of a given 
resource system, the political process of reaching a 
decision can be extremely complex, divisive, and time
consuming, and need not always produce balanced decisions. 
In particular, we feel that institutions and interest groups 
that tend to manage resources to maximize economic or 
environmental benefits on a relatively short-term basis have 
been dominant over those that operate to serve long- term 
objectives, with results that have sometimes been 
detrimental to the best interests of society as a whole, and 
of future generations. Among the abundant exaaples of such 
short-sighted management are the overgrazing and subsequent 
erosion of extensive range lands in the western u.s. and the 
systematic and continuing overexploitation of many of the 
world's whale populations. 

we believe that it is vital to shift the balance in 
resource management· decisions significantly toward long-term 
stewardship, and to incorporate the concepts associated with 
the ecological limits of resource systems more prominently 
into the management process. As a nation, we have not yet 
resolved the ponderous political question of whether such 
objectives could best be accomplished through the assumption 
of increasingly broad control over and planning of the 
management of resources by the federal government, or 
through a diverse, disaggregated decision-making process 
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more typical of the situat ion today. (As we note in Chapter 
3, however, re search c an be conducted to exami ne the 
advantages and disadva ntages o f  such alternative 
ins t it ut iona l  ar rangements; and the optimum choice may be 
different for di fferent resource systems. ) 

No matter what approach society ultimately employs for 
manag ing natural resources ,  resource managers will benef i t ,  
and the process should b e  improved , by having available more 
comp lete and pre c ise i nf ormati on about the consequences and 
impl icat ions o f  a lter native dec i sions. In order to ge nerate 
information to support dec is ions that will protect and 
pres erve the eco logica l integrit y of re source systems , it is 
essent ial to beqin with a broad , i ntegrative per spective , 
one that examine s long-term e nvironmental impacts in the 
cont ext of the dynamic behavior of the s yste m  as a whole. 
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CHAP'IER_1 

THE NEED FOR CO�PREHENSIVE ANALYSIS Qf_EESOUFCE 
aND ENVIRONMENTAL SYSTEM§ 

In order to minimize the adverse environmental 
consequences of the use of resources, managers should be 
able to examine those impacts in the context of 
comprehensive information on the physical and biological 
nature of the resource base and on the social and economic 
consequences of, and constraints on, management of that 
system. Decision makers need projections of the behavior 
over time of complex, dynamic ecological and social systems 
so that they can compare the projected consequences of 
alternative management strategies. some of the kinds of 
questions that resource managers might try to answer before 
making decisions are represented by these exam�les: 

• What inputs of land, water, materials, energy, and 
other factors would be associated with each of a variety of 
possible management scenarios for a given agricultural 
region or crop? What are the production, environmental 
impacts, and regional, national and international economic 
and social consequences of each alternative? 

• What are the technical, economic, and social costs and 
benefits o f  a nonstructural water management program, such 
as management of a flood plain, compared to the costs and 
benefits of a more traditional, but probably more 
environmentally damaging, solution to the same problem, such 
as a dam or a levee? 

• What is the optimal combination of timber production, 
grazing, recreational development, preservation of natural 
areas, and other uses for a given national forest area over 
a period of several decades? 

• How does the design of a city--the location and 
density of housing, .industry, transportation, services, 
recreation areas--influence per capita resource consumption, 
environmental quality, and the socia l desirability of the 
city as a place to live? 

The predominant characteristic of each of these examples 
is the complexity of the underlying management problems. 
Inability or failure to deal adequately with such complexity 

11 

Copyright © National Academy of Sciences. All rights reserved.

Environmental Impacts of Resource Management:  Research and Development Needs
http://www.nap.edu/catalog.php?record_id=20355

http://www.nap.edu/catalog.php?record_id=20355


is, in our judgment, the most significant deficiency of past 
and present research to support decision making in the 
management of natural resources. The most critical need in 
such research, therefore, is to improve the capability to 
carry out comprehensive, integrated analysis of extremely 
complex ecological/social systems. 

�o be most useful for decision making, information on 
the consequences of management alternatives should have the 
following features: 

�he information must be comprehensive. It should 
recognize and account for all of the relevant components of 
the system being managed, including the physical, 
ecological, social, economic, and institutional elements and 
processes and the ways in which these are interconnected. 
It is practically axiomatic that, for almost any problem, 
the gathering and analysis of such a broad spectrum of 
information requires a close-knit, multidisciplinary 
research program. 

�he analysis must deal with the dynamic natu� of 
resource systems� Descriptive models of systems that 
display the interactions of multiple components under 
relatively static conditions are inadequate for examining 
the behavior of systems over the time dimensions that are 
relevant for management of natural resources. Many of the 
critical variables that influence the system can change 
substantially over periods of decades, and some may shift in 
a matter of a few years. some of these factors are 
population size; reserves of nonrenewable resources; rates 
of economic growth and technological advances; social and 
political values, goals, and institutions; and the natural 
states of ecosystems and climate. Furthermore, changes in 
several of these parameters are likely to be interdependent. 
Projections of alternative scenarios for resource management 
need to be responsive to the effects of such changing 
conditions. 

�he analytical�ab!lity must be practical to obtain 
and us�ble by resource managers. It is critical to have an 
analytical capability suited to the objectives of the 
resource managers: that is, one that permits the comparison 
of multiple management alternatives; produces needed 
information quickly; is not so costly as to be beyond the 
means of most management agencies; and is flexible enough to 
be used for the variety of problems managers face. For 
decision-making purposes, analytical procedures need to 
display enough information to permit intelligent choices to 
be made; they do not necessarily have to be extremely 
detailed in their representation of the "real world. " 
Simplifying assumptions, uncertainties, and margins of error 
in projections need to be explicitly identified, but 
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real istically cannot be eliminated. Attempts to build 
bigger and more accurate predictive models can generate 
nearly insatiable demands for data (which often are not 
o btainable); the use o f  such models may te very costly. 
time-consuming. and even ultimately self-defeat ing. To 
support decision making. it is far more important to 
determine the extent to which models can be simplified and 
still be adequately comprehensive and responsive to changes 
in critical variables. 

Analyses of different systems should be co�eatible, A 
large number of attempts have been made to describe and 
analyze a variety of different resource systems (e.g •• 
agriculture. minerals. marine fisheries), and some single 
syst ems have been analyzed on different geographic scales. 
Differences in the objectives. assum�tions, structure. and 
data requirements of the models that have been employed are 
widespread. Although no single analytical approach is 
likely to be perfectly suited to all systems and all levels 
of aggregation. a compatible treatment of the general 
features of most resource systems can �robably be developed. 
Increased consistency among models would be likely to 
broaden the applicability of data gathered for study of a 
single system or subsystem. More importantly. the 
development of a general systens a�proach should facilitate 
the examination of linkages between or among different 
resource systems. important as�ects that are not adequately 
considered by most current analytical techniques. 

MODELING RESOURCE SYSTEMS 

�e believe that simulation modeling is essential to 
improve capabilit ies for the ana lysis of complex systems. 
As an aid to decision making. simulation modeling techniques 
have both some important advantages and some clear 
limitations. 

The premier advantage of modeling and systems analysis 
is the disciplined structure the modeling effort imposes on 
the organization of information. A model requires that 
assumptions and logic be formally stated. with the result 
that data are displayed in ways that permit identification 
of gaps in knowledge. In addition. the formal statement of 
the concepts. assumptions. and prejudices of the modelers 
permits them to te tested sc ientifically. and �odified if 
found faulty. The result is that models can evolve toward 
greater reliability through use. 

second. simulation models probably are the best tools 
available for the coherent study of problems that are as 
large and co�plex as those that confront resource managers. 
Computer models give the resource mana ger the substantial 
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adva ntages of f lexibi l i ty (the o�portuni ty to examine a 
great number of alternat ives or to test roany different 
assumptions) and speed . 

�he limitat ions of  s imulation mode l ing, on the other 
hand , must be realistica l ly apprec ia ted when models are used 
in management deci sion making . Models Qrojec! , rather than 
�red ict , pos s ible scenar ios for the future . �he accuracy 
and va lidity of those �rejec tions are no better than t he 
assumpt ions and data upon which they are based . 
Pa rt icular ly as the s ize and complexity of the system 
mode led increase ,  at tempts to de sc ribe rea l-world 
inte ract ions in mathemat i ca l  terms inevitabl y  must be 
overs implif ied , reduci ng the 11realismu of the output . 
Accumulat ion of inherent errors of this so rt can l ead to 
ma jor inaccuracies , espec ial ly in very long-te rm 
project ions . !n addit io n, good quantita ti ve data seldoro a re 
avai lab le for ma ny of the va riables contained in a mode l .  
The t ime and cos t invo lved i n  deve loping and val idat ing a 
mode l are substa ntia l ;  and subsequent e f fo rts to gather data 
and use the mode l to pro ject a lterna tive f utures can a l so be 
expens ive . Mode lers f requently are inc l ined to try to build 
bigger , more det a iled mode ls tha n  are nece ssary or feasible 
for decis ion-mak ing purposes--a tendency tha t accentuates 
the �roblems of cost and exces sive data demand s ,  but does 
not nece ssar i ly improve the usef ulness of the output of the 
mode l for resource managers. In this rega rd, sensit ivity 
anal ysis offers a powe rful tool for de te rm ining the 
importance of  what is nQ! know n and ranking data needs in 
orde r of prior it y. 

�hese acknowledged limit at ions do not ,  in our judgment , 
o ffset the va lue of simu lati on mode ling as  a tool to ass ist 
in the management of complex resource systems , if the 
ob j ect ives for wh ich modeling is used a re rea listic.  Mode ls 
should not be expected to produce precise pred ictions of the 
real behavio r of a syste m ,  although the iterative �rocess of 
fine -t un ing w i l l  improve the acc uracy of a model a s  
experience i n  us ing it i s  accumula ted. I nstead , mode ls 
shou ld be us ed t o  provide a uniform format for compar ing 
11bes t guesse s11 a bout the pos s i1: le conseque nce s of 
al ternat ive mana gement choices , and to examine the ways 
thos e pro jected conseque nces are inf luenced by dif ferent 
as sumptions about change s in other element s  of the system. 

DESCRIPTION OF A GENERALIZED RESOURCE SYS�EM 

A brief de scr ipt ion is pre sented be low of the way 
info rmation might be organized i nto a gene ra l rr.ode l of  a 
re so urce sys tem .  . �he he art of such a rrode l would be a 
series 0f mathemat ical expres sions of the re lationships 
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among different variab le s ; many of the se i nteract ions m ight 
be non- l inear .  

�he starting pcint i s  a de sc ription o f  the goa!§ o f  the 
mana gement proces s .  Both broad goals . such as product ive 
use of resources and ma inte na n ce  of enviro nme n tal qual ity . 
and more speci fic . quantif ied ob jectives of managemen t 
shou ld be st ated exp licitly. Such a statement provi de s a 
baseline aga inst which t he pro jected outcome s of management 
scenar ios can be mea sured.  Si nce socia l  prefere nces and the 
object ives of resource management ma y  change with time . 
mode ls might also be used to e xa rri ne the effective ness of 
part icular management stra teg ies in achieving dif f erent sets 
of goa ls . 

A descript ion of the Ehysi ca l  resource sys��� is the 
ne xt major component of the mode l .  For most resource 
systems . this modu le wou ld be a rrode l of the ecologi ca l 
system in  wh ich the reso urces oc curred . with modif ications 
sui ted to th e need s of resource ma nagers . The model would 
i nclude the spat ial un it s of the managed s ystem (which might 
be an area o f  la nd . fre s h  wate r .  or ocea n .  and the sub
surf ace spac e in each ca se ) ; the stocks of resources that 
exis t within the system (such as air . wa te r .  soi l,  mineral s .  
pl ants . animals . aes thet ic qua lities) ; a nd the eco lo9ical 
§1XYCt� and functions of the s ys tem (biotic communi ties . 
mate rial and ene rgy f lows) which interconnect the many 
l ivi ng and nonliving e le�ents of the system.  

To character ize the system f or management purposes . the 
mode l must i nclude expre ssions of the �§ of resource 
prod uc ts and services that the s ystem can yie l d  in response 
to d if fe re nt managemen t activiti� some typica l  re source 
f lows might be e xpre ssed in te rms like boa rd-feet of t imber . 
tons o f  o re .  r ec reat ion-da ys . or tons of nutrients 
as simi lated . for a g iven spa t i a l  unit and a given span of 
time . The r e lat ions hips tha t de te rmine re source f lows are 
ultimate ly bound by the phys i ca l  and eco logica l limi t s  of 
the system .  such as the exte nt of rrine ral depo sits or the 
maximum pote ntia l for produc tion o f  biomass pe r unit time in 
the system. 

De scr ipt ions of the inte ract ions among re source f lows 
are addit iona l i mportant feature s  of the phys ical system 
that the model s hould inc lude . Many compleme ntary or 
compet it ive relationsh ips exist among the ef f ects of 
mana gement act iv i t ies on f lows of dif feren t re source 
products . F or e xample . management of a n  a rea as a wi ldlife 
refuge i ncreas es the output of wildlife and sorre k inds of 
recreat ional opportuni ties and reduces or limits use of the 
same a rea for cr o� o r  live stoc k �roduc t ion .  re sidentia l  
spac e .  other rec reat ion . o r  wa ste di sposa l .  
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Environmenta l im�!Cts a re an important subse t of the 
relationships between management activities an d the physical 
system. some impact s , such as tai lings from mining 
oper ations or pesticide residues from cr op or forest lands , 
are physical outputs of the system that can be related to 
the flows of other (resource ) produc ts . Other impacts may 
appear as changes in the structure of the biolog ical 
community (such as a decreased diversity of plant or insect 
species) or in the pathways of movement of nutrients or 
energy through , or from , the system. Many ec ologi cal 
impacts affe ct the flows of other resource products from the 
syst em . 

The next ma j or component o f  the model is a descri ption 
of the social elements of the system. One i mportant need is 
to assign positive or nega ti ve values (or prices) to the 
resource flows and e nvironmental impacts that the system 
prod uces , including some that are not now ordi narily 
measured in market terms , so that the cgsts a nd �nef its of 
the results of management activities can be projected. Both 
the magnitude of those costs and benefits and the way in 
which they are distr ibuted a mong socia l groups and over time 
need to be described. The relationships between various 
econom ic , social , and institutio nal condit ions and 
constraints and the managewent of the reso urce system also 
need to be included in the model. some of these factors are 
the structure of i nd ustries ; the availability of capital and 
labo r ; market cond itio ns tha t influence the ef fects of 
management on prices and inc omes ; rates of economic growth ; 
and so cial and political influences on dema nd and supply. 
De scriptions of instit�ional de termina nts of the behavior 
o f  t he  syste K are an importa nt element of the model. The 
laws and institutions that influence the ownership of 
resource sys tems and define responsibili ties for , and 
object ives of, managemen t are crit ica l determinants on the 
outputs of the system ; they are also sub ject to change. The 
most useful models w il l  be those that permit managers to 
examine the resul t s  of management activities under a 
reasonable range of alternative instit utional arrangements . 

Depending on the s pecifi c syst em being studied and the 
leng th o f  time over wh ich projec tions are needed , the mode l 
should include assumptions about the influence on the system 
of variables such as pop ulation growth , the evolution of 
nationa l and interna tional social and political condi tions, 
and the development of technological innovations. Many 
managers wi ll also need to examine interacti ons among 
systems. For example , it �oul d be difficult to project 
scenarios for develo pment of agriculture in the �estern 
Un ited States without considering the impacts of mineral 
development and coal mining on the availability of water and 
ot her es sential resources. such interactions highlight the 
need for compati ble models of i nterconnec ted systems. 

16 

Copyr igh t  ©  Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved .

Env i ronmenta l  Impac ts  o f  Resource  Management :   Research  and  Deve lopment  Needs
ht tp : / /www.nap.edu /ca ta log .php?record_ id=20355

http://www.nap.edu/catalog.php?record_id=20355


If models of resource systems such as the one described 
i n  general terms above were avai lable , resource managers 
coul d use them to examine the short-terrr. and long- term 
cons equences of alternative choices.  �e do not believe , 
however , that the capabi lity exists today to model 
ef fectively a system as coroplex as the one depicted in 
general terms here. 

