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tThe paper examines ways in whi
h the meanings of geographi
al 
on-
epts are a�e
ted by the phenomenon of vagueness. A logi
al analysisbased on the theory of supervaluation semanti
s is developed and em-ployed to des
ribe di�eren
es and logi
al dependen
ies between di�erentsenses of vague 
on
epts. Parti
ular attention is given to analysing the
on
ept of `forest' whi
h exhibits many kinds of vagueness.1 Introdu
tionVagueness is ubiquitous in spatial and geographi
al 
on
epts and tends to persisteven where steps are taken to give pre
ise de�nitions. For example, in the guidebook to the Ordnan
e Survey's Land-Line data-set (Ordnan
e Survey 2000), a`road' is de�ned as: \A metalled way for vehi
les." This does tell us somethingabout what is meant by `road' but the de�nition is still vague in many respe
ts.We may be unsure about what surfa
es 
ount as `metalled' | neither 
onditionof the surfa
e nor any restri
tions on its spatial extent is spe
i�ed. And theterm `way' 
ould be understood in many more or less general senses. `Vehi
le'is also a very general term. The OS de�nition of road would seem to apply tobi
y
le paths, whi
h may not be intended. It also seems to rule out 
obbled orpaved streets whi
h one might expe
t to be 
lassi�ed as roads.An understanding of the meanings of vague geographi
al 
on
epts is rele-vant to many pra
ti
al problems that involve determining and allo
ating landtypes. For instan
e, if we want to answer a question su
h as `How rapidly isthe forested area of the earth shrinking?' the problem of demar
ating forestareas is 
entral. Similar problems apply to the identi�
ation and 
lassi�
ation�A slightly modi�ed version of this paper was published in Topoi 20: 189{201, 2001.
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of `deserts' (and the problem of measuring and monitoring the progress of deser-ti�
ation). Information sour
es made available by the USGCRP (n.d.) in
ludemultiple data sets on topi
s su
h as soil, pre
ipitation, vegetation, temperature,land 
over, et
. Several of these data sets have `desert' as a spe
i�
 
lass, ea
hwith its own method of 
ompilation and 
on
ept of what a
tually 
onstitutes adesert | absen
e of vegetation, annual rainfall below a parti
ular (and varying)threshold, number of months per year ex
eeding a pre
ipitation threshold, typeof soil, e
osystem 
hara
teristi
s, et
. The result is a set of maps that pro-du
es a very di�erent distribution of deserts a

ording to whi
h 
lassi�
ationyou 
hoose to use at any one time. Moreover, the 
on
ept of desert 
an itself bevariously 
lassi�ed into sub-types (e.g. `desert, mostly bare', `sand desert, partlyblowing', `other desert and semi-desert', `polar desert', `tropi
al desert'). A fur-ther example of the importan
e in environmental modelling of 
larifying vagueterms is provided by Alker, Joy, Roberts and Smith (2000) who 
onsider issuesin de�ning the 
on
ept of a `Brown-�eld' whi
h is often used in formulatingdevelopment poli
ies.In this paper I shall explore a possible approa
h to the logi
al and semanti
alanalysis of vagueness and apply this to spe
i�
 problems in the de�nition ofgeographi
al 
on
epts. I fo
us in parti
ular on the example of the 
on
ept`forest', looking at di�erent ways in whi
h the term 
an be interpreted andhow these e�e
t the determination of the spatial extensions asso
iated withfeatures 
lassi�ed as forests. Before 
olouring the reader's per
eption of theissues by suggesting a parti
ular theoreti
al approa
h, I end the introdu
tionby enumerating a list of questions, ea
h of whi
h addresses one of the mainaspe
ts of vagueness asso
iated with the term `forest', and hen
e has no 
lear-
ut answer. I shall return to these later and examine them in the light of asupervaluationist a

ount of vagueness.1. Is a forest a natural feature or one determined by 
onvention and legality?2. Does `forest' refer to an integral feature or 
an it be applied to an arbitraryregion of land?3. What type of vegetation 
an 
onstitute a forest? (i.e. what spe
ies andhow big must they be?)4. How dense must the vegetation be?5. How large an area must a forest o

upy?6. Are there any 
onstraints on its shape?7. Must a forest be self 
onne
ted, or 
an it 
onsist of several disjoint parts?8. Must it be maximal or 
ould it share a border with another region offorest?9. Is a 
learing a part of or a hole in a forest?10. Are roads and paths going through a forest parts of the forest?11. How should seasonal and other temporal variations be taken into a

ount?12. If part of a forest is felled and subsequently re-grown, does it remain partof the forest throughout?11A

ompanying its `Land Usage of the World' data the web site www.e
oworld.
om gives2



2 The Nature of VaguenessTo get a pur
hase on the multipli
ity of ways in whi
h one might bend orstret
h the meaning of a 
on
ept su
h as `forest', we will need a theoreti
alframework within whi
h properties of the variable meanings of vague expressions
an be 
learly arti
ulated. Unfortunately, the 
on
ept of vagueness itself is not
ompletely 
lear, so I shall �rst try to be pre
ise about the phenomenon I wishto analyse.I regard vagueness as a la
k of 
learly de�ned 
riteria for the appli
abilityof a 
on
ept. Thus, it is a property of language not of the world itself. Typi
alexamples of vague propositions in the geographi
al domain are: `All mountainsare very high'; and `Near the marsh is a dense thi
ket '. The words given initali
s are the prin
ipal sour
es of vagueness. `Mountains', `marsh' and `thi
ket'are vague feature 
lassi�ers: they do not have pre
ise, universally a
knowledgedde�nitions; and 
onsequently the spatial extent o

upied by su
h features ispotentially 
ontroversial. `High' and `dense' are adje
tives, whi
h give someindi
ation of physi
al properties of a feature but do not spe
ify any de�nitemeasurable requirement. `Very' a

entuates vague adje
tives but does not makethem any more de�nite.Vagueness should be sharply di�erentiated from un
ertainty, whi
h is a dis-tin
t (though intera
ting) phenomenon. Un
ertainty arises from la
k of exa
tknowledge about an obje
t or situation, and is thus an epistemi
 state ratherthan a feature of language. Although modelling of un
ertainty is extremely im-portant in the pro
essing and interpretation of spatial information, it will notbe 
onsidered in the 
urrent paper. I shall assume we are dealing with idealiseddata whi
h is 
ompletely 
ertain and a

