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6.1 ~ntroduction 

Natural resource management has moved from a single disciplinary and 
one resource management approach to an interdisciplinary and ecosystem- 
based approach. Many conceptual models are being developed to understand 
and implement ecosystem management and forest certification initiatives that 
require an integration of data from both the social and natural systems (Vogt e t  
a l ,  1997, 1999a,b). These changed approaches to natural resource manage- 
ment arose from a perception that variables critical in controlling the health 
and functioning of an ecosystem could only be determined by integrating 
information from both the social and the natural sciences ( ~ o g t  e t  al., 1997). 
However, it has been difficult to take many of the theoretical discussions and 
the frameworks or conceptual models that they have produced and to opera- 
tionalize or put them into practice on the ground. 

Despite these discussions and the recognition of their importance, social 
and natural science data have been ineffectively incorporated into the manage- 
ment and trade-off assessments of natural resources (Berry andvogt, 1999). We 
hypothesize that some of this has occurred because of the distinct spatial scales 
being used by different disciplines which have not allowed for integration of 
information to occur at a causal level. The complexity and uncertainty of data 
needed to understand ecosystems by both social and natural scientists have 
also made it difficult for managers to recognize when the wrong indicators are 
being monitored or whether a system could degrade due to management 
(~arson e t  al., 1999; Vogt e t  al., 1999~). The need to link data causally from both 
disciplines as part of ecosystem management has given greater impetus to 
develop practical tools that would allow this integration to be accomplished. 
  ow ever, today much of that integration has been mainly occurring at the level 
of conceptualization and development of frameworks of analysis. 





The focus of this chapter will be to discuss one issue, the spatial scales of 
analyses, that we feel is a significant constraint reducing the ability of manag- 
,,, to conduct holistic analyses of their resources. The spatial scales commonly 
,Irp.d in assessments are defined by the boundaries of the management unit (see 

holistic management of natural resources, implicit consideration of spatial 

I 
scale and identification of what scales are appropriate need to become an inte- 
gal part of the suite of tools used by a manager. The primary objective of this 

I chapter is to further advance the dialogue on scale issues and to discuss more 
explicitly how consideration of scale would allow for more effective manage- 
ment. several points will be considered that have constrained integration in 
natural resource management. First, each discipline tends to utilize its own 
spatial scales of analyses which are generally different from other disciplines. 
second, there is a tendency within each discipline to identify the most sensitive 

I spatial scale of analysis for each natural resoGrce problem as determined by the 
dominant scales of analyses particular to that discipline. Finally, there is a ten- 
dency of the scale of analysis in the social sciences not to match the scale used in 
the natural sciences. If these assumptions are correct, they suggest a need for 
managers to identify relevant scales of analyses for each management unit that 
should vary based on the spatial characteristics of the management unit and 
the matrix landscape within which it is imbedded. This would require the 
manager to select a scale based on causal or mechanistic relationships that are 

V 

I sensitive at the selected scale and may even suggest the need to examine several 
scales simultaneously. 

This chapter will not summarize much of the previous scientific discussion 
that has occurred on scale but will emphasize how managers should use spatial 
scale when integrating social and natural science sides of management. A case 
study of the Baltimore Ecosystem will be used to highlight some of the points 
being made with respect to scale and to demonstrate how scale can be used to 
resolve natural resource problems at different scales of analysis. 

6.2 spatial scales relevant for natural resource managers 

Any discussion of spatial scale issues in the social and natural sciences 
should begin with an examination of how scale has been incorporated into 

I I research and an understanding of why particular scales were selected. This dis- , , B;$ 
, - ,- >$$ 

I I cussion will begin to inform a manager of the appropriate scales to consider 
- -  - 

I I when linking social and natural science information and whether it is realistic 
to assume that this integration should occur at the same spatial scale. i he dom- 
inant and sensitive spatial scales relevant in the different subdisciplines in 
ecology, conservation, and the social sciences will be analyzed in the next 
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section. This will be followed by a discussion of scaling and scale issues that 
must be considered when integrating social and natural science data to achieve 
ecosys tem management. 

6.2.1 Dominant scale uses assessed from publications in the social and 
natural sciences 

It is informative to review the literature and determine what similarities 
and differences exist in the typical scales of analyses used by the dominant dis- 
ciplines germane to natural resource management. We documented the spatial 
scale of analysis used by researchers who published in two ecological journals 
(i-e., Conservation ~iolog,  ~ c o l o g )  and two social science journals (i.e., Human 
Ecology, Society and ~a tu ra l  Resources). Journals were selected for inclusion in this 
analysis that published interdisciplinary papers, but were written primarily 
for audiences in the natural or social sciences, since the purpose of this exercise 
is to inform ecosystem managers.   he results of this survey are given in Table 
6.2 for theyear 1996. 

A surprisingly high number of articles published in the social and natural 
sciences do not even give the spatial scale of their study (the exception is Human 
Ecology). For example, spatial scale was not mentioned in 60.7% of the articles 
published in Conservation Biology, 38.2% of the articles in Ecolog, and 66.6% of 
the articles in Society and ~aturalResources (Table 6.2). In articles where scale was 
not reported, scale was not considered relevant in half of the studies and was 
not "place-based" for the other half. Human Ecolog had a higher percentage of 
the articles having clearly defined spatial scale - only 14.4% of the articles did 
not specify a scale. a he tendency for studies not to give the scale at which their 
research is being conducted suggests a perception that the spatial scale is not a 
critical factor for understanding the system. Since many studies did not 
mention scale nor define their spatial scale of analysis, it suggests that research- 
ers have (1) alternative conceptualizations of what scale is and how to define it, 
and (2) different perceptions of the importance of locating their analysis unit 
(e.g., village ecosystem) within the landscape. 

Summarization of the scale data by groupings for the four journals also 
shows a lack of a common spatial scale of analysis among them (Table 6.2). In 
general, this small survey of a few journals suggests that most social science 
studies were conducted at larger scales than what was commonly used in the 
natural sciences. 

