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Abstract

This paper discusses the application of remoteisgresnd geospatial information systems
(GIS) in the management of water resources. Assuaed applications are diverse in a
hydrologic community,a common data modelthangsfihe structure, semantics and syntax
of the database is crucial. This paper ad opts acemtual hydrologic data model to create a
water resources database. The conceptual data nwa@®translated to a relational database
structure and implemented using sample hydrologitadets from parts of Nigeria and
proprietary GIS software.
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I ntroduction

The crucial role of water in accompishing the samionomic goals and environmental
needs of a community is widely recognised. The cAfii countries, for instance, have a
shared vsion of a society “where there is an &at and sustainable use and management
of water resources for powverty alleviation, sodor®mic develbpment, regional
cooperation, and the environment”. Sustainable watsources are needed to meet man's
increasing water needs for drinkihg and sanitationd and energy security, ecosystem and
biodiversty, among myriads of other needs.

However, the most endangered “species” today is eovironment (hcludng water

resources) because recent interacton of man \gitimmediate envronment has been that of
“geting what | need from the land” attiude withogving a thought to what happens
thereafter. The “natural world” is now in great fich with the “human-managed world”,

resutting in unsustainable natural resources. Thesept state of our ecological regions,
especially in Nigeria (where there is a remarkablddence of progressive change of the
rainforest into savannah grassland), s the coesegquof defintive occurrence n our socio-
economic environment, which encourages depletion tteése wvery important resources
without appreciable plan for their replacement.

If we must guarantee the future, there is therefane urgent need to protect the fragie

environment with its vital strategic resources sashwater, soi, and biodiversity (Skouri and
Fezzani, 2002).
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Findng optmum soluton to these problems requiiecessible and adequate geospatial
information to know, appreciate and resolve whahappenng in the ecosystem, which can
be achieved through a spatial data infrastruct@BI) at national, regional and global levels.

Parts of the essental tools for ths are RemotesiBg and GIS technobges, which are the
focus of this paper. The paper discusses remoteingeas a data acquistion tool for GIS

applcation n water resources management and nieese database structure for achieving
this.

Remote Sensing as DataAcquisition Tool for M anagement of Water Resources

Remote sensing is the science of measuring the edgonand thematic properties of objects
in the environment without coming n contact witicls objects, using various devices carried
in the air or space. The major medum of contactvehice of communication is the

elkectromagnetic energy. It enables an instantaneieus of very large regions of the earth's
surface thereby making it possible to learn moreutalthe physical structure of the earth's
crust, to assess and monitor water, forests, cropserals, etc. and to predict some
phenomena (climate, desertification, harvests).efethough aerial camera can also be used
to view and record the earth scene (.e. aeriatogtaphs), however, only satelites gve a
gbbal, systematic and repetitive vision of largetp of the earth.

For example, Landsat satelie colects and arshhve vast quantity of high-quality

mulispectral data each day, which enables us taitanoagricutural productivity, urban

growth, and land-cover change, as wel as wolcanagscier dynamics, and coastal
conditions and providing data needed for oil, gasd mineral exploraton. Whie NASA's

other EOS instruments: Moderate Resolution Imag#gectroradiometer (MODIS) and

Mult-angle Image Spectroradiometer (MISR) acquirequent, coarse views of land-cover
change, the spectral resolution of data from théaBoed Thematc Mapper Plus (ETM+)
instrument on Landsat-7 allows researchers to rdeterthe actual causes of observed land-
cover changes (NASA, 2002).
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Applications of Remote Sensing
These can be grouped into the following five bragglications:

Exploration and updating of the inventory of ndturasources (geology, hydrology,
land cover, mneral and oil exploration, efc.)
Surveilance of dangerous natural actviies or npheena: seismology, volcanology,

floods, droughts, efc. (e.g. Fiy 1

197: 198;

199; 2001

Fig. 1: Monitoring the gradual disgppearance of Lake Chad (Source: Kufoniyi et al.,

Detecton of lneaments, faults and fractures fondewwater recharge site
identifcation (Figure 2)

Observaton and monitoring of the natural and m#uwenced ecological processes
(agricutture, forestry, grazing, land use, hydrplgya oceanography, fuel, wood
management, etc.)

