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THE ROLE OF SCALE
IN COMMUNI TY RESOURCE MANAGEMENT PROGRANVS

by
Jefferson Fox
| NTRODUCTI ON

Conmuni ty resource managenent prograns operate on the
prem se that resources are nmanaged best when the people affected
by decisions participate in the design and inplenentation of
t hese deci si ons. Fi ndi ng common ground between gover nnent
managers and vill age users of public-domain resources, however,
is often difficult. Governnents seek to inprove the welfare of
the district or nation, while villagers seek to survive as a
comruni ty. Pl anners need data that have been aggregated by
adm ni strative areas (counties, provinces, planning regions),
whereas villagers are concerned with the performnce of
househol ds and the use of individual pieces of land. To be
sensitive to the various spatial perspectives fromwhich nations
and villages view their resource managenent problens, planners
need to operate on different spatial (and sonetinmes tenporal)
scal es and to exchange information anong these |evels.

C ramaeuwah Grang typifies a village participating in the
social forestry program sponsored by the |Indonesian State Forest
Corporation (Perhutani). A mjority of farnmers in C rameuwah
Grang are |landless or possess extrenely small | andhol di ngs.
These farners rely on state owned forest land to make up

shortfalls in agricultural production. The social forestry



programtrained the local forest guard in comrunity organization
techniques. This forest guard has worked with the local farners
t o desi gn managenent plans which define the authority,

responsi bility, and accountability of the forest users and forest
managenent agency. Managenent plans have been inplenented for
three sites and farner groups have taken responsibility for
managi ng these | ands.

Wil e Gramaeunwah AGrang is a successful project, fromthe
national perspective nmany questions exist as to the useful ness of
this approach. HowOgeneralizableare the results fromthis
village to other villages in Wst Java or the rest of the
country? Once the forest departnment has |earned the | essons of
this village, do all future endeavors have to be equally | abor
I ntensive? What |essons learned fromother parts of the country
can be applied in this village? These questions arise out of the
fact that planners and villagers view their environnent from
different spatial scales.

Many conmmunity resource managerent prograns focus on
I ndi vidual farns or househol ds. Researchers and pl anners coll ect
data on who owns what resources, how these resources are nanaged,
and the costs and benefits of nanagi ng these resources. But
househol d-scal e data are not sufficient in-and-of thenselves.

The nost obvious limtation of a household study is that the
scale itself is not big enough for regional and snaller-scale
undert aki ngs. Broad-based resource managenent prograns require

sonet hing nore than just an aggregation of individual site



results; sites nust be placed within a regional environnent,
econom ¢ policy, and program planni ng context.

Regi onal scale data are useful for working with |arger-than-
farmunits of |andscape analysis and design. Planners can
conduct full-scale |andscape planning exercises such as
devel opi ng overall plans for managi ng a watershed including
detail ed designs for rehabilitating the |ands between farns.
Alternatively  pl anners can exam ne attributes of [|and-use
systens in different |andscape zones and can determ ne whet her
opportunities exist for conplenentary production, for exanple
hillside farners selling firewod to fuel-scarce comrerci al
farmers in valley bottonms (Raintree 1987). But just as
househol d-scal e data could not be used to reach concl usions about
a region, regional-scale data are not useful for making
general i zations about a state or group of states. Questions
concerning units larger or smaller than the region require

different scal es of analysis.

Interest in scale-related problens, of course, is not
limted to community resource managenent prograns. Sever al
recent exanples denonstrate this point. 1In an article on the
role of geography in the international agricultural research
centers, Bebbington and Carney (1990) argue that rel ati onshi ps
between different spatial scales (e.g., what is the effect of
growi ng inproved breeds of rice at the field, farm community,
region and nation |evel) are underdeveloped in the work of these

centers. Carter (1987), working at the International Center for



Tropical Agriculture (QAT) in Colunbia, denonstrated the use of
a multiple-scale approach to understandi ng the distribution and
production of cassava. Likew se, concern about issues of gl obal
change has resulted in several books on the role of scal es and
gl obal processes (Rosswall et al. 1988; Munsey and Tom i nson
1988) .

Scal e is consequently a fundanmental, albeit often
unrecogni zed, variable in nost resource nmanagenent prograns.
This is true both in terns of scale as a mappi ng concept (i.e.,
units on the map per unit on the ground) as well as a managenent
concept (i.e., local, regional, and national |evel managenent).
Scientists have a poor understanding of relationships anong
different spatial scales. In terns of data anal ysis, managenent
strategies that are sustainable at the field or farmlevel (e.g.,
the use of pesticides and inorganic fertilizers) may not be
sust ai nabl e when applied to the watershed or region. In terns of
dat a managenent, nethods for swtching scales easily are not well
devel oped. Conpl ex rules of generalization are needed to convert
the conputerized representation of a sinple feature like a
coastline to a larger scale, and it is extrenmely difficult to
convert to a snaller scale because detail nust be added (ACSM
1989).