A BPIEF REVIEW OF AVAI LABLE AND EMERGING 
TOOLS FOR THE ANALYSI S OF COMPLEX SYS�EMS 

Re search to deve lop an improved capabi lity for the 
anal ysis of complex resource and e nvironmental systems will 
need to bui ld upon the best currently available techniques 
for analys is of such systems , or of parts of them. The 
emphas is here is on the usef ulness of various analytical 
techniques f or providing information to support decision 
making by examining environmenta l impacts of resource 
management a ctiv ities . More detai led discussions of the 
current state of env ironmenta l modeling and analysis of 
resource systems can be found in severa l of the publications 
in the b ib liography appended to this report (for instance , 
see Mar and Newe l l  1 97 3 ,  Hol ling 19 7 4 ,  Reichle 197 5 ,  Russell 
1975 , Biswas 1 97 6 ,  Holcomb Research I nstitute 1 976 , u . s .  EPA 
19 7 6 , Craven et al . 1 9 7 7 , Ha l l  and Day 1 97 7 ) . 

Eco logica l Models 

some exi st ing biological and ecologica l models can be 
valuable too ls in  re source management (See Russell 1 9 75) . 
Fa irly sophisticated models exist for the population 
dynamics of some critica l spec ies in f isherie s , wi ldlife, 
fore stry , range , a nd pest roanage ment (for example , see Royce 
et a l .  1 96 3 ;  Watt 1 9 6 4 ; Stark 19 73a , 197 3b ;  Harris 1 97 3 ; 
Holling et a l .  1 97 6) . Models for many other populat ions 
that are importa nt to resource management , however , are 
generally less  advanced (Harstock and Hollings�orth 1 9 7 4 ,  
Rues ink 1976 ) . 

On a lar ger scale , some signif icant progress i n  analysis 
of ecosystems ha s come f rom the Internationa l Eiological 
Prog ram (IBP)  and rela ted research efforts (Monsi 1 9 6 8 , 
Re ichle 1 97 5 ) . Useful models exist for some ma jor 
subs ystems s uch as phytoplankton populations or nutrient 
cycles (Lehman et al . 1 9 7 5 , Nixon and Rremer 1977) , and some 

approach models o£ complete systems (e . g . , Cole 1 9 76 ) , but 
no model has yet been devised that accurately represents all 
important variables. Both descriptive data for a number of 
components o f  different systems and adequate theoretical 
understanding of the complexitie s of ecosystems are lacking 
in a lmost all cases. �his def iciency in f undarr�ntal 
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know ledge ha s s t ym ied ef forts to develop a ge nerali ze d  model 
for al l ecos ys te ms , and the prob lerr is no t likely to be 
reso lved soo n .  

For inst ance , i n  o ne  o f  the recent biome s t udies of the 
I BP ,  some 3 , 00 0  state variab les �e re i nc l uded in a det ailed 
comp uter model of a re la tive ly s imple ecos ystem. several 
years of f ie ld resea rc h  produced adequate meas urements of 
t he va lues over t ime of about 1 , 00 0  of the se ,  partia l  data 
for another 1 , 0 0 0 , and a lmos t no data for the rew.aining 
1 , 00 0 . Regardless o f  the time a nd money ava i lable , it  may 
not be possible to model a ll ,  or even a l l  of the important , 
components of an ecosystem .  I t  is vita l ,  the refore, to 
determine the exte nt to �h ich sirrpl i f ied mode ls can be 
r e li able represe ntat ions of s ysteros , or at least o f  the 
components most importan t to the management q uestions at 
hand . No genera l theory rela t i ng a mode l ' s complexity to 
its accuracy yet exi s t s .  One approach t o  th is probl em would 
be to eliminate sequentia lly components of the most detailed 
current mode ls ,  observe the result s ,  and compa re these �ith 
the behavior of both the rea l ecosystem and the most 
comprehens ive model ( see , for example , we igert 1 97 7) . 

A decade ago , there �as optimi sm that important ne� 
gene ra l theories of ec ology could be developed that could 
both guide research and su�port rra nageroent of ecos ys tems . 
Toda y ,  so ma ny e xcept ion s have been f ound for roost ma jor ne� 
gene rali zat i ons ( s uch as the "dive rsity- stab i l ity" 
hypo thes is ) tha t  both practi ca l and theoretica l us es o f  the 
concepts have been quite limited . Re search to ref ine the 
theoret ical bas i s  for mode ls of ecosystems may ultimately 
prove very  valua ble , both as an academic e xercise and for 
practi ca l  app licat ions ; but the immediate uti lity of such 
re search to resource management prob lems i s  likely to be 
quit e limited. For the mome nt , the most promi sing approach 
to deve loping models of ecos yste ms that wi l l  be useful for 
resource manager s is probably an i nd uc t ive one , based on the 
accumulat ion of cons is te nt observa tions of the re sponses o f  
systems t o  management ac tivi t ies a nd othe r  per t urbat ions. 
For inst ance , it has been found tha t ,  in general , perturbed 
or e xper imentally manipulated ecosystems tend to lose 
nutr ients , whi le rel at ive ly undi sturbed systems do not 
(Bormann et al.  1 9 7 4 , Ne uhold and Ruggiero 1 97 7 ) . 

Obse rvat ions o f  th is sor t , comb i ned �ith f ie ld 
inve st igat ions designed to look at specif ic re sponses of 
ecosystems to manage�nt act ivit ie s , a re l ike l y  to be among 
the stronges t ecolog ica l  re s earch tool s  in the nea r  f uture . 

The appl icat ion of present eco log ica l mode ling 
capabi lit ies to ac tua l management prob lems in the f i eld ha s 
been limited to da te by a la ck of contac t r.etween mode lers 
and resource managers and by limited opportunities for 
grad uat� training in the pra ct ical application of 
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theo retica l ecologica l resea rch . I t  i s  impor tant at this 
point to accumulate addit iona l pract ica l exper ience in the 
use of mode ls to a ss i s t  in the ma nagement of specific 
systems . The most promi sing approach would be to have 
smal l ,  multidisc ipl inary teams of mode lers work closely with 
experienced f ield inve st igators and managers f ami l iar with 
the systems being mode led and the information needs for 
management of them. Some such effort s have proven 
successful in the recent past. one example is  the work on 
i ntegrated pest management conducted by the Un iversity of 
Ca li fornia in cooperat ion with the Sta te Agric ultural 
Extens ion service and a number of farm and forest management 
agencies (Huffaker and s"ith 1 9 7 3a ,  1 9 7 3b) . Another 
examp le is a study being conducted for the Nat ional Park 
service in which predict ions of the magnitude and eco logical 
cons equences of forest f ires , produced by a s imu lation model 
of the ecosystem , are among the information available to 
Park service mana gers when they decide whether to le t a fire 
burn , or how much ef fort to exert to control i t  (Ressell 
1 9 77 ) . 

SOcial and Economic Ana l ysis of Systems 

Mode ls o f  the soc i a l  and eco nomic components of systems 
re lated to the management of particular re sources are wide ly 
ava i lable and ar e employed i n  at least some s impli fied forms 
in most resource-related dec is io n  mak ing . Two kinds o f  
analyt ical techniques are common ly used : mode l s  that pro ject 
the states of social or economic variable s , s uch as demand 
or price , into t he f uture ; a nd  analytica l techniques for 
pro jecting a nd comparing the cos ts and benef i t s  of 
part icular pro jects or management activities . 

A number of techniques have been deve loped for 
pro jecting economic and social t rends (see , f or example , 
Evans et a l .  1 9 6 9 ,  Nay lor 1 9 7 0 ,  Haitovsky et a l .  1 97 q ,  Fromm 
and Rlein 1 9 7 6 ) . Howe ve r ,  nei ther t he  theoret ical 
unders tanding of the way s in which complex social systems 
func tion nor the data ba se of ob ject ive and quant i tative 
meas urements of impo rtant va riable s  is  adequate to support 
cred ib le models of whole soc ia l  systems , and it is  probabl y 
safe to say that this wi ll never be possib le . Resource 
mana gers i nstead need to rel y on the best ava i lable 
techniques t o  pro jec t c r it ica l parame te rs such as GNP 
growth , income d istr ibution , or population s i ze an d 
struct ure . As in the case of ecos ys tem mode l s ,  emphas is i s  
needed on the deve lopment of models and techniques that are 
s imp le enough to be useful f or pra ct ical management of 
reso urce systems , even if some of the elegance of advanced 
economic theory cannot be incorporated into them . 
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... .. 

Cost-benef it ana lysis , like othe r  techniques discussed , 
prov ides a very useful f ramework for consideri ng all aspects 
o f  a problem and is  a pr ime tool for re source rranagement 
decision mak ing .  One prominent limitation o f  this kind of 
analys is , howeve r ,  is the dif f ic ulty e ncountered i n  
as sign ing pr ec ise market val ue s o r  subst it ute pr ices t o  many 
of t he consequences of managerr.ent choices , s uch as changes 
in t he aesthet ic qua li ty of a natura l area . I t is also 
diff icult to determine appropriate we igh ting f actors , or 
discount r ates , for ef fects that may occur in the very 
distant future or that are distr ibuted in a skewed manner 
among different socia l groups or nations . (For addi t ional 
d iscus sion , see NRC 1 9 7 5 b ; F reeman 1 9 7 5 ; Dohan 1 9 7 7 . ) 

As is true for ecologica l mode ls , the greatest need for 
resource management deci sion making is not the f urther 
r ef i nement of th e theore tica l basi s for economic analy sis , 
but rather t he applica tion of the be st ava ilab le exi st ing 
tool s to the pra ct ica l problems of resource ma nagers .  
Care fu l ana lyses of relevant soc ia l  and econom ic t rends and 
cons traints , related spe cif ica l ly to the geog r aphi c area of 
the reso urce sys tem in question, would provide the kind of 
informatio n  that would be most useful for dec i sion making.  
A number of research pro jects of this sort have been 
conducted by multidi sc ip lina r y  teams of natural and social 
scient ists , work i ng closely with resource managing agencie s 
(see for example Brown e t  al . 1 9 76 ,  Logsdon et al.  1 9 7 7 , 

Warn ick 1 9 6 9 ) . Analys is o f  this sort would be des irable as 
part of the i nf ormat ion needed for most resource management 
decisions . 

I ntegrated Analys is of systems 

As we have emphasized throughout thi s  chap ter , an 
improved capab i l i ty to conduct integrated ana lysis of the 
dynamic interact ions of ecological a nd social components of 
reso urce sys tems is the most i rrportant development needed to 
support resource management deci sion making. �his i s  not to 
say that no such mode ls exist ; some a re curre nt ly used in 
research to support decis ion mak ing. 

severa l federal agenc ies use various mode ling procedures 
to pro ject demand and supp ly scena rios for resources under 
the ir jurisd iction and to eva luate pos sible st rategies for 
the deve lopment and mana gement of resource s.  For example , 
the u . s .  Fores t Service has conducted a far-re achi ng 
as sessment of future demands f or renewable resources , and of 
a lternat ive plans for meet ing the demands (U. s .  Fore s t  
Serv ice 1 9 7 6 , 1 9 7 7 ; Gi ltme ir et al.  1 9 7 6 ) . A second notable 
attempt to deve lo�,< a comprehe nsive model tha t i ntegrates 
environmenta l and social component s is the str ateg ic 
Envi ronn;enta 1 Assessme nt Sys tem (SEAS) program of the 
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Envi ronmenta l Protec tion Agency (Lakshmanan 1 9 7 5, Ember 
19 7 6 ). Other re search us ing si milar integrate d ana ly t ica l 
approaches has been do ne i n  universities and other non
governme nta l res earch institut ions (see for example Dvoski n 
and Heady 1 9 76 ,  Naga deva ra et al. 19 7 5, Eoynton et al.  1977, 
Ho l l ing et a l . 1 97 6) . 

Some of thes e efforts to develop a nd use i nteg rated 
mode ls o f  ph ys ical a nd soc ia l systems re�resent s igni f icant 
prog ress in promising di rections. Nevertheless, some 
serious me thodol ogica l prob lems re ma i n .  (See, for example , 
Vaux 1 9 7 6  f o r  a crit ique o f  the USFS Asses sme n t  a nd Leontief 
et a l .  19 7 5  for a review o f  the SEAS mode l . ) Cne 
part icula r ly importa nt area in which s uc h models are l imited 
is t he ir abi lity to de f i ne t he l inkage s be twee n biolog ica l  
and soc ial component s o f  systems, s uc h  a s  the i nf l uence of 
ins t itut ions on processes tha t produce adverse changes in 
the environment . 

None of the mode ls now a vai lab le meets the c riteria 
l isted above f or use i n  re so urce management dec i s i on making ; 
except f o r  t he SEAS ef fo rt , rrost o f  them conta in l it t le in 
t erms of pro j ect ed envir onme ntal conseq uences . None are as 
com�rehens ive as seeffis des irat le, altho ugh soree a r e  
extr emel y de t a i le d  in the ir de scri pt ions of those components 
they do inc lude . (SEAS, for exa rr p le , ma y we l l  be the 
largest and mo st det a i led rr-ode l of the u . s .  economy ever 
deve loped . See Leon tief et a l .  19 7 5. )  

An i ntegr at ed analyt ica l a l- p roach o f  '-i u i t e  a dit f e rent 
k i nd i s  represented by the wor k of For res ter ( 1 9 7 1 ) ,  i-1eadollvs 
et al . ( 1 9 7 1 ) , a nd Me s arovic a nd Pe s t e l  ( 1 97 4 ) , in wh ich 
at terrpts have te e n  made to mod e l  the re so urce, 
env i ro nme nta l ,  a nd s oc ia l-po li t i ca l s ystems of the en t i re 
world int o the twenty- f irst ce n t u r y  and t e yond . The deg r�e 
of s imp l i f icat ion of de scrift ion s of compone nt s  in s uch a 

h i gh ly aggre gated model rrakes i t s pro jecti on s  relati ve l y 
me an ingless for the ma nageree nt o f  spec i f ic resource systems. 
Nevertheless, models of the g lobal system nay te use f u l for 
the ins ights t he y  Frov ide ab out underlying relationships 
that a re f undame nt al to al l re source syste rrs , and may 
sugges t cr it ica l linkage s or limit s  t ha t  can the n  ce 
e xamined in more det ai led roode ls of subsystem s . 

7he mo st usef u l deve lo�me n t s  in t he use of i ntegra ted 
mode ls as to o ls for re so urce rra nagerr.e n t  a nd e n v ironmenta l 
dec i s i on mak ing seem l ike ly to c oroe f rorr a tte rr. F t s  to apply 
mode ls t o  the analy s i s  of spec i f ic pra c t ic a l manag eme u t 
prob lems . B oth re la t i ve ly s ma l l s ys terr.s  ( s uch as a s i ng l e  
nat ional f or es t )  a nd l ar g e r  s y stems ( s uch as t he water  
re so urce s  o f  reg i o n s  o f  the c o un t r y  o r  the nat iona l 
a gr i cu lt ur a l s y s t em) , c a n  be roode led ; e f fo rts to u s e  mode l s  
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in management of problems on a l l geographic scales should 
provide va luab le experience. 

Energy Ana lysis 

� ith in the last seve ra l  year s .  a me thod for the analysis 
o f  e nvironme nta l �roblems ba sed on a n  acco unt ing o f  energy 
t ransfers through reso urce a nd eco log ica l systems has been 
deve loped (G illi land 1 9 7 5 .  Bay ley et a l. 1 9 7 6 . Odum 1 97 7) .  
Two separate concept s are inte rwoven i n  energy ana lys i s .  
The f irst is that the amounts and forms o f  ene rgy generated . 
cons umed . and transf er red among coropartments of systems are 
impo rtant phys ica l a nd eco log ica l  mea sures of the functions 
of comp lex s ystems . The second concept . which is mo re 
cont roversia l .  i s  that the va lue s to society o f  wany 
diff erent resource products . eco logica l functions . and 
envi ronmenta l impact s  can be mea sured and compared in terms 
of energy units . in addi tion to or instead of in monetary 
unit s .  