Conservation~iology was characterized by having no one scale being the domi- 
nant unit of analysis - the smallest scale ( ~ 0 . 0 1  ha) was equally represented 
(7- 1%) as was the largest scale (> 10 000) (5.7%) (Table 6.2).   his reflects the ten- 
dency of this discipline to undertake plot studies to understand smalkr 
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Table 6.2. scale ofanalysis used by studiespublished infourjournals (conservation 
BiOIOg, ~ c ~ l o g y ,  Human Ecology and Society and Natural ~esources)for a one- 

Number of times cited in 1996 (% of total citations 
in each spatial scale category by journal) 

Conservation Human Society and 
spatial scale (ha) Biology Ecology Ecology Natural Resources 

10(7.1%) 95(39.9%) O(O%) 1 (2.1%) 
6(2.5%) O(O%) 

14(5.9%) O(O%) 

13 (5.5%) 10 (37.0%) 2 (4.2%) 

7 (2.9%) 2 (7.4%) 0 (0%) 

4 (1.7%) 6 (22.2%) 5 (10.4%) 

>lo000 to <lOOOOO 8 (5.7%) 1 (0.1%) 4 (14.8%) 5 (10.4%) 
7 (2.9%) 1 (3.7%) 2 (4.2%) 

40(28.6%) 55(23.1%) 2(7.4%) 16(33.3%) 
45 (32.1%) 36 (15.1%) 2(7.4%) 16 (33.3%) 

Total number articles 136 

Many of these articles may have given scales in terms of household, village, national 
park, etc., but did not give an explicit mention of the areal measurement unit. 
Articles not spatially based (e.g., models, conceptual theory oriented articles, 
measurements taken from c'populations" without saying where). 

animals or bounded activities as well as landscape studies to understand the 
territory necessary for survival of a species. The results from Conservation Biology 
markedly contrasted with the Ecology journal. Ecology showed a dominance of 
the smallest scale of analysis (<0.01 ha, e.g., 10 m x 10 m plot) with 40% of the 
total studies being conducted at this scale. The Ecology journal publishes many 
articles by population and community ecologists who tend to conduct their 
research on small plot sizes. 

Human ~co logy  did not record any studies that had research plot sizes less 
than 1 hectare in size (Table 6.2). In 1996, HumanEcology had 37% of the articles 
having study plot areas that were greater than 1 but less than 10 hectares in size 
(e.g., 100 m x 100 m to 316.2 m x 316.2 m). Most of the studies in this journal 
were at the household or village level. The scales in the two social science jour- 
nals, if mentioned, were given in terms of socially determined areas, e.g., 
village, province, rather than landscape or ecosystem differentiations. Human 
Ecolog also showed that 22.2% of the studies used study areas 100 to 1OOOO ha 
in size and 14.8% used study area sizes of 10 000 to 100 000 ha. Similarly, Society 



and Natural ~esources had over 20% of the articles reporting their research areas 
to vary between 100 and ~ O O O O O  ha in size. At  least during 1996, Society and 
Natura~Resoz~rces published no studies that were conducted at the second small- 
est size grouping (0.01 to 0.1 ha) and in a middle-level spatial area (10 to 100 

6.2.2 Scale delineation rationale in the sciences contributing to natural 
resource management 

Many of the scales selected for use by different disciplines are based on 
the selection of those scales that are the most sensitive to answering the ques- 
tion being pursued by each researcher in their field of specialty. For example, 
the smaller scale of analysis selected by an ecophysiologist is the only scale at 
which a physiological process in particular tissues of a plant can be detected 
mechanistically. Clarification of study area sizes selected by scientists imple- 
menting ecosystem management or conservation follows below. 

The past tendency by ecologists to study systems using a biotic or functional 
approach (Vogt et al., 1997) have reinforced a few spatial scales of analysis (see 
Table 6.1). Early in ecology, the biotic approach was the dominant tool being 
used to study ecological systems (Clements, 1916; Whittaker, 1953; Billings, 
1985; Ashton, 1992). In the 1980s, the importance of the ecosystem and func- 
tional approaches was finally recognized (Vogt et al., 1997). Since ecosystem 
ecologists generally used larger spatial scales than the biotic approach, the scale 
of system analysis increased with the adoption of the ecosystem approach. 
Researchers using the biotic approach focus on individual interactions with 
nature. Those using a functional approach are ecosystem based and frequently 
the individual is not a relevant unit of analysis and therefore not ever explicitly 
considered. Natural scientists using the biotic approach focus on smaller scales 
of analysis compared to those who use a functional research focus where the 
spatial scales of analysis are larger (Table 6.1). 

In ecosystem ecology, the spatial scale is identified by the boundaries of eco- 
systems where the function of the system changes. However, determining the 
exact boundaries of an ecosystem is a subjective process because the scale at 
which the system is being observed influences this decision (Giampietro, 1994). 
By definition, the boundaries of the ecosystem should be demarcated where 
there is a significant change in the rate at which energy or materials move 
between two systems (Allen and Hoekstra, 1992). 1n practice, it is impractical to 
study the entire ecosystem so representative areas are identified withiir that 
larger ecosystem for study. Ecosystem ecologists have used two dominant 
spatial scales of analysis within this larger system - the stand or plot, and the 
watershed. The stand typically varies from 0.05 to 1.0 ha in size and is a small 
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f,aion of the total ecosystem under study. Site selection becomes crucial at the 
stand scale since the heterogeneity of the system may mask the processes being 
studied. when selecting replicate stands, ecosystem ecologists spend a consid- 
erable amount of time locating plots that are similar to one another and repre- 
sentative bf the ecosystem but distant enough to decrease chances of 
pseudo-replication. Plot-size choices often reflected the assumption that the 
processes and patterns examined are indifferent to scale (Wiens, 1989). The 
other scale used by ecosystem ecologists is the watershed where there is no sub- 
jectiviq in site selection because the scale is clearly defined by the boundaries of 
the watershed. watersheds selected for scientific study (vs. all watersheds) are 
typically <lo0 ha in size (Bormann and Likens, 1979; Hornbeck and Swank, 
1992). Traditionally, the watershed was defined as a topographically specific 
area where all the precipitation falling into that area drained into one stream. 
since a watershed-scale approach does integrate the heterogeneity that can be 
found within its bounded space, some researchers use the word watershed as an 
equivalent term to alandscape. 