This paper is built on the premse that scal e issues
(national versus comunity) are a major cause of tension between
governnment planners and village users of public donain resources.

The paper begins with a discussion of the "scale problem and its



relationship to data aggregati on. The paper then revi ews

hi erarchy theory and mul tiple scal es, tw nethods (one
theoretical and the other practical) for dealing with probl ens
that span many scal es. The application of these nethods to
communi ty resource nanagenent prograns is examned by way of an
exanple. Finally the paper discusses nmethods for dealing with

t he conceptual and practical problens of changi ng scal es.

THE " SCALE PRCBLEM

Ceographers label the difficulties discussed above as the
"scale problem" According to Harvey (1968) environnental
processes contain a wide range of activities. Sone of these
processes contribute to a real differentiation at a | ocal scale
(e.g., tidal currents or community resource managenent). Qhers
contribute at regional or national scales (e.g., tectonic
activity or forest policy). Still others contribute at a
wor | dwi de scale (e.g., solar radiation activity or internationa
tinber trade). It has been generally agreed (although not always
observed in practice) that different processes becone significant
to our understanding of spatial patterns at different scal es.

Forman and Godron (1986) point out another aspect of the
scale problem As we progress froma fine scale to a coarse
scal e, do spatial patterns change snoothly and gradual |y or
abruptly in a stair-step fashion? For exanple, "if we could view
nature through an enornous canera zoom | ens through which the

focus is gradually and evenly changed woul d we see even changes



in the clustering of individual organisns? O would we observe
patches within patches, that is, a patch at one distinct |evel of
scale followed by a rapid change to another patch at a next |eve
of scale?" For the nost part we have no neasure of the scale at
whi ch a particular process contributes nost to the formation of a
spatial pattern, and our notions regarding the scal e problem
remain intuitively rather than enpirically based.

Map scal e can be defined as the nathenmatical relationship
between the size of objects as represented on maps and t he actual
size of the objects thenselves. Maps drawn at snall scales
general |y cover broad areas, showmninal detail, and the
fraction expression has a |arge denomnator such as 1/1, 000, 000.
Maps drawn at | arge scal es cover snaller areas, show greater
detail, and have snaller denomnators, such as 1/1, 500.
Unfortunately, l|arge areas napped at snmall scal es are sonetines
called "macro" and snall areas napped at |arge scales are called
"mcro." Thus macro, nmeso, and mcro nay refer to areas nmapped
at small, internediate, and |arge scal es respectively.

Broadly stated, snall-scale information requires an
aggregation of data while larger-scale information requires
subdi vi sion. Planners shoul d choose dat a-aggregati on | evels that
are appropriate for the phenonenon being studied. It is
unnecessary and costly to use data that are nore specific than
the level of analysis requires. Relationships or classes
contained within the data may require that the data be "snoot hed"

or aggregated in order to detect trends that could be lost in



highly divided data. For exanple, a scale at which one can
determne individual tree crowns nmay be usel ess for the study of
veget ati on associ ati ons because the pattern of the associations
may be lost in the detail. On the other hand, if the available
data are too general for the problemof interest, new data mnust
be acquired, since aggregated data cannot al ways be di saggregat ed
to achieve greater detail. Fromthis standpoint, the nore
general the level of aggregation of data the nmore limted its
potential usefulness to a variety of users.

Tenporal scal e nust al so be considered. Mst data bases
(spatial or aggregated) are concerned with current infornation.
Pl anners often update these data bases by addi ng new i nformation
and deleting the old. This neans that historical states are
forgotten and that anticipated or forecasted futures cannot be
treated. Because nost natural resource events are dynam c and
cannot be accurately represented by a static nodel, tenporal
scale is an inportant variable.

The term"scal e" also refers to objects of distinct
“relative size, extent or degree; for exanple projects done on a
| arge scal e"” (MerriamVWebster 1981). This paper uses the term
"spatial scale" to refer to the relative size of the |andscape
bei ng di scussed. For exanple, admnistrative regions such as
Iocai, provincial, and national governnments inply small, medi um
and | arge size spatial scales. Likew se, |andscapes can be
broken into field, farm watershed, and | andscape units; each

unit is associated with a relative size.



Wiile a map scal e can be defined by a sinple nmat hemati cal
rel ati onship, a nore conprehensive definition of scale
acknowl edges that scales are nental concepts for describing
reality. Mental concepts |ike scale can never conpletely capture
the diversity and range of extrenmes found in nature. So in sone
sense, scale represents an epistenol ogy probl em-how do we know
what we know? How well do words and | anguage represent reality?