Deta i led ene rgy budgets can be prepared f or resource 
s ystems under di fferent management scenarios ( for instance . 
see Hirst 1 9 7 3 . 1 9 74 ; Berry and Fel s  1 97 3 ; G i l li land 1 9 7 5 ; 
Lavine and Meyburg 1 97 6 ; Kemp et a l .  1 9 7 7 ) . Proponent s of 
ener gy ana lys is a rgue that it  is more comprehe ns ive in tha t 
it i ncludes impo rtant flows of nat ura l ene rgy that are not 
incl uded in standard economi c ana lys is.  The use of energy 
meas ures of value may a l so eventua lly �rove to be an 
impo rt ant supp lement to standard economic esti�ates of costs 
and benef its of management a lterna tive s .  (For a deta iled 
discus sion of th is point . see the report of the �orkshop on 
Energy Ana lys is and Economics . I nterna t ional Feder at ion o f  
Ins t it utes f or Advanced Study 1 9 76 . )  

Some s ubs t antial theoret ica l a nd me thodo logical advances 
will Le required . however .  bef ore energy a na lysis at tains 
the widespread utility of its economic counter�art (See 
Huettner 1 97 6 ) . For e xample . there is not now a robus t .  
gene ra l ly accepted theoret ica l  bas is for the conve rs ion of 
some importa nt economic measures to energy ter�s. Such 
conversion is requ ired if a l l  consequence s a re to be 
eval uated in terms of their e nergy impacts. The e nergy 
va lues of so rre im�ortant processes of systems have not been 
meas ur ed . a nd ma ny o f  the energy f lows tha t c a n  te mea sured 
ca nnot be de scribed in compa ra b l e  te rms .  For example . a 
ki loca lo rie of s unlight and a ki loca l orie of e lect ricity 
cannot do eq uiva lent amo unts of work ; a lthough Cdum ( 1 9 7 7 )  
has suggested a method f or conve rs ion of such unit s t o  a 
common sca le . the methodology is s t i l l  at a primi tive stage . 

�e be l ieve that it i s  us eful to rr.ea s ure the energy 
expended or produced as part of the eva l uation of 
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envi ronmenta l impacts of a lter na t ive re source rranagement 
act ivities ( s ee Chapte r 3 ) . In pract ica l terms , nei ther 
ener gy ana ly s i s  nor economic a na ly s i s  is comprehensive 
enough to evalua te a ll the i mpor tant outcome s of resource 
mana geme nt i n  a mean ingf ul way.  Attention should focus on 
improving methods for using the two approache s in 
comp lement ar y fa shion to e va luat e  ma na geme nt choices . 

CONC L U SI ONS 

None of the analytical tec hnique s  ava i lab le today is 
comp re he ns ive e nough to meet the need for ana l ys i s  of 
management a lt ernative s  f or complex eco log ica l and soc ial 
resource s ys t ems . Some fair ly advanced mode ls are bei ng 
deve lope d  and us ed in re search o n  specific s ys tems , but 
these are not often appl icable to diffe ren t re source systems 
and are f requent ly too e laborate a nd costly to be practica l 
f or most res ource wa na gement dec ision making .  

� he  most pres s ing need we have identif ied i s  t o  develop , 
test , and br ing into gene ral use an improved capabi lity to 
do comprehens ive , integrated a na ly si s  of spec i f i c  resource 
and environme nta l sy stems. Standa rd methods f or model ing 
d i f f erent systems are de sirable , i n  that they would expand 
the app li cab il it y  of data ga thered in studies of nar rower 
subs ys tems a nd would enhance the capabi lity to examine 
inte ract ions between a nd among d ifferent coupled resource 
syst ems. 

Resear ch to deve lop improved mode l ing capabi li ties for 
use in resource manageme nt a nd e nvironmental protection will 
requ ire coordi nated ,  mul tidi scipli nary programs that seek to 
build upon a nd increas e the cowp leme ntarity of the bes t 
exis t ing too ls f rom ecologica l modeling , e conomic model ing , 
and systems ana lysis . I t  is vita l , we fee l ,  that modelers 
coor dinate very c losely with res ource managers throughout 
the course of the research in orde r to keep the focus on the 
practica l pr oblems a nd informa tion needs of decision makers • 

• 
I f  wor k to develop mOde ling techniques general ly 

appl icab le t o  resource management i s  the f irs t nee d ,  the 
structure that s uch efforts impose on the organi za tion of 
info rmation wil l lead quite d i rect ly to addi t ional topics 
for research . We have used the -£ ramework of the general 
syst ems mode l de sc ribed earl ie r in this chapte r as an 
outl ine for some recommendat ions f or resea rch to bui ld a 
data bas e for model ing studies , descr ibed in Chapter 3 .  
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CHAP'IER ,J 

!HE COMPREHENSIVE AP PROACH TO RESEAFCH_[QB DECISION 
MAKIN� PESOURCE MANAGEMENT 

It is no sroa ll ta sk to des cribe resea rch prog rams to 
produce t he information decis ion makers need atout 
environmenta l impact s  of resource ma nagement activitie s .  
The task i s  tru ly enormous i f  informa tion on environmental 
impacts is v iewed as but one of the many in�errelated 
cons iderat ions on which resource managers must be informed . 
Neverthe less , we bel ieve it is vital to study envi ronmental 
impacts from suc h a perspect ive . 

such breadth of vision did , howeve r,  c reate a dilemma 
for thi s  panel in carr yi ng out i ts st udy.  I t would have 
requ ired a mass ive e f f ort to conduct a comple te survey of 
research on all the important as �ects of the great number of 
resource management ac tivi ties , to eva luate the roany 
existing research programs , and to ident if y c ritical 
i nformat ion needs. such an e f fort would have been far in 
excess of what wa s possible.  given the time ,  resources , and 
expert ise ava i lable for th is  study. Furthermore, the output 
of s uch a survey would , in a ll likel ihood , have been an 
almost end le s s  list of topics for study, which would have 
had litt le va lue for research planning unless the topics 
were ranked in order of pr iori ty . we found through some 
tent at ive ef forts to do so that such ranking i s  extremely 
complex and diff icult when the s ub ject matter is as al l
encompass ing as the environmenta l impac ts of resource 
mana<JI!ment . 

The alternat ive , which we e lec ted , i s  to e xpand upon the 
gene ra l ,  comprehensive approach sketched out i n  Chapter 2 ,  
and to develop f rom it a set o f  gene ric re search needs that 
m ight app ly to the management of any resource system. 
Within that genera l f�amework , e xample s a re presented to 
i llu strate resea rch needs in terms of specif ic resource 
management a ctivitie s ,  or to describe particular existing 
research programs that typify the kinds of studies we feel 
are needed . Alt hough the il lust rations chosen cannot cover 
all the important .categories of re source management 
activities or re la ted re search programs , they have been 
sele cted from sub jec t areas in which panel members have 
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expert knowledge to provide a ba lanced ser ie s  of examples of 
research nee ds and programs with in the very broad study 
top ic.  

SE77ING PRIORI 7I ES FCR RESEARCH 

The prob lem of setting pr ioritie s  for the commitment of 
limited res earch funds a nd ma npowe r is dif f icult to resolve. 
The pane l wa s unable to reach a general consensus on the 
relat ive importance of s tudy of environmental imFacts of 
di fferent re source management activi tie s .  For i nstance , a 
j udgment of the rela tive priorit y of resea rch on the social 
cons equences of urba n land use patterns ve rsus study of the 
ecolog ica l  impacts o f  strip mi ning of western coal 
transcends the e xfer tise of this g roup . Not only do 
perceptions of t he va lue of diff erent kind s  o f  information 
vary w idely according to the Ferspectives of individuals , 
but these pe rceptions a lso can change rapidly in the face of 
new deve lopments . Pred ict ions of what inf orma tion may be 
most urgent ly ne eded in five , ten ,  or twenty-f ive years 
inev itab ly r isk be ing inaccu rate . Never thele ss , thi s  
inab il ity t o  estab lish f irm priori ties among speci fic 
research pro ject s ought not to be taken as j us tification for 
atta ch ing low pr iority to the re sea rch a rea as a whole . 
Rather , it accentuates the iw.porta nce of e stablishing a 
broadly appl icable research program on env ironmental impacts 
of resource ma nagement , �hich ca n be f lexibly and quickly 
brought to bear on spe c i f ic Frob len:s as  they e ltierge. 

In addit ion ,  s ome ge nera l pr inc iple s  to g uide re search 
on these top ics can be set do�n , as follow s :  

( 1 )  The most conspicuous and important re search need is 
to develop the capab i l ity to study re source s y s tems in a 
comprehensive , integra ted ma nner t hat inc ludes physica l , 
biologica l ,  and social component s and e xamine s the behavior 
of systems over long Sfans of t irre ( i . e . , decades to 
cent ur ies or mor e) . such broad overvie�s of 
resource/environment prob lems are the critica l f irst steps 
to guide the acquisition of more deta i led information on 
spec i f ic management activities in specif ic sys tems . 

( 2) Prior it ies among re search projects on di f fe� 
reso urce s ys tems a nd manageme nt ac tivi t ies should te set i n  
some proport ion t o  (a)  t he va lue o r  po tent ia l va lue of the 
reso urce pro duct s to soc ie ty ; (b ) the magnitude and 
s ignif icance of potent ia l adve rse environmental impact s ; and 
(c) the exte nt t o  which pote ntial adverse cons equence s may 

be irreversi ble. 7he spatia l and tempora l extent of 
poss ib le impacts of the ac tivi ties in que s tion should be 
we ighed ; s ho rt-term or local e f f ects may be quite 
sign if icant , but great importa nce should be as signed to 
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study of potentia lly very large-scale or long- lasting 
prob lems . Both the immediac y of the potential impacts and 
the immediacy of a need for acti on to avert long-term 
adverse consequences should be conside red. 

(3)  The priority as signed to research needs with i n  a 
given re sour ce s ystem or management activity shoul d be in 
p roportion to the importance of the information for decision 
making .  sensit ivity analysi s  can show the extent to which 
having certain i nforma tion can i nf luence the outcome of a 
decision . some informat ion may be vital , and the deci s ion 
proc ess may be ser ious ly h indered without it. Other 
informat ion , although it may be of academic i nterest , might 
have l it t le impact on the choice s  deci s ion makers must make. 
!n_the c�xt of ��arch to §UGport decision making , the 
latt er information needs should have lower priority. 

(4 ) The ame nabi lity of the problem to s tudy must also 
be considered in setting priorities. some information is 
crit ical for dec ision making , but neither the basic 
knowledge upon which to build meaningful studies nor the 
methodologies required to dea l  with comple x analytical 
prob lems may exi st.  In other ca se s ,  the avai labil ity of 
experts and research fac ilities may be a c onstraint. If a 
research program offers litt le promi se of producing t imely 
results , the res ea rch shou ld be assigned low p riority .  
(Under such circ umstance s ,  decision making mus t either be 

postponed unti l the info rmat ion is ava ilab le , or must 
proceed without this knowledge , wi th some social value 
as signed to the uncert ainty thus introduced into the 
outcome. ) 

(5 ) Addit ional factors that may be considered in 
sett ing research prior ities include the breadth of 
appl icab i l it y  of res ults and popular demand or political 
pres sures to study a pa rticu la r topic that has attracted 
great public attention. Pub lic opinion and i t s  po litical 
expres sion p lay legi timate roles in directing research . 
However , we bel ieve that many environmenta l problems 
as so ciated w ith resource management demand long-term study ; 
steps should be taken to minimize the impacts of shi f ting 
publ ic attitudes insof ar as they might threaten to disrupt 
the continui ty of important re search programs . 

2 6  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E n v i r o n m e n t a l  I m p a c t s  o f  R e s o u r c e  M a n a g e m e n t :   R e s e a r c h  a n d  D e v e l o p m e n t  N e e d s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 2 0 3 5 5

http://www.nap.edu/catalog.php?record_id=20355


INFORMATION NEEDS FOR MANAGI NG RESCURCE SYSTEMS 

In Chapter 2 ,  we descr ibed a mode l of a ge neralized 
re so urce sys tem as a s tructure f or organiz ing information 
for decis ion making in resource Ka nageme nt. �hat same 
f ramework is used he re to de scribe generic re s earch needs ; 
that is , to sugg est the kind s  of studies that Kight need to 
be per formed in su�port of management of any g iven resource 
system. Examples ba sed on specific re source management 
prob lems are i nc luded bo th to il lustra te the categories of 
research needed and to indicate where some recent or current 
res earch programs fit into the gene ra l f ramewo rk. 

Physica l  and Bio log ical components 

Ef fect ive resource management requires de tai led 
understanding of the physica l and bio log ical character istics 
of the resource system being managed . These characteri stics 
include the capacity of the s ystem to �roduce desired 
outputs , g iven c urrent levels of i nput s ,  management 
techniques , and techno logy , as wel l  as the array of sought 
and unsought out puts tha t  might a l so result f rom specific 
mana gement pract ices . Beyond lists of pos sib le outputs and 
input/output rat ios , quantitative estima te s a re needed of 
the re lat ionships amon g a lternative , complementary , or 
competing resource outputs and use s .  

Resource Inventor ies 

Improved met hods f or mea suri ng and monitor ing the 
inve ntor ies of key resources a re needed to support 
evaluations of the conseque nce s of management 
activities . 

Improved resource inventories a re needed a t  both 
aggr egate (nat ional) a nd s ite- spec ific levels to provide 
basel ine data on the nature and amounts of resource s tocks 
present , for later comparison with i nve ntory or moni toring 
data to determine whet he r  the ob jective s  of ma nagement have 
been attained or to measure environmenta l impact s.  

For example , one i aporta nt need is for expanded 
inve ntor y data on groundwater , i n  orde r to i nc rease 
know ledge of the c ha racteris tics of aqui fers between 
recharge are as and d ischarge a rea s .  Until such information 
is ava ilable , use will concentrate prima r i ly on aqui fers 
whos e propert ies 4re a lready wel l  known , and as a res ult 
t hes e may  be depleted . Anothe r examp le is the nee d to 
r eview t he  e f f ec t ivene ss o f  current procedures for 
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inve nto ryi ng  a nd mon itor ing of marine f ish POF U lat ions , 
part icularly to de te rmine whethe r traw ling da ta now gathered 
provide an adequate bas i s  for po�ulation e stimates f rom 
whic h the year-by-year ava i labi l ity of commercial f i sh 
spec ies can be rel iably asses sed . such a review might also 
seek to improve the sc ientif ic use of commercial catch data 
to determine whether f ish popu lat ions a re changing ,  and i f  
so , why. 

�he subs tant ia l  efforts now being expended on the 
deve lopment of resource inventories should be tetter 
focused. Inst ea d of the mas sive assemblages of sometimes
ir re levant dat a that make up most exi sting i nventories , 
decis ion makers need information on se lected parameters that 
can serve as indicators of the response of the system to 
mana gement a c t iv it ies.  

A top priority f or resea rch on physica l  charac te ri stics 
of resource systems should be to develop c riteria for 
se lect ing such critica l re source paramete r s ,  toth for 
establ ishing bas el ine inventor ies and for sub sequent 
mon itoring o f  systems.  such c riteria shou ld be founded on 
unde rstanding of the eco log ica l structure of re source 
syst ems , on the cha rac te r of the princ ipa l technologies in 
current or prospect ive use , a nd on exFectations of the 
genera l kinds of impac ts management ac tivi tie s  might have. 
Improved criteria , once de ve loped , could be used both to 
conduct and to e va luate s i te-specific re source inventories . 

Resource Flows 

Informat ion is needed on the rates and lirrits of 
resource f lows , inc l ud ing extra-market f lows , that 
a system can Froduce in response to va rious 
management activit ies.  

Resource managers need mea surements or qua nt it ative 
est i ma tes of the res Fonses o f  a system to a g i ven management 
act ivity . Responses a re general ly mea sured i n  terms of tne 
rate s of product ion (f lows ) of S Fecif ic re source s .  The 
uppe r bounda ry to es timates of f lo�s is the lirrit of the 
system to pr oduce outputs over t ime .  For a re newatle 
resour ce , the l i mit might te a max imum s us ta i nable yield ; 
f or a non-renewable re source , the limi t rright be e xpressed 
as t he t ime unt i l  the re so urce �oula be exha us ted unde r 
g iven patter ns o f  use ,  g iven technology of recovery , and 
given econom ic condi tions.  