Detection and forecasting of the evolution of pheswa associated with climatology,
soll erosion, pollution, desertfication, etc
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Fig. 2: Detection of lineaments, faults fractures for underwaer recharge site
identification. Some Characteristics of Satellite Sensors (Source: Kufoniyi et al.,2003)

Tabke 1 shows the list of some sensors with thetia resolutions while Table 2 shows the
general appications of different spectral bands.

Table 1: Saellite Sensors and their Spatial Resolution (Source: K ufoniyi et al., 2003)

Sensor Ground Resolution (m)
Landsat MSS (185 by 185 km) 80
Landsat TM (185 by 185 km) 30
SPOT XS (60 by 60 km) 20
SPOT PAN (60 by 60 kr 1C
SPOT 5PAN 2.5
SPOT 5 XS 20
ERS SAR (100 by 100 km) 30
Japanese JERS-1 (SAR & OPS) (75 by 75 km) 18 by 24
European MOM-02 X S 13.E
European MOMS-02 PAN (HR) 4.5
Indian IRS 1B LISS-1 36
Indian IRS 1B LISS-2 72
Indian IRS 1C LISS PAN (70 by 70 km) 10
Russian KFA-1000 (80km by 80 km) 510
Russian TK-350 (190km by 280 km) 7-10
Russian MK-4 (160 by 160 km) 10
Russian KFA-3000 (27 by 27 km) 2-3
Russian KVR 1000 1-2
NigeriaSat 1 (600 by 600 k 32
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Table 2: Satellite Spectral Bands and Applications(Carlo, 1988)

Channe | Nominal Centrad | Nominal Spectre
(Basic) | wavelength fm) | Band m) Applications
VIS 0.6 0.635 0.56-0.71 Good for cloud detegtibud tracking scene

identification, aerosol observation vegetation ruing.

VIS 0.8 0.81 0.74 - 0.88 For cloud detection, dlotacking scene identffication,

aerosol observation, vegetation monitoring.

IR 1.6 1.6 1.50- 1.7¢ Discriminates betw een snow and cloud, ice and v
clouds and gives aerosol information.

IR 3.9 39 3.48- 4.3¢ Good for low cloud, fire and fog detection; measueat

of land and sea surface temperature at night.

IR 8.7 8.7 8.30- 9.1C Aid in quantitative information of thin cirrus clds and

discrimination between ice and water clouds.

IR 10.8 10. 9.8(-11.8( For measuring of earth surface and cloud

total preciptable water vapour over sea.

temperatures. Aid in detection of cirrus and infieee of

IR 12.0 124 11.¢:13.0¢ For measuring of eartsurface and cloud tc

total precipiable w ater vapour over ¢

temperatures. Aid in detection of cirrus and infieee of

For Air mass
uv 6.2 6.2 5.35- 7.1¢ For observing water vapour and winds as beingeap,
in the current MTP.
uv 73 7.3 6.85- 7.8¢ For observing water vapour and winds as beingeap,
in the current MTP.
IR 966 97 9.38- 9.94 For tracking of ozon
IR 13.4 134 12.40-4.4C CO; absorption channel. To give vertical tempera
profiles.
HRV 0.7% 0.5- 0.€ Limited daa

GIS and Water Resources M anagement

As discussed earlier, there is a rising concerm the degradation of the envronment, and
subsequently, this has resuited n increased &@sear the identfication of mitigatng factors
and study of environmental problems. Unfortunatetych of this work has been speculatve
and theoretcal and, at least until recently, natll véupported by adequate GIS databases.
This can be attributed to bck of adequate knoveledfy the potential of GIS technology as a
tool for envionmental application; hence, its ubefss has not been fuly realised until
1990s. Howewer, this stuation is changing: in fgdréo a rapid rise in the quantty of data
colected through the processes discussed in 1Be@o massive changes in technical
capabiity has facitated the dewvelopment of GI& Hande the dversity of nformation
involved (Mounsey, 1991).

Water resources management requres multi-spatialti-temporal and multdisciplinary

data, thus, the development of a functional GIS thd be relevant to these applications will
certainy requre a wellstructured geospatal lhiate. Various environmental data from
dverse sources and resolution, designed for effeipurposes and in a varety of formats,
can be easiy integrated n a GIS to derve erwviamal information for water resources
management. For large databases such as thosedneedeater resources management,
remote sensing wil be the sole data acquisiidosygiem. In this case, the GIS software
should preferably be raster-based, which usualye hanodukes that perform the various
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processes indicated in figure 3. The initial inputdo the system are the relevant satelite
images on CCT and ground control points (GCP) fp-geferencing.
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Fig.3: Process M odel in aGIS with Remote Sensing Data Acquisition (K ufoniyi, 1998)
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In a geospatial community such as hydrology, ussend their intended applications are very
diverse. As a result, data colected and structuredan appication-specific way is aWways

difficult to re-use. A common data model that dedinthe structure, semantics and syntax of
the database (ie. entiies and associated a#ésipuis an imperative tool in a geospatial
community to ensure interoperability of data.