urate. Although philosophers generallyhave little trouble separating the notions of vagueness and un
ertainty this isnot always the 
ase in 
ertain bran
hes of s
ien
e.Vagueness 
an often lead to un
ertainty in that where a 
on
ept su
h as`forest', `desert' or `swamp' is vague we will in many 
ases be un
ertain howto demar
ate the spatial extension of entities to whi
h these 
on
epts apply.On the other hand, if we are not 
ompletely 
ertain of the exa
t details ofsome information we want to report, we may employ vagueness as a means ofin
reasing the 
ertainty of what we say, while at the same time 
onveying a senseof impre
ision. For example, a statement su
h as `The 
hair is in the 
ornerof the room' is vague but 
an often be said with 
ertainty, whereas an exa
tspe
i�
ation of the lo
ation of a 
hair (or even a range of possible lo
ations) willtypi
ally be un
ertain. This example also illustrates the fa
t that vagueness isnot merely a defe
t of language; it also often fa
ilitates 
ommuni
ation withoutthe 
umbersome language required to a
hieve pre
ision.Vagueness is also sometimes 
onfused with generality. If I say `I shall seeyou again later this month', this is an example of generality, sin
e the 
laim
an be ful�lled in many alternative ways. However, it is not vague, sin
e `laterthis month' refers to a pre
ise period of time (I assume all relevant events takethe following de�nition of forest: \Forest: Land under natural forests or planted stands oftrees. Also in
ludes logged areas to be replanted in the near future, after logging."3



pla
e within a single time-zone). But if I say `I shall see you in a few weeks',this is vague (as well as general) sin
e there is no hard and fast de�nition whatperiods of time 
an be des
ribed as `a few weeks'. Generality per se poses noreal problems for the logi
ian, sin
e it is handled perfe
tly well by 
lassi
al logi
.Having, separated it from some 
losely related issues we must ask whethervagueness qua `la
k of de�nite 
riteria of appli
ation' is a single uniform propertyof linguisti
 expressions or whether it 
omes in di�erent varieties. I argue that itis useful to distinguish between at least two kinds, or modes, of vagueness, whi
hrequire somewhat di�erent logi
al des
ription. I 
all these modes 
on
eptualvagueness and sorites vagueness.Con
eptual vagueness o

urs where there is no single 
ompletely adequatede�nition of a 
on
eptual term. Certain requirements may be 
learly identi�-able, whereas for other 
onditions it is arguable whether or not they are ne
es-sary. Certain 
ombinations of these 
onditions may 
apture typi
al senses of theterm but none is representative of all possible senses. Thus if we take the inter-se
tion of plausible de�nitions we get a 
on
ept that is mu
h to stri
t (perhapseven unsatis�able), whereas if we take their disjun
tion we get a 
on
ept that isoverly general. This kind of vagueness is 
losely related to ambiguity. If a wordis ambiguous, it has two or more distin
t senses that are 
learly distinguishable.However, a 
on
eptually vague term 
orresponds to a 
omplex 
luster of manyoverlapping senses, su
h that we 
annot say exa
tly what senses make up the
luster. Moreover, one 
an meaningfully use a 
on
eptually vague term withoutbeing 
ommitted to any one of its possible pre
ise interpretations.Sorites vagueness is the kind of indetermina
y that that a�e
ts the thresh-olds at whi
h we assert properties su
h as `tall', `large' or `heavy'. Sorites vaguepredi
ates divide entities with respe
t to some 
ontinuously varying quantity,without being 
ommitted to any spe
i�
 boundary value. In su
h 
ases I suggestthat there is nothing vague about the 
on
eptual 
ontent of the predi
ate | itis just that the 
ontent is unspe
i�
 about the pre
ise boundaries of appli
a-tion. Indeed these boundaries 
ould not be made pre
ise without 
hanging themeaning of the 
on
ept.The two types of vagueness are not mutually ex
lusive. Indeed many naturalterms are a�e
ted by both. In a pure 
ase of sorites vagueness it is un
ontrover-sial whi
h fa
tors are relevant to the as
ription of a term or how those fa
torsshould be measured | it is only the threshold that is at issue. However, in many
ases the relevant fa
tors and suitable thresholds are at issue. For example topre
isely interpret the 
on
ept `tall man' we have �rst to de
ide how we are tomeasure the height of a man: must he remove his shoes and hat? what abouthair and prostheti
 limbs? what about posture? On
e we have resolved these
on
eptual issues we then still have to deal with sorites vagueness in setting thethreshold for tallness.Thus, a

ording to my view, the elu
idation of vague terms requires twodistin
t modes of analysis. First, 
on
eptual vagueness should be ta
kled byidentifying substantial points of 
ontroversy among possible de�nitions. Arti-�
ial 
on
epts 
an then be introdu
ed whi
h 
orrespond to parti
ular 
hoi
eswith regard to these interpretational issues. If this analysis were 
arried out ex-4



haustively (and I don't want to take a view on whether this is always possible)we would end up with a (possibly very large) set of alternative de�nitions ea
h
orresponding to a 
lari�ed sense of the original free from 
on
eptual vague-ness. However, these arti�
ially de�ned 
on
epts may still be a�e
ted by soritesvagueness. There is little point in attempting to eliminate this more essentialform of vagueness by de�nition, sin
e any su
h de�nitions | e.g. stipulatingthat one sense of `tall woman' is equivalent to `woman whose height ex
eeds5'10" ' | would be more or less arbitrary and would not serve to expli
ate therelevant vagueness. However, for 
ertain pra
ti
al purposes it may be useful tomake su
h stipulations. More signi�
antly we 
an pla
e quite strong 
onstraintson 
onsistent usage of sorites vague 
on
epts by spe
ifying exa
tly whi
h ob-je
tively measurable property the threshold of appli
ability lies on. This willenable us to order senses of sorites 
on
epts a

ording to where they pla
e the
ut-o� point.Both types of vagueness also intera
t strongly with 
ontextual phenomenaof various kinds. Many 
on
epts exhibit some form of 
ontextual variability. Forexample `large' in the 
ontext of `large pond' has a di�erent interpretation fromin the 
ontext of `large lake'. In 
ases su
h as this we see that a sorites 
on
eptmay be a�e
ted by its 
ontext so that lo
ation of its albeit vague threshold isshifted. The range of possible interpretations for a 
on
eptually vague 
on
ept
an also be a�e
ted, not so mu
h by their immediate synta
ti
 