In many case s ,, s uch as f ishe r ies , forestr y ,  and 
agr iculture , relatively re liab le methods a nd well-tes ted 
models or empir i ca l  approx imat ions exist f or e s t imating 
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resource f lows . In othe r area s ,  existing tech ni ques are 
les s  accurat e , a nd research is needed to improve their 
usef ulne ss . For insta nce , resea rch i s  needed to determine 
the upper li mit s  of range land capacity for grazing for all 
clas ses o f  anima ls ( dome stic and w ild life ) , i ndi vidua lly and 
i n  var ious comti nation s in t iree and spac e ,  or to develop 
mean ingf ul q uant itative meas ures of recrea tional resources , 
oppo rt unities , a nd exper ienc es provided by var ious s ystems 
and management activities. 

Most resource systems also produce non-marketed goods 
and se rv ices , flows of which are equa l ly dependent on the 
phys ical and b io logica l characte ri stics of the systems . 
Methods especial ly need to be deve loped and improved for 
reco gn iz ing , mea suring , and accounting for such extra-market 
f lows in des cr ibing the phys ical component s of systems .  For 
i nst ance , re sear ch is needed to deve lop rr.ethods for 
quan titat ive mea surement of the f l ows of non-rrarke taLle 
resources such a s  animal habitat , biological d iversity . 
aesthetic attributes , or assimi lat ive capacity for wastes 
that charact erize pa rt icular sys tems and management 
act ivi t ies . Res ource ma nagers need e s t irra te s  of these 
extra-market f lows , bo th to avoi d the inadvertent los s of 
the va lues derived f rom them and to support at tempts to 
protect or i nc rease the yield of a given "public service" 
funct ion .  Many of these resource f lows are understood in 
qual it at ive terms , but with few exceptions technique s  do not 
exi st for measur ing them quantitat ive ly or for identif ying 
changes in t hem that may result from management of the 
syst em ( See westman 1 9 77 for discuss ion) . New research 
too l s  are ne eded to a llow such quantitative estimates . One 
poss ib ly use ful approach is ene rgy ana lysi s (see Chapter 2 ) ; 
others are needed. 

Inte ract ions Among Resou rce F lows 

Informat ion is needed to ass es s quantitat ive ly the 
interact ions among diffe rent resource f lows that a 
give n sy stem can produce . 

�he f lows of most goods a nd se rvice s  f rom a given 
reso urce system a re not inde pe ndent . Fe la tion ships between 
some outputs may be comp leme ntary ; for instance . t imber 
harves ting may i ncrease the ava i labil ity of soree k inds o f  
wi ld l i fe habitat s .  Ot he r output s ma y  compete ; for examp le , 
recreat iona l  use of an area can reduce its ava i labil i ty for 
graz ing .  Some re source ma na gerre nt activit ies may create 
adve rse environmenta l impact s that lead to ind irect negative 
ef fects on other outputs . 
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The re lationships among various marketable f lows , extra
market production func tions, and unsought outputs must be 
identified in  re lative ly preci se terms to permit assessment 
of t he net impact of a management choice . For instance , 
crop land in the corn belt may be used as pasture , forest , o� 
to grow feed gra i ns. some land ca n produce more grain than 
other land at any given time ; neverthe less , if crop 
product ion is concentrated on the roost product ive land and 
less fertile acreage is  used as pa sture or forest ,  the total 
output of grain is less  than the maximum possitle.  
Rotational use of land a s  pasture , however , may enhance its 
subs equent productivity of g rain.  Good quantitative 
statements of these re lationships a re needed to identify 
proper combi nations and timings of various land uses. 

Information on such interrelationships in most systems 
is e ither fragmented or is not now general ly available ; to 
fill the gap , ma jor investigations of interact ions among 
resource flows i n  pa rticular systems should be conducted. 
For example . res earch is needed to determine more precisely 
the extent to which wa ste di sposal in the oceans i nterferes 
with other resource uses of the seas (such as fishing and 
recreation) , a nd to de termine the re lationships between the 
t iming and extent of t imber harvesting and the hydrologica l 
characteristics of fores ted watersheds .  

such research will assist i n  the design of resource 
inventor ies and other programs recommended elsewhere in this 
repo rt ; consequently ,  work in this area should be in the 
f irs t rank in pr iority . 

Interactions Among Resource systems 

Information is needed to a ssess the inte ractions 
among resource systems in terms of both 
environmenta l impacts and im�act s on resource 
flows . 

Manageme nt a ctiv it ies in one resource systere often have 
impacts on other resource systems , a nd sound management of 
reso urces requires more de tailed knowledge of the nature and 
magn itude of such inter-system linkages.  Examples of 
typica l research needs on interact ions among s ystems include 
stud ies to determine the relationship between tiological 
cycl ing of nitrogen in coasta l marshes and the productivity 
of e stuarine and offshore f isher ie s ,  and to quantify the 
impacts of dredgi ng and fill ing of marshes on such fish 
product ion ; or resea rch to ident ify the re lation ships 
between urba n recrea t iona l opportunities and recreational 
us es of wi ld lands ,. to determine whethe r provis ion of 
addi tiona l recreat ion re sources i n  or near ci ties could 
r educe damag ing over-use of wildlands. 
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Environmental Impacts of �esource 
Managemen t Ac tivi t ies 

A second ma j or ca tegory of informa tion needs i s  
conc erned with t he mea surement or �red ic t ion o f  �ays i n  
which resource management activi ties a lter the resource 
systems Pe ing managed. �e search on such impacts has 
f requent ly been treated as les s important than studies of 
the resource product ion consequences of management ; we feel, 
however , that informat ion on physical and eco log ical impacts 
is a n  equa lly cr itical need for sound dec i sion mak ing . 

Phys ical Impacts 

Quantita t ive a nd q ua litative i nforma t ion i s  needed 
on the generat ion of res idua ls ,  di sruption of 
landscapes , and othe r physica l impact s  of resource 
management a ct ivities on resource systems . 

Much res earch is c ur rent ly bei ng conducted to provide 
better infor mat i on on the direct and ind irect �hys ical 
impacts of resource ma nage me nt activities on the 
e nvi ronment . Some a ct ivit ies , such as the mining of western 
coal , have bee n stud ied extens ively, but i nf oraation still 
is needed on the impacts of a great many othe r forms of 
reso urce management. For example , studies are needed to 
determine with more certainty the impacts of irrigated 
agriculture on water quality and water supplie s ,  with 
emphas is on the movement of irrigation waters through soils 
and into groundwaters ,  the leaching of salts and nutrients 
i nto ground and surface waters , the depletion of s tocks of 
unde rground water , and the consequence s of i ncreased water 
use in re lation to exist i ng a nd new wa ter deve lopment 
pro jects . A lso , tec hniques need to te developed t o  predict 
second ary impact s of tra nsportat ion systems and power 
plants , part icularly the linkages between such facilities 
and subsequent patterns of land use and development. Data 
are particul ar ly i na dequate on the nature and extent of 
phys ica l  impact s  on frag i le e nvironments such as ari d lands , 
mars hes , tundra , and a lp ine regions . 

Many act ivit ies in resource sys tems are by the i r  nature 
wi de ly dispersed t hroughou t la rg e area s ,  making measurement 
of  t he ir net impacts d if f icult . some di stributed impacts , 
s uch a s  nutrient losses from agr iculture , have been studied 
extens ive ly , but few use ful gene ra l  approache s to the study 
of non-point impact s have been developed , and the 
environmenta l ef fects of many activi ties such as camping ,  
boat ing , t imber harvesting , or off-road vehic le use have not 
been determi ned accurate ly . Resea rch to impro ve 
capabi l i t ies to measure , integrate , and monitor 
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e nvironmenta l change s as socia ted with such ac t ivi t ie s  i s  in 
prog ress (see for examp le , Vo l lmer e t  a l .  1 9 7 6 ) , and will 
cont inue to be needed.  

Impact s on E cosy stem Funct ions 

I nformat ion is needed on the e xte nt to wh ich 
resource managemen t ac tivi ties may a lter t he bas ic 
tiot ic component s and funct ions of ecosys tems.  

Phys ical pert urbat ions o f  a re source sys terr. may lead to 
changes in its cha ra cter istic ecologica l s truc ture and 
f unc t ions � To a sses s the extent a nd signif icance of any 
such changes , the st ruct ural a nd f unct iona l state s  of the 
ecos ystem must be determ ined both before and a f ter 
pert urt:at ion s .  

�wo char acter i st ic s  frequent ly used t o  de scribe the 
"hea lth "  of ecosystems a re productivity (the rate of 
prod uct ion o r  yield of b iorra s s , especia lly of potent ia lly 
harvestab le plant s or anima l s ) , and st2£i lity (the lack of 
la rge or u np redictab le va r ia nce in the syste m ,  i nc luding i ts 
prod uc t ivity and ma j or populat ions , over t ime ) . Both 
s tab i lity and produc t ivity a re c lo se ly related to the 
cont inued f low of ma ny goods a nd service s from the s ystem , 
a nd knowledge of both characteri st ic s  i s  needed to predict 
the conseque nces of management a ctivit ies . 

Some management ac tivi t ie s , such a s  the use of 
fert il izer i n  agriculture , i mprove produc t ivi t y .  Some 
inadvertent changes in e cosys tems a lso may be bene f icial ; 
for instance , forest f ires can a llow the estab lishment of 
youn ger and more � reduct ive stands of tree s. �bile 
measureme nt of cha nges i n  the prod uc t iv i ty a nd stabi l i ty of 
ecos ystems can p rovide a r easonab le yardst ick to assess the 
e f fect s of p e r t u rbat ions , f urthe r  ana lysis i s  required to 
know whether t he e f f ects are des irab le , adver s e ,  or of no 
sign i f icance to man. 

Some excellent wor k on the response s  of ecosys tems to 
pert urbat ions has been done by universitie s  and na tional 
labora to r ies , and a number o f  large scale expe rime nt a l  field 
s i te s  have been deve loped by suc h  ins t it ut ions w ith federal 
s upport (Likens et al.  1 97 0 ,  Borwann e t  a l . 1 9 74 , �odwell 
1 9 6 7 )  and by t he u. s .  Forest service , for ins t ance in the 
Co�e eta wate rs he d  stud y .  Addi t iona l studies o f  the same 
sort a re needed for roany o ther resource systerr. s .  For 
i nst ance , st ud ie s are needed to de term i n£ the long term 
impacts o n  s o i ls , wa te r qual it y ,  a nd b io ta of land d i sposal 
o f  s ewage ef f luents in natur a l  systems such as marshe s , 
crop lands , a nd forests , or to de te rmine the iro�act s o f  s uch 
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act ivit ies as urtan expa ns ion and irriga ted agriculture on 
the processes of eva potranspirat ion and prec ipitat ion , and 
on regiona l weather and climate .  

Mitigat ion o f  Physical ImFacts 

Further research is needed on mea sures that can 
�iti gate the . impac ts of re source management 
act ivities .  

Some techniques are already i n  use for les sening o r  
e liminat ing the adverse phys ical (includ ing biolog ica l )  
cons equences of certain re source management activities ; for 
example , soi l conserva tion pract ices have long bee n f ollowed 
i n  agr icu lture a nd fores try. Si nilar rehabi l itat ive 
measures have been developed or are being studied for 
impacts of other act ivit ies , s uc h as surface mining or 
w i lderness camping . To make s uch mea sures e f f ective ,  
resear ch i s  needed to ident ify the cri t ica l ecological 
func tions (s uch as prima ry production , decompo si tion , and 
the like ) fi lled by orga nisms that a re being rep laced ; to 
select s uitable replacement orga ni sms ; to de te rmine new 
comb inat ions of uses for damaged area s ; and to determine the 
amount s of other resources needed for rehabi l itati on ,  
we ighing the need aga i ns t  comFeting demand s f o r  the same 
resource ( for instance , see NRC 1 9 74 ) . 

In many cases , the t imely use of such �asures may make 
the diff erence between temporary a nd long- ter� or permanent 
damage to the la ndscape . �borough e xami nation of the 
phys ical and bio logica l as pect s of a l te rna tive rec lama tion 
measures should be a part of res ea rch on the i rrpacts o f  many 
major res ource managemen t  proposals , such as mining , 
cons truction of highways , pipe line s ,  or e lectric 
tran smiss ion lines , and cons truc t ion of la rge facili ties 
s uch as dams or po�e r p lants . For exawple , re search to 
mitigate the i mpacts of mini ng a ct ivitie s  might inve stigate 
the feas ibi l it y  of methods s uch as unde rground location of 
proc es s ing p lant s , ret urn of was tes to the underground , 
deve lopment of open pi ts a s  re se rvoi rs , use of bel ow-ground 
s pace for st orage of commodi ties , and improved reclamation 
of s tr ip-mined land and spoi ls . �o reduce agr icul tura l 
impacts on wat er qua l ity , re search might seek to develop 
impr oved met hods to increase e f f icie ncy of water use in ar id 
and semi-ari d la nd s ,  s uch as advance s in dry land 
cult ivat ion techniques , wide r di ssere ination of water 
cons ervat ion mea sures , and breed ing more wate r-eff icient 
variet ies of crop plants . 

Environmenta l impact sta terre nt s  have ofte n  mentioned 
mit i gative steps tha t  are theore t ica l ly feas ible , but that 
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cannot be i mplemented without on-s ite re search . Many o f  the 
kinds of s tudies nee ded wo uld invo lve long - te rrr. field 
inve st igat ions . 

Economic and socia l  Components 
of Resource Systeros 

Dec is ion makers need inf orma tion on the economic and 
soc i a l  compo nent s of resource sy stems in orde r to choose 
amon g alternat ive manage me nt s t rateg ie s .  The values socie ty 
a s s igns to v a r ious o ut puts of a re so urce system need to be 
determ ined ; thes e should i nc lude not only the we ll-def ined 
market pr ices of p roducts ,  but a lso e s tiw.ate s  of the worth 
of products or service s that do not ha ve a know n market 
va lue , and of the cost s of negat ive outputs s uch as adverse 
envi ronment a l  impacts.  The economic and soc i a l  consequences 
of management cho ice s inc lude the tota l cost s and tene f its 
o f  a ct ivities and the d istributi on of those cos t s  and 
benef its throughout soc iety and t ime . 

In format ion is a lso needed on spec if ic e co nomi c and 
social condi t ion s or i ns t itutions tha t may con s t rain 
resource manageme nt ac tivi t ies , inc luding demands for 
resource product s ,  mar ket cond it ions that de termine the 
ef fects of management ac tivi t ies on prices and i ncome , the 
s t ruct ure of ind ustr ie s , gover nment policies o r  laws , such 
as export quotas o r  environmenta l protec tion measure s , 
soci a l  condi t ions , s uc h  as the mob i l i ty of the labor force , 
and ethical and po l i t i ca l  cons ideration s .  

Tools for Measur ing and Compa ring Re source Val ues 

Ava i lable me thods for mea suring a nd compa r i ng the 
va lues of specif ic p roduc t s  and serv ices o f  
resource sys tems s hould b e  i rr.proved , e svec ially 
through deve lopi ng technique s for as signi ng va lue s  
to extra-ma r ket re source s .  

The greatest l im it at ion o f  t radi t iona l cost-tenef i t  
analysis i s  the inab i l ity of most economic mea surement 
methods to i nc lude a l l  the re levant prod uc t s  and services 
over app ropr iat e ly long time s pa ns (NRC 1 9 7 5b ,  Freeman 
1 9 7 5 ) . Effort s to overcome thos e limi ta tions have included 
attempts to exte nd e co nomic theo ry (Dorf ma n  and Dorfman 
1 9 7 7 ) , or to develop new a na lytica l  a pproaches suc h as 
ener gy a na ly s is (Gil li la nd 1 9 7 5) . ( See ai sc us s ion i n  
Chapter 2 . ) 

In t he a bsence . o f specific mea sure s of va l ue , re source 
managers often ca nno t  a s s ign a pprop riate we ight s to many 
a c tivit ies t hat w ould e i ther augrrent or reduce the amo unts 
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o f  i nd iv idua l sat i s fact ion and s oc ia l  bene f i ts produced by 
some o utputs . I n  such cases some desirable and unde s irab le 
results of management ac t ivi ties are implici t ly given zero 
or very low values in cost-be nef it analyse s. Decision 
ma k i ng i s  thus l ikely to be biased in favo r of production of 
output s of wel l-establ ished ,  measurable worth . Examp les o f  
resear ch t o  f ill such informa tion ga ps inc lude studies to 
deve lop aggr egate re giona l a nd nat ional estimates of the 
capa cit i es of ecosystems to absorb nutrients and wastes , and 
of the benef its or cos ts of such a ssimi lat ion in terms of 
changed biot ic produc t ivity ; a nd research to e stimate the 
dire ct and i ndirect production a nd  consumption of dif f erent 
forms of energy for many dif ferent re source ma nagement 
activit ie s . ( Se e  westma n  19 7 7 . ) 

One reas on t ha t  quantitative val ue s  have not been 
ass igned to many ext ra -marke t  produc t s  and services of 
resource s ys tems i s  that the qua lities they po sses s that 
cont ribute to indiv idual sat i s faction or soc i a l  tenef its 
have not bee n identi f i ed .  E f f orts to def ine the se 
attr ibutes are based large ly on sociological and 
psycho logica l re search on consumer attitudes and mot ivation , 
to learn ·how people perceive their lives to be aff ected by 
hunt ing , wilderne s s  camping, or other current ly poorly
def i ned resource use s .  (See , for instance , Brown et a l .  
1 9 7 7 . )  

It is  un like ly tha t  re search wil l .ever provide 
acceptab le con;pa rable measures of va lue for a l l  of the 
qual ities of a resource system. P.e sea rch can ,  however , 
grea t ly increase the range a nd the foc us of the display of 
info rmat ion avai lable to dec is ion make rs a nd i solate the 
subj ec t ive e lement s on which choices may depend. 