More recently, landscape ecologists have also focused on the landscape as a 
spatial unit of measure. Landscape ecology looks at broad spatial scales and 
attempts to understand the development and dynamics of spatial heterogene- 
ity, interactions and exchange across heterogeneous landscapes, and the influ- 
ences of spatial heterogeneity on processes (Turner, 1989; Forman, 1995). The 
landscape scale contrasts the watershed approach because it explicitly incorpo- 
rates the heterogeneity in the system. It also does not limit studies to an area 
necessarily linked by flows of water, nutrients, and other materials. 

Conservation Biology has focused on the species of interest and defined the scale 
of analysis by the habitat requirements for that species so that no fixed spatial 
scale is common (see Table 6.2). Out of all of the subdisciplines in ecology, con- 
servation biology has most explicitly dealt with spatial relationships since the 
early 1960s when the relationships between the amount of habitat area and 
number of species were converted to mathematical relationships (Preston, 
1962). MacArthur and Wilson funher developed these relationships between 
species and habitat area in 1963 when they published their island biogeography 
theory (MacArthur and Wilson, 1963). These ideas are still an important element 
of conservation biology although the patterns predicted by the island biogeog- 
raphy theory are not always supported by subsequent studies (Smith, 1990). 
Species-area relationships focused conservation biologists into explicitly 
examining the spatial scale of their management area as defined by the species 
of conservation priority. For example, the scale of interest can vary significantly 
since the habitat area for asalamander is a stand while for a bear it is a landscape. 
This lack of a specific spatial scale of analysis compared to other disciplines was 
quite apparent from the data summarized inTable 6.2. 
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In the social sciences, the spatial scale of analyses frequently varies from the 
small to the large scale within one study. The small scale typically consists of 
household surveys while the large scale assesses the condition and changes in 
the natural resource-base across a village or other defined area utilized by the 
people in question. Conway (1986) included a hierarchy of information needs 
in both the social (e.g., the family to kin group and tribe) and natural systems 
(e.g., village to mini-watersheds and to the valley). Freudenberger (1997) also 
used the larger scale of the landscape (e.g., remote sensing to identify locations 
with significant land-use changes) to identify locations of her more in-depth 
small-scale studies at the household level. The focus in Table 6.2 on the larger 
scales of analyses in the two social science journals reflects the inclusion of the 
natural system to identify the largest scale of assessment. Many social scientists 
conduct research at the household or community/village level as these are seen 
to be the most fundamental units of productivity and social order (Moran, 
1984; Siralt et al., 1994). Traditional data-gathering techniques in the social sci- 
ences are geared towards these two scales (Molnar, 1989). Broader political and 
economic issues have only recently been included as important factors influ- 
encing smaller-scale decision-making, and social and natural systems (Moran, 
1984; Fox, 1992). 

e Other social science studies require information to be collected at several dif- 
ferent scales. In order to conduct impact assessment for their human ecosystem 
model, Machlis et al. (1994) recommended analyses that would include the 
family unit, the community, country, region, nation, and eventually the globe. 
The study by Grove and Hohmann (1992) was a landscape study that used 
social data collected at the household, community, regional, state, and national 
levels. 

The use of similar scales and theoretical frameworks by social and natural 
sciences can be found in the literature. Use of similar scales was not the result of 
social and natural scientists working in interdisciplinary teams or reading each 
other's literature. These frameworks evolved from each discipline attempting 
to deal with their own problems. Excellent examples showing the develop- 
ment of similar conceptual frameworks by social and natural scientists is the 
research on urban expansion (Burgess, 1925; Park et al., 1925) and the design of 
biosphere reserves. Burgess (1925) did not consider the environment as part of 
his theory on urban expansion but emphasized the relations between humans 
and the artificial construct of a city.   hat study defined specific activities occur- 
ring within concentric circles that radiated out from the center of the city.The 
center of the city was dominated by the business sectors and radiated Aut to the 
urban parts of the city. The key unit of analysis for Burgess (1 925) was the city. 
The concept of the human community articulated by Burgess (1925) is similar 
to the reserve design adopted by the Man and the Biosphere (MAB) program* 
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*he MAB reserve concept does not use the city analog but instead focuses on the 
of humans with the surrounding environment (typically forests). 

circle is the zone of intensive human activity (e.g., villages, agricultural fields) 
md has few, if any, of the characteristics of the core area. Both the city model 
and the biosphere reserve model define zones of human activity using the con- 
centric circle concept. This separation of activities by spatial scale is very artifi- 
dal and in practice does not typically occur (e.g., human activities are difficult 
to exclude from the MAB reserve core areas). 

Scaling is an important research topic because most of our past data col- 
lection has occurred at smaller scales and not at the larger scale where natural 
resource decisions and policy need to be formulated (Levin, 1992). Scaling 
issues are further compounded by the fact that different scales (given in Table 
6.2) are also not discrete or disjointed in time and space (Magnusen, 1990) so 
that temporally distinct activities can feed back to affect a different scale rela- 
tive to where the activity was originally generated. Several factors have contrib- 
uted to making it difficult for managers to translate information collected at 
smaller scales to make practical decisions at larger scales. Three of these factors 
will be briefly discussed here: (1) changing amount and type of data with scale, 
(2) preference by scientists to study smaller scales because of the ease of experi- 
mentation and use of controls for the experimental system (see section 6.2.1), 
and (3) the loss of predictive ability (i.e., causal relationships) when transfer- 
ring information between scales. 

In the 1980s~ much attention began to be placed on producing tools to scale 
data from the small to the larger scales of the landscape and the globe in the 
natural sciences.  evel loping scaling tools was important to allow the signifi- 
cant volumes of data already collected by physiologists as well as community 
and ecosystem ecologists to be used (Running and Coughlan, 1988; Running 
and Nemani, 1988; ~hleringer and Field, 1993; Running and Hunt, 1993). At 
the same time, model development in the social sciences began to integrate 
information from different scales (Burch, 1988; Fox, 1992; Cortner et al., 1996). 
This need for linking data between small and large scales was an impetus for 
the development ofhierarchy theory. 