A Data M odel for Water Resources Application
4.1 Hydrologic Data M odel

Figure 4 depicts a hydrologic data model that can be useda bgydrologic communty to
abstract water resources information in a GIS.

Drainage Hydro

Network Junction sy

belongs to Observation Wetland

Site

Hydro
Point

Catchment

Hydroline represented as represented as

represented as
represented as P represented as

represented as /
Line Object Point Object Area Object
defines left right

i nd

defines part of
has_

Part of

Fig. 4: Hydrologicspatial data model (Aboyeji, 2006)

represented as

The conceptual hydrologic data model recognsesethiypes of terrain objcts — point, ine
and area objects. These, the hydrologic featureichwhre instances of the object types,
together with the geometric primtives (arc, nodertex and lne segment), which determine
the geometry of the objects, are depicted in elipin the model diagram (Figure 3). The
instances are linked to the terrain objects by amwa indicatng a many-to-one relationship
in the direction of the arrow. The geometry of tbigiect types are described by their linear
characteristics using two topologic primitves —deoand arc. A node is a point location
defined by x, y coordinate pair on a planar map.iné segment is formed by a non-looping
link between two vertices. Chains of two or moratiwes (polylnes) form an arc. An area
object is formed in the enclosure formed by clopedlines (polygon).

In the model, a node may represent a point objsctvall as part of the geometry of line and
area objects. However not all nodes play theses.rolSome nodes define only point objects,
while others only defhe the geometry of line an@aaobjgects. For line and area objects, the
nodes and vertces contain the location informatimhie the shape information can be
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derived from the arcs and line segments of the ctbj@he segments are inked to the
line/area objects through the arcs (one or more degments form an arc). Two arcs may
intersect at a node such as water line confluenode n(HydroJunction). An arc can play a
dual role of forming part of a lne objects or bdary between two area objgcts, or both. The
geometry of an area object is given by the polyfmmed by the chains of arcs around it.
Partitions of area objcts are separated by dbeares, which have one area obgct at the
right side and another area object at the left heidd. See Aboyeji (2006) for full details on
the conceptual hydrologic data model.

The entity-relationship (E-R) diagram for the modelpresented in Figure 5. Entity names
are in the top of the box wih their attribute mf@tion below them. Reltionships are shown
by pointed arrows (indicathg a many-to-one linipdyin the direction of the arrow) and non-
pointed arrows (representing a one-to-one reldtpnsbetween the entites). Figure 6
ilustrates the entties depicted n the Entity ekRionship diagram.
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1 Fhyckho Line Ty 1 |tame
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Fig. 5: Entity-Relationships diagram for hydrologic data (Aboyeji, 2006)
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Fig.6: Typical hydrologic spatia objects

The Logica Data M odel

In geospatal database design and implementatidier ahe terrain situaton have been
conceptualised and modelled, the next step is mslaton of the data model into a logical
data model. A logical data model is the databasectste that can be used to represent the
data in an information system. Examples incudewwegt data structure, hierarchic data
structure, relational data structure, object-refati data structure, object-oriented data
structure, etc (Date, 1990; Burrough, 1986; Kufiori®95). For this work, the relational data
structure was used to implement the hydrologic datalel presented in sub-section 4.1.

In a relational data structure, the data are osgahnin the form of relations (tables). Each
table consists of tuples (rows or records) andbatés (coumn or field). The rows contain
values related to a particular entity. The intetisacof each row and column in the table
contains an attrbute value relating to a particulacord. For further detais on relational
database modeling and the normalsation approashe Date (1990). In this paper,
normalisation was restricted to the first normainfo(1INF).

