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Abstract

Watersheds are widely 1';?0%11111?6xcdorrgs]ml?ding i.ITC{’Céllse iln d@\»‘clop.ment in the Wushishi ) .
impacts associated \\Tilh lhs I‘Z‘L as‘ 11'1'(\]0]“ 1111%5115 l(:;tlw'e mtergm't_\' of '\\‘_alersheds. wgrldwxd‘e. The potential
IMPErious Surfaces o maah »L-\‘}?E}HSI.OH of dC\AL— (OPL md and specxi_lca]ly w1.th increasing amo‘ums' of~

: ces — rooflops, sidewalks, roads. and parking lots -may include significant changes in water
quantuiy, degra(%atlon in water quality, and habiml Joss. Because asphalt, concrete, stone, and other fmpenetrable
materials effectively seal the ground surface, water is repelled and is prevented from infiltrating soils. Instead,
storm water runoff flows directly into our surface waters, depositing metals, excess nutrients, organics, and
ptlwer POHUIGNS into the receiving bodies. In addition to these environmental impacts, increasing levels of
fmpeniousness can dramatjcallv alter our landscapes, as forested and other natural settings are converted to
urban/suburban uses. The prima'rv goals of this project were to provide an accurate, current description of the
EX1Ent ol impervious surface co-\/e:-age in this region, as well as an estimate of change in the amount of
Timperviousness” over a 14 year peri(;d (from 1987 t0 2009). A detailéd Characterization of the watershed was
also conducted. Geospatial technologies provide effective tools to map and quantify impervious surfaces, and to
monitor changes over time. Moderate resolution Land sat Thematic Mapper (TM) satellite Imagery, as well as
an image processing GIS software, was utilized to estimate amounts of Imperviousness at relatively mogieSI cost,
thereby providing a mechanism for subsequently Measuring “imperviousness” at frequent, repeated intervals.
Resource managers and other Professionals may effectively utilize the resulting data as they develop watershed

Management plans and tools.

Future population erowth

Introduction : . ) : ) -
The term watershed refers to the geographic boundaries of a particular water body. Its

ecosystem and the land that drains into it. A Wwatershed also includes groundwater aquifers
that discharge to and receive discharge from streams, wetlands, ponds and lakes. Large

watersheds are sometimes referred to as river basins. Simply put, a watershed is all the flat?ld
area that drains to a given body of water. We all live in a watershed and are part ol tne
o

: ‘ . . ing i ed. We
watershed community just like animals, birds, a.nd ﬂsg are a}ls’o hvmg}:n Waterlsisource<
influence what happens in our watershed. good or bad, Y, O Wie treat-t © naturalr affect:

the soil. water, air, plants, and animals. What WAppEns in Our small Waltershed,alse "
- ] ) ] H 2 d .

the larger watershed downstrean. - e cross quite a few brooks, creeks, runs, branches
Depending on where we lwe’l " els as we drive to work each day. Each

- itches, or chann . . :
gulches, arroyos, b'a yous., dlthl 1;'1assive network of streams that drain ’to the rivers anc
B e e g ? a' am has its OWI watershed that circumscribes all of the .1'fm
ulimately. lo the " Eac ]. SUZ cross it Collectively, these small watels:hec.is provide cr{?cf
figat drains o the lpotl i “{25 11 eo:venrich our daily lives: theé' supply our drinking water, CI1tiC:
natural services that sus .al beauty, an

. tul ’ . . .

habitat for plants and animals, areas of na 2 of land to uses associated with the’ growth