ontext but bytheir more general 
ontext within a parti
ular ex
hange of information.Be
ause it is largely independent of vagueness, issues of 
ontextual vague-ness will not be addressed in the 
urrent work. I shall assume that 
ontext
an be eliminated or ignored. For instan
e we might suppose that some trans-formation 
an be 
arried out that repla
es 
ontextually variable 
on
epts withnon-
ontextual 
on
epts and expli
it 
onstraints; or, more simply, we 
ould just
onsider 
omposite 
on
epts su
h as `tall man' and `tall 
hild' as if they weresynta
ti
ally atomi
 (although perhaps related by 
ertain meaning postulates,whi
h 
ould be formalised). Despite the fa
t that in many 
ases vaguenessseems to be separable from 
ontext there may be 
ases where this distin
tionis blurred. A 
lose 
onne
tion between the phenomena is born out by the fa
tthat formalisations of the logi
 of 
ontext (see e.g. (M
Carthy 1993)) have mu
hin 
ommon with the supervaluation approa
h to vagueness.3 Formalising the Logi
 of VaguenessIn modelling vagueness in geographi
al information resear
hers have tended toadopt te
hniques whi
h have been used within 
omputer s
ien
e. The most
ommon approa
hes here are based on multi-valued logi
 ( Lukasiewi
z andTarski 1930) and its generalisation Fuzzy logi
 (Zadeh 1965, Zadeh 1975, Goguen1969, Dubois and Prade 1988). For example, (Foody 1992) and (Usery 1996)apply a fuzzy representation to geographi
al features 
an be found. An exten-sive dis
ussions of the pros and 
ons of fuzzy logi
 
an be found in (Elkan 1993)and a more philosophi
ally oriented 
onsideration of these issues 
an be found5



in (Williamson 1994). In a

ord with Elkan, I suggest that fuzzy logi
 may bean appropriate formalism for modelling the relation between 
ontinuous valuedobservables and the meanings of vague qualitative predi
ates; however, it is notsuitable as a formalism for 
arrying out logi
al reasoning. This is primarilybe
ause propositional operators whose values are determined purely in terms ofthe fuzzy truth values of their arguments 
annot take a

ount of either logi
alor domain-spe
i�
 
onstraints holding among the argument propositions. More-over, in 
hara
terising the vagueness of geographi
al 
on
epts, fuzzy logi
 is apalpably blunt tool. The variety and nuan
es of possible interpretations of aterm su
h as `forest' 
annot be adequately 
hara
terised in terms of a probabilitythat a parti
ular pie
e of land should be 
ounted as a forest.The approa
h whi
h I propound in this paper is to model vagueness in termsof supervaluation semanti
s (Fine 1975), whi
h I believe 
an provide a mu
hdeeper insight into the nature of the vagueness intrinsi
 in many geographi
al
on
epts. The fundamental idea upon whi
h this theory is based is that a vaguelanguage is one whi
h 
an be made pre
ise in many di�erent and sometimesin
ompatible ways. A way of making a language pre
ise is 
alled a pre
isi�
ation.Ea
h pre
isi�
ation p is identi�ed with a pre
ise and 
onsistent interpretation,Ip, of the vo
abulary of the language. In the simplest 
ase this would be a
lassi
al propositional or 1st-order model. A supervaluation model then 
onsistssimply of a set of pre
isi�
ations. Given a supervaluation model V , a propositionwhi
h is true under every interpretation Ip 2 V is 
alled super-true or | in myown terminology | unequivo
ally true.Supervaluation semanti
s by itself does not add anything interesting to logi
.It is easy to see that those formulae that are unequivo
ally true in every modelare just the 
lassi
ally valid formulae. However, the semanti
s does provide aframework within whi
h we 
an de�ne operators that arti
ulate 
ertain aspe
tsof the logi
 of vagueness.One possibility is to take a modal approa
h and represent vagueness in termsof propositional operators (Bennett 1998). U� means that � is unequivo
allytrue | i.e. true for all pre
isi�
ations; S� 
an be read `� is in some sense true'| i.e. true for some pre
isi�
ation. S is the dual of U and thus 
an be de�nedby S� $ :U:�. The inferen
e rules justi�ed by this interpretation are thoseof the simplest modal logi
, S5, where U takes the pla
e of the usual modal �operator.We 
an now qualify assertions a

ording to whether they hold in some orall pre
isi�
ations. For example we might write S[Wood(`Woodsley Clough')℄or U[Wooded(par
el1 )℄. We 
an also use these operators to spe
ify dependen-
ies between the meanings of vague 
on
epts. Thus 8x[Copse(x) ! SWood(x)℄means anything whi
h is a 
opse (i.e. a small group of trees) is in some sensea wood. Similarly, 8x[Wood(x) ! SForest(x)℄ 
aptures the intuition that anywood is arguably a (small) forest. If a 
opse is in some sense a wood and awood is in some sense a forest, this does not mean that a 
opse is in somesense a forest; and indeed a

ording to supervaluation semanti
s the formulaU:9x[Forest(x) ^ Copse(x)℄ is 
onsistent with the previous two formulae. Thisillustrates the ability of the theory to model the blurring of 
on
epts, while still6



imposing strong 
onstraints upon them.In many geographi
al appli
ations we will want to employ arti�
ial 
on
eptsthat are designed for empiri
al 
lassi�
ation of land types and features. Thesewill in many 
ases be pre
ise sharpened versions of natural terms. The super-valuation operators enable us to relate these arti�
ial 
on
epts to their vaguenatural language 
ounterparts. For instan
e, the following formula asserts thatForest1 is a more pre
ise version of the 
on
ept Forest:8x[Forest1(x) ! (SForest(x))℄ ^ 8x[(U Forest(x)) ! Forest1(x)℄By spe
ifying su
h axioms, `soft' 
onstraints are pla
ed on the meanings ofnatural 
on
epts. Classi�
ations in terms of arti�
ial 
on
epts 
an be 
ombinedwith information 
ontaining natural 
on
epts.Supervaluation semanti
s allows one to spe
ify a number of di�erent entail-ment relations of varying strength. In (Bennett 1998) I de�ned seven di�erententailments ea
h of whi
h has a di�erent for
e. The weakest of these is whatI 
all `arguable' entailment, whi
h holds if there is any sense of the 
on
eptsin the formulae under whi
h the impli
ation 
orresponding to the entailmentholds. This gives us entailments that hold under very 
exible (perhaps evenin
onsistent) interpretations of the 
on
epts involved. The strongest is `reli-able' entailment, whi
h holds if: whatever senses the premisses are interpretedunder, the 
on
lusion holds in every sense. This 
an be used to derive en-tailments whi
h must hold despite the presen
e of vagueness. For instan
eSDesert(x) ! U:Marsh(x) might hold even where Desert and Marsh are veryvague predi
ates. This ability to derive se
ure 
onsequen
es involving vague
on
epts is perhaps the main advantage of supervaluation semanti
s over fuzzylogi
, where fuzzy 
on
epts 
annot support 
ompletely reliable inferen
es.Although modal operators allow many logi
al properties of vague 
on
eptsto be expressed, they do not provide any way of referring dire
tly to individualpre
isi�
ations or to 
lasses of similar pre
isi�
ations. But in order to 
arry outa detailed analysis of di�erent senses of vague geographi
al 
on
epts we shalloften want to relate natural terms (su
h as `forest', `desert' et
.) to arti�
iallysharpened 
on
epts whi
h give a more pre
ise and obje
tive 
hara
terisation ofa geographi
al feature.In a general rei�ed supervaluation semanti
s we 
ould asso
iate arbitrarypropositions with pre
isi�
ation variables and 
onstants. Thus, InPre
(p; �)would assert that � is true a