Regardl ess of definition, the "scale problent arises from
the fact that information is scale dependent. MCarthy et al.
(1956) strongly enphasi ze the scal e-dependent nature of
information as follows: "Conclusions derived from studi es nade
at one scal e should not be expected to apply to probl ens whose
data are expressed at other scales. Every change in scale wll
bri ng about a statenent of a newproblem and there is no basis
for assumng that associations at one scale wll exist at

anot her."

H ERARCHY THEORY AND MULTI PLE- SCALE APPROACHES
H erarchy Theory

H erarchy theory was devel oped by ecol ogi sts (anong ot her s—
Koestl er 1967, 1969; S non 1962, 1969; Allen and Starr 1982) to
provide a theoretical basis for dealing wth scale problens. The
theofy asserts that a useful way to deal with conplex, nulti-
scal ed systens is to focus on a single phenonenon and a single
time-space scale. By limting the problem it is possible to

define it clearly and to choose the proper "systen! to enphasize.



The follow ng discussion of this theory is based on O Neill et
al. (1986) and O Neill (1988).

H erarchy theory begins by portraying a phenonenon of
interest as a series of hierarchial relationships. Figure 1
shows the rel ati onshi ps between levels in such a system The
systemof interest (level 0) is a conponent of some hi gher |evel
(level +1). For exanple, if the object of study is an
I ndi vi dual organism in studying this object we discover
reproductive structures and behaviors that are difficult to
explain if attention renmains limted to the single organi sm
Only by referencing the higher |evel, the population, can the
signi ficance of reproduction be expl ai ned.

The next step in studying the systemis to divide level 0O
into conponents formng the lower level (level -1). W study the
| evel -1 conponents in order to explain the nechani sns operating
at level 0. A nechanistic explanation ordinarily neans that a
phenonenon is the |ogical consequence of the behaviors and
interactions of the |ower |evel conponents.

H erarchy theory thus dissects a phenonenon out of its
conpl ex spatio-tenporal context. Qur understanding of the
phenonenon depends on referencing the next higher and next | ower
scales of resolution. Levels higher than +1 are too |arge and
slowto be seen at the O level and typically can be ignored.
Level s lower than -1 are too snall and fast to appear as anyt hing
but background noi se in observations of level 0. In this way,

the theory focuses attention on a particul ar subset of behavior



Constraints
(Level +1)

Level of focus
(Level 0)

Reductionist
componenis
(Level -1)

Figure 1. Schematic of hierarchy theory constraints. This
approach nmay be applied to any |level of scale
(adapted fromDyer and Vi nogr odov 1990: 20).
and permts systematic scientific study of very conpl ex systens.
Starting fromthis introduction, let us try to apply hierarchy
theory to community resource nanagenent probl ens.

Searching for the fundanental hierarchy. The theory
recommends that we establish a hierarchy for studying conpl ex
systenms. A caveat to this recommendation is that it is seldom
fruitful to search for the one and only hierarchy because few
single a priori criteria exists for devel oping this hierarchy.

I nstead, a nunber of different hierarchies may be used to address
different problemareas. For exanple, consider dividing forest-
use practices (level 0) into state variables (level -1). ne

m ght consi der a breakdown according to managers to be
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i ndi vi dual s, househol ds, comunities, districts, provinces, énd
nations. This division permts one to enphasize spatial and
bureaucratic differences anong forest managers. Alternatively,
one m ght choose to stress the products and not the users. These
m ght include firewood, fodder, grazing, tinber, and agricultural
conversion. There is no good reason to force all problens into a
singl e framework.

Searching for the fundanental |evel. It follows fromthe
preceding that it is not fruitful to designate the one and only
| evel to which all other phenonena nust be reduced. While nost
ecol ogi sts agree that environnental systens are nultiscal ed, sone
still attenpt to reduce all of ecology to a fundanental |evel
such as the popul ation or ecosystem In terns of comunity
resource managenent this is equivalent to trying to reduce all
problens to the individual or household level. The phenonena of
interest should determine the tine and space scal es enphasi zed by
t he researcher.

Transl ating principles between levels. Gven that the
systemis scal ed, what can we say about interactions between
adj acent levels? 1In general it is not possible to transpose
princi pl es devel oped at one hierarchical |evel to higher and
| ower |l evels. Most concepts and nodels in ecol ogy have been
devel oped for a single scale. Yet this hidden assunption of
scale is often ignored.

An exanpl e of transposition of scale was suggested by the

exanpl e of pesticides and inorganic fertilizers. Farners may use
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t hese products to increase the productivity of their crops. The
farnmer may see the beneficial consequences of these products in
his fields and not be aware of the damage these products cause to
| akes and downstreamwater bodi es. Managenent strategies that
are sustainable at the field or farm|evel may not be sustainable
when applied to the watershed or region.

