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Abstract. Surface water is a primary concept of human experience but concepts 
are captured in cultures and languages in many different ways. Still, many 
commonalities exist due to the physical basis of many of the properties and cat-
egories. An abstract ontology of surface water features based only on those 
physical properties of landscape features has the best potential for serving as a 
foundational domain ontology for other more context-dependent ontologies. 
The Surface Water ontology design pattern was developed both for domain 
knowledge distillation and to serve as a conceptual building-block for more 
complex or specialized surface water ontologies. A fundamental distinction is 
made in this ontology between landscape features that act as containers (e.g., 
stream channels, basins) and the bodies of water (e.g., rivers, lakes) that occupy 
those containers. Concave (container) landforms semantics are specified in a 
Dry module and the semantics of contained bodies of water in a Wet module. 
The pattern is implemented in OWL, but Description Logic axioms and a de-
tailed explanation is provided in this paper. The OWL ontology will be an im-
portant contribution to Semantic Web vocabulary for annotating surface water 
feature datasets. Also provided is a discussion of why there is a need to com-
plement the pattern with other ontologies, especially the previously developed 
Surface Network pattern. Finally, the practical value of the pattern in semantic 
querying of surface water datasets is illustrated through an annotated geospatial 
dataset and sample queries using the classes of the Surface Water pattern. 

1 Introduction and Motivation 

Surface water refers to water that exists on a surface at a greater mass than just de-
tectable moisture on the earth’s surface. It is a critical natural resource for life on 
earth, and a primary category of environmental reality within the realm of human 
experience. Yet, given the immensely rich and varied contexts of our experiences, it is 
not surprising that features associated with surface water (and the landscape, in gener-
al), are perceived and lexicalized quite differently, depending on which surface water 
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characteristics are recognized and emphasized by a culture or language. Similar, 
though less extreme, differences are also found among scientists and other profes-
sions. The innovative multidisciplinary field called Ethnophysiography has emerged 
recently for exploring these nuances arising from the intersection of language, culture, 
and cognition as they affect the interpretation of the landscape [21-22].  

The variability implies that there exist several ways for classifying and relating fea-
tures, and that there may be loss of information due to semantic interoperability between 
different conceptual systems. Researchers have explored topographic gazetteers and 
spatial data standards from countries across the world, such as GNIS1, SDTS2, and Geo-
net Names Server3 (all from USA), INSPIRE4 (Europe), TTDMS5 (Taiwan), and topo-
graphic map standards from the Russian Federation (as discussed in [8]), to show the 
varied way topographic concepts are understood and formalized [5, 8, 20, 24]. Even 
formally developed systems such as WordNet6 and EnvO7, or SWEET8 are inconsistent 
with each other—and with common sense conceptualizations of geospatial phenomena. 
Part of the problem is that different aspects of the landscape may be preferentially paid 
attention to in different cultures, languages and professions [31-34]. Hence, categories for 
landscape, including surface water, may be difficult to generalize, and terms may not 
have one-to-one correspondence with terms in other languages [21-22, 34].  

Such dissimilarities should not, however, distract from the fact that people do com-
municate successfully across cultural and linguistic barriers and standards and ontologies 
can also be rendered interoperable (albeit with some information loss). For example, 
comparison of Russian, Taiwanese (Mandarin language) and US (English) geospatial 
standards revealed several terrain and hydrographic qualities, relations and categories that 
are shared and can be used for concept matching between the national geospatial stan-
dards [8]. As another example, the ambitious European INSPIRE spatial data infrastruc-
ture initiative can cater to the variation across European countries by capturing localized, 
country-specific geographic semantics in separate microtheories, and then allow infe-
rence of a subset of shared conceptualizations to enable semantic interoperability at the 
global European level [5]. Yet, such interoperability driven studies only hint at what may 
be some of the underlying principles of different conceptualization systems. For a com-
prehensive understanding, substantial research on geographic cognition [26], nature of 
geographic categories [31], and naïve geography [6] will be needed to discover general 
principles. It is safe to assume that such theories are unlikely to emerge anytime soon, 
since many languages, cultures and contexts would have to be investigated to identify 
truly stable categories and properties.  