ording to pre
isi�
ation p. At the expense of someelegan
e we 
an a
hieve the same expressive power by simply supplementingea
h predi
ate and fun
tion of an ordinary 1st-order language by an additionalargument pla
e. For 
larity I shall write this as a pre�x to the predi
ate orfun
tion. For instan
e a Swamp(x) would be repla
ed by p : Swamp(x) sayingthat, in pre
isi�
ation p, x is a swamp. If we use this approa
h we need notworry about axiomatising the logi
al predi
ate InPre
.Sin
e a pre
isi�
ation �xes the meanings of all the vague vo
abulary of alanguage, a 
lassi�
ation whi
h makes pre
ise only part of the vo
abulary may be
ommon to a 
lass of pre
isi�
ations. In a formalism with rei�ed pre
isi�
ations,7



we 
an model this by introdu
ing predi
ates of pre
isi�
ations. For example,UNESCOF(p) $ �(p) might mean that the predi
ate UNESCOF applies to thosepre
isi�
ations satisfying some pre
ise formal spe
i�
ation � of the UNESCOforestation 
lassi�
ation given in Table 1 (towards the end of this paper). Inthis way any re�ned sense of a vague term may be identi�ed with some subsetof the spa
e of all pre
isi�
ations.Given that the previous se
tion made mu
h of the distin
tion between be-tween 
on
eptual and sorites vagueness, I ought to explain how this is manifestin supervaluation semanti
s. In fa
t a

ording to my analysis the di�eren
e liesnot in the abstra
t semanti
s but only in the types of axioms that 
onstrain thetwo modes of vagueness.Whereas 
on
eptual vagueness is analysed by sharpened de�nitions and ax-ioms relating these de�nitions within the spa
e of pre
isi�
ations, sorites vague-ness is analyses by spe
ifying the observational properties relative to whi
h a
on
ept has a vague threshold. A straightforward and general way of of spe
-ifying the relevant property is via the de�nition of 
omparative relations. Forinstan
e the relation taller 
ould be de�ned in terms of height by:(8pxy[p :taller(x; y) $ (p :height(x) > p :height(y))℄)Clearly, willingness to as
ribe the predi
ate tall to a person in
reases the greatertheir height; so, if any reasonable judge 
alls one person tall, then she mustregard all taller people as tall:8pxy[(p :tall(x) ^ p :taller(y; x)) ! p :tall(y)℄)This en
odes a 
ru
ial 
onsisten
y property on pre
isi�
ations regarding theirpre
ise interpretation of the adje
tive `tall'.By 
omparing the extensions of sorites properties a

ording to di�erent pre-
isi�
ations we 
an de�ne an ordering on the pre
isi�
ation spa
e. This is similarto the metri
al model for margins of error model of vague 
on
epts suggested byWilliamson (1994). Further dis
ussion of this 
an be found in (Bennett 1998).4 Spatial VaguenessSupervaluation semanti
s is a very general approa
h to vagueness but it 
anonly by useful for reasoning about a spe
i�
 domain if the pe
uliar logi
 of thatdomain is adequately modelled. In the next se
tion I shall turn to the detailedanalysis of the 
on
ept of `forest'; but prior to that it will be useful to look atthe more general question how vagueness a�e
ts the determination of spatialextensions. The appli
a
ation of supervaluation semanti
s to spatial 
on
eptsis relatively undeveloped, although it has re
ently been given some attention(Lewis 1993, M
Gee 1997, Kulik 2000, Varzi 2001)The spatial properties that are easiest to understand semanti
ally are thosethat 
an be de�ned in terms of properties of points | i.e. their extension 
onsistsof all points satisfying some given 
ondition. Examples of su
h 
on
epts are`the region of the Earth that is more than 1000m above sea-level.' However, ingeneral, a `region property' will be asso
iated with a property of a whole area or8



Yolk

Whitea) b) 
)Figure 1: Models of Vagueness and Extensionvolume, whi
h 
annot be expli
itly redu
ed to properties of individual points.For example a `lake' is not simply made up of the set of points whi
h are 
overedby water, it is rather a parti
ular maximal 
onne
ted set of water 
overed points.Indeed, maximal 
onne
tedness is one of the most important fa
tors that enableus to individuate geographi
al features from attributed point data. However,only very basi
 types of feature 
an be regarded simply as maximal 
onne
tedsets of points exhibiting a given property. Typi
ally, whether a set of spatialpoints 
an be taken as the extension of a feature of a given type, is dependenton mu
h more 
omplex 
onstraints (
onsider e.g. how we di�erentiate lakes fromother hydrologi
al features or how we might 
hara
terise a `building'). Someof these requirements may not even relate to physi
al properties (e.g. a `listedbuilding').A further issue that 
ompli
ates the identi�
ation of regions with sets ofpoints is the status of boundary points. For many spatial 
on
epts it is not
lear whether boundary points should be 
ounted as in
luded in the region towhi
h they refer. This may be regarded as an example of 
on
eptual vagueness.However, it is also a general ontologi
al issue whi
h applies to spatial 
on
eptsthat are not in other ways vague.The `Egg-Yolk' theory (Lehmann and Cohn 1994, Cohn and Gotts 1996a,Cohn and Gotts 1996b) dire
tly models the notion of a vague (or un
ertain)region in terms of its maximal and minimal possible extensions. The maximalextension is 
alled the `egg' and the minimal is the `yolk', whi
h is required tobe a part of the egg (see Figure 1a). (The 
ase where the yolk is equal to the eggis allowed, su
h 
ases 
orresponding to `
risp' regions.) This analysis is simpleand supports an a

ount of some signi�
ant inferen
es involving relationshipbetween vague regions. However, it 
annot handle 
omplex 
onstraints on aregion's possible extensions between its maxima and minima. For instan
e,although a vague region su
h as an area of marshland might have maxima andminima as illustrated in Figure 1a, the area within the dotted line might not
orrespond to any reasonable pre
ise interpretation of `marshland'.Supervaluation semanti
s is mu
h more general in that it has the potential tomodel arbitrary 
onstraints on the distribution of possible extensions, as illus-trated in Figure 1b. However, the possible extensions of natural vague 
on
eptswill not be 
ompletely 
haoti
 sin
e, a