: ~ - tvDEe . 3
Urbanization, the conversion off K B d-use and land-cover change especially in rece

i {onificant 1an
population and economy, is a significa

human history. ate hydr

: eplaced with impervious su.rfaces in the form Qf pav.
vatershed vegetation at= xepf |mpervious cover is intricately correlated with wa
:pansion O
lots. The expa

nee. as \ i g
s f erall ecosystem health and water quality; in that
. ‘ndicator of OV o
is an indicator

roads and parking
~nanAitinng ﬂnd SO N
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<. . . T increase in the
inNuences hydrology (e.g.. an increase in imperviousness 1s directly related to 1

volume and velocity of runoff), stream habitat (e.g., the hydrological ?mp_zlcts of l.ncreaseg
imperviousness lead 1o increased stream  bank erosion, loss of riparian hat-)lFat., an
deoradation of in-stream habitat), chemical water quality (e-g., increases In 1.mpenv10usness
unZJ runoff directly affect the transport of non-point source pollutants including pathogens,
nutrients. toxic contaminants, and sediment), and biological water-quality (€.2-, all the above
changes have an adverse impact on the diversity of in-stream fauna) (Schueler, 1994; Arnold
and Gibbons. 1996).

These effects are compounded by channelization of small streams and use of storm
sewers designed for rapid downstream  transport of drainage waters, both of which are
intended as flood control measures but in fact can contribute to rapid water {‘156 apd flooding
downstream, often still within the urban area. There is a direct relationship betwe;en
urbanization (i.e. % watershed imperviousness) and the number of bank full flows occurring
annually (Leopold 1968).

Problem Statement

Urban areas in the Wushishi watershed have greatly expanded over the past 10- years
such that if current trends continue, they may expand by more than 10% over the coming .10
years. The conversion of forests and farmlands to urban land uses poses a threat to t?rrestne.ll
and aquatic habitats, air and water quality, and the economic sustainability of the region. Th}s
rapid pace of land development has exerted great pressures on water resources such that n
certain areas has caused environmental problems due 0 increased runoff _ of ‘sedlment
associated with clearing of forest and natural vegetation and urbanization resulting in surface
water pollution from point and non-point sources pollution, underground water pollution, and
silting of reservoirs. '

Regardless of region, the underlying cause of threats to watershed quality and health
is usually the same: watershed development. Current or future watershed development has
been implicated as a prime threat to the current biodiversity in the region. This threat is
magnified if future development is poorly planned, dispersed and fragmented; characteristics
typically associated with urban sprawl.

Aim And Objectives
The aim of this research work will be to determine the tropical water shed hydrology
of Wushishi area and the natural vegetation in the study area the following objective will be
consider as follow. _ _
. To create a land use. land pattern of the study area using different satellite way of three
different seasons. '
. To show the land use changing’s in the study area.
.« To show how the organization affect natural vegetation and to recommend the
possible solution.

Justification

Urban environmental problems are threats to people’s present or future well-being,
resulting from human-induced damage to the physical environment, originating in or borne.
into urban areas. And when environmentalists talk of the benefits of environmental
improvement, they are usually referring to improvements to people’s quality of life that can
come from addressing these problems. :

. . This great.challenge of managing our.ecological resources in sustainable ways ha
necessitated the use of Geospatial technologies that provide comprehensive, synoptic, multi
resolution and multi temporal coverage of large areas in real time and at frequent intervals
that is vital for continuous surveillance of the watershed areas.
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the amount of
watershed Manage
the CNISting

anding the degy . . . -
. g egre . . 5
Pervious sy 8ree and location of impervious surfaces and limiting

ment, Ny 4C¢ In a watershed is an important component of overall 1

percent ilﬂ'l\( ural resource and Jang use managers need to be able to determine
\I-\/.IO AN S . . .~ v

Management ang/or \ USNEss for an area in order 1o develop appropriate watershed

NON-Point Sarren e . il
between warer " Ot Source (NPS) mitigation plans and to understand the link

ality ang 'Mpervious surfaces,

Deseription of Da
taand M aloed
Data collectiop “thod of Analysis

Four m i
2000, g Ni:‘eria o \7\(6 Site. Th.lS will include Landsat Imagery Of.1994’ La”?‘ dhd o8
o the IMAEINE“( imn_‘ )f(‘)]7 Sovering the study area (SIS Eacl} mase we um:;-or’ted
vas collected from National pag o 01t for furher processing. Population figre
ational Populatiop Commission.