                                                           
 1 Geographic Names Information System (GNIS): http://geonames.usgs.gov 
 2 Spatial Data Transfer Standard (SDTS): http://mcmcweb.er.usgs.gov/sdts 
 3 GEOnet Names Server (GNS): http://earth-info.nga.mil/gns/html 
 4 INSPIRE Directive: http://inspire.jrc.ec.europa.eu 
 5 Taiwan Topographic Map Data Standard (TTMDS): 
   http://fas.harvard.edu/chgis/work/coding/feat_types_tw.htm 
 6 Wordnet: A Lexical Database for English: http://wordnet.princeton.edu 
 7 Environmental Ontology: http://environmentontology.org 
 8 SWEET ontologies: http://sweet.jpl.nasa.gov 
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In the shorter term, scientific ontologies and well-known theoretical frameworks, in-
cluding Gibson’s theory of environmental affordances [10], Horton’s primary theory 
[16], Lakoff and Johnson’s ideas of experiential realism and embodied cognition [18-19], 
and Hayes’ naïve physics manifesto [14, 15] offer reasonable justification for making 
some basic assumptions about how people experience the world. The consensus from 
these theoretical frameworks seems to be that there exist some physical precepts of the 
landscape that all human beings (with similar physical sensory capabilities) are able to 
perceive and experience, irrespective of their background and context. Identifying the 
minimal components of that commonly experienced landscape would allow the design of 
foundational landscape ontologies [29]. Such ontologies will serve best if conceptually 
grounded in basic, easily generalizable experiences of physical reality. This paper contri-
butes to this research agenda by presenting a new Surface Water ontology that captures 
the essential semantics of discrete surface water features and their physical connection to 
the earth’s surface. The semantics were primarily derived from considerations of physi-
cally observable properties and features in the landscape.  

The success of any foundational domain ontology rests on it being relatively ab-
stract and sparse in terms of how many categories and properties it specifies to avoid 
over-commitments and be useful across domains. It should also be easily extensible 
across geographic scales, and provide clear criteria for adding more specialized do-
main concepts. One popular and effective semantic engineering solution is to create 
small ontology design patterns to specify conceptualizations pertaining to a particular 
slice of a domain [9]. The Surface Water ontology presented here is such a small, 
easily comprehensible, and generalized ontology design pattern focused on some 
simple concepts from the domain of surface water. It is intended to serve both as a 
conceptual building-block for guiding the design of more complex surface water on-
tologies, and also as a self-contained knowledge representation unit capturing essen-
tial surface water semantics reusable in any domain with equal validity.  

The fundamental design principle used for this pattern is to explicitly separate 
landscape features that act as containers for water to flow or collect, from the flowing 
and standing bodies of water that occupy those containers. The categories modeled by 
this pattern are abstract enough to function as “meta” categories closely correspond-
ing to (but not equivalent to) basic categories encountered in hydrology, a field-
observation driven geoscience domain that already offers a stable system of surface 
water feature types, and also to categories often encountered in natural languages. The 
pattern’s categories reflect distinctions driven by observable physical properties (e.g., 
shape, size, depth, flow of liquids), and thus they are compatible with Horton’s prima-
ry theory [16]. That leads to the surmise that such distinctions should also be inducing 
recognition of similar categories, albeit with additional properties and at different 
conceptual granularities, in most cultures and natural languages.  

The Surface Water pattern captures semantics that arise from the object view of the 
surface water domain, but cannot capture non-channelized flows directly on the sur-
face during floods and runoff. Hence, this paper also includes a brief discussion of 
another pattern (developed earlier by the authors), called the Surface Network pattern  
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which is based on a well-known theory for conceptualizing any surface as an abstract 
network of simple shape elements [4, 25]. The Surface Network pattern can help in-
corporate surface flow semantics anywhere on the surface, not just in channels or 
basins. For complete representation of surface water semantics, several other intuitive 
object, network and field based ontologies will also be needed.  

The rest of this paper is organized as follows. Section 2 presents the methodology 
and conceptual motivation for designing the pattern. The conceptual foundations and 
all the axioms of the OWL ontology are presented in Section 3. The practical utility of 
the pattern for semantic querying and annotation is discussed in Section 4. Section 5 
briefly discusses how the Surface Network pattern applies to the domain of surface 
water, and Section 6 wraps up the paper with some general conclusions.  

2 Pattern Design 

2.1 Methodology 

The Surface Water ontology pattern is supposed to function as a core surface water 
domain ontology (complemented by the Surface Network pattern), that is sufficiently 
abstract to be applied to more specific geospatial ontology applications. As mentioned 
above, ontology design patterns are small ontologies capturing essential, reusable 
qualities of a theme, and acting as building blocks in more complex ontologies. They 
reduce duplicated work and the core elements of the pattern facilitate data integration 
since they are designed to remain consistent when reused within different applications 
[9]. A key requirement for pattern design is that both domain and ontology engineer-
ing knowledge experts need to understand each other’s perspectives. An increasing 
number of patterns are being designed at Geo-Vocabulary Camps (GeoVoCamps), 
which are a bottom-up, participatory approach to pattern design, achieved through 2-3 
day working sessions of domain experts and ontology engineers to discuss and im-
plement patterns for the geospatial domain. Philosophically motivated debates, and 
extensive discussions about the practical scope of the pattern and which domain enti-
ties and properties should be selected, characterize the GeoVoCamp workshops. Se-
mantic engineering principles and implementation method determine the final form of 
the pattern which is generally available online and sometimes also documented as 
research publications [3, 17, 30].  