ording to supervaluation theory, they9




orrespond to a 
luster of pre
ise 
on
epts with similar meanings. In the 
ase ofa purely sorites vague 
on
ept, where the vaguenss is in the 
hoi
e of a suitablethreshold for some observable, the possible extensions will typi
ally (though notne
essarily) be 
ontoured as shown in Figure 1
. Ea
h 
ontour 
orresponds toa more or less stri
t sense of a spatial 
on
ept. For instan
e di�erent de�nitionsof `marshland' may require more or less water to be present. Where we havemixed vagueness we will have several sets of 
ontours ea
h 
orresponding tovarying the threshold for some 
on
eptually unambiguous but still sorites vague
on
ept.5 A Supervaluationisti
 `Forest'We are now ready to employ the supervaluation theory to 
arry out a detailedanalysis of geographi
al feature des
riptions. Ea
h type of geographi
al fea-ture has many idiosyn
ra
ies in its parti
ular meaning and in the ways that itsmeaning 
an be stret
hed or tightened to suit di�erent purposes. Nevertheless,on
e an abstra
t logi
al analysis is given, forms of vagueness 
an be diagnosedthat are present in a wide variety of geographi
al terms. Thus, the supervalua-tionisti
 disse
tion of `forest' will serve as an example of how one might analysesimilar 
on
epts su
h as `desert', `marsh', `mountain' or `lake'.One of the most important aspe
ts of the 
on
eptual vagueness of the term`forest' is the ambiguity between forests 
on
eived of as natural features andforests as par
els of land upon whi
h is legally or 
onventionally 
onferred thestatus of being a forest. Although it may be argued that forests are alwaysoriginally identi�ed with some natural feature, on
e forests are named (andthus probably also owned) additional 
onventional and legal me
hanisms maybe employed to individuate forests. Smith (1995, 2000) has investigated theontology of 
onventional regions of this kind, whi
h he 
alls �at regions.In axiomatising the vague term `forest' it is 
lear that the natural and �atinterpretations will obey rather di�erent axioms. Hen
e, any adequate analysisshould split this 
on
ept into two spe
ialisations. The following axioms, whi
hemploy the rei�ed pre
isi�
ation notation, ensure that in any pre
isi�
ationFiat Forest and Natural Forest are sub-
on
epts of Forest and that all forests areof one of these two types (they do not rule out the possibility that somethingmay be both):� 8px[p :Fiat Forest(x) ! p :Forest(x)℄� 8px[p :Natural Forest(x) ! p :Forest(x)℄� 8px[p :Forest(x) ! (p :Fiat Forest(x) _ p :Natural Forest(x))℄Though free from a 
ertain ambiguity, the predi
ates Fiat Forest andNatural Forest are still extremely vague, ea
h will 
orrespond to a wide range ofpossible senses and further subdivisions and axioms will be required to expli
atethese. In the rest of the analysis I shall deal only with `natural' forests, sin
ethese seem to be vague in a greater variety of ways; however, the semanti
s of�at forests is no doubt also very 
omplex. To avoid 
umbersome terminology,10



the word `forest' shall hen
eforth be used to mean `natural forest' and the formalpredi
ate Forest shall be used in pla
e of Natural Forest.In 
larifying the 
on
ept of `(natural) forest' we immediately en
ounter ase
ond fundamental ambiguity that a�e
ts this and many similar geographi
al
on
epts. When used with an arti
le (`a forest' or `the forest') the term typ-i
ally refers to a parti
ular integral feature whose boundary (albeit vague) isdetermined by the meaning of the 
on
ept. However, it 
an also be used in anadje
tival sense to des
ribe an arbitrary region as `forest'. These two uses arenot really due to vagueness but rest on a logi
al distin
tion that ought to beexpli
it in any ontology of geographi
al des
riptions.Though ontologi
ally distin
t, features and 
orresponding land-type 
on-
epts have strong logi
al interdependen
e whi
h must be formally spe
i�ed (see(Es
henba
h 2000)). Let us use the predi
ate Forest as a vague feature type andForested as the 
orresponding vague land-type 
lassi�er and see what axiomsone would expe
t to link the two 
on
epts. The situation is 
ompli
ated bythe fa
t that Forest refers to a feature whi
h is a three-dimensional materialobje
t 
onsisting of trees distributed in spa
e, whereas Forested is a predi
ate ofregions of land. To relate these two types of entity we will need to 
hara
terisethe mapping between a feature and its terrestrial extension, whi
h I assume tobe a two-dimensional region.We might be in
lined to say that a region is `forested' just in 
ase it is partof the extension of some forest. However, this de�nition su�ers from a problemof granularity, sin
e the extension of a forest may in
lude po
kets whi
h arenot at all forested or are too small to even be legitimate 
anditates for su
h ades
ription. One might hope to avoid this problem by taking forested as themore basi
 property and then de�ning a forest as a feature whose terrestrialextension is a maximal self-
onne
ted forested region. However, sin
e `forested'is a land type, the obje
ts that fall under this predi
ate are terrestrial regionsnot physi
al obje
ts like forests. Clearly a type of physi
al obje
t 
annot bede�ned from a predi
ate whose arguments are purely spatial: in order to 
arrythrough a de�nition we shall have to add some physi
al ingredient.Given any region we 
an determine, without ex
essive 
ontroversy, the vege-tative material that is present in that region. It then seems reasonable to assumethat if this area is the terrestrial extension of a forest (qua natural feature) thenall properties of that forest supervene on properties of that quantity of vegeta-tive material.2 Thus the properties of forests (in
luding their identity 
riteria)are determined by the vegetation they 
omprise, whi
h in turn is determinedby their terrestrial extension.It must be noted that the terrestrial extension of a forest is not determineddire
tly by its vegetation. That is, if we were to simply shrink-wrap the veg-etation and proje
t this volume verti
ally onto the earth's surfa
e we wouldde�ne extension at too �ne a grain size to 
orrespond with our intuitions of theextent of a forest. Rather the extension of a forest is normally understood as2Here I am ignoring the temporal aspe
ts of forests but I do not see any obvious impedimentto re
onstru
ting this analysis, albeit in a rather more 
omplex form, taking into a

ounttemporal persisten
e and evolution. 11



in
luding areas whi
h are surrounded by trees but are not a
tually beneath anybran
h or above any root. Thus, terrestrial extension is a subtle fun
tion ofvegetation distribution whi
h will vary a

