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oorICE 

This report has been written as part of the activities of the 
Envirormental Protection Pgency' s Con;1ressionally established Science 
Advisory Board, a public group providi~ advice on scientific issues. 
The Board is structured to provide a balanced, irliepement, expert 
assessnent of the scientific issues it reviews, and hence, the contents 
of this report do not necessarily represent the views an:i policies of the 
Environnental Protection Agency nor of other agencies in the Executive 
Brandl of the Federal goverrnent. 
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I. EXECtJrIVE St.1"!MARY 

The Science Advisory Board's Forest Effects Peview Panel has examined 
the research plan for forest dieback/decline at three different levels: 
l) the organization of the research prcgran, 2) specific research designs 
am plans, am 3) integration of research results. The Panel's overall 
assessnent is that the current research plan, tmless rro:iified, is unlikely 
to achieve the three major goals stated for the Forest Effects Research 
Pr01ram. Further, the process Of generatirg am integratirg the research 
will require stable am sustained furrlirg over a period lastirg fran five 
to ten years • 

A. :Research Program Qrganization 

Many of the current managers of the research program serve in an 
actirg capacity in which they possess a limited knowledge of the field of 
forest die.back/decline am a limited authority to fotT11.1late am execute 
prcgram plans ani decisions. The Panel concludes that it is essential 
to have pei:manently appointed managers who are aware of the science am 
are cxmnitted to the success of the prcgram. Prcqram managers who have 
the responsibility to implement research plans should possess a canparable 
degree of aith:>ri ty to carry out t.toiis respcns ibili ty. 

The Panel r&CUlilWil'lis a separate organizational design for the Forest 
Effects Research Program to distirYJUish its mission ani perfomance· fran . 
those of the other agencies participatirg in the program. A separate 
organizational approach should also facilitate research plannirg, infor­
matiai exc:harge arr:1 evaluations of the pEUJtam accDJntability am SJccess. 

The research organizat:iOn ani plan stx:>uld explicity require research 
managers al'li investigators to excharge their views am research results · 
on a contirl.li.rg basis. One mechanisn for such excharges is periodic 
workshops.· ~rkshcps stntld also provide useful infomation on the need, 
if any, to modify the research plan. 

The Panel has received no il'liication as to hew Requests for Prq>osals 
(RFP) would be solicited. Issuance and fundirg of RFPs before the aazaini­
strative structure am research plan are finalized would be a serious 
mistake. 

B. Research 

The Panel applauds the plan's broad sc:q>e an:1 its particular emphasis 
on def inirg medlanistic linkages between causes al'li effects, developnent 
of mathematical ncdels an1 evaluation of forest responses alonJ a hierarchy 
of ec:olQJical levels. Areas that deserve specific emphasis include the 
followirg: 

• ~le plant physiolQJy (previous plant effects research placed an 
unbalanced emphasis ai leaf physiology). 
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• Below-ground plant am soil processes, includirg root dynamics 
(in the past, research overly cc:ncentrated on above-grouro 
processes) • 

• An ecosystem approach to the research effort (past research 
. typically focused on specific ecosystem canponents without 
prOITision for integration). 

• Develq;nent of theories regardirg plant strategies to hardle 
stress, allocate reserves, am allocate energy (previous 
research was totally empirical)·. 

•Plant growth allocatioo strategy am responses (to exparxl previous 
work that ~ized photosynthesis, yield responses ard visible 
injury). 

• Couplin;;i plant dynamics of all nutrients, includin;;i water (past 
research overly concentrated on carbon dynamics or treatirg 
dynamics of in::iividual nutrients in isolation). 

• Forest staRi dynamics (not generally included in research con::iucted 
to date). 

• Atncspheric depositional monitorirg ard meteorological ncnitorirg 
coordinated with field effects research (these activities were 
previously coniucted out of phase or not at all). 

c. Integration 

'nle Panel's major recamen:lations for integratirg researc:h results 
include the followirg: 

• That research sites have ccncurrent meterological ncnitorirg, 
at:Jnospheric depositioo monitorirg ard eff~ researc:h. 

• 'nlat researc:h be con:iucted in areas subject to differirg amounts of 
pollutant depositioo in order to provide results along a pollution 
gradient that will address the problem of •no control• and to p~ 
vide ncdel validating opportunities. 

• That workshops ard other fems of ccnmunication be stressed in 
recognition of the nultidisciplinary nature of the researc:h. 