In ternms of community resource nmanagenent, an exanpl e of
this criteria is provided by our experiences with pilot projects.
Communi ty workers chosen to work with pilot projects are
carefully screened and given intensive training. In addition,

t hese workers often have access to higher-|evel decision-nakers
and to resources that generally are not available. It seens

| ogi cal that the |essons learned fromthese projects can be
applied to regional and national prograns. Nunerous studies,
however, have shown that w thout the tender-Iloving-care the pil ot
"projects received, the expanded projects (broader scale) usually
fail.

Effect of a higher level ona lower. ONeill (1988) argues
that one of the nost powerful insights of hierarchy theory deals
with the concept of constraint. S nply stated, higher |evels set
constraints or boundary conditions for |lower levels. Aguatic
production rel ati onshi ps provi de an exanpl e of how hi gher | evel
constraints can determne systembehavior. In nutrient-limted,
fresh-water systens, annual production is closely related to
phosphorous | oadi ng. By know ng phosphorous |evels, scientists

can predict productivity without information about the species of

12



phyt opl ankt on i nvolved in the process. Dynamcs can be
determ ned sinply by know ng the higher |evel phosphorous
constraints; detailed data on lower |evels are not required.

We can attenpt to apply this principal to community resource
managenent. For exanple, national |and-use policies set
constraints for the successful inplenentation of comunity |eve
projects. Policies which reward participants for cooperating
wi th resource nmanagenent progranms have a chance for success.
Policies that do not provide incentives for cooperation through
recogni zing the rights and obligations of resource users
invariably fail.

Predicting the higher level fromthe lower |evel. Because
hi gher |evels set constraints or boundary conditions for |ower
| evel s, hierarchy theory states that higher levels can be used to
predict the outconme of a given event on the lower level. It is
nore difficult, however, to nove in the opposite direction. Sone
hi gher |evel properties are the sumor integral of |ower |evel
systens, many are not. Stated as a general problem the
i nfluence of lower levels on the higher is known as the
"aggregation problem" The problemis howto aggregate | arge-
scale data in order to understand snmaller scale (regional and
national) problens. The probl em of aggregation becones inportant
for three reasons. First, we wish to take advantage of avail able
| arge-scal ed information; second, it is sonetines insightful to

seek explanations at nmuch larger scales; and third, we need to
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understand | ower |evel behavior to predict when unstable
responses will occur.

This problemis of real inportance because the nost
extensive information data bases are at |large scales. For
comuni ty resource nanagenent prograns, the problemis howto
utilize the data collected at household and village levels to
make concl usi ons about the watershed, region, or nation?

Anong t he concl usi ons we can draw from hi erarchy theory, the
follow ng appear to be useful for community resource nanagenent
prograns. First, the theory |eads us away fromthe nai ve m st ake
of searching for a fundanental hierarchy or |evel of analysis.
The theory suggests that we nust consider different ways of
structuring the data we collect and choose the hierarchy and
| evel of interest according to the problemat hand. Second, the
t heory suggests that we can predict the influence of higher
| evel s on lower levels. |f we know sonething about a national or
regi onal |evel phenonenon, we can predict the effect of that
phenonmenon on the local |evel. The opposite, however, is not
true. H gher |evel phenonenon are not just the sumor integral of
| oner |evel systens. This conclusion suggests that we nust
carefully examne howwe utilize the large-scale data we coll ect
from i ndi vidual househol ds and communities to nake
general i zations about the broader region or nation. The theory
al so suggests that |arge-scales change so quickly as to be
irrel evant to what happens at snaller-scales. Does this suggest,

for instance, that in sone cases we can ignore what is happeni ng
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to the individual and concentrate on the household or comunity?
Finally, the theory suggests the situation changes dramatically
when the system beconmes unstable. Now the |arge-scale dynam cs
are unconstrained and tend to change the systemdrastically.
However, there is no theory available to predict exactly which
| arge-scal e processes will be npbst inportant.
Mul ti pl e- Scal e Hierarchical Approaches