The conceptual data model and the Entty — Rellipnwere translated into the hydrologic
relatonal data structure indicated in figure 7. Gwe an exampk of the implementation of
the structure in this paper, seven tables were tedegtable was not created for the
‘DrainageN etwork’ in the diagram as is attributese derivable from the aggregation of
tables ‘HydroLine’ and ‘HydroJunction’; also atutes of the enties ‘HydroDataTypes’,
‘Hydrodata’ and ‘HydroSite’ were combined in theblea ‘Observationsite’).
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Figure 7: HydrologicRelationd Data Structure (Aboyeji, 2006)

OBSERVATIONSITE (ObservationID, SiteName, Variable, SitelD, Obaéion, Units,
DateTime, ObservationType, Timelnterval, InstrumEstabDate, LatitudeN, Longitude E,
MaintainingAgency, State)

HYDROJUNCTION (JunctionID, Name, HydroLinelD, SitelD)

HYDROLINE (HydrolinelD, HydroLineType, Name, Siteld, Maing&iM.engthKm, Order)
HY DROPOINT (SitelD, Pointname, PointType, JunctionID)

CATCHMENT (CatchmentlD, Name, HydroLinelD, AreaSqKm, SitelD)
WETLAND(WetlandID, Name, WetlandType, HydrolinelD, Area8K

HYDROBODY (HydroBodyID, Name, BodyType, SitelD, AreaSqKm)

In the structure, table names are in bold upperecasdgth the table’s attributes within
parentheses and the primary keys underlined.

Implementation of Hydrologic Spatial Data M odel

It is impossible to implement the hydrologic dataod®l in Figure 4 n most of the existing

proprietary GIS software. This is because the madeiceptualises the spatial objects (point,
line and area objects) as occurring in an intedrateanner as it s in the real world (that is,
point, ine and area features are captured ancepies in a single integrated spatal layer in
the computer system). In the existing software loa other hand, terrain objects are captured
in separate point, line and area layers. Moreowabjects belonging to the same geometric
types are often further segregated into differamteds. These are then overlaid to have them
vewed and analysed as occurring in space. Thidhdsapproach adopted for this work, using
ArcView 3.2a — a GIS software with layered dataicttre.
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System configuration (Hardware and Software)

To implement the hydrologic data model, a compstigstem and relevant software were used
for data acquisition, data management and infoonagiresentation in an integrated manner.
The computer system consisted of Pentum IV prawesgith 256MB RAM, 40 gigabyte
HDD, ful mulimedia and other perpheral deviceEhe software component consisted of
Microsofts Windows XP Operating System, Microsditffice 2003, ArcView 3.2a (vector
GIS - for data analysis) and ILWIS 3.0 (raster GI%r image processing).

Input data

The input data for the work consisted of an anaodwdrological base map of Yobe
Dranage Basin and hydrological observation datachsuas runoff, rainfal and
evapotranspration data. These are analogue bitoridata colected at hydrologic
observation sites within and around the basin.

Database creation

Using River Yobe drainage basn in northern Nigeda a case study, a sample spatial
database of the basin was created. The terrairctebj@ere digitized into distinct point, ine
and area layers. The point layers consist of HydimiP HydroJunction and ObservationSie;
whie the ine layer consists of HydroLihe. The aréayers consist of Wetland, Waterbody
and Catchment. (The aggregaton of HydroPont, KHjdncton and HydroLine form
DrainageNetworks). Each of the spatial features vgd®&n unique identification numbers
(ID) in the geo-table generated by the system.

Results of sample queries applied to the Y obe Bésidrologic database

The whole essence of buiding a database sucheadhyitirologic database is to put in place in
an enterprise, a central pool of data that can dmessed and shared by multple users. Each
user extracts specffic portion of the stored data dpecific application. In other words, a
specific data can be extracted concurrently byedifiit users for different uses. To extract
information from the database, the Structured Qukanguage (SQL), a comprehensive
database language s commonly employed. The SQLliegquposed by the users are executed
by the Relatonal Database Management System (RDBM&tware such as Microsoft
Access, Orack, Ingres, etc. Microsoft Access wasdufor this work. For the Yobe Basin
hydrologic database, the following queries wereegdodo extract specific information from
the database:

Query 1: This query was posed to select observation dadan fa particular hydrologic
observation site (Yau) for a year. The SQL commandtax (Microsoft Access version) is

Select(DateTime, Observations, Variable, Unit, SteNaMajntainingAgency)

From ObservationSite

Where ObservationSite'Year ([DateTime])=1963 AND ‘ObsdioaSite’([SiteName])
=Yau’

For the system to realse this query, it selects tbquired data from columns: DateTime,

Observations, Variable, Unit, SiteName and Maiimgikgency, from table ObservationSie.
The information selected fuffls the condtions sfied in the ‘where’ portion of the syntax.
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That &, the system selects the data that has ticete= ‘1963 in table ‘ObservationSie’
under column ‘DateTime’, and which variable type ¢olumn ‘Variable’) of the table is
'Stage Height' ; and site name (in column ‘SiteNsm of table ‘ObservationSie’ is ‘Yau'.
See figure 8 for the resul.