Description of data

he four sets_ of data used for this research are Landsat Imagery covering the Study area at a
sca_le of I:ZJOO.Spatial resolution 30m, with spectral bandz of 7,and with swath width of
I85km. Landsat Enhanced Thematic Mapper (ETM) was also obtained from Global Land
ternet. The Landsat ETM satellite has seven (7) bands like the landSat
TM but carries an additional panchromatic band. Landsat ETM have a spatial resolution of
30m and the panchromatic band has a 15m spatial resolution. The ETM has a temporal
resolution of 16 days.

Cover Facility on the in

Table 1.1: The Wavebands of land sat ETM

BANDS [ WAVELENGTH — TSPECTRAT
(UM) LOCATION

1 0.45 0.52 Blue

2 0.52 0.60 Green

3 0.63 0.69 Red

4 0.76 0.90 NR

3 1.55 125 MR

6 104 125 Far

7 2.08 2.33 IR

8 052 0.90 panchromatic

i . :

ngneclﬂeil:;n;patial information requires the establis}ynem of a 'spatial reﬁzrenc.e system to
which all spatial measurements must relate. The primary function of the map is to portray
accurately real-world features that occur on the curved surface of the earth. Geographic
ret'erenciﬁg which is sometimes simply called geo.—referencin.g, is defined as Fhe
representation of the location of real world features within the spatial framework by which
the positions of real-world features are mc_:asured, computed, reco.rded and analyze(_i. In\
practice, geo-referencing can be seen as a series of concepts and techniques that progressively
el ) measurements carried out on the irregular surface qf the earth to the flat surface of
ransion ke it easily and readily measurable on this flat surface by means of a
a map. and make Map data are different from all other forms of data by this characteristic of
coordn;ate ?,;I:l:nd mie ability to manipulate and analyze geo-referenced spatial data is what
oeo-referencing and,

distineuishes G1S from CAD and other types of computer graphics systems,
istingui
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t of digital intervention. visual analysis invariably plays a.very‘ strong
emote sensing. While the range of image enhancement is broad: as
and contrast stretch where the major 1mage enhancement

ere used for this project viz; )
a — this was used for displaying and subsequent processing and :
mage. [t was also used for the carving out of Minna region from the whole
ery using both the admin and local government maps. = .
is was also used to compliment the display and processing of the data
s used ment of land use land cover classes and
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Fig. 4.3: Vector map of Wushishi, 1994

Changes in different landuse category
Landuse 1994 2000 2007

Farmland 56.4 39.6 : 31.2

Intercity Built-up 24.73 34.2 36.1
‘Wet Vegetated land 12.24 8.24 6.74
25.37 16.37 SRR

.35 235 235
100 100 1100

§

Discussion of 1étul;s * .
Due to the fact that satellite image used were of different types si

e - s sl ere
encountered. The scale of the 1994 Landsat Imagery and Landsait)gl‘M ir;galgelglrz?lg(%i) szefe
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ol a better ‘resolullo.n the landuse cateeor
than that of 1994 354 2007, road \\‘ sories th
= - . . ~ : ¢ C
Image.. so it is difficult 1o say exact
other words due 1o the diﬂ‘cr-cncc in
map. Errors may have also come from
However, the |
the general landuse of the area as well
Wushishi. which was

at were mapped out, were more generalised
F¢ 100 small to mapped out. or were not identified on the
Iy how much of such changes within the study area. In
scale. errors are likely to arise on the landuse change
the technique used in calculating the area coverage for
andu.sc map produced provides adequate information of
as gives an idea of the rate of development.
signiﬁc'aml_\'. As mentioned earlier Ia‘;Zeil:'bl)O.l)ull:]itgd and considered as .ru’ral.-has chlan'ged
Th@l'e is likely 2oing 1o be Cl'O\\'d‘edne S basma v due to the generz.ll mSlCd§e in popu it(\(;:.
This situation will have negative impli SS. rou.ght by compactness in W USh'Sbl come =J o
g plications in the area because of the associated problems
cncouragement should be oie\'cand . Spread.of diseases. It 1s t.herefore suggested.that
ol incentives and force‘s E)l“ .n I_O p.eoplc to build 10\‘\'ards the outsk.ms through the provision
Indeed. betw | . attraction that are available at the city cent@r in these areas.