Social and Economic Impact s  

Fe search i s  need ed t o  improve techniques for 
measuring and pro j ec ting the social and economic 
impacts of resource manage me nt activities . 

Most res ource ma nageme nt activitie s have the potential 
not on ly to mod ify the eco sys tem involved and tnus 
i ndirect ly a ff ec t  socia l  we lfare , but a lso to have direct 
impact s on human soc ia l pa tterns . For i nstanc e ,  some 
redi str ibuti on of sma l l  popu lat ion s to the vic inity of 
ener gy sources has accompanied e xpa nding energy demands , a nd 
the Interstate H ighway system ha s dramat ical ly altered rural 
and suburban land- use patterns (Fea l Estate Fe search 
Corporat ion 1 9 7 " )  • .  
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�he soci a l  a nd eco nowic consequences of re source 
mana geme nt decis ions need to be be tte r unders t ood along wi th 
the phys ica l and eco logica l re sponse s of the s ystem to 
mana gement . Typ ical re sea rch need s of this s o rt m ight 
incl ude inve st igat ion of the short-range and long- range 
social impact s  of deve lopment of mining to�n s ; of the 
ef fect s of r eservation of wi ldernes s a reas upo n the regions 
in w h ich t he y  are loca ted ; or of the e nvironme ntal and 
socio- econom ic consequence s of reloca t ing industries and 
populat ions f rom cent ral c ities to the suburbs , including 
both the provis i on o f  new fa ci li ties and services in the 
suburbs and the prema ture aba ndonment of hous i ng ,  industrial 
properties , and other resources in the citie s .  

Post -Pro j ect Ana lysis 

�he accuracy of pre-project cost-benef it analyses 
of  ma jor res ource manageme nt actions should be 
evaluat ed by tho ro ugh FOSt -pro ject asses sments of 
the actual cos ts a nd benef i t s  produced by selected 
act ions. 

Desp ite the substantial amount of time and resources 
devo ted to cost-benef it analyses to de termine the 
feas ibility of propo sed projec ts , eff orts are se ldom made , 
once a pro ject has been co� le ted ,  to de te rmi ne what the 
actual costs a nd benef its are , a nd how they co�pare wi th the 
pred ict ions used in the decision-making proce s s . Alt hough 
they are oft e n  costly , retrospec tive ana ly se s  of maj o r  
resource management ac tions (such as surface mines , large 
dams or wate r dive rs ion projects , or deve lopme nt of a reas as 
recreat iona l s ites ) can be extre ae ly va luable for subsequent 
decis ion mak ing and po l icy developme nt . Example s are the 
ana l ys is of f isher ie s  management in Chesapeake Bay (McHugh 
1 9 7 2 ) , and a n  as sessme nt of severa l ma jor wate r management 
pro j ects (Havema n 1 9 7 2 ) . Simi la r  retrospective studies of 
the Alas ka oil p ipeline are now in progres s .  

such ana lyses , drawn from ac tua l exper ience ,  form usef ul 
base s for eva lua t i on s  of s imi lar new proposals and 
il lustrate t he uncerta inties and limitations in the analysis 
of s ome manage me nt pro ject s.  For instance , a review of 
prev ious att empt s to q ua nt if y and forecast impacts of power 
pl ants a nd mini ng deve lopments a nd compa ri sons with actual 
impa ct s  in s e lected ca se studies could ind icate what kinds 
of impact assessment s have provided the mo st useful and 
accurate pro ject ions of ef fec t s  on the physical , bio logica l ,  
soci a l , a nd economic a spec ts of the reg ion . Such re search 
might reveal tha t  tmportant cons iderations had not been 
take n into account in ea rlier cost -benef it st udies ; i f  so , 
this might a lso lead to requirements for more complete 
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anal yses of future act ions .  For obvious reasons , such 
stud ies have l im ited a ppea l for the dec i s ion make rs �ho 
manage resources and s upport re search. Al though post
p ro j ect assessment i s  not a ne� idea , it is neve rthe less one 
that we feel s t i l l  deserve s  pr io ri ty attention . 

Demands for Resource Product s and services 

Increased attention shou ld be devoted to t he 
ana lysis of soci a l  demands f or various product s and 
services of resource sys terr:s . 

Most of the attention of resource manager s i s  devoted to 
the ad justment of produc tion f unctions to meet the perceived 
demands of consumers ; except i n  ca ses where the f low of a 
reso urce is c lea rly limited , ad j us tment of rates of demand 
has rece ived far les s attent ion (Ford Foundation 1 9 7 4 ; NRC 
1 9 7 5 a ,  1 9 7 5c ) . Nevertheless , ef forts to reduce the need for 
activities w ith la rge environmental impact s or to increase 
reliance on less env ironme nta lly damaging ac tivities must be 
important element s i n  na t iona l strategies for resource 
mana gement . The most obvious �a y to change the demand for a 
prod uc t  is t o  change its price . I n  the resource f ield , 
ho�ve r , many produc ts and service s are " sold " at zero or a 
token pr ice , a nd the price s  of o ther outputs do not always 
r efl ect their fu ll val ues. I f  the price mechanism is to be 
used to ad just demand , consi de rable research (rr:uch of i t 
described ea rl ie r  in this chapter) w i l l  be needed . 

Forecast ing demands for resource s is a ma jor element of 
long -term ma nagement , and is a n  area of important 
info rmat ion need s. Re search i s  needed , for e xamfle , on 
ques t ions such a s  ho� va lid a re the me thod s used to make 
histor ica l project ions of de wand for fos s i l f uels or 
irrigation wat er , or whether demands for some recreat ional 
oppo rt unit ie s  (e . g . , camping in pa rks near urban areas ) may 
be effect ive substit utes for others (e . g . , camping in remo te 
wilderness area s )  (see NRC 1 9 7 5c ) . 

The or ig ins of demands for resource s a re complex . 
Demand i s  inf luenced by such var iables a s  advertis ing , the 
amounts of t ime and mone y  at peofle • s  di spos a l , changes in 
tec hno logy , rate s of pop u lat ion growth and economic growth , 
and laws and gover nment policie s .  Many of the se f actors may 
not be s ub ject to contro l ,  but better unde rsta nding of the 
way they interac t is a n  important need in the management of 
reso urces . Research to def ine the nature of demands for 
re so urces , to improve techniques f o r  f orecasting demand ,  and 
to e xplore methods o f  ad just i ng f uture demand to potentia l 
reso urce constra ints s ho u ld be given highe r pr iority than it 
has re ce ived to da te . 
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Lega l Co ns traints and Inst it ut ions 

A roa jor research e f f ort shou ld be e stabl ished to 
examine the i nf l ue nce of legal constra ints and 
inst itut ions on re so urce rr.anageroent ac tivi t ies and 
their e nviro nmenta l impact s. 

Envi ronmenta l prob le rr.s caused by resource aanagement 
activities can be pe rceived , a na ly zed , and solved only 
t hro ugh s oci al and ins t itut i onal means . Some existing 
inst it ut ions , howeve r ,  tend to f orce ma nageme n t  deci s ions in 
pa rt icular d irec t ions de spite substantia l  ind ications o f  
unde s irable environmenta l  or soc ia l  consequences . To a l ign 
resource manag ement st ra tegies more c lose l y  w i th social 
goa l s , changes in la ws and ins t i t utions rr.a y be requi red .  
The evo lution of ins t itut iona l structure s te nds t o  lag 
behind t he e ve nt s they are des igned to control , and re search 
on t he ro les of spec i f ic management ins t itut ions i s  
important for st imula t ing more rap id i n s t itut ional 
adaptation to the acce le ra t i ng pace of social change . such 
resear ch can att empt to identify the goa l s  a nd ob j ectives of 
reso urce · manager s ,  the re lat ionships between those goa ls and 
the environmenta l impac t s  of var ious manageme nt ac tivities , 
the in f luences o f  spec i f ic inst itutional con s t raints upon 
the goa ls and actions of res ource managers , the 
e f fe ct ivenes s of ins t itut ions in a tta i ning soc ial goa l s ,  a nd 
the po ss ible eff ects of spec if ic c ha nges in i n stit ut ions on 
t he goals and actions of managers and the eve n tual outputs . 

For example , an important question is whether some law s  
o r  i ns tituti ons desi gned t o  protec t the environment may i n  
f act mere ly exchange o ne  set of impacts f o r  a nother. 
Research mig ht exami ne t he e f f ects of recent l y  imposed 
cons tra ints on th e developme nt of supe rtanke r s  on fleet 
character ist ics , port re quirewents , and othe r  
char act erist ics of ocean t ransporta t ion.  Re se arch might 
a lso examine the relationshi ps between the pat te rns of 
pr ivate owne rshi p ,  or of government a uthority over public l y  
owne d resources , and t he  management o f  those resources . For 
example , res pons ib ility for wi ldl ife pop u lat ions i s  vested 
primar il y in s tate o rgan izat ions , whi le re spon sibi lity for 
the hab itat on which t hose pop u la t ions depend is vested 
large l y  in e ithe r fe dera l agencies or private owne rs . Thus , 
a s i ngle res ourc e mana ge r  ra re ly ha s power to de al with the 
whole system . Si�ilar ly , surf ace rights to pa rticula r lands 
may te h e ld by priva te i nteres t s  or government agencie s  
concerned wi th a gr icul tura l or f ore s t  prod uct ion , whi le 
othe r pr ivate inte re s t s  and gove rnroent agenc ie s  may have 
r i gh ts to and manageme nt authority ove r sub- s u rface roinera l 
or f oss i l  fue l  depos it s .  
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�he s ma l l amount o f  re search tha t  ha s bee n done on 
inst it ut iona l components of re source systems has not yet 
prov ided an adequa te bas i s  for des i gn ing improved re sour ce 
management i ns t i tution s.  A ma jo r  ef fort i n  this a rea is 
needed and s hould be among the h ighe st priori t ie s  fo r 
f und ing . The mo st f ru it f u l  approach wou ld l i kel y be 
histor ical ana lyses and ca se s tudie s of impor tant reso urce 
management proces ses tha t  have been carried out ty 
government agenc ie s and corporat e and non-corporate private 
owne rs . 

HO� MUCH RESEARCH I S NEEDED? 

�he e mphas i s  we have g ive n t hr oughout thi s  repor t to 
comprehe ns iv e , i nteg ra ted re sea rch and mode l i ng of resource 
systems could lead to a mass ive , ove rb urdening effort to 
collec t  data , i f  ste ps we re not taken to g uard against i t .  
We bel ieve t hat the mode ls deve loped m us t  not become s o  
large a n d  unwie ldy a s  t o  b e  imprac t ica l f o r  use i n  dec i sion 
ma king or as a guide to re search need s .  I n  pa rt ic ular , t he 
pitf al l  o f  co llect ing da ta stric t ly to sat is f y  the demands 
of the model or the biases of the mode le rs mus t te avo ide d .  
I n  a ddit io n ,  i n  orde r t o  fac i litate stud y  o f  i n te ractions 
among resour ce systems and t o  broaden the app l icab i l i t y  of 
data and inter pretat ions , it i s  important that models of 
d iff erent s y stems be s im i lar ly s t ruc t ured .  �hi s  need , too , 
argues f or model s  of re lat ive sirrp licity a nd manageable 
si ze .  Mode ls t ha t  are de signed a s  aids in prob l em 
solv ing f or resource manager s do not nece ssa r i ly requ i re 
extens ive amount s of data or reinute ly de ta i led da ta. The 
da ta nee ds i n  ea ch case �i ll depend on the k inds o f  
a l te rnat ives t he dec is io n  ma kers need to exami ne , and on t he 
t ime ava i lab le b e f ore the dec i s ion rr.ust be mad e .  Khere 
appropriat e , models ca n be deve loped wit hin a hierarchical 
s t ruct ure that permits more de ta i led mode l ing of a 
pa rt icular s ubs ect ion of a s ys te m ,  a s  the need may a r i se 
(Ove rton 1 97 7 ) . Funding avai lab le for data col lec tion may 

a lso l im it t he resea rch poss it i l it ie s .  

I n  gener a l , there are two rra jor ca tegories of 
informat ion need s on the irrpac t s  of re source management : 
informat ion to support immediate dec i s ions or dete rmine the 
short-term conse quence s of a rra nageme n t  ac tivi t y ; and an 
informat ion base for the long- t e rm  management of resou rces , 
i nclud ing pr o j ec t ion o f  the conseque nce s of actions over 
decades or l onge r pe riod s .  Short-term , prob lerr-or ien ted 
re search usua l ly can roee t need s of the f crwe r type 
s u ff i c ie nt ly to permit dec is io n s .  en the othe r ha nd , long
te rm res ource ma nageme nt require s  that pro jec t ions o f  
envi ronmenta l  a n d  Qt he r  cons e q uences be pa rt of a n  
i nte gr ated , comprehens ive asse ssrre n t .  such re search need 
not be f ine ly de tailed or intens ive , b ut rathe r should 
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perm it pres e nt and fut ure resource managers t o  compa re "be s t  
gues s " estimat es o f  the cons eque nce s o f  �o lic y  opt ions .  

For some resource ma nage me nt problems . re search needs 
may be rather modest . beca us e adequa te base l ine data a re 
avai lable from a var iety of source s .  �he chief need i n  such 
cases would be to provide a comprehensive . coord inated 
framework for the use of e xist ing inf orma tion . In the 
ma jo rity of cases .  however . informat ion gaps wi l l  exist i n  
a t  lea st s ome o f  the categories de scribed above i n  this 
chapte r .  I f  exi st ing informat ion is sufficient t o  permit 
data needs to be ident if ied readily . the amount of research 
needed to support a dec i s ion wou ld not necessari ly be large . 
I n  this rega rd .  it i s  import ant to recogni ze t he great val ue 
o f  sens itivity a na ly si s  as a tool for de te rmi ning which 
miss ing p ieces of info rma tion have the greate s t  influence on 
the outcome of t he model • s  pro ject ions . such analys is can 
be a key to ranking re search needs and reducing the extent 
of d ata gathering ef forts (see . for instance . Nor th and 
Merkhofer 1 9 7 5) . 
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CHA P7ER 4 

�£ARC H  IN§liT UTIONS AND COMPREHENSI VE S7 UDIES ON 
ENVI�E��AL IMPACTS OF RESOUR�MANAGEMENT 

In e ar l i er cha �ters , we have noted that the roost 
cons picuous fai lure of re sea rc h  on environment al impacts o f  
resource management ha s been the i nab i li t y  o f  both res ea rch 
and decis ion making to dea l  e f fect ive ly w i th the complexity 
of resource s yst ems and re source ma na gement problems . The 
greatest nee d for re search , theref ore , i s  to develop the 
capa ci ty for i ntegra ted , comprehensive inve stigations , 
i ncl ud ing s i m lua tion modeling of resource systems , that can 
encompas s  th e fu l l  range of phys ic a l , b io log i ca l ,  economic , 
and soci al f ac to rs tha t  de te rmine the reso urce outputs and 
the envi ro nmenta l impact s that f ollow f rom a g iven se t o f  
inputs to a system .  A lt hough a n  enormous amount of research 
is bei ng done in government ag encies , univers i ties , and 
private ins t it ut ions , ve ry f ew research �rog raros have the 
broad , mul t i d is c i p l i na ry approa c h  we fee l is neede d .  We 
be l i eve t hat , t o  a large exte nt , t he e x i sting trad itions and 
inst it ut ions f or resea rch on re source mana geme nt cont ain 
roadblocks t o  the e f fect ive inpleme nta tion of the needed 
comprehens ive a pproach. �h i s  chapter exam ines the 
inst it ut ions f or resea rc h ,  s orre of those obstacles , and 
pos s ib le met hods for ove rcoming there . 