About the sane tine ecol ogists were devel oping a theoretical
basis for dealing with scale problens, geographers and ot her
| and-resources specialists were devel oping a practical approach
for representing environmental processes in a series of
hi erarchically arranged scales. Stone (1972) describes the
mul ti pl e-scal e approach as the division of data on a given topic
or area into significantly different groups by the scal es of
i nformati on needed to describe, analyze, and present various
distributions of data. The principal goal of this approach is to
determ ne the nunber of scale classes to be used and the limts
of each class. Scale classes depend on field observati on,
anal ysis of the data collected at various scales and careful
conparison of these data with those available from ot her sources,
and selection of the smallest scales wherein faithful
generalizations may be made toward the initial objective of the
st udy. Experience plays a major role in determ ning the anount
of time and expense necessary for delimting meaningful scale
divisions;lbut the thrust of this approach is to develop a

met hodi cal procedure that guarantees consideration of all scales.
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Stone argues (correctly in light of hierarchy theory) that
it is a delusion to assune that |arge-scale study in the field
can add up to small-scale conclusions in the office. Those
concl usi ons nust be reach through observati on and nappi ng at
smal | er scales. Consequently, Stone recommends an hierarchy of
scales mninmally consisting of three |evels such as regional
(per haps 1/ 500, 000- 1/ 200, 000), sectional (1/200,000-1/75,000),
and | ocal (1/75,000-1/15, 000).

Scientists fromother natural resource related disciplines
(e.g., ecology, botany, soils, and forestry) also favor a
mul ti pl e-scal e approach progressing fromthe general to the
particular, in other words snall-scale surveys followed by nore
detailed studies (Steele 1967; UNESCO 1973; and Druffel 1977).
In addition to these studies which are directed to particul ar
conponents of the land surface (disciplines), there is also a
wel | - devel oped | andscape sci ence which attenpts to find
"naturally occurring” environmental units that can be recogni zed,
descri bed, and nmapped in terns of the total interaction of the
attributes under study (Naveh and Li eberman 1984; Fornman and
GCodron 1986). Wthin these "natural units" there is supposed to
be a recogni zabl e, uni que, and interdependent conbi nation of the
envi ronment al characteristics of |andform geol ogy, soil,
vegetation, and water (Christian and Stémart 1968; Rowe and

Sheard 1981; Bailey 1983).

Per haps one of the best known systens for dividing a

| andscape into honogenous units is integrated |and surveys
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(Christian 1958). Integrated |and surveys divide |andscapes into
units and systens. A land unit is an area of simlar genesis as
defined by topography, soils, vegetation, and climate. A |land
systemis an assenbly of land units that are geographically and
genetically related. These concepts can be applied at any scal e,
and can be adjusted to the conplexity of the |andscape while

mai ntaining their logical relationship to each other. Thus,
working on a snall scale, land units may represent gross | and
forms, such as nountains, valleys, alluvial plains, or plateaus,
grouped according to their geonorphological relationships into
land systenms. On an internediate scale these units may becone
the land systens, with the various slopes and aspects of the
nmount ai ns or valleys, the various kinds of alluvial deposits of
the flood plains, or the units of mcro-topography of the

pl ateau, as the land units. On a large scale further subdivision
of parts of these units would provide the land units; and the
survey woul d approach in nature a conbination of a detailed

ecol ogi cal and soil survey, the land unit naintaining its
character as a recurring topographic unit together with its

characteristic soils and vegetation.

In spite of mnor differences anong the various |andscape
classification systems, a general parallelismis evident in the
occurrence of distinguishable units of |andscape and of ranking
these in a hierarchy (Christian and Stewart 1968). These
mul ti pl e-scale hierarchically arranged frameworks have energed

for a nunber of reasons. First, they make it possible to plan
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projects in an orderly and sel ective manner. Second, they serve
as a guide to where and howw dely the results obtained from

I nvestigations at one location or |ocal experience nmay be
expected to apply (thus solving the aggregation problem. |If an
agricultural experinment is conducted on a sanple site, or a
successful land use has been achieved, the results can be
expected to apply to other occurrences of that site. However,
different sites, even though apparently simlar in nmany respects,
nmust be suspected of responding differently until proved by trial
to do ot herw se.

Finally, a multiple-scale hierarchical framework provides a
comon basis of sanpling for subsequent studies. Were data are
to be collected for statistical, economc, education, health,
bi ol ogi cal, or other equally divergent purposes, there is an
advantage if the geographic unit used for sanpling is comon to
each.

The nul tipl e-scal e hierarchical framework provides a guide
for addressing issues of scale (both tenporal and spatial) and
begi ns to answer specific questions. Answers suggested by the
framework include the follow ng. Because information is scale
specific and data collected at one scale should not be used to
make concl usi ons about phenonena occurring at different scales,
it is usually necessary to use nmultiple-scales to describe any
envi ronnmental process conpletely. The nunber of scal e classes
and the limts of these scal es depends on the phenonenon of

interest. Wiile determning the appropriate scale classes forns
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a maj or subject of investigation, scientists fromdifferent

di sci plines recormend the use of three scales, for exanple |arge,
internmediate, and small. As suggested by hierarchy theory,
smal | -scal e data can be used to make predictions and hypot hesis
about | arger-scale events. The reverse, however, is not always
true. Hence, when it is necessary to nake small-scale
concl usi ons based on generalizations from | arge-scal e dat a,
researchers shoul d assess the accuracy of the concl usions

careful ly.