The Surface Water pattern was developed at GeoVoCampDC20139 by the authors 
of this paper, most of whom also worked together to develop the Surface Network 
pattern at an earlier GeoVoCampSOCoP201210. Both workshops were organized by 
members of Spatial Ontology Community of Practice (SOCoP).11 There is no single 
authoritative resource that can be cited for the Surface Water pattern. As is the case 

                                                           
 9  GeoVocampDC2013: http://vocamp.org/wiki/GeoVoCampDC2013 
10  GeoVocampSOCoP2012: http://vocamp.org/wiki/GeoVoCampSOCoP2012 
11  Spatial Ontology Community of Practice (SOCoP): http://socop.org 
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for most patterns, the insights came from the collective research and practice of the 
authors. A wide variety of resources on surface water concepts was also known to 
them and considered more than sufficient as background knowledge for making deci-
sions about both surface water domain and pattern design issues. The following 
sources of knowledge informed the Surface Water pattern design: natural language 
texts, multilingual dictionaries, encyclopedias, geospatial data standards (GNIS, 
SDTS), geoscientific reference texts, lexical databases (NGA GNS, WordNet), geos-
cience ontologies (SWEET, EnvO) and prior geographic and formal ontology  
research on scientific, legal, and folk concepts of surface water or closely related con-
cepts [1-2, 5, 7-8, 12-13, 20-22, 24, 28-34]. 

2.2 Conceptual Background 

A pattern needs to be generic enough to find recurring use in diverse contexts [9].  
A well-established method for designing and motivating patterns is identification of a 
set of competency questions that refine the general use case and illustrate the types of 
semantic queries that can be addressed by implementing the pattern in more domain-
specific contexts [11]. Some typical questions that best illustrate the generality and 
scope of the Surface Water pattern in a wide variety of contexts are listed below. 

Q1. “Find all standing water bodies that are completely located in region X.” 
Q2. “Find all direct tributaries flowing into river X.” 
Q3. “Find all types of streams that originate from and also terminate in a basin.” 
Q4. “Find all valleys draining into a lake X.” 
Q5. “Find all streams which drain into lakes that do not fill their basins.” 

These queries can be relevant in a wide range of domains such as topographic map-
ping and querying, hydrological analysis, digital terrain analysis, pollution transport 
modeling, navigation, habitat analysis, natural resource conservation, disaster plan-
ning etc.. For example, a water body is abstract enough to resolve to different entity 
types (lakes, ponds, reservoirs) in different contexts, including different geographic 
scales (Q1). Tributaries of a river could be queried for determining navigation, or 
tracing pollution pathways, or to assess stream volumes (Q2). Streams, rivers, creeks, 
runs and many other flowing water features can be all treated as specializations of a 
single abstract type of channelized flow, and yet be distinguished from each other 
when needed in different contexts (Q3). Similarly, hydrographic, terrain, and other 
databases can be integrated and queried collectively by creating ontologies that expli-
citly capture the physical relationship between the land surface, (concave) land forms, 
and surface water (Q3-5). These types of competency questions helped identify the 
essential classes and properties of the Surface Water pattern.     
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3 Formalization of the Surface Water Pattern 

3.1 General Principles 

The following conceptualization underlies the Surface Water pattern: There are  
locations or regions on the surface of the earth that host concave landforms, many of 
which interconnect, and act as containers for water to collect and/or flow through in 
dominant amounts under the influence of gravity. The pattern, therefore, distinguishes 
between the terrain feature that acts as a container and the body of water, both consi-
dered to be overlapping in the same space. This is the most fundamental idea  
recognized in this pattern. The pattern is, thus, divided into two conceptual parts or 
modules: Dry and Wet to capture the two types of semantics separately, and to allow 
focused specializations in the future. The Dry module captures the semantics of con-
cave landscape features (channel, depression and interface), which can exist regard-
less of the presence of surface water, but do act as containers for sustained water flow 
and storage. The Wet module is dependent on and reuses the Dry module features to 
capture the semantics of hydro features (stream segment, water body, and fluence) 
that occupy the features whose semantics are defined in the Dry module. Note that 
there are several types of snow and ice formations that may not be properly addressed 
by this pattern, which has been designed for the typical cases of liquid surface water 
features and contained in channels and depressions. The classes and properties within 
the Dry and Wet modules are formally encoded using Web Ontology Language 
(OWL), and available online.12, 13 All semantics of the modules and how they interre-
late is also captured schematically in Fig. 1. 