Already in the 1 9 8 0 ~ ~  hydrologists realized the problems resulting from 
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modeling watershed dynamics as uniform. This realization stimulated 
research to link hydrologic models with geographic imformation systems (GIs) 
to spatially analyze a watershed to incorporate its heterogeneity (Beasley et al., 
1982; Young et al., 1989; Arnold et al., 1990; Fraser, 1999). Hydrologists have 
also accepted the importance of the spatial resolution of input variables in 
determining the results of their modeling efforts (Fraser, 1999). This conclu- 
sion resulted from the use of non-linear equations in models so that "their sta- 
tistical properties (mean and variance) for a given area will change if input data 
are aggregated to a coarser resolutionyy (Fraser, 1999). Dubayah et al. (1997) 
demonstrated this phenomenon when they obtained different results from 
input variables aggregated at a 1-krn compared to a 10-km resolution. This last 
example again demonstrates the importance of identifying the most sensitive 
scale of analysis for each natural resource problem. 

Scientists generally accept the statement that the type and amount of data 
needed to assay the resistance and resilience characteristics of an ecosystem are 
sensitive to scale of analysis. As a generality, the smallest scale has the largest 
data requirements to explain how that ecosystem functions (GOSZ, 1993). 
Other variables and, in most cases, fewer variables are needed to predict ecosys- 
tem characteristics as one progresses up to larger scales. Each scale also has dif- 
ferent stresses that are important in regulating processes at that scale (Turner et 
al., 1995). Therefore, there is an inability to automatically sum up the parts of a 
system at one scale and then examine that system from a larger scale. In addi- 
tion, each scale itself may have many linked scales (e.g., forested landscape to a 
drainage basin or watershed to a forest stand or ecosystem to gaps within the 
forest and individual trees).   here fore when analyzing landscapes at different 
scales, it is important to recognize that each organism defines and perceives 
patches differently within that landscape (Wiens, 1989; Levin, 1992; Milne, 
1992; Turner etal., 1995). 

The difficulties of transferring data between scales have generated much of 
the discussion related to hierarchy theory (OYNeill et al., 1986, 1989). 
Unfortunately, the tools or good examples demonstrating the implementation 
of hierarchy theory have been slow to develop (Turner et al., 1995). Some of this 
difficulty is a result of the non-linear transformations of process and relation- 
ships that occur when making transitions among scales (Walters and Holling, 
1990). The existence of "chaos" or the loss of predictive capability between dif- 
ferent scales of analysis creates problems for global-scale policy analyses when 
utilizing information generated at smaller scales (Stern et ale, 1992; ~ i l s s o n  and 
Schopfhauser, 1995; ~ e l e  and Norgaard, 1996). Depending upon what data 
from the lower scale are used may skew the results synthesized at the big@ 
scale. This is especially relevant when the scaled-up data results are associated 
with data from alower scale that has alarge degree of variation. 
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Global warming and carbon sequestration in forests (Schroeder, 1992; 
Brown e t  aL, 1993; Houghton, 1996) also illustrate problems arising from 

2% ,,gating incomplete data collected at lower scales to address a problem at a 
larger scale. We suggest that some global warming debates are being analyzed 

's . 
it the wrong scale because the final scale of analysis is not sensitive to the vari- 
ables initially used to drive the analyses. This lack of sensitivity at the global 
scale results from inadequate data summarization and how existing data are 
being scaled to the globe. When scaling data, any errors in the synthesis of the 
data will strongly affect the conclusions that are reached. For example, most of 
the global warming studies cited above did not adjust their data analyses to 
aaount for the selectivity of data from a few study sites. They also did not 

their analyses to compensate for missing information. Vegetative com- 
munity classifications and aboveground biomass data have been used as the 
main data to scale-up plot specific data to address global warming issues. 
  ow ever, belowground vegetative biomass and soil organic matter can seques- 
ter carbon at levels two to three times higher than the aboveground biomass 
(see Lugo and Brown, 1993; Vogt et al., 1996). Therefore, the synthesis and 
scaling of ecological information to produce the global value should be highly 
suspect. These analyses result in an assumption that particular management 
practices will be useful for counteracting global warming when in fact averag- 
ing and lack of data on several ecosystem components means that the sugges- 
tions may not be supported by data. Instead of assuming the need to scale-up to 
answer global environmental questions, it may be more important to identify 
which scale is most sensitive in reflecting the processes relevant for policy- 
makers and for which credible data can be produced. 

Tools and approaches to scale information from the smaller to the larger 
scale are evolving and mathematical models are an integral part of these analy- 
ses. For example, ecophysiologists have used process-based models for address- 
ing scaling issues from leaf to canopy levels and from stand to ecosystem levels 
(Ehleringer and Field, 1993). These models have used either a bottom-up or a 
top-down approach (e.g., Reynolds et aL, 1993; Running and Hunt, 1993). 
Bottom-up modeling, scaling from smaller to higher scales, involves extend- 
ing calculations from an easily measured and reasonably well understood unit 
to processes at a more encompassing scale. The most familiar bottom-up 
models have taken knowledge at leaf or sub-leaf scales, combined these with 
environmental information, and derived descriptions of how a stand functions 
under a range of circumstances (Jarvis, 1993). A major problem with the 
bottom-up models is the complexity of information needed, especially in 
heterogeneous systems.Bottom-up models can thus be too complicated to be of 
general use in scaling to higher levels. Furthermore, the output from bottom- 
up models is open-ended, which makes the models more sensitive to input 
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errors (Jarvis, 1993). In contrast, top-down approaches have been constrained 
totally through an experimentally determined relationship with a crucial 
driving variable. The empirical relationships that have been derived prevent 
the extreme predictions that may result from the bottom-up models. Top- 
down models have, however, less mechanistic insight and are thus limited in 
their application to scaling information up to another level. Dawson and 
Chapin (1993), Reynolds et al. (1993), and others have argued that these two 
modeling approaches are interdependent and should be used concurrently for 
addressing scaling issues. In order to simplify the task of scaling without losing 
predictive power, Dawson and Chapin (1993) also suggested that the plants 
within a community should be grouped together according to their form- 
function relationships. 

6.2.4 Ecological and social systems and their integration 

The disciplinary focus of scientists and the use of specific scales by disci-' 
pline have resulted in the development of constraints to integrating ecological 
and social systems (see Tables 6.1, 6.2). A historical precedence exists for 
natural scientists to consider spatial scales in their study system that was not as 
prevalent in the social sciences. It is only recently that social scientists have 
been explicitly making their data scale dependent. Although natural scientists 
considered scale explicitly, their use of a few scales by discipline (see section 
6.2.1) have also created problems for integrating ecological and social scales. 
For example, the current integration of ecological and social scales is being con- 
ducted at larger scales than the study system was originally studied, necessitat- 
ing the development of new scaling tools that are still evolving (section 6.2.3). 
The following section will present a brief introduction on how researchers have 
linked social and natural systems and how each perceives spatial scale. 