MULTI PLE- SCALES AND COMMUNI TY RESOURCE MANAGENMENT

The insights we devel oped in the preceding discussion on
hi erarchy theory and nultiple scales should be useful for dealing
wWith scale issues in conmunity resource nmanagenent prograns. The
exanple reviewed in this section is based on a project in East
Java, Indonesia. This project sought to identify relationships
bet ween | and degradation and traditional |and-use practices, and
to help farnmers identify methods for inproving the performance of
their existing | and-use systens. G ven these objectives, the
proj ect chose to use integrated |and surveys to classify and map
land units and rapid rural appraisal techniques to eval uate | and-
use practices.

The project began by manual ly identifying and cl assifying
land units on Landsat inmages (1:250,000) (Fox and Suharsono
1986). Land units are areas where physical paraneters, such as

position in the | andscape, slope, soil type, and depth, are
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simlar (Christian 1958). These inmages provided a framework from
whi ch the project could choose sites for nore detailed anal ysis.
Fal se-color infrared aerial photographs (1981, 1:30,000) were
acquired for the three sites chosen fromthe Landsat i nages.

Photo interpreters reclassified the original land units into nore
detail ed groupi ngs and nmapped |and cover and |and dissecti on.

Land di ssection reflects past susceptibility to erosion processes
and does not necessarily reflect current erosion problens.

The teamthen chose several villages as being representative
of the land units mapped on the aerial photographs. Teamnenbers
made nunerous short visits to each of these villages in groups of
two or three people. These groups used rapid rural appraisa
techniques to collect information fromfarners on land and | and-
use practices. Interview focused on basic needs—+ood, fuel
water, shelter, rawmaterials for local industry, cash,
savi ngs/investnent, and social production. The underlying
assunption behind this approach was that |and-use systens are
organi zed so as to satisfy basic needs (Raintree 1987).
Consequently to describe a systemit is sufficient to identify
the locally relevant forns of needs satisfaction (e.g., cassava
and corn rather than rice, firewood rather than charcoal) and to
descri be the | ocation, technol ogy, resources, and activities

i nvol ved in the production of the desired outputs (Fox 1989).

After conpleting the village studies, teamnenbers net with
| ocal farners and di scussed the physical, use, and soci oeconom c

characteristics of each land unit. This discussion resulted in
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the fifteen land units being reduced to three agroecol ogi cal
zones (large areas where physical properties, cropping patterns,
and soci oeconomc variables were relatively simlar). For each
agroecol ogi cal zone, questions were raised about factors
constraining current production levels or affecting |and

degr adat i on.

An exanpl e of these agroecol ogi cal zones is the |inestone
hills along the south coast of East Java (Senaoen et al. 1985;
Fox and Suharsono 1986). These hills range in elevation fromsea
| evel to 500 neters. Shallow, infertile, alkaline soils overlay
noderately sloping (10%to 30% hillsides. Soil texture is often
fine clay with many of the soils of the zone classified as
vertisols. Qoundwater is scarce since infiltrationis low A
few snall springs are found along cracks or joints in the
surf ace.

The maj or crops grown include cassava and corn as well as
fruit, nut, fodder, and firewood trees. Qop production is |ow
because of limted soil fertility and severe water shortages
during the long dry season. Farners keep livestock, primarily
cattle and goats, but these are of limted commercial inportance.
The farmng systens found in these hills are fairly stable, as
traditional crops are resistant to pest and di sease vectors and
the snmall degree of commercialization protects farnmers fromprice

vari ati ons.

Because of |ow productivity, farmers in this zone are

reluctant to invest in soil-conservation neasures such as bench-
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terracing. Limted land capability and | ow cash incones al so
severely constrain investnents in commercial adventures. Wth
the exception of limted use of inorganic fertilizers on staple
crops, farmtechnol ogy and soci oeconomi ¢ conditions in this zone
have been relatively static during the |ast decade.

Farm hol dings in this zone are concentrated in small, owner-
operated units, and absolute | andlessness is |low. Nonfarm
enpl oynent growt h has been slow. The refinenent of |inestone
offers job prospects, but |ocal deforestation constrains the
necessary supply of firewood. Because of |imted |ocal economc
opportunities, seasonal and permanent out-migration constitute
the principal source of cash incone in this zone.