Some general issues related to pattern design and how they are discussed in this 
paper need to be clarified as well. First and foremost, Description Logic (DL) notation 
is used for presenting axioms in this paper since it is much more compact than OWL. 
Names of properties are simplified to not begin with “has”, but they should be easy to 
track because class names begin with capital letters, and property names begin with 
small letters. Global domain and range declarations over properties are not used be-
cause that is known to reduce interoperability—all domain-range declarations for 
properties are defined only in the context of specific classes. All classes of the pattern 
are declared to be pairwise disjoint because they do not cover overlapping categories. 
Disjointness declaration is the recommended practice in OWL for improving infe-
rence about domain concepts. The DL axioms for disjointness are not presented below 
for lack of enough space. Property axioms are also not included for space constraints, 
but their intended purpose should be evident from Fig. 1, and the discussion of the 
axioms below.  

                                                           
12 Dry module URI:  
   http://purl.org/geovocamp/ontology/SurfaceWater_Dry 
13 Wet module URI:  
   http://purl.org/geovocamp/ontology/SurfaceWater_Wet  
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Fig. 1. Surface Water pattern’s Dry and Wet module classes (brown/blue) and properties (grey) 

3.2 Dry Module Semantics 

The Dry module has two primary classes, Channel and Depression, while a third sup-
porting class Interface formalizes concepts of spatial connections between surface 
water features in the terrain. These classes represent three-dimensional terrain fea-
tures, where water occurs dominantly and their purpose is to be a foundation for spe-
cifying the semantics of classes of the Wet module.  
 
Channel. The Channel class captures the semantics of a linear conduit with two ends, 
which is located on or is a natural part of the earth’s surface, and as a consequence of 
its shape, it acts as a container where water can collect and flow in dominant amounts 
between the two ends of the conduit. Specifying that a channel has exactly two ends, 
each of which is formally represented through the interface class is considered suffi-
cient to support flow semantics (specified in the Wet module). Axiom A1 encodes this 
logic. There are some properties (lowerEnd, upperEnd, bed, and bank) that are only 
included in the pattern to support future specializations of the Channel class, but not 
used in this pattern to maintain its generality. For example, the distinction between 
upper and lower ends of a channel is not made since it would preclude channels where 
flows reverse temporarily. Similarly, only well-defined channels may be deemed to 
have a bed and bank, but not many minor channels transporting thin rivulets of water.  

 Channel  ⊑ (≤2end.Interface ⊓ ≥2end.Interface) (A1) 
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Interface. An interface is a conceptual abstraction to represent “transition” locations 
at the end of channels or on the boundary of depressions. The most common use of 
the interface class will be to represent the two ends of a channel. While axiom A1 
restricts that a channel’s end can only be an interface, axiom A2 further restricts the 
interface to be the end of only a channel, and nothing else. An interface that 
represents the physical merger or bifurcation of channels, or the merger of a channel 
and depression, is a Junction (A3). When an interface represents the end of just a 
single channel, or a junction between a channel and a depression, it can be thought of 
as the cross sectional 2D planar area through which flow would enter or exit the 
channel. An interface (junction) involving three channel ends will always be a vo-
lume, since channels are assumed to have some depth. A channel can have only two 
interfaces, at each of its two ends, but a depression can have any number of interfaces, 
including none at all, as specified later (A7). Note that axioms A1 and A3 together 
also imply that a channel is atomic, in that it cannot contain another channel (i.e., no 
sub-channels are possible).    