ording to what pre
ise interpretationis pla
ed upon the vague `forest' 
on
ept. However, if we 
an de�ne a predi
ateForestExtent, whi
h holds of all those regions that are in some arti�
ially pre
isesense the terrestrial extension of a forest, we will thereby also determine thephysi
al 
onstituents of ea
h forest and an identity 
riterion for forests.In terms of the parhood relation P and a predi
ate CON meaning that aregion is self-
onne
ted, I de�ne a ForestExtent as a maximal 
onne
ted forestedregion of suÆ
iently large area:p :ForestExtent(r) �def p :Forested(r) ^ CON(r) ^ area(r) � p :minfa ^:9r0[p :Forested(r0) ^ CON(r0) ^ P(r; r0)℄)The s
ope of the pre
isi�
ation variable p ensures that under any given pre
isi-�
ation the meaning of ForestExtent is logi
ally determined by the meaning ofForested under that same pre
isi�
ation. This 
onsisten
y requirement withinde�nitions supports various patterns of reliable inferen
e that hold whateverreasonable sense we give the 
on
epts.The pre
isi�
ation-relative area 
onstant minfa gives the minimal size of theextension of a forest. Typi
ally a forest is taken to be a rather large feature
overing many square kilometers of land. Where the area is smaller the featureis likely to be 
alled a `wood'. If it is smaller still, say less than a he
tare,one would perhaps qualify it as a `small wood' or use another term su
h as`spinney'. We 
ould de�ne `wood' for example by using a `mimimal wood area'
onstant minwa and perhaps also a maximal wood area 
onstant. The 
onstraint8p[p : minfa � p :minwa℄ means that in every pre
isi�
ation forests must be atleast as large as woods. Nevertheless, there need be no su
h 
onsisten
y betweendi�erent pre
isi�
ations, what is a wood in one parti
ular pre
isi�
ation 
ouldbe 
ounted as a forest in another. One might also want to pla
e 
onstraints onthe shape of legitimate extensions of woods and forest, sin
e a predominantlylinear distribution of trees is not normally 
onsidered a forest however large anarea it 
overs. Finding reasonable shape 
onstraints is surprisingly diÆ
ult andis beyond the s
ope of the present work.Having de�ned `forest' in terms of `forested' we need to 
onsider how observ-able measurements of the physi
al world determine whi
h regions fall under the
on
ept `forested'; or rather, given our supervaluation methodology, we needto elu
idate how these observables relate to di�erent pre
ise interpretations of`forested'. It will be useful at this stage to introdu
e a vague de�nition whi
hseems to take into a

ount all of the most salient requirements of the 
on
ept.I shall say that a region is forested if it is densely 
overed by trees. Althoughthis de�nition does not make the 
on
ept any more pre
ise, it does fo
us ourattention on the key sour
es of vagueness in any 
hara
terisation of forested:what is a tree? how should we measure the density of trees? and, when 
an aterrain type whi
h is intrinsi
ally vague and granular be said to `
over' a givenarea?Apart from the 
ase of metaphori
al usage of `forested', whi
h shall not be
onsidered here (though it 
ould be argued that metaphor sheds 
onsiderable12



light on the meanings of vague terms), it is un
ontroversial that the distributionof trees is the primary fa
tor in determining whether a region is forested. Otherland properties and vegetation may be relevant to properties of a forest but arenot essentially relevant to its extension. However, the term `tree' is itself to a
ertain extent vague.My di
tionary (the Con
ise Oxford 1999) de�nes `tree' as \A woody peren-nial plant, typi
ally with a single stem or trunk, growing to a 
onsiderableheight and bearing lateral bran
hes." This de�nition exhibits both 
on
eptualvagueness, as to whi
h plant forms or spe
ies 
ount as trees, and also soritesvagueness, in that `
onsiderable height' pres
ribes a vague threshold relativeto an obje
tive physi
al property. Arti�
ially pre
ise de�nitions of `tree' maybe given either geneti
ally, in terms of a set of tree spe
ies, or by stipulating
onditions of physi
al stature. In the literature on vegetation mapping thesemodes of 
lassi�
ation are referred to repe
itively as 
oristi
 and physiognomi
(see e.g. (USGS 1994b) for a dis
ussion of these 
lassi�
ations). Perhaps themost intuitively reasonable 
lassi�
ations 
an be obtained by some 
ombinationof 
oristi
 and physiognomi
 
onstraints. The supervaluation approa
h is wellsuited formalising logi
al relationships among natural and arti�
ially de�nedtree 
on
epts. For instan
e the formula 8px[p :Tree57(x) ! p :Tree(x)℄ assertsthat Tree57 is a sharpened version of the natural, unre�ned 
on
ept of tree.On
e we know what a tree is we 
an try to formulate possible pre
ise versionsof the notion of a dense 
overage of trees. This turns out to be a surprisinglydiÆ
ult problem. There are various possible ways one 
an quantify trees withinan area. Pra
ti
al forest mensuration te
hniques employ at least the following:the number of individual tree spe
imens, the total volume of vegetation, the
ross-se
tional area o

upied by tree trunks (at some stipulated height from theground). In ea
h 
ase the measure may be applied to just the dominant treespe
ies, to all vegetation or to some restri
ted sub-
lass. Another 
onsiderationis that these measures only work well for regions of a 
ertain minimal size. Avery small region will, most likely, lie outside every tree or within or on the edgeof an individual tree; and, in ea
h 
ase density 
annot sensibly be measured.In fa
t it seems to be generally true that to determine whether a point belongsto the region of a parti
ular land-type we often have to look not only at whatis present at that point but at what is present in some signi�
antly extendedregion in
luding the point.Given that one 
an spe
ify measurement s
hemes whi
h quantify the treesin a region (provided the region is suÆ
iently large) it might at �rst sight seema simple matter to divide this quantity by the area of the region to arrive at ameasure of tree density. Indeed we 
ould de�ne a family of possible measuresand arti
ulate the interdependen
ies between them in a supervaluation-basedlogi
. However, if we 
al
ulate, by whatever means, the tree density of anarbitrary region we will get a value that is an average over the whole area. Butthe region might in
lude one or more parts whi
h are very densely forested whileother parts might be 
ompletely treeless. In order to identify forests we musthave some way of separating regions of high and low tree density. But sin
e ourmethod of 
al
ulating tree density requires one to start with a prede�ned region13