The Agricultural Extension Service of the East Java
provi nci al governnment used the findings fromthis project to
desi gn extension services that are sensitive to the physical
environnment as well as the cultural preferences of the farners.
This project denonstrates a useful nethod for dealing with scale
in conmunity resource nmanagenent progranms. As suggested by
hi erarchy theory and nultiple scale mapping, the researchers
mapped | and vari ables at three scales each showi ng nore detai
then the previous one. Starting with the broad | andscape,
researchers used Landsat inages to map snall-scale units that
were simlar on the basis of geonorphol ogy and vegetati on.
| nt ermedi at e-scal e aerial photographs were then used to subdivide
these units into nore detailed |and-units based on vegetation and

| and di ssecti on. Finally, representative villages fromeach of
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the units identified on the internedi ate-scal e photographs were
studied to devel op a detail ed understanding of natural and
cultural features of |and-use practices.

This project used small-scale data to classify the
environnment into relatively honbgeneous units. These data
provided a framework for choosing sites fromwhich to coll ect
| arger-scal e soci oecononmic data. The data collected at the
| arge-scal e, however, were also used to redefine the small-scale
units into three agroecol ogical zones. Thus this project differs
fromhierarchy theory in that it suggests that the solution to
the scale problemis a reiterative and not a sinple |inear
process. This reiterative process begins with a general
understanding (snmall scale) of a phenonena, nobves to a nore
detailed (large scale) understanding, and then the know edge
gained in the large-scale study is used to redefine the original
classification developed in the snall-scale process.

There are of course problens associated with this met hod—
primarily its subjectiveness. Different people define land units
differently. Spatial statistics nmay be useful for testing the
honmogeneousness of these units and for quantifying the degree to
which one land unit is related to another. A further aspect of
this problemis found in the process of nmoving fromsmaller to
| arger scales, a theoretically endless process. At sone scale
everything is different fromeverything else. \Were do
researchers draw the line and say two things are simlar or that

they are different? Again spatial statistics nmay be useful in
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overcomng this problem Reiteration is also probl ematic—how
many reiterations are needed before we arrive at a generalization
that best approxinmates reality? The subjectiveness involved in
maki ng t hese deci sions may nean that solving scale problens is
nore an art than a science. By being aware of the steps invol ved
and by using spatial statistics to quantify relationships between
different units, researchers can begin to devel op neani ngfu

scal e cl asses.

THE ROLE OF COWPUTERS

Conputer software exists for representing conplex spati al
rel ati onships; this software may assist planners to overcone nany
scale-related problens. The ability to change the scale of a
display is one of the nore immedi ately attractive features of
conput eri zed mappi ng systens or geographic infornation systens
(A@S). The data contained i n conputer-generated nmaps, however,
remai n scal e-dependent; in other words scale and spati a
resolution are established by the scale of the input docunent.
Conpl ex rul es of generalization are needed to convert the
conputerized representation of a sinple feature like a coastline
to asmaller scale, and it is extrenely difficult to convert to a
| arge scale in an appropriate way. As a result, conputerized
data bases nust include multiple representations (multiple

scal es) of the sane geographical feature (ACSM 1989).

The useful ness of conputers lies not so much in the ability

to change scales, but in the ease with which spatial patterns can
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be anal yzed. For exanple, if we want to study a regi ona
phenonmenon we know intuitively to use snmall-scale data. But is
1:1,000,000 or 1:250,000 nore appropriate for the phenonmenon of
interest? Conputers and spatial statistics can play a role in
guantifying the useful ness of different scales for studying
specific patterns. Such nmethods do not renove scale as a

vari able (do not nmake data independent of scale), but they help
researchers identify the scale at which a particular process
contributes nost to the formation of a spatial pattern.

Li kew se, once we identify a scale for studying a given
phenonmenon there are different ways in which we can aggregate the
data to forma classification schene (soil, vegetation, etc.) or
to nodel an event. A potential advantage of conputerized mappi ng
systens is that maps of terrain variables can readily be wei ghted
and conbined to display new or refined classification systens.
Such flexibility is inportant because no single |and
classification is optimal for all applications. Scientists have
applied many quantitative nethods to land classification and it
is beyond the scope of this paper to review these approaches.
Rowe and Sheard (1981), for exanple, denonstrated the use of
mul tivariate techniques to verify and refine map units initially
recogni zed and delineated by theoretical considerations. Davi s
and Dozier (1990) denonstrated the use of mutual information
anal ysis techniques to classify terrain based on digital maps of

ecol ogi cal vari abl es.
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Anot her advantage of conputerized mappi ng systens is
storage. Scientists find data stored in a "raw' unprocessed form
nore useful for a nunber of different purposes then data stored
In a generalized format. But in the past data collected for
maki ng maps have been lost or have been unavail able for use by
ot her scientists because of storage problens. Conputers nmay help
us to overcone this problem For exanple, a soil scientist digs
a nunber of soil pits in an area and describes their profiles.
This information is used to map the soils of the area, but the
actual information collected fromthe soil profiles is lost in
the scientist's notes. A conputerized nmappi ng system nakes it
possi ble for the scientist to map the location of the soil pits
and to save the details of the profile in an attribute file.