 Interface ⊑ ∀endOf.Channel (A2) 

 Junction ⊑ Interface (A3) 

Depression. A depression is a concavity in the earth’s surface that is surrounded by 
higher ground all around and which can contain water by virtue of its shape and ma-
terial surface. Depressions can be as large as ocean basins or as small as holes found 
in a channel bed. A depression is defined as being spatially enclosed by or having an 
upper bound marked by its rim (A4). The rim is the highest elevation line (a contour) 
that encloses the depression. Functionally, the rim denotes the level below which 
water can stay contained in the depression without overflowing. Formal specification 
of this definition of rim would require specification of multiple mathematical and 
spatial concepts, and is beyond the scope of this simple pattern. A depression also has 
the property of having exactly one pour point (A5), which marks the lowest location 
from where water would exit naturally if the depression was maximally filled, up to 
the level of its rim. The pour point is at the same elevation as and touches the rim (not 
formalized in OWL). A depression must also have a surface so that it can support a 
water body (A6). This means that this pattern allows only those individual depres-
sions, whose surfaces allow containment of water bodies to be members of this class. 
Finally, the meetsInterface property is used to specify that a depression is connected 
to other channels, the outside region, or in rare cases, to another depression, through 
only interfaces (A7). As illustrated in Fig. 1, the pourPoint property is also declared 
as a subproperty of meetsInterface, since it must connect the depression to an inter-
face which will then connect to other features or the region outside of the depression. 
The pour point is always on the rim, but interfaces with some channels which bring 
inflow may be on the rim or below it inside the depression (not formalized in OWL). 

 Depression ⊑ (≤ 1rim ⊓ ≥ 1rim)  (A4) 

 Depression ⊑ (≤1pourPoint ⊓ ≥1pourPoint) (A5) 

 Depression ⊑ (≤1surface ⊓ ≥1surface)   (A6) 

 Depression ⊑ ∀meetsInterface.Interface  (A7) 
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3.3 Wet Module Semantics 

The Wet module reuses the classes of the Dry module to specify the semantics of 
surface water flow and collection in channels and depressions, respectively. There are 
three classes in the Wet module: fluence, stream segment, and water body. Instances 
of the latter are always contained by the channel and depression, respectively, while 
fluences may be contained in interfaces, junctions or channels.  
 
Fluence. A fluence is the transitional water entering or leaving a stream segment or a 
water body. For stream segments within channels, the fluence can be either within a 
channel interface if flow starts or ends at the channel end, or outside the interface and 
within the channel, if flow starts or ends not at the end, but within a channel some-
where. For a water body, the fluence can either within be the interface to a channel or 
inside the depression containing the water body. The fluence class is further specia-
lized through three (pairwise disjoint) subclasses: influence, exfluence and confluence  
(A8-A10) to capture all the ways flow can start or end for a stream segment or enter 
or exit from a water body. The influence is the source, the exfluence, the sink, and the 
confluence can be both the source and sink of (different) stream segments or a stream 
segment and a water body. The confluence is a type of fluence signifying water merg-
ing or transitioning from one stream segment into another stream segment or water 
body, or from a water body to a stream segment. It is always contained within the 
junction of channels, since stream segments must exit a channel to meet other stream 
segments (A11). If the stream flows through the entire channel, then the influence and 
exfluence are contained in the interfaces at the end of the channel, otherwise they are 
contained within the channel somewhere (A12-A13). Note that axioms A8-A13 do 
not specifically preclude the fluence classes from being re-used to cover non-
channelized flow semantics. However, this pattern was designed to focus only on 
channelized flows, and broader than intended interpretation of the semantics is not 
recommended. 

 Influence ⊑ Fluence (A8) 

 Exfluence ⊑ Fluence  (A9) 

 Confluence ⊑ Fluence (A10) 

 Confluence ⊑ (≤1containedBy.Junction ⊓ ≥1containedBy.Junction) (A11) 

Influence ⊑ (≤1containedBy.Interface ⊓ ≥1containedBy.Interface) ⊔        
(≤1containedBy.Channel ⊓ ≥1containedBy.Channel) (A12) 

Exfluence ⊑ (≤1containedBy. Interface ⊓ ≥1containedBy.Interface) ⊔     
(≤1containedBy.Channel ⊓ ≥1containedByChannel) (A13) 

Stream Segment. A stream segment is contained (and flows) within the channel 
(A14). Every stream segment has two flow related properties: a source and a sink 
(A15-A16), which mark the inflow and outflow ends of a stream segment. Flow as a 
process is too complex to be explicitly formalized in OWL. Instead, it is implied indi-
rectly as directed from the source to the sink. Stream segments can only meet at a 
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confluence. Note that multiple sources and sinks of merging or diverging streams are 
all ‘resolved’ to the same physical confluence within the junction that contains it. The 
use of source and sink properties prevents the unrealistic situation of multiple coinci-
dent fluence and interface entities, when stream segments meet. If a stream segment’s 
source receives water from another stream segment or water body, a source will be a 
confluence, or if the source is neither a stream segment or water body it will be an 
influence, but never an exfluence (A17). Similarly, a stream segment’s sink can never 
be an influence, and only either a confluence (if the stream segment loses water to 
another stream segment or water body) or exfluence, otherwise. The axioms do not 
preclude the possibility of more than one stream segment contained in a channel, if a 
stream segment does not flow end to end, but it should be a rare possibility, if at all.  