• That both laboratory (controlled environnent) ard field studies be 
comucted. 'nlese studies should be designed to ~lement one 
another. Dose-response considerations are inp:>rtant in both the 
laboratory and field situations, ard experimental designs should 
explicitly sinulate natural ca1iitions. 

• 11\at the research pCajtam have a unifying theme, such as •response 
of forests to interactirg atm::>spheric pollutants ard other stresses• • 
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II. INrOOIXCTION 

In response .to requests by the Deputy Administrator ard the Assistant 
Mninistrator for Research and Developnent, the Science Advisory Board (SAB) 
has reviewed a nunt>er of the Envirc:nuental Protection Agency's research 
proqtams each quarter of the fiscal 'jf!ar. These officials have requested 
SAB review of the research prcgram assessirg forest dieback/decline. The 
Board accepted this request.aRi created a Forest Effects Review Panel to 
evaluate this prcgram. 

On July 16-17, 1985, the SAB's Forest Effects Review Panel met to 
review the jointly sponsored U.S. EPA/U.S. Forest service research progran 
that investigates the inpacts of air pollutants upon lmerican forests. 
This Panel, like all SAB review groups, consists of independent outside 
scientists who, due to their particular scientific expertise, were 
especially asseni>led to advise the Adninistrator. The panel was cochaired 
by er. Allan tsgge ard Or. William smith. 

The focus of the review was a 202-page June 6, 1985 •Green Book•, 
fomal.ly entitled, !!!!, Forest Effects Research Program. A team of four­
teen scientists an::i research managers fran the two agencies, academia, 
ard in:iustry ~epared the Green Book, which describes, in very general 
teens, what research EPA and the Forest service will carry out am/or 
sponsor an:i why. ln contrast to other SAB panels comuctirg research 
reviews, the Forest Effects Review Panel revieWed prq:>osed research, 
RaJch of it conceptual, rather than agoirg or canpleted -research. As a 
result, the Panel's caarents are SCJllMlhat broader ani less detailed, 
since less detail was available for review. At its meetiRJ, the Panel 
members had the opportunity to hear and question scientists fran the 
u.s. EPA, the u.s. Forest service, ari1 the National Council for Air an:1 
Stream Improvanent (OCASI) and to discuss their fiBiirgs with one another. 
This report presents the Panel's major f irliirgs an1 reo 1111eniations. !t 
will be discussed personally with the Deputy ldninistrator by the Panel 
cochall:men. 

I II. roRESr Et'FECrS RESEARaf PR:X;RAM REYI!.W 

A. llxunent ReYiew 

The Forest Effects a.search Pra1ram (FERP) doo.lnent outlines a very 
ambitious research effort. 8ecause of the general nature of this docllnent, 
the Panel matt>ers conclude that they can only make general w11rents at 
this time. 

a. a&search Program Organization 

The ~RP docunent was presented to the Panel by research managers, 
many of whan were uneasy with the scientific issues an:! plans they were 
presentirg. Several of these managers function in an actirg role which, 
as a result, creates a limited degree of mana;erial auth:>rity to make 
prOJtatn plans ani decisions. Ttie Panel members believe it is absolutely 
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essential for a research program of the size aro scope proposed by the 
FERP to haw pe:cnanently appointed managers in place at the beginnirg of 
the progxam who are aware of the science aro are both dedicated arxl 
cazmi tted to the success of the pre.gram. If this is not done, the pre.gram 
will flounder fran lack of guidance, coordination, arxl integration am 
will, therefore, not meet ibS objectives on time or on budget. 'l11e FERP 
doo.lnent clearly identifies the many organizations that will potentially 
participate in the research pr~ram. Since most of these organizations 
have different mandates, ft is essential that an organizational structure 
be created at the outset of the research pre.gram that challerges the 
participatirg organizati()r)S tn a positive manner to ensure their lorg­
tem, mutual cooperation. Mutual cooperation will help ensure pre.gram 
success. This does not mean to ~ly, however, that the organizational 
structure smuld be rigid. A large an:i/or overly canplex management 
structure, t'cwever, is also not the solution. The structure shculd be 
kept saall an:l relatively s~le to more clearly delineate the roles an:i 
responsibilities of research managers, ensure effective o::mnunication 
ard measure accountability for achievirg research results. Prq;ram 
managers who have the responsibility to ~l.Ernent research plans should 
pasaess a canparable degree of auttx:>rity to carry out this responsibility. 