The types of data collected by social and natural scientists have contributed 
to difficulties in integrating information from different disciplines. The quan- 
titative type of data collected by many natural scientists has been easier for 
policy-makers to utilize compared to the more qualitative data collected in the 
social sciences  ifki kin, 1996). Frequently, social science data was ignored in 
past policy-making decisions because of the difficulty of using qualitative data. 
The predominant use of economics as a natural resource assessment tool is 
based on its ability to give quantitative results. Since natural scientists appear 
to give more credibility to quantitative data, this has made it difficult for both 
the social and natural scientists to interact and integrate their studies. The rise 
of the Rapid ~ u r a l  ~ppraisal and the more broadly focused ~a r t i c iphor~  Rural 
Appraisal (Chambers, 1994) approaches have partly been an effort liy social sci- 
entists to decrease the need to conduct cumbersome surveys to obtain quantita- 
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dve that are easily transmittable and utilizable in policy-making. ~ h e s e  
allow meaningful results to be obtained, since there is an ability to 

panti@ multiple activities and patterns even if they cannot be analyzed statis- 
dc*. fifkin (1996) suggested that the value of the ~ a p i d  Rural Appraisal 
approach for social scientists has been to provide a framework for data collec- 
tion and analysis that is spatially explicit. 

several decades ago, social scientists recognized the interactions and con- 
straints placed by the ecological system on the social system (~awley, 1950; 
Duncan, 1961; Young, 1974; Rambo, 1983; Rosa and Machlis, 1983; Vayda, 
1983; ~awley, 1986; Burch, 1988; Grove and Burch, 1997). However, although 
they recognized the importance of these linkages, they did not explicitly 
address or produce a model to deal with the spatial relationships between 
humans and natural resources (Machlis et aL, 1997). This means that the social 
sciences did not deal with the issues of scale and hierarchy theory in any way 
comparable to the high attention given to these topics by the natural sciences. 
~lthough the social sciences have not explicitly dealt with the issue of scale and 
hierarchy theory (Fox, 1992), scale probably drives the conflicts perceived to 
exist between the different disciplines in the social sciences. For example, the 
arguments and differences existing between psychologists (Lynch, 1960; 
Sommer, 1969)) sociologists (Firey, 1945; Schnore, 1958; Bailey and Mulcahy, 
1972; Young, 1974,1992; Field and Burch, 1988; Catton, 1992,1994)~ geogra- 
phers (Agnew and Duncan, 1989), and political scientists (Masters, 1989) may 
be attributed more to the use of different scales and criteria (Allen and 
~oekstra, 1992) than questions of who is right or wrong. For instance, psychol- 
ogists and sociologists argue about whether individual behavior creates social 
structures or whether social struaures determine individual behavior. Rather 
than seeing this as a mutually exclusive dichotomy, it may be more appropriate 
to conceive of such a question as a matter of scale and to ask about the relative 
relationship between individual behavior and social structure for a given ques- 
tion. With this approach, research questions are more resolvable by actually 
promoting discussions between scientists. 

Natural scientists historically did not incorporate people into their analysis 
of a natural system but focused on finding ecosystems to study that were 
"virgin" (e.g., minimal human influence) and that could be isolated from the 
social system (Vogt et aL, 1997). The philosophy was that there was a need to 
understand the natural system first and that most human activities could be 
treated more as harvesting or removal of products from that system. The 
approach taken by most natural scientists was to link human communities 
with the natural resources by measuring the impact of a particular human 
activity (e.g., chemical pollution) on a defined natural resource area (Bormann 
and Likens, 1979). This approach maintains the idea that ecological systems are 

i 



mostly constrained by the natural system and that the social system is a minor 
constraint to its functioning. Only recently has the importance of the social 
system as a driver of natural resource conditions been articulated (Stern et ale, 
1992). Other natural scientists have moved beyond these strictly ecological 
approaches to assessing the health of natural resources by attempting to see 
what concepts can be derived from comparing natural systems to human 
health (Rapport et aL, 1985; Levin, 1989; O'Laughlin et al., 1994). However, 
these ecosystem health assessments have been mainly driven by satisfying the 
human desired values/products from a natural system and not from under- 
standing the constraints of the ecological system (Vogt etal., 1999c).The impor- 
tance of human legacies, other than chemicals or land-use patterns, in 
controlling or constraining ecosystem function has been only recently 
addressed by natural scientists (vogt etal, 1999b). 

Already in 1994, Miller suggested that part of the data analysis problems 
encountered between integrating social and natural sciences can be traced to 
how each discipline measures and records spatial data. For example, it is not 
unusual to collect georeference data in the natural sciences. In contrast, the 
social sciences had not previously considered georeferenced data important to 
collect (Fox, 1992). In fact, many of the important driving variables studied by 
social scientists (e.g., cultural, political, institutional, and economic condi- 
tions) do not appear to be driven by spatial scale processes (Miller, 1994). This 
suggests that social scientists did not explicitly consider space itself as a factor 
that affected the resistance and resilience characteristics of human ecosystems 
(see Table 6.1). However, each social science variable listed in Table 6.1 has an 
implicit scale inherent to itself even when no scale is implied. For example, 
each institutional structure has a zone of authority that it influences which can 
be spatially expressed.  his zone of influence becomes the spatial scale at which 
the impacts of an institution should be examined. In fact, social scientists have 
typically defined spatial scales to include the political boundaries that con- 
strain the activities occurring in the area being studied. However, in most cases 
the political boundaries do not track the ecological boundaries as identified by 
ecologists so that the scales of analysis are distinctly different (Lee et al., 1990; 
Miller, 1994) (Table 6.2). In fact, boundaries generated by social variables have 
not been typically analyzed by natural scientists. ~ a t u r a l  scientists have been 
historically more interested in understanding the processes and functions 
occurring at the scales of vegetative communities or soil types (see Vogt et aL, 