 StreamSegment ⊑ (≤1containedBy.Channel ⊓ ≥1containedBy.Channel) (A14) 

 StreamSegment ⊑ (≤1source ⊓ ≥1source)   (A15) 

 StreamSegment ⊑ (≤1sink ⊓ ≥1sink) (A16) 

StreamSegment ⊑ (≤1source.(Influence ⊔ Confluence) ⊓                                         
≥ 1source.(Influence ⊔ Confluence)) (A17) 

StreamSegment ⊑ (≤1sink.(Exfluence ⊔ Confluence) ⊓                                          
≥ 1sink.(Exfluence ⊔ Confluence)) (A18) 

Water Body. This class represents a standing collection of water contained within a 
depression (A19). The water is contained due to the (impermeable) depression surface 
and between the depression’s surface anywhere up to the rim of the depression.  
Every water body, therefore, has a shoreline (A20). The shoreline achieves the highest 
level of the rim only when the depression is full (e.g. a full lake basin), otherwise the 
shoreline is at a lower level (typical in arid areas). This relationship between the 
shoreline and rim is not specified explicitly in OWL because it would need more 
complex axioms and incorporation of too many extra mathematical and spatial prop-
erties and entities. A water body meets stream segments that flow into or out of the 
water body. The meetsFluence property specifies that a water body connects to other 
bodies of water only through fluences (A21). If the water body fills a depression 
completely, it has an outlet, otherwise not (A22). The outlet can be either a conflu-
ence or exfluence (A23). It will be considered a confluence if the water body flows 
out to form a stream segment contained in a channel. Otherwise, if the water body 
loses water through the outlet in such a way that no sustained stream segment and 
channel are found connecting to the interface representing the pour point, then the 
outlet is considered to be an exfluence. A water body may have any number of inlets, 
including none at all, depending on how many stream segments or other discrete 
sources (e.g., underground springs) introduce net inflow into the water body. If an 
inlet exists, then it is a confluence if the inflow is from a stream segment in a channel, 
or an influence if its flow is not confined in a channel (A24). As shown in Fig. 1, 
outlet and inlet are also subproperties of meetsFluence because the inlet and outlet of 
a water body will always be represented by a fluence.  
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 WaterBody ⊑ (≤1containedBy.Depression ⊓ ≥1containedBy.Depression) (A19) 

 WaterBody ⊑ (≤1shoreline ⊓ ≥1shoreline)  (A20) 

 WaterBody ⊑ ∀meetsFluence.Fluence (A21) 

 WaterBody ⊑ ≤1outlet (A22) 

 WaterBody ⊑ ∀outlet.(Exfluence ⊔ Confluence) (A23) 

 WaterBody ⊑ ∀inlet.(Influence ⊔ Confluence) (A24) 

3.4 Discussion 

The Surface Water pattern was designed as a minimalist ontology modeling, and 
should not be expected to address all possible surface water types and cases. The de-
signed classes cover a limited set of categories that are likely to be widely, if not un-
iversally, shared by most people. These categories are only supposed to serve as basic 
building blocks, similar to foundation ontology categories, for more specialized and 
context dependent categories. For example, semantics of braided streams may require 
a more complex channel type to be introduced. Wetlands (e.g., marsh, swamp, fen) 
forming over permeable lands and/or not contained in depressions may be modeled as 
another unrelated pattern, or as an extension to this pattern (e.g., as a special type of 
water body that supports substantial vegetation and/or is characterized by certain soil 
types). This pattern is also not designed to support semantics of processes that lead to 
changes in the physical properties of surface water features due to action of water 
contained inside. However, the pattern’s classes should be able to describe the in-
stances of surface water features at different times or stages of evolution, which will 
allow sharing information about the spatiotemporal behavior (albeit only in terms of 
snapshot states) of specific features and/or geographic areas where the features are 
located. 