As appropriate durin;1 the course of the research program, the 
structure must .be allowed to evolve. We reca111e1'11 that a distinction 
be made between the organizational structure of the participat~ agenci~ 
in PERP an.1 the PERP management structure to ensure that the latter's 
mission· is clearly identified and separable fran the missions of the 
participatirg agencies. 

The Request For Proposal (RFP) process was araher area of coocern. 
The Panel was not givan any indication as to IXlW this process waild 
function. It is our understan.iirt;J that s:ne RFPs have already been 
issued and projects fu.nB!. Stx:W.d this be the case, it has been done 
witmut a well-defined administrative structure an.1 agreed upon research 
plan. Coordination is essential to preY8rlt unwanted duplication am 
anission. It is not clear tx>w research will be integrated an:l coordinated 
for the RFP process. 

It is unclear at this point tx>w ~ogram integration will be achieved. 
As it presently stanis, the pr011am is not tied together. An efficient 
management structure will only i;rcvide a portion of the necessary program 
integration. Meeti~s ~ the principal participants to allow fomal · 
al'li infomal infomation excharge waild help. r-t>re tl'cught an:i planni~ 
is needed in this area. 

c. ~search Ptmam. Design and Oewlopnant 

The research prcxJRM is currently developed aroum a list of ten 
hypotheses to explain reported forest dieback/decline. The Panel finds 
that this list is neither cauprehensive nor integrated. Many of the 
hypotheses are not mutually exclusive (as assumed in the doonent), al'li 
sane are of questionable scientific importance. It is doubtful that 
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sane hypotheses ca.ild be tested experimentally. The Panel believes that 
this approach is inherently weak. It recatmerxls inste5i that the prcgram 
managers adopt a more unifyirg or syrithesized thane, such as •response 
of forests t:c interactirg atnDspheric pollutants an:i other stresses•. 
Such an approach will greatly assist in program integration arxl will 
lead to infoanation that will be applicable not only to imnediate air 
pollution concerns but also_ to many other problems, such as predictirg 
responses to carbon dioxide/climate charge arxl ruclear winter scenarios. 

o. Role of ModeliBJ 

The prOJram should make use of roodels to help p:ovide a unifyirg or 
synthesizirg thane am to project the consequences of possible effects of 
pollutants over larger space an:i time scales. The investigators have 
reaJgnized both the hierarchical nature of the ecosystem with which they 
are dealirg arxl differences in in:1ividual. tree/physiolcgy ncdels arxl 
stan:1/tree population models. The Panel caurerxls the awareness of 
ecological scales in the design of this program. 

As described in the FERP doetJnent, the models are to be used primarily 
to project the caisequences of certain effects·. The Panel encourages 
this logical application of the models. An additiooal use of models is 
to praiict a priori the response of the ecoaystan ard then to test whether 
this prediction holds true. This latter, hypothetical-deductive approach . 
is not str~ly in evideric:e am .could considerably increase the scientific 
content of the program. 

The Panel believes that the fol'lt14tion of the modelirg team represents 
a critical element in the success of the pro;,tam. Research managers sho.ild 
make every effort to develop this tem with a wide rarJ;1e of exparti~ 
particularly in stani dynmaics, basic ea:>logy of forests, soils, macro-
ani micraaeteorology, ani atncspheric chemistry an1 deposition. We 
reccmneni, therefore, that the mcdelirg team be asseni>led as soon as 
possible, since the use of l'llX»ls will s~ly enhance prcgram integra­
tion. 

The p:ocess given the most ~is in the prcgram is tree growth as 
the integration of a spectrum of morphological, physiological, ard 
biochemical responses to pollutants arxl other stresses. For this reason, 
the Panel recaUterxls efforts toward developnent of a model of imi vidual 
tree responses. This model could becane an invaluable tool to synthesize 
results, to provide reasonable effects e~timates for a stan:i si.nlJlation 
roodel ard to guide the design of samplirg schemes for mictaneteorological 
effects. The need for this model is sufficiently great am the problem 
is sufficiently difficult that the work smuld begin early in the prcgram. 
It would be appropriate to funi alternative model davelq;:ment in this 
area to incoocporate more ideas am approaches to this difficult problem. 
These models sho.ild be developed in the context of scalirg-up the cons&­
quences of snaller-scale, tre&-level responses to the stani am ecosystem 
levels. 
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By shifting the modeling process forward in the research progrcm 
· schedule, missirg infomation that is of ten nee:ied in modelirg projects 

can be collected early in the research progtam. This would also force 
sane early synthesis in anticipation of developirg the data collection 
efforts. ntis synthesis also call.d guide the greenhouse, chamber, aro 
field studies in collectirg data that could be designed to larger scales. 