Increasingly, social scientists are beginning to realize the need for the adop- 
tion of a hierarchical or multi-scale approach to their research. This appr&h 
has been adopted for use in several interdisciplinary research projects wilere 
natural scientists are adapting and integrating approaches from various disci- 
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P lines to understand a specific phenomenon (Pickett et al., 1989; Grimm et al., 
zo~o), watershedscale research (e.g., hydrological studies) has been especially 

to linking social and ecological data in human-dominated land- 
,i*pes (see section 6.3.). ~ydrologists had already developed the tools needed 
to combine GIs technology with modeling to examine how abiotic attributes of 
different areas within a watershed contribute variable amounts of water and 

to stream flow (Hewlett and~ut te r ,  1969; Dunne and Leopold, 1978; 
~ l ~ c k ,  1991). ~ecently, these techniques have been successfully used to link the 
biotic attributes of a watershed with their social attributes (e.g., indirect effects 
from land-use change and forest/vegetation management and direct effects 
from inputs of fertilizers, pesticides, and toxins). By spatially linking social and 
ecological information within a watershed and determining how these related 
to different types of allocation mechanisms, the differential flows and cycles of 
critical resources within the watershed could be understood (Burch and 
DeLuca, 1984; Zonneveld, 1989; Parker and Burch, 1992; Grove and Burch, 
1997). 

6.3 A multi-scale approach to social ecological research: The case of 
the Baltimore Ecosystem Study 

The Baltimore Ecosystem Study (BES) is one of 21 long-term ecological 
research sites (LTER) of the National Science Foundation. The BES is distin- 
guished from nearly all the other LTERsites because it is one of only two urban 
sites (the other being the Central Arizona Project, phoenix, Arizona) where 
integration of information from the social and natural sciences was a primary 
focus for establishing theseLTERs. Research scientists for these two urban sites 
have been recruited from both the social and biophysical sciences and have 
adopted integrated, multi-scale approaches from the inception of the research. 

The research described here was conducted for the Gwynns Falls watershed 
of the BES. The Gwynns Falls Watershed (760 30% 39O15'N) is approximately 
17,150 ha in size. This watershed lies in Baltimore City and Baltimore County, 
Maryland and drains directly into the Chesapeake Bay. The research briefly 
described here illustrates the usefulness of a multi-scale approach to link social 
(e.g., social stratification) and natural science variables (e.g., vegetation struc- 
ture) to understand what regulates the health of this watershed. 

6.3.1 Description of the research 

The Baltimore Ecosystem Study LTER has adopted a multi-scale (e.g., 
within and between watersheds) approach to its research that considers social 
and natural science variables at several, broad scales of ecological analyses: 
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organismal, population, community, ecosystem, and landscape (Grove and 
~urch ,  1997; Picltett et al., 1997). Both biophysical and social drivers and 
endogenous and exogenous change can drive the system dynamics. For 
instance, endogenous change in a neighborhood may include changes in dem- 
ographic structure, housing conditions, or, vegetation, while exogenous 
change may include changes in financial markets, regional transportation, or 
climate. 

This multi-scale approach focuses purposefully on different social and eco- 
logical scales. Some social scales include different levels of social organization 
such as individuals, families, communities, and societies. BES uses a hierarchi- 
cal, multi-scale approach because it attempts to understand the strong and 
weak ties within and among scales in order to uncover the ways that compo- 
nents at different scales are related to one another. Thus, lower-level units 
interact to generate higher-level behaviors and higher-level units control those 
at lower levels. For instance, a hierarchical approach to urban ecological 
systems may attempt to understand the ways that the interactions among 
households within a neighborhood may affect the ability of a neighborhood to 
attract public and private investments (Grove, 1996). At  another level, the com- 
petition among neighborhoods in terms of relative political power subse- 
quently affects the quality of government services that each household receives 
(Grove, 1996). 

Some examples of theory that that may be used in this hierarchical approach 
are: 

Regional variations: urban-rural dynamics (Morrill, 1974; Cronon, 
1991; Rusk, 1993)(Fig. 6.la, color plate). 
Municipal variations: Distribution and dynamics of land-use change 
(Burgess, 1925; Hoyt, 1939; Harris and Ullman, 1945; Guest, 1977) (Fig. 
6. lb, color plate). 
Neighborhood variations: Power relationships between neighborhoods 
(Shevky and Bell, 1955; Timms, 1971; Johnston, 1976; Agnew, 1987; 
Logan and Molotch, 1987; Harvey, 1989) (Fig. 6.lc, color plate). 
Household variations: Household behavior within communities 
(Fortmann, 1986; Fortmann and Bruce, 1988; Fox, 1992; Grove and 
Hohmann, 1992; ~ u r c h  and Grove, 1993; Grove, 1996) ( ~ i g .  6.ld, color 
plate). 

The answer to whether one scale is more dominant or sensitive than another 
will vary in relationship to the research or management question. Thus, it is 
crucial that researchers and managers begin to conceive of their questionqin 
terms of scale. 

A particular area of interest has been to understand how social stratification 



Linking ecological and social scales 159 

of groups (i.e., power structures) affects green investments made by private 
firms and public agencies in neighborhoods within the watershed (Grove, 
1996) (Fig. 6.lb, color plate). The theoretical foundation for this question 
comes from Logan and ~010tch's (1987) political economy of place theory. 
Loganknd Molotch argued that patterns and processes of soda1 stratification 
bemeen people and place have significant environmental implications. 
According to Logan and ~010tch's theoretical framework, the key social vari- 
able~ affecting access to power, the allocation of private and public resources, 
and subsequently the biophysical characteristics of wealthy residential areas 
include: (1) The presence of homeowners and the absence of renters or absentee 
landowners, (2) residents who are either able to migrate to more desirable and 
healthy areas, who are effective at community organizing, or who are willing to 
become involved in local politics, (3) elites who have differential access to 
government control over public investment, pollution control, and land-use 
decision-making. Conversely, low income and heavily populated minority 
areas are disproportionately in or next to polluted areas, have residents who are 
unable to migrate to more desirable and healthy areas, and have fewer human 
resources in terms of leadership, knowledge, tactical and legal skills, and com- 
munication networks to manipulate existing power structures. 

Logan and Molotch (1987) and Choldin (1984) described these sociocultural 
and biophysical interactions as a dynamic process. In this process, residents act 
individually and collectively to control and maximize the exchange and use 
values of their neighborhood. This results from residents restoring, maintain- 
ing, or improving their current place or migrating to a more desirable place. 
Some of these acts of restoring, maintaining, or improving include changing 
the biophysical characteristics of residential areas (e.g., planting trees, parks, 
lawns, and community gardens, and keeping clean streets). These restoration 
activities produce an environment that is both socially and biophysically 
heterogeneous. 