RES EARCH PROGPAMS O N  ENVI P.ONM EN�A L 
I MPAC7S OF RE SOURCE MANAGEMEN� 

�he number of re source ma nagement ac t ivi t ies with 
impa ct s  on t he e nvi ronment is va st , and the nu nbe r  of 
agen cies and othe r ins titut i on s  tha t conduct resea rch 
related to s uc h  activ i t ies a nd t he ir impac ts i s  
corr es po ndin g ly large and dive rs e .  I t  w a s  i mpos s i ble , under 
t h e  terms of t h i s  st ud y ,  for us to e xarei ne in any deta i l  the 
r�s earch prog rams that touch on the se i ss ues . I ns tead , w� 

wi l l  prese nt a t r i ef , ge ne ra l  overview of some research 
p r og rams o f  d i f f e rent orga ni zat ions �ith d if f � rent 
or ientat ions , emphas iz i ng the re la tionsh ips be tween t hose 
ex is t ing programs and the need we have ide nt i f ied fo r 
comp rehe ns ive s t ud ie s .  7h is rev iew is i n tend e d  to 
i l lu st rate s ome gene ra l trends a nd ins t i t u tional a pp roaches 
in research on e nv ironme ntal impac ts of re source management ; 
i t  i s  ne ithe r  a corop le te survey of a ll the programs that 
might be i nc luded , nor a det a i led appra i sa l  o f  any programs 
t hat a re c ited .  (Indeed , entire report s have been devoted 
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to a ssessment of the research prog rams of sing le agencies ; 
see for i nstance NRC 1 9 7 2b , Ma r and Newe l l  1 9 7 3 ,  1eontief et 
a l .  1 9 7 5 , u . s .  Congres s ,  Off ice of �echnolog y Asse ssment 
19 76 , u. s . Fores t Serv ice 1 9 7 6 , NRC 1 9 7 7 . ) 

Federal Agenc ie s 

�he federal agenc ies tha t play a signi f icant role in 
research on resource manageme nt and it s environmenta l 
impact s vary i n  mi ss ions f rom regulatory (e . g . , the u. s .  
Envi ronmenta l Protect ion Age ncy [ EPA ] ) , to land and resource 
mana gement ( e . g . , the u. s.  Forest service [ USFS ] ,  the 
Nat ion al Par k  se rv ice , the Burea u of Mines ) ,  to research and 
deve lopment with spec ific goa ls (e . g . , the Agr icultural 
Research Service [ AR S ]  or the Energy Re sea rch and 
Deve lopment Admi nistra tion ( ERDA ]) .  �he d irections taken by 
rese arch and development w ithin each agency tend to reflect 
the miss ions of the agenc ies .  For example , the re search 
programs of EPA are desi gned priroa rily to support immediate 
deci sion mak ing by providing informa t ion on specif ic 
po llutants�- thei r sources ,  proce sses of environmental 
transport and transforma t ion , ef fects on livi ng and 
nonl iving re cept ors , control technique s ,  a nd costs and 
bene f its o f  cont ro l (U. s .  EPA 1 9 77 ,  NRC 1 9 7 7 ) . Although 
there are some e xceptions (see the sect ion on status of 
comp rehens ive re search , be low) , this orienta t i on general ly 
does not pro duce resea rch to a ss e s s  long- term degradat ion of 
ecos ys tems by la rge-scale re source management activi t ies . 

I n  contrast , the res ea rch prog rams of most agenc ies with 
ma jor resour ce management re sponsibilities have gene rally 
been des igne d  to understand and improve product ion of 
re so urces . Some of th is res ea rch i s  integrated ,  i n  the 
sens e that i t  comb ines s t udies of the phys ica l resource base 
with stud ies of socioecono�ic va riab le s s uch as demand. 
Howeve r , (again w ith some exce pt ions , noted be la�) , s uch 
research is rare ly t ruly comprehensive , and usually i s  not 
designed to ass e s s  long- term e nvironmental con sequences of 
resource management deci sions . For i n sta nce , reost res earch 
on a gr icu ltur a l  activ i t ies is cond ucted e i the r at ARS 
research cent ers , or by agricu lt ura l exper ime n t  stations 
that a re s upport ed b y  the Departrrent of Agricu lture and 
oper at ed in coope rat ion with the land grant un iver s i t i e s .  
T h e  research produced b y  this system has tende d to 
co nc ent r at e  on nar row , locally importa nt p rob lems , s uch as 
range ma nage ment or prod uc t ion o f  a pa rt icular crop (NRC 
1 9 7 2 t) . Whi le t his approach has produced some excel l ent 
research within i t s  ob j ect ives , it ha s not bee n  adaptab le to 
the sort of inte g rated s t udy of inte rconnected �roblems that 
is necessary to support manageme nt of mu lt iple resources in 
a sing le nat ura l system.  Si mi la r ly , most re se arch carried 
out by a genc ies s uch a s  t he B ureau of Land Ma nagement , the 
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Na t ional Park Service , t he Burea u of Outdoor Fecreation , the 
B ure au of Mi nes , and other re source-mana gi ng agenc ie s  has 
been focused on spec if ic loca l resource produc tion 
ques t ions .  

Comp rehens ive , I ntegra ted Fe search in Federal Agencie s 

Many s tudie s within the dive rse re search programs of the 
fede ra l  governme nt that deal with re source ma nagement and 
i t s environmenta l impact s ha ve i nvo lved mode l i ng o f  
e nv i ronmenta l system s , a n d  s oroe have inc luded succes s f u l  
appl ic at ions of mode ls i n  re source management p lanni ng and 
po l i cy making . (For a s ynop t i c  review of th i s  research and 
i t s  app l icat ions , see Envi ro nmen ta!_M_ode l i� nd Dec i s ion 
Maki ng :  'Ihe Uni�d Stat�lrn��� .  a repo rt by the 
Holcomb Research I ns t itu te , 1 9 7 6 . ) 'Ihe most s ucce s s f u l  
e f f o rt s , however , have a lmos t a lways invo lved narrowly 
f ocused ques t io ns and small,  relative ly prob le rr- spec i f ic 
mode ls . Comprehensive , mult idisc iplinary stud ie s to make 
long -term pro j ec t ion s of large , complex s y stems for poli cy
maki ng purpose s have been uncommon , for bo th technical and 
pragmat ic re asons .  The mode ls r equired for such s tudies 
s t i l l  have s ubst antia l problems of theory , dat a  
ava i labi lity , and va l idation ; and ,  a s  the size and s cope of 
t he system modeled i nc re as e ,  t he numbe r of resou rce managers 
and othe r  inte re s t s  conce rned wi th the pol icy i s sues under 
s t udy , and t he complexity of i nt eractions among those 
pote n t ia l  us er s , a lso increa se considerab l y .  Ne verthe less , 
a number o f  s ignif icant steps ha ve been taken toward the 
k i nd of comprehe nsive re search on re source sys tems we feel 
is mos t  needed , though few if any of the e f f or ts to date 
coul d be r at ed a s  who l ly suc cess f ul .  

For example , sever a l  sub-prog rams of E PA ' s  resea rch have 
elements of a compre hens ive , i nteg rated approach . In the 
1 9 7 7 f iscal year , EPA alloca ted $6 . 1 mi l lion (of an R&D 
budg et of $2 3 4  m i l lion) to resea rch on manage rrent techniques 
to meet env i ronmenta l ob jectives in the p roduc tion of 
rene�abl e resources (U. s .  EPA 1 9 7 7 ) . E PA also spe nt a small 
part of its energy-rela ted resea rch f unds on i nteg rated 
a ssess ment o f  new ene r gy techno log ie s , to examine both 
e nvironmenta l  and socioe co nomic a s �ects of ent ire fuel 
c ycl e s , espe c ia l ly for certai n  coa l-using techno logies . 
F ina l l y ,  EPA mai ntains a modes t ef f o rt ( $ 1 . 6  m i llion ,  or 0 . 7 
percent o f  the 1 9 7 7  budget of 'Ihe Off ice of Fe search and 
Developme nt ) i n  Envi ronmenta l systems Ana l ys i s , under the 
Envi ronmenta l Ma nageme nt Sub-program , which is des ig ned to 
as s i st s tate , re g iona l ,  a nd loca l a genc ie s in the ana lysis 
o f  e nvironme nt a l  impac ts of and policy a l ter nat ive s  for 
regional development , land u se ,  and tran sporta tion patterns . 
( I n  th is regard , see t he d is cuss ion of the SEA S mode l , i n  
Chap ter 2 ) . 
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�he Ener gy Research and Deve lopment Admini stration 
( ERDA) a lso has some comprehensive re search programs , 

espe c ia l ly i n  the asse ssment of new energy technologies . 
ERDA ' s  research plan i nc ludes a program in ge neral systems 
ana lysis that wi l l exami ne e ne rg y  deve lo�ment poli cy 
opt ions , emphas i z i ng the complex i nteractions among energy 
us e ,  technology , the environment , and the nat ional economy 
( U . S .  ERDA 1 97 6 ) . EP.DA also sup�ort s the envi ronmental 

research programs of several nat ional laboratories , 
part icular ly those a t  oak Fidge and Brookhaven , which have 
made ma jor contr ibutions to the adva ncement of environmental 
mode ling . The Regiona l Envi ronmenta l Systems Analys i s  
Prog ram at Oak R idge ( supported in part by NSF ) i s  s imilar 
i n  o b j ect ive s to the Environme ntal Systems Ana lys i s  Program 
in EPA, note d above (Crave n  et a l. 1 97 7 ) . The ERDA program 
for deve lopi ng s ys tems resea rch repre sents a major attempt 
at i ntegrate d ,  comprehensive a s s e s sment of long- range 
reso urce management choices ; unfortuna te ly , diff iculties in 
integrat i ng economic a nd technolog ica l model s  and problems 
in e stab l ish ing formal channel s  of communication ,  
cooperat ion , and coord inat ion among the many agencie s  and 
orga n i zat ions involved in the da ta -ga thering and analytical 
phas es of tne pr ogram have hampe red the early �rogress of 
the ef fort ( U . S.  ERDA 1 9 7 6 ) . 

�he re search program o f  the u . s .  Fore s t  service provides 
a th ird important example of a ma j or ongoing effort to 
provide better i ntegrated ana lys is a nd suppor t ing research 
deal ing exp licit ly w ith envi ronmenta l impacts of resource 
ma na gement decis ions . Under the Renewab le Re sources 
Planning Act of 1 9 7 4 (RPA) (PL 9 3 - 37 8 ) , the USFS is requi red 
to prepare comprehens ive a na ly se s  of forest and range 
re so urces of t he count ry at ten- year i nte rva l s . Thi s 
a s sessment i s  intended to provide the bas i s  f o r  choos ing 
programs for t he use of fore st a nd range reso urces that will 
op timi ze t he mixture of resource benef its--timber 
product io n , livestock graz ing , wildlife habitat ,  water yield 
and qua l it y ,  recreat iona l se rvices , a nd the l i ke--whi le 
fulf il ling the ma nda te of the Na tiona l  Environmental Policy 
Act of 1 9 6 9  to m a intain enviro nmenta l  qual ity . �he R PA thus 
appe ars to i mpos e on Fore s t  service dec ision makers a 
f ramework like t hat advocated in Chapte r  2 ,  a leas t within 
the const ituted author ity of the a gency . Fur thermore , one 
of t he obj ect ive s of the ass es sment prog ram i s  to des i gn 
future USFS research on interdiscipl i nary , 
inter ins titut ional l ines ( see USFS 1 9 7 6 ,  1 97 7 ; Giltmei r et 
a l .  1 9 7 6 ) . 

As est imab le a s  th is hig h l y  ambi t ious ef fort i s ,  b r ief 
expe r ience w ith it to da te has a lready revea led some 
de f i cienc ies . �he R �A A sses sment ( USF S 1 9 77 ) has been 
cr it ic ized f or i t s  lac k ot comprehens ive t reat �ent of the 
impo rtant intera ctions o f  resour ce systerrs both with one 
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a nother (e . g . ,  e f fect of t irober output leve l on water 
qual it y) and wit h re lated environroenta l c harac teristics 
(Vaux 1 9 7 6 , Clawson 1 9 7 7 ) . The Fo� st service its elf f irst 

no ted the de fici e ncy , including it in its suroroary of 
sc ient ific infor mati on and data needs publ ished in its 
Asse ssment report . Re search specif ica lly des igned to f i l l  
s uch gaps mi ght be read i ly a t  ha nd , and a ma jor proj ect to 
upda te nat iona l  and regiona l f ores try re search programs is 
currently under way within the USFS (Anonymous 1 9 7 7 ) . 
However , scrut iny of the detai ls of forestry research 
planning makes i t  seem les s certai n tha t such needs will be 
met . The program st ructure through which rese arch 
pr io rit ies are a ssessed is f ounded on a prod uc t-oriented or 
d i sc ip l ine-or iented approach tha t  weighs agai nst 
identi f ication of broa de r  prob len-s or adoption of 
comprehens ive re search approaches (see Anonymous 1 97 7 , 
Append ix C ) . Wh i l e  the curre n t  redirection of forestry 
r esearch programs w i l l  certa i n ly res ult in strengthened 
r esear ch eff orts , pa rt icu lar ly in terms of emphasi s  on 
re so urce inventories and soil a nd water components of forest 
s y stems , the approache s and prob lems e s sential to an 
adeq uat e ly compr ehensive v iew of the resources appear to be 
over looke d �  we be lieve this ove rs ight is the result of 
inst it ut io na l  fa ctor s ,  descr ibed late r in thi s chapter .  

These examples ind icate that the need for comprehensive , 
inte gr ated s tudies of re sour ce/environmenta l � rohlems i s  
reco gn ized , at lea st i n  concept , i n  re search programs o f  
some feder al agenc ie s ; e xaroples f rom o the r agencie s  might 
have been cited as we l l .  Ne verthe les s ,  none of these 
programs has provided the pract i ca l ,  acce ssible analytical 
capa b i lity t hat we fee l  is needed for long-term resource 
mana gement ( see Chapte r 2) . Dif ferent agenc ie s  have mounted 
prog rams with comparable ob jective s ,  but d ive r gent 
appr oaches ; and not even the best of the approache s tes ted 
to date has succ e s sful ly i nteg ra ted all of the aspects we 
feel ar e important . 

Nongover nment Crganizat ions 

A great deal o f  res earch on re source management 
act ivit ies and t he ir env ironment a l  impacts is conducted 
outs ide federa l agenc ie s , in uni versitie s , pr ivate industry, 
or i ndependent r e s ea rch ins t itutes . As i s  true within 
governme nt , howeve r ,  the numbe r of programs that have 
produced comprehensive , �ult id isciplinary stud ie s of 
reso urce sys tems i s  ex treroely smal l. 

In general , most of the theoretica l  re sea rch , data
gather ing , a nd val idq t ion studie s done in academic settings 
have been co ncerned pr imar il y wi th us ing mode l s  as re search 
tool s for understanding the s y stems stud ied , � ith le ss 
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emphas is on the potentia l  applications of uode ling 
techniques in re source manageroent deci sion mak ing. For 
i nst ance , much o f  the re sear ch to deve lop ecos ystem models 
has teen done through univer s i tie s , in par t as the u. s .  
cont r ibution t o  the Inte rnat iona l Bio logical Program (see 
Chapter 2 ) . Some of the studies done in thi s  cont ext have 
been used to ass ess impac t s  of resource roanage Hent 
act ivities , e . g . , st ud ie s  on the consequences of 
de forestat io n  in the H ubbard Brook watershed ( Eormann et al. 
1 9 74 ) . such app l ica t ions have been limi ted by a number o f  
technica l  a n d  in s t itut iona l prob lems (Holcomb �e search 
I nstitute 1 9 7 6 )  ; never the les s , recent pro jects have 
at tempted to integra te ecosystem model ing with resource 
management . For ins ta nce , the prog ram on �g ional Ana lys i s  
of  Environmenta l  Systems a t  Colora do State Univers ity has 
tr ie d  to inc orporate the I BP Gra ssland Biome model , existing 
mana gement procedure s , a nd a na lysi s of econom ic and social 
factors i nto a comprehens ive management prog ram for 
rangeland systems (Holcomb Resea rc h  I nstitute 1 9 76 : 6 3- 6 4). 