4 Applications of the Surface Water Ontology Pattern 

4.1 Aligning Geo-Databases and Annotating Mapped Features 

The Surface Water pattern has theoretical value as an encapsulation of fundamental 
domain categories and properties. The pattern is also an ontology for the Semantic 
Web, and a practical guide for making hydro-GIS datasets interoperable at a genera-
lized level. Surface water features get represented in different ways in geospatial da-
tabases depending on intended use. A primary use of this pattern would be to make 
databases interoperable by interpreting the features as instances of the basic categories 
of the Surface Water pattern. As an example, Fig. 2 shows mapped representations of 
real world surface water features for a small study area. The left diagram in Fig.2 
maps instances of Dry module classes, and the right diagram maps instances of the 
Wet module classes for the same study area. In this example, all depressions contain 
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water bodies, and all junctions contain confluences. However, not all channels contain 
stream segments, and not all interfaces contain fluences. All fluences are confluences, 
except one which is an influence that can be inferred by visual comparison of the left 
and right diagrams to be located not within the interface at the channel’s end, but 
within the channel itself. This implies that the stream segment does not fully traverse 
the channel end to end, but instead has a source starting somewhere downstream from 
the upper (flow) end of the channel. This example, thus, clearly underscores the im-
portance of distinguishing between spatially overlapping instances of different surface 
water feature categories. 

 

Fig. 2. An example of how surface water features can be described and mapped as instances of 
classes defined in the Dry (left) and Wet (right) modules of the Surface Water pattern 

4.2 Querying Geo-Databases 

A quick test of practicability is to check if the pattern is useful in answering the com-
petency questions listed in Section 2. The queries listed below confirm and show how 
the pattern can be used to construct domain queries using terms (italicized below) 
corresponding to the pattern’s categories and their properties. The returned features 
can be references to instances of surface water features shown above in Fig. 2.  

Q1. “Find all water bodies which are containedBy depressions whose rims are 
completely contained within the spatial extent of region X.” 

Q2. “Find all stream segments whose sinks are confluences with any stream 
segment with name X.” 

Q3. “Find all stream segments whose sources and sinks are confluences contai-
nedBy junctions that are interfaces with a depression.” 
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Q4. “Find all channels with junctions which contains confluences with the water 
body named X.” 

Q5. “Find all stream segments having confluences with water bodies that do not 
have an outlet.” 

As can be seen, semantics related to both bodies of water and their containing  
landforms are needed to correctly frame the queries. To make these sorts of queries 
possible, especially on the Semantic Web, we are also developing software to convert 
hydro-GIS datasets into RDF triples (standard graph data model for the Semantic 
Web), which can then be queried using the GeoSPARQL14 semantic query language. 
Fortunately, the GeoSPARQL ontology also offers built-in support for geospatial data 
querying, as will be needed for most surface water datasets. There are, obviously, 
many other questions of interest for the domain that are not answerable with this sim-
ple pattern, and many complex geospatial queries that cannot be handled by GeoS-
PARQL. Also, data on “dry” stream channels and depressions are not as common as 
datasets that map only streams and water bodies. Establishing topological connections 
to find junctions and fluences, and distinguishing the types of fluences based on flow 
direction is only possible with advanced geospatial data models. 

5 Integration with Other Ontologies  

Several sources informed the design of the Surface Water pattern. The formalization 
of voids in hydrogeology [12] was identified as a mid-level foundational ontology 
before subsequently designing the Surface Water pattern, especially because it forma-
lizes the container schema, and is itself aligned with the DOLCE foundational ontolo-
gy [23]. However, it presented some immediate problems due to formalization in 
Common Logic and a focus on hydrogeology. These are not insurmountable issues, 
but still prevented a quick alignment process. Additionally, the immediate goal of this 
work is to integrate the Surface Water and Surface Network patterns since the latter 
addresses surface flow semantics not encoded in the former. The Surface Network 
pattern is unlikely to integrate well with the ontology of hydrogeological voids [12], 
which is another reason for not yet investing in alignment with the ontology of voids. 
In the following paragraphs the discussion is focused on the Surface Network pat-
tern’s utility as an abstract and reusable surface water domain ontology. 

A surface network mathematically describes the global spatial shape of a  
(twice differentiable, smooth) surface in terms of a topological network of critical 
points (peaks, saddle points, and pits) and lines (ridge, course, slope, and contour 
lines), which together provide a generalized representation of the global surface shape 
[4, 25, 27]. The theory also includes two types of areal districts, hills and dales, which 
are bound by course lines and ridge lines, respectively, and exhaustively partition the 
surface into morphological parts, independent of each other. Three other areal feature 
types can be recognized, although only implicitly referred to in the literature: territory 
(area of overlap between exactly one hill and one dale), hilltop (enclosing area around 

                                                           
14  GeoSPARQL: http://www.opengeospatial.org/standards/geosparql 
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a peak down to the contour of the highest saddle point connected to the peak via a 
ridge line), and basin (enclosing area around a pit up to the contour of the lowest sad-
dle point connected to the pit via a course line). Surface networks offer a discrete, 
feature based abstraction of surfaces, which themselves lack searchable objects. This 
inspired the design of the Surface Network and the Geospatial Surface Network pat-
terns, the former for topological abstractions of the surface, and the latter extending 
the former with support for metric geospatial surfaces. The two patterns are available 
as OWL ontologies15, 16 and detailed in another manuscript [30]. 