Logan and Molotch's theory was applied to one of the watersheds of the BES 
study area. The selection of variables and indices of social stratification for the 
classification of social areas or neighborhoods used the theoretical parameters 
identified by Logan and Molotch (1987), Choldin (1984) and ~ul lard  (1990). 
These variables and indices were also further adjusted to incorporate recent 
adjustments recommended by Johnston (1976), Murdie (1976), and Hamm 
(1982). These indices of residential social stratification included a socioeco- 
nomic index (income and education), a household index (homeownership), 
and an ethnicity (race and ethnicity) index. 

A classification of vegetation structure was developed using Bormann and 
Likens's (1979) theory of vegetation regulation of watershed hydrology and the 
data requirements of various hydrologic ecosystem models. At the ground 
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surface, areas were classified as impervious or pervious. At  the canopy level, 
areas were classified as having or not having a vegetation canopy layer. The four 
classes of vegetation structure included: (1) Impervious surfaceslno canopy 
cover, (2) impervious surfaceslcanopy cover, (3) pervious (vegetation cover) / no 
canopy cover, and (4) pervious (vegetation cover)/canopy cover. statistical anal- 
yses of data were conducted for residential land uses only. In addition, the 
research included a temporal component (1970-90) to explore possible time 
lag or non-linear relationships. 

6.3.2 Results of the interdisciplinary watershed analysis 

The results indicated a significant relationship between two of the three 
indices of social stratification - socioeconomic factors and ethnicity - and vege- 
tation structure. Further, a time lag was found between independent variables 
and dependent variables (1970 social data and 1990 biological data) (Fig. 6.2, 
color plate). In retrospect, these results were realistic considering that the 
primary response variable being measured - tree canopies - takes time to grow 
and die. This highlighted the importance of considering the rate at which 
response variables may change and the time frames necessary to measure that 
change thus demonstrating the linkage between spatial and temporal scales 
that needs to be considered when determining what scale is appropriate to 
study for a given problem. 

The absence of a relationship between indices of homeownership and vege- 
tation structure was puzzling since the literature suggested such a relationship 
should exist. Extensive literature from rural forestry has indicated the impor- 
tance of ownership and property regimes to land cover (Coase, 1960; Hardin, 
1968; Ciriacy-Wantrup and Bishop, 1975; Fortmann and Bruce, 1988; 
MacPherson, 1989; Raintree, 1985; Ostrom, 1990; ~romley, 1991). Further, 
community foresters and community organizers in ~altimore City reported 
the significance of ownership to their activities. Thus, alternative explanations 
needed to be explored. 

The spatial structure of the three social stratification indices was re- 
examined to try to tease apart thelack of a relationship between ownership and 
land cover. It was apparent that there was strong spatial structure for socioeco- 
nomic status and ethnicity, but not for homeownership on a watershed or 
citylcounty basis. ~ h e s e  results suggested the need to examine these data at a 
different scale - that the data were reflecting a scale phenomenon. Perhaps, the 
relationship between homeownership and vegetation structure was effective 
at an alternative scale. Based on an initial exploratory data collection, stale- 



Linking ecological and social scales 161 - .-, v + a ? /  
* .- 

7 &**--% 
' ; F& 

L g$ - 1  - 1  : a:.. r 4 A -I** nlAtc: vepetationStruCNreVarjed in relation -. - *.. 
- = *> . 5 4  

b O r h ~ ~ d  level \l.F., r 15. v.ru, rurr- r----- -0 

hous&old ownership patterns within a neighborhood). 
-7 - _-.,,,,1, JPcnihpd for the *altimore Ecosystem study illustrates the 

sig 
ularly L u r  A A r b r L  ----- 

r6eacher~ to be explicit about the relationships among theory, methods, and 
-- ... p,. lUifhin an hierarchical context and to consider specific tools and tech- 

Tile L C ~ L ~ L L A A  UwU-uw-- -- - 

,,ificance of scale for deductive and inductive (exploratory) research, partic- 
' I-. fAr i nrprd i crinlinaw research. In particular, it highlights the need for 

for naT;ULd1 L C ~ V U I L ~  rrrruAua- ------ - -  

planners and community foresters to recognize and understand the impor- 
.. .. , ,f 9 t; nle-scale approach, particularly the idea that different pro- 



important to identify what types of environmental problems can be dealt with 
at the same social and natural science scales and what type of problems require 
different scales of analysis. Answering these points will begin to allow us to use 
"scale" as one of the common integrating tools to link the social and natural sci- 
ences. At  the same time, it is also important to understand that no one scale will 
automatically address all environmental issues. Fox (1992) found that deter- 
mining the appropriate scale of analysis is an iterative and not a one-step 
process, especially when conducting interdisciplinary research. This finding 
also reinforces the possibility that the social and natural science scales will 
differ so that the best approach should be decided on a case-by-case basis. If this 
generalization is correct, it can be a useful tool for integrating research from 
the social and natural sciences. 

To determine the most appropriate scale(s) to use, the first step would be to 
ask if the study's hypothesis dictates the scale that should be used (Fig. 6.3). If 
this is the case, this scale must be used regardless of the specific disciplines 
required to answer the question. Usually the scale will not be dictated by the 
hypothesis alone and must be selected using a procedurelike that shown in Fig. 

Now the most important question becomes which discipline is most suit- 
able for proving or disproving the hypothesis (Fig. 6.3).The most suitable disci- 
pline, whether from the social or natural sciences, should have the greatest . 

impact on the quality of the conclusions. Each discipline prefers particular 
scales of analysis as shown in Tables 6.1 and 6.2. Traditionally the focus has 
been on which discipline has a better approach for evaluating the problem, but 
the discussion should be shifted to which particular discipline is more impor- 
tant for solving the particular problem. Once the evaluator determines which 
discipline is best suited for solving the specific environmental problem, the 
selected discipline will dictate the scale of analysis. ~t is impossible to separate 
the question of the most appropriate scale for the analysis from the question of 
the discipline having the greatest impact on the conclusion. 