Quite a different kind of syste�s approach has been 
deve loped by the Cente r for Ag ricu ltura l and �ural 
Deve lopment (C� D) at Iowa State University,  where models 
have been us ed in agricultural p la nning and po licy studies 
for more than 20 yea rs .  CARD ha s applied a la rge , 
soph is t i cated mode ling capabi l it y  to studies o f  u. s. and 
world food p roduct ion , w ith ma jo r  atte nt ion to lan d ,  water , 
and energy requi reme nts and cons tra ints , and to 
envi ronment a l  impact s of a lt e r nat ive food production 
scenarios (e . g . , Dvoskin and Heady 1 9 7 6 ) . 

Simi lar research on d ifferent resource systeros has been 
cond ucted at a numbe r of other unive r sitie s ,  and many 
s t ud ie s  in s upport o f  enviro nmenta l impac t a ssessments have 
be en carr ied out by academic res ea rche r s . However , mo st 
s uch studies have genera lly been f oc used on speci f i c  regions 
or man age ment i s sues , and their t ransfe rabi li t y  ha s been 
quite limited (Holcomb Research I nst itute 1 9 7 6 ) . 

Many private industr ies that o�n or ma nage resources on 
private or pul:: li c land s a lso have extensive re search 
prog rams , both on the prod uct ion of re source s and on related 
envi ronmenta l pr oblems and mit igat ive mea sure s . I ndividua l 
comp an ies (e . g . , weyerha user , Ge orgia Pa c i f i c ) and industry 
consort ia (e . g . , the AKe rica n  Pe trole um I nstit ute , o r  the 
elec t r ic power produc i ng ind us t r ie s ,  through the Electric 
Power Res ear ch I nst itute )  have conducted or sponsored some 
s t ud ies that a re qui te c lose ly t ied to ma nagement deci sion 
maki ng . Nevert he les s , s uch re search is usua l ly focused on 
the prod uct ion of a spe c i f ic resource or mixt u re of reso urce 
p rod ucts , and la cks the broad , long- term per s pective .  
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A number o f  private research i nst itutions have made 
impo rtant co ntributions in research on re source management 
and the environment ; two lea ding e xamp le s are Feso urces for 
the Future (RFF) and the I nternat iona l I nstitute f or Applied 
Syst ems Ana lys is (IIASA) . Resea rch at RFF has employed 
mode ls of  varying degree s  of sophist ication to study 
reso urce management pr ob lems in numerous area s ,  part i cularly 
wate r ,  miner a l , and recreation resource is sues (see , for 
example , Ridker 1 9 72 , Ke lly and Spofford 1 97 7 ) . Much of the 
work . at RFF has focu sed on methodolog ica l prob lems in the 
integrat ion of e nv ironmenta l mode l s  with economi c  and 
mana gement models (see Spoff ord et a l .  1 9 7 5 ,  R us sell 1 97 5 ) . 
IIASA , l ocat ed near Vi enna , Aust ria , wa s e stab lished in 1 9 72 
to conduct i nternationa l ly sponsored , multidi s ciplinary 
syst ems re search on g loba l prob l em s ,  part i cu l a rly resource 
and environmenta l i s sues . The i ns titute has developed a 
comprehe ns ive , integrative a pproach to re search , and 
conducts studies des igned both to a id in solvi ng complex 
soci al problems and to advance methodologies f or their 
analys is (see I I ASA 1 9 7 6 ,  Ho l l ing 1 9 7 4 ) . Although the 
approach I IASA ha s t aken to the analysis of re source systems 
i s , in conce pt , as c lose to what we bel ieve is needed as any 
that we knew of , the ins titute ' s  research , with a few 
except io ns , has in practice been rather f ragme nted (A. 
Knee se , Univ er s i ty of New Me xico , per sonal com�unication , 
1 9 77 ) . Thus , wh i le the concepts upon which I I ASA is founded 
deserve to be emulated by research on re source management 
is sues on other than the g loba l ,  universa l  scale , the 
experience to da te is f u rther indi ca t ion of the di ff iculty 
of achieving truly i ntegrated re search.  

INSTITUTIONAL OBSTACLES T O  COMPREHENSI V E  RESEARCH 

As the bri ef rev iew of se lec ted research p rograms j us t  
pres ented indi ca tes , a number o f  s ig ni f icant a ttempts a t  
broa d ,  mult i d isc iplinary s tudi es of resource systems have 
been made . The succe s s  of s uch efforts in gu iding resource 
mana geme nt . howe ve r ,  has bee n re lative ly l imi ted .  For the 
most part , the r esea rch , both in governmen t  agencies and i n  
pr ivat e ins t it ut ions , has not been comprehens ive enough , in 
our judgment , to inc lude a ll the i mportant components of the 
systems stud ied . Furthermor e ,  there has been no uni form 
approach to pr ob lems , even among agenc ie s  with s imilar 
miss ions ; as a r esult , nei ther the prod ucts of research 
(dat a , ins ights , and so on) nor the ana lytica l met hodologies 

have been r eadily t ransferab le f rom one system to another . 
I n  p art , these problems s i�p ly ref lect the re latively ear ly 
stage o f  deve lopment of re search techniques for the study o f  
large , ver y comp lex sy stems . we believe , howe ver , that the 
inhe rent d if f icu lty Qf the task is grea t ly compounded ty 
seve ra l  subs tant ia l ins t it ut iona l factors , woven i nto the 
st ruct ures of agencies and the patte rns of re search 
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organ izat ion . W itho ut quest ioni ng the va lid i t y  of the 
ex is ting ins t it u tions or the ir usefulne s s  in re lation to the 
prob lems they we re des igned to s olve ,  i t  seems c lear that 
they we igh agai nst the kinds of comprehens ive analys is of 
reso urce and env ironme nta l probl em s  c alled for in Chapter 2.  

Spec ializa t ion of Re search Personn el 

The educat ion of most re search scientists , the reward 
systems characteri st ic of most resea rch inst itutions , and 
the va lue st ruct ures tha t permit t he scienti s t  to identify 
hims elf a l l  ar e geared c lose ly to the concept o f  
11 discipline . 11 As a re sult , scient i f ic manpowe r bas become 
highly s pecia liz ed in c learl y  identif iable way s .  Mos t  
sc ient if ic d isciplines have emerged through successful 
appl icat ion of a reduc tionis t approach , rather than from a 
synt het ic approa ch cha racter istic of any syste �ati c vi ew o f  
natura l  resources and the environment .  �be emergence o f  
ecolog y ,  a c lear excep tion t o  the red uc t ioni s t  rule ,  sti ll 
demonstrates t he poi nt , s i nce ecology has not ye t integrated 
biologica l a nd s oc ia l  va r iab le s adequa te ly to deal 
comprehens ive ly w ith n at ural resource systems . Even the 
disc ip li ne o f  s y s tems analys is doe s  not cont rad ict this 
gene ra li zat i on , s i nce such a na lyst s usua lly mu st rely on 
ot hers for the f orrru la t i on a nd col lect ion of the vas t  
quan t ity o f  data required.  

Thes e de ep-rooted , �ower f u l  d i rect ive forces affect ing 
the educat ion , rewards , and identity of re search workers 
obvious ly ha ve not entirely p rec luded the deve lopment of a 
more comprehens ive and synthe t ic approach to natural 
resource s re search , b ut t he pa ucity of examp les of such 
re se arch suggest s that the se  have been accompl ished because 
of t he ability o f  so�e scient ists to tra nscend the 
d i rect ives of the es tab l ished educat iona l ,  rew ard , and 
i dent i f icat i o n  s y stems . A s igni f icant cha lle nge is to 
deve lop improved ins titutiona l means to encour age more 
reso urce scient i st s  to g rapp le w i t h  the �roblerrs o f  
synt he sis and sys tem bui l d ing , despite t he e x i stence o f  
s t ro ng incent ive s to f ocus t he ir e f f orts i n  t he oppo s i t e  
d i rect ion . 

Spec iali zat ion of Re search Mis sion s 

The c urrent struct ure of institution s for the mana gement 
of natural resou rces , and for resea rch on such management 
and it s envi ronmen ta l impact s ,  evo lved in concert �ith 
gene ra l perce�t i ons of resource prob lems a nd the ir 
s o lut ions . For inst�nce , agr i c u lt ure and fore stry re s earc h 
programs were f i rst deve loped in response to perce ived needs 
f or mo re e f f ect ive met hod s of p r otec ting the basic 
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reso urces , and produc i ng and distrib uting the commodities 
der ivab le from them (Knob lauch et al . 1 9 6 2 ,  Ba ker et al . 
1 9 6 3 ) . Th e inst itut ions crea ted i n  re sponse to such needs 
have been adaptable , a s  the scale of re so urce �anagement 
e f fo rt s  has grown. Neverthe less , most of the exis ti ng 
resear ch on natural re so urce s has been executed through 
governme nt a genc ies , s tate expe r iment stations , or pub lic or 
private resear ch institutes that have spec if ic , identifiable 
miss ions . For t he mos t part , such mis sions we re def ined at 
a time when the need to preserve the qua lity of the 
env i ronment , if perceived at a l l , wa s much les s  important 
t han it is t oday . The subsequent growth of envi ronmental 
concerns has frequently been recognized by tacit or explicit 
revision of s tated mis sions to i nc lude e nvironmental 
constrai nts , tut the central thrust of the original miss ion 
or ient at ion rema ins , in most institutions . 

The inf luence of age ncy miss ions on the scope and 
cont ent o f  r es ea rch programs can be i l lustrated by an 
example , drawn f rom fo restry resea rch.  During the embryonic 
year s of forestry re search in the u. s .  ( 1 8 7 5- 1 9 1 0 ) , two 
cent ra l l ine s of scient i f ic inquiry were in si lviculture , 
i . e . , the treatment of f ores ts to produce goods and 
services , such a s  timber or wa te rshed protection ; and in 
forest i nf lu ence s ,  i . e . , the study of the effects of various 
sort s of cover on the phys ica l c haracteri stics of the micro
envi ronment ( for instanc e  see Fernow 1 9 0 2 ,  Mar sh 1 90 7 ,  and 
Kittredge 1 9 4 8 ) . �ith  the advent of mission-oriented 
fore stry res earch in the e ar ly 2 0th Century ,  this binocular 
view of the fore st began to disappea r .  Re search tended to 
emphas ize improv i ng man • s  ability to manipulate the forest 
more effect ive ly to meet human needs for commodities and 
serv ices , i . e . , s i lv ic ul tura l studie s ,  whi le research on 
fore st inf luence s experienced li tt le or no commens ur ate 
growth . The recent increased empha s i s  on envi ronmental 
cons traints in s i lvicultural re sea rch has not in a ny 
fundamental way shifted the focus of the resea rch approach 
from the for es t  viewed as a pr od uc ing organi sm to the forest 
viewed as ma jor dete rminant of soil , water , a i r  and other 
envi ronmenta l characterist ic s .  Yet a comprehensive model of 
the forest , adapted to solvi ng t oday • s comple x probl ems of 
fore st management , would require equa l  empha s i s  on and 
inte gr at ion of both approaches .  

Given th e focuse d  na ture of the miss ions o f  existing 
resour ce res earch ins t itutions , a signif icant fraction of 
the research needed for compre he ns ive analys i s  of 
reso ur ce/env ironmental systems may be "fal ling between the 
s too ls . 11 No ma j or resea rch inst itution has the focal 
miss ion of generat ing information and analysis on the 
relationships be twee� pa rticu lar s ta tes of a n atural 
resource and broadly s igni f i ca nt e nvironme ntal parame ters 
i n f luenced by that resource. �e have identif ied ,  above , a 
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number of pr ograros w it h  such a focus that are in f act 
suppor ted , at least in par t ,  b y  mission-orie nted agenc ies ; 
but such sit uat ions appear to be exceptional . 

Interagency Coordination 

Most resource systems yie ld a dive rsity of resource 
prod uc ts , and ma nagement of a given system of ten involves 
several agen cies . C ircumstances a l so �ay place di fferent 
agencies in s i mi la r management roles in different systems , 
as for insta nce in watershed protec tion or management of 
recreat ion as these occu r on forested land s ,  range lands , or 
area s o f  mineral extract ion. Ef fective coord ination of 
rese arch is needed to improve the correspondence of 
approaches and assumpt io ns u se d  by dif fere nt agencies , and 
to reduce costs through shari ng da ta on prob le�s or regions 
wher e agencies • concerns ove r lap. I nteragency coordination 
become s part icularly i�porta nt when the re search i nvolves 
larg e ,  compr ehens ive mode l ing studie s.  

Eoth f or �a l  and in forma l roechanisms exist for 
accomplishing some f orms of coordi na t ion . For e xample ,  an 
impr es s ive ly comprehensive e ffort ha s been made duri ng the 
last f if teen yea rs to coordi nate both agr icult ural and 
f ore stry resea rch. Th ro ugh d i s semination of detai led 
pro j ec t  informat ion and some deg ree of f inancial control , 
the ef fo rts of s everal thousand research wor ke rs i n  the 
Depa rtment o f  Agr iculture , the s tate ag ric ultural experiment 
stat ions , and th e sc hoo ls of forestry a re linked , at least 
i n p art . Th is mechani sm is be ing used in long -range 
p lanning for agr icul tura l and forest research , i nc luding 
s t ud ie s  o f  e nvironme ntal i�pacts (Anonymous 1 9 7 7 ,  u . s .  
Department o f  Agricult ure 1 9 77 ) . 

A di f ferent rr.echan ism wa s used to coordinate studies 
unde r specia l appropriat ions for ene rgy-re lated re search in 
the 1 9 7 5 f is ca l  year ; spec ia l  interagency task forces were 
formed to plan t he research and al loca te the f unds , under 
the auspices of the Of fice of Ma nageroent a nd Budget (see 
reports of the two u. s .  I nteragency Working Gr oups , 1 9 7 4a , 
1 9 7 4b) . Thi s ef fo rt was succe ss ful to a large extent 
beca us e the tas k  force s exercise d budge tar y  cont rol and were 
no t mere ly advis ory todies (NRC 1 9 7 7 ) . 

Exper ience s ugge sts that s uch coo rd i nating device s can 
accomplish certa i n  funct ions e f f ective ly . The se i nclude 
avo iding unneces sary dup l ication of re search ef forts , 
improving commun ication among sc ie ntists worki ng on s imilar 
problems i n  di f f e rent places or di f fere nt agencie s , 
dive rs if yi ng the background and exper ience bro ught to bear 
on r esearch p lanning , and faci li tating inter d i scipli nary 
re sear ch efforts , once the need for thi s has been perceived. 
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�bi le there a re numerous e xa�ples of at least partially 
s ucc es sf u l  coord inat ion of resea rch on some prob leros , many 
cases could also be cited in which improved coordinat ion is 
needed . For i ns tance , severa l  agenc ie s ,  i ncluding EPA, 
ERDA , the Bureau of Land Management , and the Bureau of 
Mine s , al l are s ponsor ing studie s of the e nvironmental 
impacts of sur fa ce min ing of coal in the Rocky Mountain 
s tates . some mi nima l co ordination ha s been achieved on 
smal l projects through a · wes tern Regiona l Coordinating 
Comm ittee (WRCC- 2 1 )  on rec lamati on of mined lands , but as 
far as we have been ab le to de te rmi ne , no serious attempt 
has teen made to coord i nate the work done by several 
agencie s to pr oduce a compre hens ive a s sessmen t of impacts on 
the systems a f fected . Despi te the work of an i nteragency 
task force t hat conducted a comprehensive ,  integrated 
assessment of envi ronmenta l re search need s for the Rocky 
Mountain reg ion (Neuho ld et a l .  1 9 7 5 ) , effect ive 
coor dinat ion of research on most resource management i ss ue s  
has teen s low to emerge. 