Query 2: This is a spatial query made in the ArcView 3.2apbc user interface (GUI) to
select all hydrologic observation sites that falhm Kano State. Result is shown in Figure 9.

’:.!' Stage height records of River Yobe at Yau for 1963
iseryain Dapima Vit S 2 Maewiarsaploavicy

f 5100000 1963-04-03 00:00:00 : Stage Height Feet “r'al K.ano State Water & Engin. Agency d
5000000  1963-04-04 00:00:00 : Stage Height Feet ¥ au Kano State Water & Engin. Agency © |
5000000 § 1963-04-05 00:00:00 : Stage Height Fest ¥ au Kano State W ater & Engin. Agency
4320000 ; 1963-04-06 00:00:00 : Stage Height Feet au K.ano State W ater & Engin, Agency
4300000 ; 1963-04-07 00:00:00 : Stage Height Feet au K.ano State W ater & Engin, Agency
4.900000 : 1983-04-08 00:00:00 : Stage Height Fest r'au F.ano State \wWater & Engin, Agency
4900000 £ 1963-04-09 00:00:00 : Stage Height Feet r'au F.ano State ‘water & Engin, Agency
4.900000 £ 1963-04-10 00:00:00 : Stage Height Feet au F.ano State Water & Engin. Agency ;l

L] »

Fig.8: Stage heightrecordsof River Yobe a Yau for 1963

Hydrological Network of the Yobe River Basin

Il Hydrobody.shp
s ObservationSite.shp
\/ Rivers
S Kano State
Catchments
Challawa
Gana (Misau)
Hadejia

Jekara
Jemari (Bunga)
Kano

[ Katagum

[ watari

100 0 100 200 Kilometers
P

Fig. 9: Result of query showing hyd %Iogic observation stations in Kano State



Contribution to Knowledge

Advances in science and technology in recent tifm@ge resuted in a significant ncrease in
the volume of and quantty of water resources ddthe task before policy makers and
researchers now is how to employ the data to alewvater related crises that face man and
his environment. GIS technology offers a spatienfework to support decisions for the
inteligent use of earth’'s resources and to mandge man-made environment. The
development of a functional GIS to integrate andlyse disparate datasets require a well-
structured geospatial database. Whie generic datalels are available in GIS lterature, a
dedicated vector-structured generic data model wdthaccompanying database structure has
been kcking. The hydrologic data structure presegrih this paper provides a generic tool
that any hydrologic community can use to capturd store water resources datasets in a GIS
database.

Conclusions

Remote sensing provides a rapid inventory of nanesources on the earth’s surface, which can
then be extracted, processed, stored, analysaigvest and presented in various forms with the
ad of GIS technology. When properly implementeteréfore, remote sensing and GIS
technobgies can faciitate a rapid sustanableeldpment of the country and an efficient
management of the natural resources and envronraetite national and regional level.

The design and impkementation of a generic vecdseld data structure were presented in
this paper with examples of information that can deived from the database. Whie the
designed hydrologic data model supports the ntegraof objects of different geometric

structure in a single layer, it however does noppstt spatial coincidence, a situation in
which objects of the same geometric type can oasura single map layer. Also, the model
can only be used to capture 2.5D vector data $imtial objects represented by 3D position
and 2D topology). Further work is therefore neetedlesign a full 3D hydrologic data model
that can also combine both vector and raster duatactsres since some hydrologic data can
be captured in raster format. This can best beegetli using object oriented data modelling.

The need for a user-requirements study before niglementation of any GIS project was
emphasised. In the same vain, rigorous and considt@inng and retrainng of staff is
necessary for capacity building and to keep abreaift technological developments. And
having trained the staff n the modern technolothgy must be adequately motivated for
maximum performance.

With the successful revolutions of Remote Send®i,S and GIS technobbgies in the mapping
sciences, coupled with the expected availabiitysob-metre (spatial) resoltion satelite images
in the next few years, the sustainable developnmantountries with economic and political

stabiity s assured.
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