These patterns are relevant to surface water semantics and are mentioned here be-
cause they formalize surface shape semantics. Intuitively, the earth’s surface already 
provides the potential for surface water collection and flow. Water flows along chan-
nels under the influence of gravity, collects and flows along lines of steepest descent, 
often forming well-developed stream channels, and at other times just downhill any-
where on the surface, as during a rainfall event or a flood. Areas that drain together to 
a pit or basin form drainage basins (i.e., watersheds), and are bound and demarcated 
by drainage divides (i.e., ridges). Water naturally flows toward the lowest points 
available in a drainage basin, where it starts to collect and fill basins, which are the 
lowest areas around the pit within the drainage basin. 

Keeping the above statements in mind, it emerges that if the earth’s surface is ab-
stracted as a surface network, its shape elements will easily capture the above seman-
tics, albeit at an abstract level. Some shape elements correspond closely to categories 
of the Dry module of the Surface Water pattern, and some others capture additional 
surface semantics. For example, a surface network basin would be equivalent to a 
depression, the pit will model the lowest point in a depression, the pale will corres-
pond exactly to the pour point of a depression, and the contour passing through the 
pale would be the rim of the depression. Surface networks also add concepts of drai-
nage basins (dales) and drainage divides (ridge lines) missing in the Surface Water 
pattern, and course lines which abstract locations where water flows consistently, and 
therefore are conceptually quite similar to channels. The Geospatial Surface Network 
can be used to conceptualize hydrological stream networks, and non-channelized 
overland/sheet flows of water—semantics which are missing from the Surface Water 
pattern.  

The reason for designing a Surface Water pattern, separate from the Surface  
Network pattern is that the mathematically abstract surface network elements do not 
correspond perfectly with the features of the real world. Because course lines must 
extend strictly between saddle points to pits, only a subset of flow channels can be 
made to correspond to course lines. Also, course lines technically never meet, so 
channel junctions cannot be modeled without making some theoretical adjustments to 
surface network theory. Furthermore, because pits and basins are often generalized in 
dry land focused digital elevation models, pits, depressions and the pales and channels 
connected to them practically never get recognized as part of surface networks. Still, 

                                                           
15 Surface Network OWL pattern URI:  
   http://purl.org/geovocamp/ontology/SurfaceNetwork 
16 Geospatial Surface Network OWL pattern URI: 
   http://purl.org/geovocamp/ontology/GeospatialSurfaceNetwork 
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there are some benefits to using the Surface Network pattern as outlined above, and 
their possible integration into a larger pattern. The authors are currently planning to 
address the integration and re-evaluation of both patterns in a future GeoVoCamp 
workshop. 

6 Conclusions 

Ontology patterns allow us to specify our concepts in knowledge modules and force 
us to extract the most essential concepts of a domain. The Surface Water pattern was 
created at a GeoVoCamp, by domain experts and knowledge engineers. The pattern 
follows general design principles and includes only highly generalized categories 
based on physically observable characteristics. Since the pattern is simple and forma-
lized in OWL, it can be used on the Semantic Web to share surface water feature  
datasets. The pattern should be easily reusable in different domains to annotate and 
implement semantic querying of surface water feature datasets. It can also be used to 
implement GIS data models that would be compatible with the naïve geography  
approach to GIS design and querying. As discussed above, the pattern is useful for 
intuitive querying and mapping of terrain and hydrographic GIS datasets.  

The Surface Water pattern is abstract to be generalizable. On the other hand, that 
also means that it must be combined and or extended with other topography related 
ontologies, and also aligned with other foundational ontologies, to help realize its true 
potential. In that respect, the separation of the Dry and Wet modules is well suited 
conceptually to link and develop specialized ontologies for terrain and surface water 
in tandem. The Dry module should be specialized to add surface water semantics 
pertaining to morphology (e.g., size, shape, topology) and terrain composition (e.g., 
based on types of rocks, soils, vegetation), while the Wet module should be specia-
lized to capture categories and properties related specifically to hydrologic characte-
ristics (e.g. flow volume, flow frequency, source, and quality). Finally, it should be 
noted that although this pattern is designed and discussed for surface water semantics, 
it should be usable for modeling basic semantics of flow possibility of other liquids 
(e.g., polluted plumes, lava flows) on terrain or other physical surfaces, including that 
of other planets. 
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