While the idea of usirg "conceptual roodels" in the initial parts of 
a research prcgram is useful to frame ideas an:i to organize research 
ptegram priorities, the process of developing aro, particularly, in 
validatirg a quantitative model is a powerful test of the canpleteness 
of the research plan that is uroer develq;ment. 

E. ·Field and Laboratory Researdl: Dose-ReSPOnSe Considerations 

Dose-response considerations are important for both field an:l 
laboratory research. The oooi:dination an:l integration of these efforts 
is essential in assessing forest dieback/decline. Generating dose-response 
data in the laboratory can elucidate mechanisms of toxicity7 researchers 
smuld exercise similar care to obtain dose-response data in field studies 
so that each type of research caaplements the other. 'Iba research plan 
stn.ild develop a balanced approach to laboratory an:i field studies, · 
reccgnizirg the strergths an:l weaknesses of each. 

111e FERP docunent provides little detail concerning the modeling of 
exposllre. 'ftle Panel reox111enjs that the diurnal timi.n;J ard intensity am 
the meteorological timing and intensity of exposure be considered. Since 
plants function in medal diurnal patterns am aerial toxicants are deliver­
ed in diurnal patterns, the exposure of the toxicant to the o~anism slnlld 
be explicitly stated. Because meteorological patterns terd to vary on a 
3-4 day cycle, air quality and deposition ncnitoring slnlld consider that 
period insteai of sane arbitrary period of sample intSJration. '11le Panel 
recannen:ls that prop:am planners design an explicit mechanism to jointly 
plan ard evaluate meteorological ncnitorirg, deposition monitoring an:l 
terrestrial effects studies. 

F. Research Field IDcations 

The concentration of initial work in southeastern amrercial. forests 
an:l in eastern spruce-fir ecosystems is un:ierstandable on both political 
an:t econanic grounds. The Panel recormen:ls that EPA an::l the Forest 
5etvice stn.ild also coniuct research along adequate gradients of pollutant 
concentration t:o validate models. They stx:>uld include locations which 
focm both an elevational and latitudinal gradient. The question of 
adequate reference locations sl'x>uld also be addressed. Research managers 
should also consider exparding the initial research effort to include less 
pollutai areas of the country to study portions of the western coniferous 
forest ard the Eastern deciduous forest. 
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The EERP proposal aims to explain pollutant impact on forest growth 
but only makes limited mention of forest stam dynamics. One of the over­
all objectives of the research program is to detecnine whether exposure 
of forest ecosystems to air pollutants prcduces an econanic impact on 
the forest irdustry. Therefore, stat:>ility measures of forest systems 
wxier air pollutant stress shoold be emphasized, because they can provide 
an early warnirg of potential growth impact an3 of charrJes in quality of 
the forest carmunity. 

G. r-.lational Vegetation Survey 

A great deal of background infor:mation on forests exists as a result 
of the National Vegetation Survey. The usefulness of this data base has 
largely been overlooked in the f!:RP doctlnent. As the fouroatioA of any 
future work usirg the National Vegetation Survey, existirg data should 
be intensively an:t couprehensively analyzed to characterize the corrlitions 
(both past and present) of the forest. l1lese data would prove very useful 
to the FERP. This effort smuld be preceded by a workshop canposed of 
an interdisciplinary team of scientists representirg the perspectives of 
data collection, analysis, interpretation, as well as potential users of 
the analytical results, e.g., assessment. The objective of the workshop 
would be to review the dlaracteristics of existirg data ard to develop a 
consensus plan for analysis. This plan should be subjected to an in:iepen­
dent peer review. Results of subsequent data analysis smuld be published 
in a timely fashion in the refereed literature. . 

The worksl'Dp will benefit not only existi~ efforts of data analysis 
but would also pratete discussions on such subjects as the efficacy of 
derdrochronolcgical techniques for estimatirg chanJes on forest growth. 
Developnent of the plan to analyze existil'W1 data as well as the analysis 
itself will uriioubtedly be useful in redesignirg Forestry Inventory alli 
Analysis (FIA) or designil'W1 long-tem monitori~ projects to eliminate 
deficiencies in existirg data. A mre carq;rehensive, systematic, an:t 
lorg-tem forest growth an:t health mcnitorirg strategy should be a goal 
( ard legacy) of this research program. 