After choosing a discipline, other factors must be considered (Fig. 6.3). IS the 
primary scale of analysis used by this discipline incompatible with the scales 
used by the other disciplines relevant to the problem? ~f there is no incompat- 
ibility, then the scale selected by the appropriate discipline should also be used 
for all other disciplines. If there is incompatibility, one must determine if the 
primary scale can be modified. If it is impossible to eliminate this incompatibil- 
ity, multiple scales must then be utilized. 

Some natural resource problems can be studied at the scale of a substrate or 
small plots. For example, a piece of coarse wood, hedgerows and eveh soil 
aggregates can be meaningful ecological scales for management when coberv- 
ing microbes and soil animals whose life cycles occur at micro-site scales 
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by 
scientists to influence the scale-dependency of an analysis for ecosys- 

tem management. ~n practice, identifying the spatial scale of analysis appears to 
be somewhat arbitrary. Researchers in both disciplines have tended to use con- 
,&, .niforrn definitions of what spatial scales are relevant for research (Table 
,,L - - p' 
6.2) that followed disciplinary lines. 

The watershed scale has been generally accepted as the relevant scale for 
implementing ecosystem management (FEMAT, 1993; Montgomery, 1995). It 
is not clear if resource managers recognize the implications of choosing this 
scale of analysis for their management unit. On the surface, selecting this scale 
appears to simplify the decisions that have to be made by a natural resource 
manager because the problems of scale identification are eliminated. This 
approach also reflects the shift from, for example, managing forests from a 
pr~duct-based approach to the management of processes. Acceptance of the 
watershed scale as a unit of measurement sets limits on the type of questions 
that can be addressed because only certain measurement variables are sensitive 
at this scale(Conway, 1986; King, 1993). 

  he landscape scale appears to be one scale where the natural and social sci- 
ences can link because data collection is compatible with the existing tools uti- 
lized by both disciplines (Miller, 1994; Grove, 1996). Care must be taken to 
avoid the assumption that this is the only scale at which effective linking of the 
social and natural sciences can occur. The dominance of few scales of analyses in 
both the social and natural sciences (Table 6.2) will probably limit future inte- 
gration of both fields if one scale is accepted as the primary scale of analysis. 
This scale of analysis is relevant for particular types of environmental problems 
but is not the universal answer for those questions where the sensitive variables 
exist at smaller scales. 

Frameworks and tools will need to be developed to identify the sensitive 
scales of analysis that are disciplinary- (Table 6.2) and ecosystem-based and 
able to integrate information from both the social and natural sciences (such as 
shown in Fig. 6.3). Managers will have to recognize the limitations of aggregat- 
ing information from smaller scales to elucidate patterns across larger scales 
more typical to natural resource management problems (~evin, 1992). Since 
the scales selected for data collection by each discipline are those that have been 
found to be the most sensitive to address their question (see section 6. I), scaling 
research data between scales should result in the loss of the causal relationships 
that were developed at that scale.Therefore, the implications of using different 
scales and how the scales are defined as shown in   able 6.1 are important to 
understand when managing natural resources. 

Making scale relevant for management will require the development of 
causal (e.g., mechanistic) relationships between the management unit and 
natural and social science factors that will identify the appropriate scale(s) for 



each site. 'This will require managers to avoid using the wrong scale of analysis 
just because it is convenient and because data has been collected in the past at 
that particular scale (the idea being that the most sensitive scale may not have 
been identified then). It will also require managers to avoid scaling informa- 
tion from the small to the large scales unless there is a clear link between the 
information and the different scales; information may be lost with scaling so 
that sensitive variables may no longer be monitored. 

To assist in the integration of social and natural sciences for natural 
resource management, researchers will need to explicitly recognize and 
address issues of scale differently from their traditional, disciplinary 
approaches. Instead of emphasizing the need for scale-dependent informa- 
tion that may be associated with their respective disciplines, it may be more 
important to determine what is the most appropriate scale(s) to address 
various natural resource issues. ~ntegrating the social and natural sciences will 
require improving our understanding of how space is currently perceived by 
each discipline. 

Many of the tools being currently used to study natural resource uses and 
the trade-off between different uses within human-dominated landscapes 
assume that scale should be similar for both the social and natural sciences 
(Montgomery, 1995; Driver e t  al., 1996). It is important to understand that the 
sensitive scales of analysis may differ between the social and natural sciences. 
However, the existence of different scales by discipline is not a valid argument 
for not integrating the two fields. It is interesting to analyze whether social and 
natural sciences can be mechanistically linked using spatial scales even when 
the appropriate scales of analysis might differ for each. 

This chapter has shown how the appropriate scale for studying social and 
ecological systems often varies depending on the scale at which the most sensi- 
tive variables are most strongly expressed and can therefore be easily measured. 
Currently, different disciplines have their preferred scales of analysis where 
they concentrate their research efforts and therefore indirectly the scales of 
analysis used for management. This type of approach has been more prevalent 
in the natural sciences since individual researchers by necessity have scales in 
which they are specialists. The social scientists until recently did not explicitly 
deal with scale even though their research did encompass several different 
scales of analysis. There is a need to acknowledge that different disciplines have 
spatial scale preferences and that these will constrain the integration of the 
social and natural sciences since they are not asking questions at the same scale. 
These incompatibilities in the scales of analysis are major detriments to success- 
fully implementing ecosystem management, conservation planning and >US- 

tainable development. 
There is also a need to recognize that focusing on one scale of analysis will 
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not management to integrate those social and natural science factors con- 
straining management activities. The Baltimore case study presented in this 
paper showed the importance of using several scales of analysis when attempt- 
ing to link the social and natural systems in management. Once the most sensi- 
tive scale of analysis has been identified, it is important that management does 
,of emphasize that scale alone to identify all the parameters or indicators that 
would sensitively reflect that scale. The Baltimore case study also demon- 

how the generation of data at one scale provided important informa- 
tion determining how the identified scale of interest should be assessed. ~t 
becomes crucial that information obtained at different scales and about differ- 
ent systems is continually exchanged and evaluated through a parallel and 
interactive research approach. Unfortunately, this essential step of integrating 
information is often not addressed until after the research is completed and the 
results are presented. At  this point, policy-makers and managers often face dif- 
ficulties in drawing coherent and unified conclusions since an understanding 
of how their different study systems were interrelated was not incorporated in 
the research process nor in the results. 
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