Perhaps a mo re f undame nta l Froblem is tha t exi sting 
rese arch coordinat ion mechani sms seem to be inef fective 
devi ces for searching out ga ps in broad re search prog rams.  
The mission-s pec ialized struct ure of the exi s ting research 
esta t l is hment inevitab ly produce s specif ic l i nes of thrust 
and , as inev it ably , gaps within the structure . Coordinating 
devi ces , whether ins t itutiona l or informa l ,  are not des i gned 
to detect such gaFs ; s uch de tect ion can occur only by 
s canning the area from a d if fere nt vantage poi nt . 
Unfortunate ly , s ubstantia l aroounts of the dat a  and analysis 
needed for adequately comprehens ive mode ls of resource 
management /e nvironmental q ua li ty re la tionships are i n  
resear ch cat egor ies that f a l l  between existing disciplines 
or i ns t it ut i ona l mis s ions . Be ca use no agency has a mandate 
to pursue comprehens ive analysis of multi- resource systems , 
few incent ives or fund s  exis t ,  eve n  in the i nteragency 
cont ext , to extend research into a rea s that a re not suited 
to t he more parochia l intere st s  of the part ic ipat ing 
inst it ut ions . 

Gaps Between Re search a nd  Dec i s io n  Ma king 

Resource ma nager s commonly comp la in of having to make 
dec i sions without an adequate inforroat ion base , �b ile 
researchers ,  on the ot he r  ha nd , f requently bemoan the f act 
that too lit t le of the results of their re sear ch is used in 
dec i s ion making .  Diff ic ulties i n  the app licat ion of 
research are par t icula r ly marked when the �ork i n  ques t ion 
invo lves lar ge , complex simula tion mode ls. Re source 
mana gers often may b� unfa mi liar with or have �i sconcept ions 
atout mode l i ng , or may lack confidence in the results of 
mode ling studies ; and mode le r s  f requently have pai d mo re 
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at tent ion to the theoret ica l ref i nement of the ir mode ls than 
to the use fu lnes s of the too l for answering questions that 
most concern the dec is ion ma ke rs . (see Holcomb Re search 
I ns t it ute 1 9 7 6  f or more deta i led di scussion. ) Cooperation 
a nd inte ract ion between mode le rs a nd dec ision makers i s  
important , beg inn i ng  a t  the early sta ges o f  mode l 
deve lopment , i f  the re sults are to be usef ul for resource 
mana gement . However , such i nteraction is frequently 
hindered by difference s betwee n re sea rchers and deci sion 
makers in terms of goa ls , pe rspectives , approaches to 
prob lems , and reward syste ms . Whi le most researchers are 
pr imar ily specia lists , resource managers are of necessity 
synt hes i zers . This difference a lone suggests that 
deve lopment of s tronge r ,  comprehensive models of resource 
syst ems may be one s ig n i f ica nt way to br idge s ome of the 
gaps that ex is t .  

INSTITUTIONAL MECHANI SMS T C  ADVANC E 
COMPREHENSI VE RESEARCH 

\ofe bel ieve t hat it would be advantageous to al l resource 
mana gers to have at hand a capab i l ity for comprehens ive 
re sear ch to support the manageme nt of resource sys tems and 
prot ec t ion o f  environmental qual ity ; that is , research that 
coul d int egr at e the concerns of a l l  the diffe rent managers 
invo lved i n  act ivities in a given system , and pro j ect the 
e nvi ronme nta l impact s and othe r consequences o f  alternative 
comb inat ions o f  mana gement activit ie s .  such a capabi lity 
does not ex ist t oday . As we have shown above , several 
fede ra l agenc ie s  have made effor ts to ca rry out broad- based 
stud ies ; but t he att empt s have been ba sed on dif ferent 
approaches , mode ls , and ob jectives , a nd the re sult s  have 
se ldom been wide ly app licable . I f  i t  i s  assumed t hat most 
agen cies w i l l  eventual ly wish to deve lop some capacity to do 
comprehe ns ive mode ling of resource systeres , devi sing 
inst itut iona l ar rangemen ts that wi ll meet the need s 
e f fect iv e ly is a cr i ti ca l  cha l lenge . 

�he leas t de sirab le a l te rnat ive , in our j udgwent , would 
re f or e ach of t he princ ipal resource managing agencie s to 
deve lop its own , in-ho use rrode ling capab il ity i nde penden tly. 
The almost cert a i n  res u l t  would t e  a numbe r of gre atly 
d i ff erent mode ls , each s ui ted to the mis sions of the 
spon sori ng agency , but none corr.p rehens ive enough to 
i ntegr at e analyses o f  the multiple re source problems that 
must be managed s i�u lt aneous ly . � i thout compa tible 
approaches , there would very likely be an enor�ous ly 
wast ef ul dup lication of effort , si nce many dif ferent 
mana gers wou ld need to ga the r  s i �i la r  da ta on the same or 
comparab le resource sy stems. A lso , as noted ear li er , 
beca us e t he mis s ions of indi vidual agencie s  te nd to 
emp has ize the produc t ion of re source s , it seerr.s improbab le 
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that e nvironment a l  pro tec tion would be given appropr iate 
we ig ht in ea ch case. 

A se cond i ns t itutiona l s t rategy might be to expand and 
s t re ngthen those research prog rams tha t no� are 
comp rehens ive i n  scope ( such as those of the Fores t service 
or ERDA , c ited a bove ) , and to attempt , through multi- agency 
coor dinat ing mec ha ni sms , to ma ke tha t re se arch s uit the 
need s of the var i ous a genc ie s wi th a n  inte re s t  i n  the 
res u lt s . I t  seems do ubt f u l ,  howeve r , tha t s uch an 
arra ngement could sa tisfac tori ly avoid the p i t fa ll s  of 
a t tempts to serve se vera l  ma st er s ; and , without closer 
cont ro l of the model ing capabi lity ,  many of the re source
managing age nc ie s  mi ght judge the results of the research to 
be o f  too limit ed va lue to be re levant for the ir own 
dec i s ion mak ing. 

�e believe t ha t  the inst itut iona l home of a prog ram to 
deve lop a br oad ,  integrative res earch capabi l i ty should be 
an a gency with a comprehensive mis sion .  Thi s seems to be 
the surest way to bu ild a uni f ied approach to the ana lysis 
of r esource syst ems , one that can overcome the speci a l i zed 
miss ions of t he d i fferent agencies a nd achieve a synthe s i s  
i n  t he s tudy of inte rrela ted resource and envi ronmenta l  
management prob l ems . 

Since env ironmenta l protection i s  a n  a spe c t  of resource 
mana gement that �ust , of nece s s i ty ,  encompas s  a l l  act ivi ties 
that are pur s ued in a g i ve n  s ystem , a thi rd o� tion might be 
to a ss ign re spons ibi li ty for the deve lop�ent o f  
comprehens ive mode l i ng t o  an agency oriented toward 
unde rst a nd in g  and protecting the e nvi ronment , such as EPA or 
the Counci l for Enviro nmenta l Qua l i t y  (CEQ) . �his approach ,  
however , a ls o  has important drawbacks . �he primar y mi ss ion 
o f  E PA is to pro tect t he e nv i r onme nt ; its primary tool is 
regu lation. The agency has neither a mandate nor the 
capability to conduc t  re se ar ch on broader prob le�s of 
resour ce management. In add i t io n ,  EPA ' s  e xpe r ience with 
compre he ns ive mode l i ng to da te ( i . e . , the SEA S e f f ort , 
d i sc ussed in Cha �ter 2 ) , has not b een regarde d as an 
unqu a l i f ied succ es s ,  a nd the re m ight we l l  be skepticism 
inside and outsi de t he agenc y a s  to whethe r  anothe r  
i nvo lvement i n  l arge-sca le s ys te�s a na lysi s would be 
wort hwhi le .  CEQ , on the othe r  ha nd , ha s no regulatory 
re spon s ib i li t ies , but a lso l acks at pre sent a n y  capab i l i ty 
to mount a l arge -sca le research prog ram . Furthe rmor e ,  
hous ing t he need ed resea rch i n  a n  environment a l  agency would 
run the same r is ks noted above of produc i ng re sults t hat 
were ins uf f i c ient ly comprehe ns ive , in th i s  case pe rhaps 
unde remphas i z i ng t he produc t io n  a nd use of resources to meet 
social needs . F i nal ly , the prob lem of multi- agency 
management of a program loca ted wi thin one o f  the user 
a gen cies , also noted e a r l ier , would be s ubsta n t i al . 
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A fo urth opt i on , a nd one that , i n  our judgment , has the 
grea test like lihood of achieving the des ired o t j ectives , is 
to create a new , i ndependent nat iona l  institute for 
comprehens ive re s earch on re source and environmental 
systems . such a n  institute ,  with an explici t mandate to 
s tudy prob lems that transcend the mis sions of several 
agen cies , would have the best opportunity to coordinate the 
various in-house research ef fort s and to deve lop a uni fied 
approach to the study of common �roblems . 

As we envision i t ,  thi s  new national research ins t itue 
might be s upported by approp riat ions included in the 
resear ch budgets of  the severa l  re source-manag ing agencies , 
EPA , and oth er potentia l users of  the results . As no ted 
earl ier i n  this chapter ,  the pos sibi l i ty that ef fect ive 
coor d inat ion might be  achieved would undoubtedly be greatly 
enhanced i f  the new re search ins titute had the 
admi nis trat ive re spons ib i l it y  for a l loca ting f ederal 
research funds for s tudies i nvo lving comprehe nsive modeling 
and analysis of re source sys tems . 

�he miss ions o f  the new ins titute would be to develop 
improved methods f or comprehens ive analy s i s  of 
re source /environmental systems , and to work with the 
individua l agenc ies on a pro ject-by-pro jec t  basis to apply 
the emer ging methodo logies to pa rticular re source management 
i s sues . The purpose of the new re sea rch cente r would not be 
to conduct a l l comprehensive model ing re search or to gather 
most of the data on re so urce management ac tivities and the ir 
environment a l  i mpact s ; t hose res �onsib ilities �ould remain 
pr imar i ly with the agenc ies charged with management o f  the 
re so urces , to be carr ied out th rough the ir own i n-house 
research or through cont racts w i th univers itie s and other 
rese arch org aniz at io ns .  I ns tead , the chie f f u nction of the 
new ins t itut e would be to as s i st a genc ies in des igni ng 
comprehensive , i nteg rated re search on resource sys tems , and 
to coord inat e the exchange of data a nd me thodo logies among 
prog rams with comparable needs .  such a centralized 
i nst it ut ion shou ld make a synthe si s of the approaches taken 
by d if ferent res ource-ma naging a ge nc i e s  and o t her 
inst it ut ions more atta inab le . 

At t he s ame time , the new ins t itute would need to carr y 
out a modest pro gram o f  its o�n re sea rch i n  order to advance 
the methodology , mai ntain the sc ie nt i f ic vital i t y  of the 
cen t er , and attract top ca libe r staf f .  �e would expect 
reso urce management agencies to contract with the new center 
for se le cted stud ies that cou ld both provide a needed 
anal ysi s  o f  pending po licy choices a nd make ne � mode l ing 
techniques ava i lab le for the agenc y ' s own use on o ther 
prob lems . To conduc t  a sma l l  nurrber of studie s ,  the new 
cent er would not need to have a large staf f ; much of the 
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work might be subcontrac ted to mode le rs or other scientists 
outs ide the inst itute. 

�he succ ess of the proposed new instit ute would depend 
heav ily on the q ua li ty of its i nteract ions with two 
cons ti tuencies : the research community , and the decision 
make rs who would be the chie f  use rs of result s  of 
comprehens ive mode ling studi es .  In the f i rst case , the 
ins t it ute we env i s ion would play a c ruc ial leadership role 
in t he advanceme nt and coordinat io n  of research on re source 
systems , and wou ld need c lose , e f fective t ie s  to researchers 
i n  resource- ma na ging agenc ie s ,  academic instit ut ions , and 
pr ivate industry . The new ins ti tute m ight also provide 
trai ning for scient ists work i ng on comprehens ive , integrated 
re se arch . O ne mechanism that would lead to th e needed 
inte ract ions wou ld be to f orm re sea rch teams , under the 
aegis of the new cente r ,  that would br ing toge ther agency 
s c ie nt is ts , re sea rcher s  from other institution s ,  and s ta f f  
from the center itse lf ,  o n  a n  a d  hoc bas i s  for speci f ic 
pro j ec ts . The use of subcontracts would a lso provide 
oppo rt unit ie s to maintai n  ties between the new center and 
the resear ch community .  

�he seco nd set o f  interactions , those between the 
proposed res earc h cent er and the re source managers ,  would be 
even more cr it ica l to the success of the effort . It i s  very 
impo rt ant fo r de cision ma kers to pa rtic ipate act ively in the 
format ion of t he new ins t itute a nd i n  the des ign o f  its 
re search programs . Pote nt ia l users should take part i n  
planni ng a nd  rev iewing the resea rc h ,  t o  ensure that it 
emphas i zes probl ems that the dec is ion ma ke rs perce ive as 
most importa nt . I nvolvement of po l icy makers throughout a 
s t ud y  wou ld i ncrea se the ir fami l ia r i ty with mode ling 
techniques , with the a ss umpt ions tha t  unde rlie the models ,  
with t he advantages and limita t i ons of the re search, and 
with the degree of con f i dence they should have in the 
re sult s .  some mechanisms f or fostering such i nteract ions 
have been pr opos ed (Holcomb Re sea rch I ns t i tute 1 9 7 6 ) ; and 
the ex is tence of a res ea rch center would open the 
poss ib i l it y  of using vis iting fellowships or o ther vehicles 
to involve p rese nt ( or f u ture )  dec i s ion ma ke r s  in research 
pro j ects . 

�he Ro le o f  EPA 

What wou ld be the implicat ions for E PA • s  research 
prog ram i f  a new nat iona l ce nter were establ i shed to develop 
techniques f or c omprehen sive , integrated a na lysis of 
reso urce manageme nt and re la ted envi ronmenta l  impact s ?  EPA 
i s  r es po ns ib le f or r�view of t he e nvironme nta l i�pact 
stat ements t hat o ther federa l ag encie s mus t p repare in 
connect ion with pro�osed res ource management activities . In 
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orde r  to per form such reviews , E PA ha s of ten had to conduct 
some research of its own , to s upplement da ta gathered by the 
a gency prepa ri ng the E I S .  we would expect EPA t o  play a 
large ro le i n  the design of comprehens ive mode ls , 
part icular ly i n  the determination of wh ich parameter s of the 
e nvi ronment shou ld be measured , before and after 
pert urbat ions , t o  determine the nature and extent of impac ts 
on the s ystem. To f i l l  this role , EPA wi l l  need to continue 
to do res earch on both the unperturbed and the per turbed 
cond it ions o f  ecosystems . However , if the ce ntral 
coor d inating func tion of the pro�osed institute proves 
e ffect ive , EPA ' s  res ea rch shou ld g uide resource-managing 
agenc ies to co llect appropriat e da ta , so that �any studies 
that are now redundant would be unnece ssary . If E PA chooses 
to continue its own deve lopment of la rge-sca le model ing to 
s upport environmenta l ma nagement ( i . e . , the descendant s  of 
SEAS ) , the new nationa l re search cente r would te available 
to provide expert ass i stance and coord inat ion with other 
agen cies whose data or models might be use f u l  to EPA. 

RECOMMENDATI ONS 

( 1 ) we recommend that a new nat iona l research center be 
est ab li shed , having a s  it s mission to develop , 
tes t , a nd make ava i la b le to re source -managing 
agencie s an adva nced capabi l i ty f or comprehensive , 
i nt egrated analysis a nd mode l ing of resource 
sys tems , mana gement activitie s , and environmental 
impacts . 

( 2 ) We recommend that a n  i nte ragency comrr- ittee be 
est ab l i shed with the following assignments :  

• As semb le informati on on current federal 
re search programs tha t invo lve c omprehensive 
ana lys is a nd model ing of re source and 
e nvironmenta l systems.  

• Ident i fy the most critica l re sea rch needs in 
comprehens ive ,  i nteg rated ana l y s is of systems , 
includ ing both the needed ad vances in 
me thodolog y and the irr-portant policy que stions 
that could bes t be a �proached through model ing 
stud ie s .  

• suggest mechan isms for ope ration of the new 
na t ional research center recomme nded above , 
especially methods to foste r in teractions 
be tween the new inst itute and both resea rchers 
and dec i s ion makers of the resource-managing 
agenc ies . 
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