H. Forest/EcosystE!D/Atnasphere Interactions 

The ~RP docunent emphasizes atrrcspheric deposition-canopy inter­
actions, while payirg less attention to the effect of deposition on soil 
acidification, alllltirun toxicity, loss of fine roots an3 nutrient 
leachirg. '111is initial emphasis on gaseous air pollutants is correctly 
placed in that less is known about their inplct on forest ecosystem 
behavior. In addition, the forest canopy is far ncre susceptible to 
direct effects than is the well-buffered soil system. nie potential of 
most soils to shift significantly in pH due to atmol!lpheric inputs over 
either a smrt or lorYJ period of time is 11tinimal. Soil processes, such 
as respiration, decanposition leadi~ to the production of organic acids 
am nitrification, are all acidifyirg in their reactions at rates that 
can be significantly higher than acidification thrOJ9h atllD9pheric 
deposition. The relative contribution of these natural acidification 
processes should be recognized in this forest effects prCXJtdln. 
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Planners of this program srould reccgnize, however, that the forest 
canopy-atmospheric depositional processes stn.ild not be exanined in 
isolation fran other ecosyst~related processes, includi.rg trose below 
growxi. For example, canopy chaCJJeS due to deposition can potentially 
affect carbon allocation, fine root developnent, and l"l.ltrient uptake an::! 
cycliCJJ. Special attention shalld be given to soils and soil-depositional 
interaction where sulfates an::I nitrates are in excess or potentially exceed 
the ~sorption/i.nltcbilization capacity of the soil. Order these corditions, 
the soil could experience leachiCJJ losses an:i may, if continued over a lOCJJ 
period of time, lead to a decrease in site productivity, a consequence of 
greater significance than charges in growth due to a pollutant damaJe to 
the can~y. 

I. Air Quality :Research an.:i ~itoring 

'n1e relationship between air quality/deposition ncnitoriCJJ arxi 
forest effects research is very loose as described in the FERP docunent. 
11'le tam deposition support program-is used, which has the connotation of 
beil'IJ sane sort of ~d-on activity in which data will be collected and 
haroed OWJr to the forest researchers. This clearly sinlld not be the 
case, an:i the moni tori~ program, to be successful an:! responsive to the 
needs of effects researdl, C11JSt be an integral ,art of the Research 
COCperati ves kE'ogram. 

The sect ion at moni tori~· covers a Luge l"lllli>er of pollutants to be 
measured an.:i gives sane indication of the time resolution requi.Ad, but 
these are net specifically related to the h¥potheses to be tested or the 
ncdeli~ needs. A sunnary table is necessary to show these needs more 
clearly.l 

The question of the time scales over which various pollutant an:i 
other envirormental factors stress the forests and the time resolution 
of the monitori~ required to study thMe stresses is still unanswered. 
More discussion of what is known about this issue is ~ired before a 
monitcri~ system is designed. 

Prcgram managers need to rec:cgnize that the relationship between 
time scales an.:i biological system responses to atmospheric deposition will 
not be resolved in the st'x:>rt ter:m. The hierarchical approach to research 
fran physiological effects to whole stand dynamics will require different 
time resolutions for each level. The monitori~ needs, therefore, should 
also be stratified accordiCJJ to these levels. 

lA good start was ma1e at the EPA/NSF Workstq> on •Atncspheric Deposition 
and its ~ct on High Elevation Pblntain Forest Systems• held in Albany, 
New York, April S-7, 1984. The report of this meetirg is entitled 
Aurospheric Deposition to ~tain Forest Systems: tibrkshop Proceedings, 
April 1984 by V.A. Mohnen are is available fran the National Technical 
Infocnation Service, SpriCJJfield, Virginia as PB84-24641! or EP~600/9-84-023. 
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The doc\.Dnent provided no infor:mation on how the monitorirg data 
might be used to test the specific hypotheses proposed. This anission is 
of less significance if the approach is ncdif ied as recannended. Because 
of the la:cge variability of the pollution doses an:i other meteorolcgical 
parameters, it may be ~sible to generate sufficient data in a reason­
able time to test hypotheses usirg the "traditional" statistical approaches. 