G her scientists can then use this file to map soils according to
their own needs. As conputer storage capacities grow,
researchers will be able to store increasing anounts of data in a
"raw' or unprocessed format. This will nmake it possible for
scientists to classify data in ways which nore accurately refl ect
t he phenonenon of interest. 1In this way conputers can nmake a

direct contribution to solving the "scale problem"

CONCLUSI ONS

Thi s paper examnes the issue of scale in community resource
managenment probl ens. Scale problens arise out of the fact that
information is scale specific. Consequently, scientists

recommend the use of multiple scales to describe any
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environnmental process conpletely. This is true even with
conmput eri zed mappi ng systens because the data contained in these
systens remain scal e dependent. Useful scale classes depend on
obj ective and conplete field observation, careful analysis at
various scales in conparison with data from other sources, and
selection of the smallest scales wherein faithful generalizations
may be made. Experience plays a nmajor role in determ ning useful
scal e divisions. Consequently, the process of defining scale

cl asses remains nore of an art than a science.

Hi erarchy theory suggests that using small-scale data (upper
level) to make predictions about |arge-scale events is nore
accurate then the reverse. Simlarly, nost geographers and | and
managers working with nultiple-scale systens favor a stage-by-
stage approach for obtaining |and resource information,
progressing fromthe general to the particular, in other words,
reconnai ssance surveys followed by nore detailed studies.
Scientists favor this approach because, anong other reasons, the
smal | -scal e data provide a sanpling framework for subsequent
| arge-scal e studies. No conceptual framework exists for the
reverse process—+ntegrating information of conplex and detail ed
| ar ge-scal e phenonena into sinple and tractable nodels of small -
scal e systens (Wodnmansee 1988). Wen it is necessary to
generalize |arge-scale data to nake conclusions at a snaller
scale, extra effort nust be nmade to assess the accuracy of the

concl usi ons.
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Conput eri zed- mappi ng systens provi de val uabl e assi stance in
analyzing simlarities and differences anong data bases within a
gi ven scal e and between scales. This assistance nakes it
possible to begin to quantify the differences between different
net hods of defining scale classes. Another contribution
conput eri zed- mappi ng systens nake to solving the "scal e probl enf
Is the ability to store extensive data sets. This capacity makes
It possible to store original data and sanpling points.
Scientists working at a later date with different objectives can
general i ze these data to produce new i nfornation.

What do these conclusions nmean in terns of the questions
raised at the beginning of this paper about the useful ness of
community resource nmanagenent prograns to national |evel
pl anners? How generalizable are the results from G ranmaeuwah
Grang to other villages in Wst Java or the rest of the
| ndonesi a? Once the forest departnent has |earned the | essons of
this village do all future endeavors have to be equal ly | abor
I ntensive? What | essons |earned fromother parts of I|ndonesia
can be applied in Qramaeuwah Grang? H erarchy theory and
mul tiple scal es suggest that the answer to these questions lies
in collecting information at different scales. A reconnai ssance
Ievel survey provides a guideline for dividing the |andscape into
classes of simlar climatic and geonorphol ogi cal genesis. A
nesoscal e survey divides broad | andscape classes into units
reflecting structures such as watersheds or admnistrative

boundaries. Finally, mcroscale or village |evel studies provide
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essential information for understanding specific resource
managenent problems within given conmunities. The know edge
gained froma specific comunity can only be applied to other
communities if the researcher has already devel oped a small-scale
classification of the broader region. GCeneralizations can be
made anong communities within the sane cl ass, although these
general i zations should be exam ned closely.

In terns of analysis, hierarchy theory and nul ti pl e-scal es
suggest that data should be collected and exam ned at different
scales. Scientists should study the effects of farmlevel
managenent strategies (such as the use of pesticides and
inorganic fertilizers) not only on the farmbut also at the
broader scale of the watershed and the region. Likew se,
pl anners shoul d exam ne the effect of national policies (such as
price, land tenure, and forest managenent) not only fromthe
national perspective but also at the finer scale of the village
and individual farnmer. When scientists and planners recogni ze
scale for the fundanmental role it plays in resource managenent
progranms, terms such as top-down and bottom up becone
meani ngl ess. Because information is scale-specific, it is
necessary to use nultiple scales to describe any environnental
process conpletely. Both top-down (small scale) and bottom up
(large scale) approaches are necessary for formnulating and
sol ving resource managenent problens. These concl usions apply
whet her the phenonena of interest are conmunity resource

managenment projects or global ecol ogical processes.
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