L oenveen the period of 1994 and 2000, there has been a reduction in the spatial
expansion of Wushishi compared to the period of 2007. There is a possibility of continual
-_W—dUCIIOI:l In this state over the next 14yrs. This may therefore suggest that the city has -
reduced in producing functions that attracted migration into the area. Indeed, there have been
many defunct industries within this period. Natzl’lral vecetation has been steady in reduction
berween 2000 and 2007 and in deed: this may likely becthe trend 2007/2015. It will be in the
g00d of the State and in deed. the Nation as a whole if the moderate reduction in bare surface
land  observed in-between 1994 and 2000 which s also projected by 2015 is upheld. Also,
land absorption coefficient being a measure of consumption of new possible changes by each
unit increase in urban population which was high between 1994 and 2000, reduced between
1994 and 2007. This therefore observe that the rate at which new lands are acquired for
development is low. This may also be the trend in 2007/2015 as there seems to be
concentration of development at the city center rather than expanding towards the outskirts.
This may be as a result of people’s reluctance to move away from the center of activities to

the outskirts of the city.

cach fanduse catevory .

ONCe very sp

of" crowdedness like crim

Summary and Findings

Future population growth and the corresponding increase in development in the
Wushishi Watershed are widely recognized as major threats to the integrity of watersheds
worldwide. )

The potential impacts associated with the expansion of developed land, and
specifically with increasing amounts of impervious surfaces — rooftops, sidewalks, roads, and
parking lots - may include significant changes in water quantity, degradation in water quality,
and habitat loss. Because asphalt, concrete, stone, and other impenetrable materials
effectively seal the ground surface, water is repelled and is prevented from infiltrating soils.
Instead. storm water runoff: flows directly into our surface waters, depositing metals, excess
nutrients. organics, and other pollutants into .the rec.eiving bodies. In a@dition 10 these
environmental impacts, increasing levels .of imperviousness can dramatlcally alter our
landscapes, as forested and other natux:al settings are co..nverted to urban/suburban uses.

The primary goals of this project were to px'oylde an accurate, current description (?f
the extent of impervious surface coverage in this region, as \.vell as an estlgnate of chang? n
the amount of “imperviousnesz” Overla 14 ﬁiirtegermd (from 1987 to 2001). A detailed -

S ratershed was also con . -
Charade(;le:z:st}l)(:t]i;)lftll;il:?fglogies provide effective tools to map and quantify ir.nperyious
P d 10 monitor changes over time. Moder.ate resolution Landsat T_h'emanc Mfipper
?;l[\tf)cesie?;]ile imagery, as well as an image processing GIS.software, was utilized to estimate
sa = > :
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‘absolute contradiction to the finding of similar researches conducted in other environments;
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cost, thereby providing a mechaqism for
ent ’repeated intervals. Resource managers
-' [ting data as they develop watershed

amounts of imperviousness at relatively modest
subsequently measuring “imperviousness” al frequ
and other professionals may effectively utilize the resd
management plans and tools. _
From the study. it was observed that the impervic 1087 and 2001 b
Wushishi watershed had decrease over the fourteen-year period between he thresh fd ¢ J
13.68%. As already earlier mentioned, although this value falls above the thres old of an

. . N ! : tershed over the duration
impacted watershed, a decrease.in impervious percentage mlthe \:/c?verinﬂ from its decraded
. . " » . . . 1 re <) =
study 1S a ) ¢ watershed- is progressive y

of study n indication that the wat prog 4 catchment center of the

~ . s ) ) . an
state. Other findings include the number and area extent :
; = R . ; ment area and perimeter
watershed that has been detailed in Appendix B - a maximum catchr p

o 539968.76m2. and 3654.42m2 respectively. A total of 447 catchments were extracted and
characterized. :
i i endix A —
Furthermore, 447 drainages were also extracted as detailed 1tr}V:IppA - a
maximum drainage length and Sinuosity of 993m and 1.414 respect y. um
Strahler and Shreve drainage order of 4 and 47 respectively.