Since ncdels will be extensively used in this program, they shc:uld 
be drivirg tbe monitorirg needs in tems of: 1) the il'.\')ut meteorolcgical 
an:i pollution data required, an:i 2) the data necessary to test or validate 
the models. Since these models are not yet developed, the moni torirg 
system shc:ul.d be as flexible as possible. Sane essential parameters can 
probably be identified inmediately but others may have to await the 
initial ncdel develqrnent. As the important dose-response time scales 
becane evident fran the initial experimentation an:i ncdel developnent, 
they shc:ul.d dete.tmine the monitorirg needs. 

The pr01ram plan places insufficient emphasis on the natural 
envi.ronnental measuranents required, ~es of whicfl can also prafuce 
stresses on the forest. Charges in stan:iatd meteorolcgical variables, 
such as wirxl speed, temperature (extremes), rainfall, an:i solar radiation 
are all important am can often act as predisposirg or incitirg factors 
that outweigh any pollutant stresses. Thus, if hypotheses are to be 
testa:i an:l accepted or rejected, then equal weight must be given to the 
ncnitorirg of natural environnetital factors as well as pollution 
parametem • The intensive ·research sites must collect ail the needed 
meteorolcgical an:i pollution measuranent:S orHSite because of the risks 
an:i possible errors involved in intei:polatirg fran nearby sites, especial­
ly where elevations differ significantly. 

To e1'1!1ure that the moni torirg program ard the data interpretation 
are fully integrated into the progrn, full-time dedicated micraneteoro­
lcg ist an:i at:naspheric chemistry staff rnenbers are essential in the C.Or­
vallis integration group arxi possibly in each of the Research Cooperatives. 
The team developii'g the quantitative models under Goal 3 must include an 
expert in micraneteorolcgy arxi forest canopy-atmospheric interactions in 
addition to the biolcgical experts.2 

J. Forest Effects Research Pt0C3r2lll Research Plan Doc:unent 

While we think highly of many aspects of the research plan, ,...,. were 
disappointed in the doc:unent describing the plan. If the sole purpose of 
this docunent were to explain the plan to the P~, we certainly woold oot 

2Goa1 3 is described on page q3 of the FERP rocunent as: •oevelop an:i 
test quantitative models to predict charges in forest ecosystems over 
time an:i to extrapolate fran site-specific research results to regional 
effects of air pollutants.• 
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recawem a revision at this time. However, if there are plans to pu.blish 
or circulate this dOCllnent, then we stronJlY reca11uatd major revisions. 
The dcctlnent is highly repetitious an::i len;1thy. It coold easily be re­
duced to a fraction of its present size while losin;;i nothirg of substance. 
In addition, sections II an::i III are technically superficial an::i weak. 
'111ere are too many citations of unpublished work or secon::iary sources. 
The diSOJssions of the hypotheses are technically superficial, and the 
figures used to illustrate them are vacuous. '111e sections fail to relate 
their subject matter to either the mainstream of air pollution effects 
or plant sciences research. 

K. 0!1phasis an:l Priorities 

The research plan mentions many of the factors whose emphasis we 
consider important: b:Jwever, since we cannot be sure which factors will 
ultimately be emphasized when the plan is ~lemented, we wish to point 
out the factors we consider rrost important. We strorgly applaud the 
plan's broad scope an:l its emphasis on definirg mechanistic linkages 
between carses an::i effects, devel01;1D9nt of mathematical DDiels aRi evalu­
ation of resp:>nses al.on; a hierarchy of ecol.C9ical levels of organization. 
In addition, l'Dwever, we point out the need to emphasize as well w~le 
plant physiolcgy (previous· plant effects research has placed an unbalanced 
Eq)hasis on leaf physiology): below-grourd plant aRi soil processes in­
cludirg r90t dynamics (in the put, researd\ has overly concentrated · on 
aboYe-ground processes): an ecosystem approach to the research effort 
(past research has typically focused on specific ecoaystan caaponents 
without pros.Tisions for integration): rlevelq•11ent of theories ragardirg 
plant strategies t:D han:ne stress, allocate reserves, an::i allocate energy 
(previous research has been totally empirical): plant growth allocation 
strategy an::i responses C to expani previous work that emphasized plx>tosyn­
thesis, yield responses am visible injury): ccuplirg plant dynamics of 
all l'Lltrients, includirg water (past research· has overly concentrated on 
carbon dynamics or treati~ dynanics of irxUvidual ~trients in isolation): 
forest stard dynamics (not generally included in research conducted to 
date): an::i atmospheric depositional natitorirv;J an::i meteorological monitor­
i~ ccotdinated with field effects research (these activities were previous­
ly con:iucted out of phase or not at all). 

·. 