we 
ome up against a 
hi
ken and egg problem.I have identi�ed several ways of ta
kling this problem ea
h of whi
h hasa rather di�erent 
avour. One is to impose on the terrain a tessellation ofappropriate granularity. Density is then only 
omputed dire
tly for the 
ells ofthis grid | larger regions of dense tree stru
ture are 
onstru
ted as sums of theseunits. Another approa
h is to parition the land by referen
e to a more easilymeasurable se
ondary indi
ator. Both these methods are pragmati
 solutionswhi
h are widely adopted in a
tual geographi
al �eld work. I will 
ommentfurther on them in the next se
tion.A third approa
h is to identify a region of uniformly high tree 
overage byensuring that all signi�
antly large sub-regions maintain the required density.This is not easy to spe
ify, but the following de�nition seems to 
apture theidea reasonably well:p :Forested(r) �def 8d[(Dis
(d) ^ area(d) = p : fgran ^ area(d \ r) � p : fbgran)! tree-density(d \ r) � p : fdthresh℄The spe
i�
ation is in terms of dis
s 
ertain size (i.e. having an area of p : fgran),whi
h is deemed appropriate (a

ording to pre
isi�
ation p) to the granularitywith whi
h forest density 
an sensibly be measured. For all su
h dis
s over-lapping the region by more than a 
ertain amount (given by the `forest bordergranularity' parameter, p : fbgran), the density in the area of overlap must behigher than a 
ertain threshold, p : fdthresh. I restri
t attention to dis
s sin
e wewill probably want to admit the possibility larger sub-regions whi
h have a lowertree density but are fragmented or very linear in form. The formula is 
ompli-
ated by the requirements of modelling the edges of a forested region to avoidunwanted shrinkage of legitimate extensions. This requires spe
ial attention andmakes the de�nition far less intuitive than one would like. Despite being ratherarti�
ial, the de�nition does su

eed in providing a 
on
eptually unambiguous
hara
terisation of a forested region. The variability of reasonable values for thedensity and granularity parameters model purely sorites vagueness.A further way that one 
ould address the issue of dense 
overage is to identifyhigh density areas in terms of the lo
al distribution of vegetation. That is we
onstru
t forested regions by a 
onsideration of the lo
ations of individual treesand their spatial relationship to other neighbouring trees. Finding sensible waysof grouping trees is far from straightforward but may lead to a fruitful analysis.There are 
ertainly a large number of in
ompatible ways in whi
h this 
ouldbe done, and the la
k of any reason to 
hose a parti
ular approa
h is perhapsthe main reason why this kind of 
lassi�
ation has not been widely studied.However, using the framework of supervaluation theory one 
an explore manypossible de�nitions without 
ommitting to any one.A simple example is the following de�nition, in whi
h a forested region isde�ned as one su
h that all of its points are within a 
ertain distan
e of a tree:p :Forested(x) �def 8(� 2 x)[9t[p :Tree(t) ^ dist(�; t) � p :d℄℄This gives a family of possible pre
ise 
on
epts determined by the parameter dwhi
h is a fun
tion of the pre
isi�
ation p. There is a strong logi
al 
onstrainton this family in that the extension of this 
on
ept with a small d is always14



Figure 2: Possible forest demar
ations for a given tree distributiona subset of the extension determined by any larger d. Hen
e we would get a
ontoured distribution of possible extensions similar to that shown in Figure 2.An obvious problem with this de�nition is that ea
h isolated tree 
onstitutes asmall forest. One way of 
ountering this would be to require that ea
h point ofa forested region is 
lose to some moderately large number of trees. Anothersimilar approa
h would be 
onstru
t the region as the sum of the 
onvex-hullsof sets of `suÆ
iently 
lose' trees.The add ho
 nature of my 
haraterisations of `forested' may indi
ate that the
on
ept is in need of deeper ontologi
al analysis. On the other hand it might bethat there is an essential 
oneptual vagueness in the 
on
ept, so that no 
omplete�nite spe
i�
ation of its potential interpretations is possible. Nevertheless thearti�
ial 
on
epts do seem to 
apture mu
h of what is intended by the naivedes
ription of `forested' and give a reasonable a

ount of the paremeters of itsintrinsi
 sorites vagueness. Moreover, I suggest that intuitive 
lassi�
ations ofareas into forested and non-forested will not greatly deviate from 
lassi�
ationsobtainable by plugging reasonable parameters the arti�
ial 
on
epts.A further fa
et of the interpretation of the word `forest' whi
h is worth abrief mention is its 
onnotation relative to other terms for similar geographi
alfeatures. I am thinking here of the 
ontrast between, for example, `forest' and`jungle'. Jungle almost always refers to a tropi
al or sub-tropi
al vegetation
over, whereas forest is more general but with a suggestion of a temperate
limate. The logi
 of 
onnotations is likely to be extremely tangled; but in so faras any 
lear di�eren
es in sense 
an be identi�ed they 
an be straightforwardlyen
oded within the supervaluation framework.6 Comparison with the Geographer's ForestLet us round of our examination of forests by 
onsidering how the superval-uationist approa
h 
an be related to a parti
ular de�nition of forest that hasbeen widely used in geographi
al appli
ations. Table 1 shows a physiognomi

lassi�
ation, of levels of forestation that was proposed in (UNESCO 1973) andlater adopted in (USGS 1994b). The range of di�erent terms employed in the15



Per
ent Canopy Cover of Vas
ular Vegetation100%{60% 60%{25% 25%{10% 10%{1%Plant-form/Height (interlo
king) (tou
hing) (spa
ed)Trees >5m Forest Woodland Sparse WoodlandShrubs/Trees 0.5{5m Shrub-land Sparse Shrub-land SparselyShrubs <0.5m Dwarf Shrub-land Sparse Dwarf Shrub-land VegetatedHerbs Herba
eousTable 1: A physiognomi
 