vious surface percentage of the

Conclusion

This project showcases the enormous potential of remote sensing, GIS as well as

ronmental problems at a watershed

scale. The main aim of the project-was to develop a methodology for evaluating or assessing
the impact or consequence of urbanization on the overall health of a watershed; 'and the
Wushishi watershed of Kogi State, Kadunaia was the selected study area. Imperviousness
was employed as the most effective index of assessing the health of a watershed. in this
project. The first phase of this project involved the characterization of the watershed with the
principal objective of extracting detailed hydrological parameters that are indicative of the
morphology and hydrological interchange of the study area. By so doing, a number of
hydrorelated parameters such as the catchment area and perimeter, drainage network number
and order classified according to Strahler and Shreve, drainage flow length and sinuosity and
catchment centre as well as the Watershed elevation and slope were extracted. |
A second phase in this project work explored the possibility generating a percentage
imperviousness index for the W ushishi watershed performed on a watershed scale. Standard
methodologies as adopted from similar researches in other parts of the world formed the basis
for this phase of the project. A multi temporal Landsat 7 satellite imagery was used to
classify the land use and land cover of the study area; impervious coefficients that were also

- adopted from such foreign researches but modified to conform to the Wushishi Watershed

environment were also utilized. These values were used to generate an impervious percentage
attribute map of the classified land use land cover map of the Wushishi Watershed. From
these. a histogram which contained the percentage imperviousness of the Wushishi
Watershed for both dates were derived indicated as the mean pixel value of the histogram of
the attribute map. ' °
The principal finding of this project was that though the ‘built-up’ area class and
percentage as highlighted in figure 4.12 increased from the %rst to the secfnd date, which is
an md'ication of an urbanizing environment, the health of the watershed .' | t?m : found to
have improved as indicated by reduction in the overall impervi i d for
each date of the classified Landsat satellite imagery (i.e. N Ao age derl\_/e'.
gery (i.e. from 45.79% — 32.11%). This is ai

where overall health of a watershed was found to deteriorat
e

The researcher attributes contradiction to any and both of the fol}vnh' increasing urbanization-
owing:
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*  The satellite imaper;
X agerie 1 | ires 1
years with BETies used for the supervised classification might have been acquires In

hi 5

Sg:é);nc;?xa‘?“"g climatic regimes resulting in an increased vegetation of the
€ percentage of rom the first to the second date. '
(17.56% and 20.700 ¢ “built-up® land use class of the study
- -70% for 1987 and 2001 rcspcctiveiy) to allow for the assessment of

||“|)cICtS dl r 7.Q |

h |Q SOIC i i ! !

Iro'n Olh‘ N Iy lO u bﬂnl “ llon (0] ”1(: \V(llCI ith th ! ini‘ idl , lh ‘ nu "
Cl Ial]d cover CII’I"\:S'C'\‘ ‘

area was too small

Recmmnendations

The following are the

e To achieve a more
Wwatershed especial

r : . . . ,
ecommendations resulting from the findings of this project work.

lreprﬁfsematwe result that typifies the actual impact of ugbanization on a
Y within the tropics, such studies should be conducted on asub-water

shed or cat

chi o X ) .
imageries oo ‘:]:’-m_uscale. This apparently implies the use -of “higher quality satellite
extracted cillary data from which more land uses land cover classes could be

e Satellite i . .
climaltlit: l}:;’?l%lee“ses tin? other ancillary data should be collected for years with uniform
another could be da effects associated which varying climatic regimes for one year to
minimizes such re u_ced. A better approach could be to, develop a meth.odolog'y that

ch climatic variation to the barest minimum for subsequent similar projects.

e Kaduna i . ) » .
ller o Ecll\lllronmen.tahsts should adopt and increase the use of geospatial techniques in
\’criﬁablp s of enVl.ronmental studies to be able to achieve results that arc empirically

¢ and also with a high level of reliability.
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