lassi�
ation of vegetation types (UNESCO 1973)table illustrates the way that a pre
isi�
ation (or 
lass of pre
isi�
ations) isnot merely asso
iated with a 
olle
tion of senses of individual terms but with
omplex system of logi
al 
onstrains 
on
erning the meanings of multiple inter-related 
on
epts.This 
lassi�
ation 
arries with it a lot of impli
it 
on
eptual baggage whi
hmay not be 
ompatible with other ways of de�ning forests. For instan
e, anypre
isi�
ation satisfying it must enfor
e the 
onstraint that woodland and shrub-land are ne
essarily disjoint. There is also some la
k of spe
i�
ity in the 
las-si�
ation. It is not 
lear whether a population of fairly widely spa
ed tall treesgrowing among a dense 
over of small shrubs should be 
ounted as `sparsewoodland' or `shrub-land'. So some pre
isi�
ations satisfying UNESCOF mightrequire height to take pre
eden
e over density while others 
ould require the
onverse.One fa
et of the problem of 
hara
terising forests that is not ta
kled at allby the UNESCO 
lassi�
ation is the question of how forest boundaries shouldbe demar
ated. The s
heme seems to assume that a 
andidate area has alreadybeen identi�ed whi
h 
an then be measured in terms of average vegetation height(presumably the height of a spe
ies whi
h is in some sense dominant in the area)and the per
entage 
anopy 
overage over that area.(USGS 1994a) surveys a number of methods whi
h �eld workers use to eli
itstand boundaries from other relevant and more more dire
tly measurable fa
-tors, su
h as 
limate, and topography. Similarly, in relation to soil-type bound-aries, Mark and Csillag (1989) note that boundaries are often introdu
ed on thebasis of surfa
e features that are 
orrelated with but not essential to soil 
las-si�
ation. In
uen
es of inessential features on forest stand demar
ation fromaerial photographs are hinted at by the results of Johnston and Lowell (2000).Although indire
t methods may be e�e
tive for many purposes they do not elu-
idate how to partition vegetation-types in terms of properties of the vegetationitself and hen
e, from an ontologi
al point of view they are suspe
t be
ause theyde�ne something in terms of fa
tors that are only 
ontingently related to thephenomenon in question.Another way in whi
h geographi
al information systems and other land sur-veys often avoid the diÆ
ulty of boundary identi�
ation is to employ some formof atomi
 area (usually the 
ells of a grid) as a minimal unit for whi
h a land-16



type is determined. Using this ontology the diÆ
ulty of assigning a boundaryto an intri
ate natural obje
t is largely avoided. Instead, measurements are ap-plied to whole 
ells (or random samples from 
ells) and a land-type inherits itsboundary from the already given boundaries of a group of 
ells. This is �ne aslong as we always take a 
oarse view of the world, where we 
an treat the 
ells asatomi
 units. However, if we are in the business of a

ounting for the di�erentsenses of a term like `forest' we will also want to a

ount for perspe
tives thatgo right down to the tree level of individual trees. For example we might havedata that tells us that a garden is within a dense forest but we 
annot infer thatthe garden 
ontains trees unless the atomi
 units that have been 
lassi�ed asforest are smaller than the garden.Given the slipperiness of the 
on
ept `forest' one might assume that theproblem of boundary demar
ation would have been ta
kled exhaustively withinthe subje
t of forestry. However, this does not seem to be a major 
on
ern inthe literature of that �eld (the standard text book (Hus
h, Miller and Beers1963) 
onsiders only te
hni
al problems of surveying a boundary not and doesnot mention 
on
eptual problems in de�ning boundaries). In fa
t, this is notsurprising when we 
onsider the nature of forestry and the kinds of informationit requires. For most purposes a forester 
an assume that his forest 
onsists ofa 
olle
tion of stands whose boundaries are well-de�ned. The properties of ea
hstand 
an then be determined by random sampling te
hniques; and from thesemeasurements, e
onomi
ally important quantities su
h as `forest volume' 
anthen be derived by simple 
omputations or by the use of empiri
ally veri�ed ta-bles. The problem of determining boundaries is not of great importan
e be
ausethe statisti
al approa
h to measurements works with any reasonable boundingof the forest area, and, in all but ex
eptional 
ases, mitigates the e�e
t of anyun
ertainty in this boundary.Thus, while the identi�
ation of boundaries is a major 
on
ern in the ontol-ogy of geographi
al features, for 
ertain purposes they 
an be taken for granted.However, in situations where we need to identify land-types for some high-levelevaluation or planning problem, the problem of demar
ation is 
ru
ial, andontologi
al analysis serves a useful fun
tion in providing a basis upon whi
h
onsistent reasoning 
an be 
arried out.In the analysis of the last se
tion, I avoided those aspe
ts of the vaguenessof `forest' whi
h are asso
iated with persisten
e through time. In what wemight 
all the ordinary usage of `forest', it is applied to an area that is densely
overed by trees at the time the des
ription is made. However, in the 
ontextof forest management and e
ologi
al 
lassi�
ation it is quite 
ommon to regarda land-type in terms of an 
y
li
al or progressive pro
ess that takes pla
e insome area of land over a 
onsiderable period of time. From this perspe
tive itis perfe
tly natural to 
onsider an area as `forested' even when it all its treeshave been felled and 
arted o� to the log mill. In this sense `forested' wouldin
lude areas of land at all stages in the arbori
ultural pro
ess. Thus for manygeographi
al appli
ations one will need to 
arefully di�erentiate between sensesof forest whi
h employ 
on
i
ting notions of its temporal status.17



7 Con
lusionThe geographi
al s
ien
es fa
e in
reasing pressures to assimilate huge quantitiesof information and exploit this 
onsistently for a host of diverse appli
ations inindustrial, environmental and so
ial management. The need to provide a �rmfoundation for the interpretation and manipulation of this data has led to re
entinterest of geographers in ontologi
al questions (e.g. (Frank 1997)). But, whilethere is a high level of awareness of issues un
ertain and impre
ise informationthe diÆ
ulty of taking a

ount of the intrinsi
 vagueness of natural 
on
epts doesnot seem to have been fully appre
iated. As I have shown, an adequate analysisof a single basi
 geographi
al feature type may involve enormous 
omplexity.Vagueness is often regarded as a phenomenon whi
h de�es detailed theoret-i
al expli
ation; but, in this paper, I have attempted to show that a 
on
ertedanalysis 
an reveal logi
al 
onstraints underlying the apparently nebulous mean-ings of vague 
on
epts. I have suggested supervaluation semanti
s as a powerfultheoreti
al tool by whi
h one may make inroads into the tangled semanti
s ofill-de�ned 
on
epts by arti
ulating what is �xed and what is variable among aspa
e of possible pre
ise senses. A key aspe
t of my analysis is the division ofthe phenomenon of vagueness into 
on
eptual and `sorites' modes, whi
h allowsone to separate the 
on
erns of analyti
al ontology from problems of formalisingthe logi
 of pure sorites vagueness.I must 
onfess that in presenting various formal de�nitions purporting to
hara
terise senses of the word `forest', I have often met with some s
epti
ism.Criti
s have argued that sin
e the term is so obviously vague in su
h a numerousvariety of ways, any attempt to pin down its meaning formally is 
ompletelyhopeless. It is for the reader to de
ide whether the analysis given in this paper
uts anywhere near the heart of the meaning of `forest' or merely wanders amongits many bran
hes. It is true that vagueness, espe
ially in its pure sorites form,is as yet very poorly understood, and there is no 
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