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Abstract - S
Determination and mapping of the morphometric parameters of a drainag

essential task for water quality assessment, flood modelling and flood
parameters affect catchment flow patiern and eventually drain-
Elevation Model covering Southern Part of Niger State was
channels, drainage basins and topographic wetness In
surrogate to flood vulnerability in the area. T}
Shiroro drainage basin (1104.045 Km’) and Ma
and smallest basins respectively in the study area
in certain Local Government Areas (areas wit
Chanchanga, Borgu and Mashegu). e

Introduction o
The problem of flooding in
has received much
govenment and environm
Considering its severe
effects on lives and properties, |
the most frequent form of n
in Nigeria. Though most c:

the North Central region has
witnessed her own share of
with flood occurrences in Kog
and Benue States. 2
In a bid to mitigate flood ¢
importance of locating nat
routes and documenting them
for sustainable planning
of the urban and rural
emphasized (Cht
2014). These nat
serve as runoff pal
bodies flow
Once th 3
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9009). [}L‘&-I([L-:.\‘,.lh(.‘ global-extent coverage
and easy on-line accessibility of hj T;

T : gh
precision DEM’s are beginning 0 give its
use great popularily and relevance in Iarg;:
scale regional projects and researches
Terrain analysis based on digital clcv;nii(wlﬁ
models are therefore being increasingly
used in hydrology (Wilson and Gallant
2000). Ajibade et al, (2010) conducted
morphometric analysis of the Ogunpa and
Ogbere drainage basins in Ibadan based on
data derived from a topographic map of
the study areas. The study further revealed
that morphometric properties of Ogunpa
drainage basin are likely to induce high
magnitude flood compared to
morphometric  properties of  Ogbere
drainage basin. Also, Rao et al (2009)
integrated GIS and remote sensing to
demonstrate the dynamic equilibrium in
the geo-hydrological characteristics of four
sub-water sheds of Agra district. This
research however used the SRTM 30 arc
seconds DEM for Southern Nigeria (Path
189, Row 53) to determine the channel
flow patterns, drainage basins and
topographic wetness index for the southern
part of Niger State in North Central

Nigeria.

Process description

Ordered drainage basin, Strshlar method

———— st order

2nd order
------- dro order
—— +— Ath order

Figure 1: Ordering of Drainage cl
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Demarcation  of Channel Networks

Generally, developing a flow model and
mapping the channel network from 4
gridded Digital Elevation Model follows a
now-well- rehearsed procedure (Wallis et
al 2009) of (1) filling Sinks (2) computing
flow directions and (3) computing the
contributing area draining into each gnd
cell; all which are well described in details
by Odumosu et al (2014). The pour point
method of pit removal was used for filling
the sinks while the Rho 8 method was used
for computing the flow direction.

Determination of Drainage Basins:
A drainage basin or watershed 1s an extent
or an area of land where surface
water from rain and melting
SNOW Or 1CE CONVETZES 10 a single point at a
lower elevation, where the waters join
another waterbody, such as
a river, lake, reservorr, estuary, wetland, se
a, or ocean (www.wikipedia.com).
Determination of Drainage basins 1S

fundamentally done using the Strahler’s
technique (Strahler,
2013) wherein the conglomerate of 15 -4
order streams (drain channels) are hnked
together to form a basin as shown m

Figure

1957; Hajam et al,
th

1
£ -

yannels in streams. Adapted from Monsawa (1964)
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Mathematical Formulation of Algorithm:

\ . ' i is as given by Hajam et .
The mathematical formulations used for the execulion algorithm 15 as g y Hajam et 4]

(2013)

Stream Number (N,) = R,*™ (1]
Mean Stream Lenght (L,) = EIR,_H—1 (2]
Basin Area (4,) = AR " (3]
Total Stream Length (X L,) = e T [4]
Stream Gradient (§,) = S4R,*™ [5]
Where: N, = No of Streams of order u

R, = bi— furcation ratio

s = Highest order of the basin

L, = mean stream length of order u

R, = Stream Length Ratio

A, = mean area of basin of order u

R, = basin area ratio

Y L, = total Stream lengths in a basin of order u
Sy = mean gradient of stream o f order u
R_ = stream gradient ratio.

These  properties are called the
morphometric properties of the basin.
While we have limited the scope of this

water in slopes terrain, TWI can quantify
the control of local topography on

hydrological processes and indic: :
; i i - es and indicate the
study to delineation of basin area, the other S o of <oil moisture . and

",mph;: mc;ncl properties herein obtained surface saturation (Chengzhi et al, 2005)
can be further used to determine the The calculation of T\\"l sty

hypsometry of the :
yp ry ¢ water channel. dependent on the DEM of the study area.

Computation of Topographic Wetness T_hus the mathematical formulation is
Index (twi): Based on the assumption tha given by (Quinn et al, 1995) as [6]:
topography controls the movement of
TWI = In——

an b 10]

Where: a _is the upslope contributing area per unit contour |
b is the local gradient at the point rlength

24
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/\hholugh. several other variations in
tcci%mlque for determination of the “a” and
‘.‘b are being proposed, these shall not be
m\fcstlgaled in this research as it is not the
objective of this paper.

Study area

Niger State located in the North Central
part of Nigeria is the largest state in the
country (74,244 kmz) located between
latituade 8 22°N and 11° 30°N and
longitude 3° 30E, and 7° 20’E. Niger state
expernences both rainy season and dry
season with an August break in between
seasons and has an average elevation
ranging between MSL elevation (at the
Southern Areas close to the River Niger)
and about 400m in the Northem :nd
Eastern Parts.

Because the Southern Parts of the state
(Mokwa, Edati and Borgu Local
Government Areas) Share boundary with

the River Niger, they appear to be flood
vulnerable thus our choice of the study
area. According to Salami (2010), after the
construction of Shiroro dam there, were
two serious floods in 1985 and 1988.
Losses during these periods due to floods
were in millions of naira and a large
hectarage of arable land with crops
submerged. The badly affected area was
the Lavun local government area where
properties worth millions of naira were
destroyed. The flood damages to cTops in
Niger State during 1985 and 1988 cost
hundreds of million naira. After 1985 and
1988 flooding, the reoccurrence is more
frequent and the damages are higher.
Lawal and Nagya (1999) also reported the
occurrences of flood at Mokwa, Rabba and
its environs in 1997, 1998 destroyed
properties worth over five hundred million
naira. The flooding has become an annual

event.
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Methodology

The Quantum GIS (QGIS)
used in this study. QGIS s a
downloadable” GIS software with capacity
for both vector and raster analysis. Giving
i further advantage OVer other GIS
softwares 1s the availability of several
downloadable and updatable “Plugins”
which could be used for various USer-
required analysis.

Since we are considering flood channels as
a function of topography, the major data
used was the SRTM 30m resolution, 30-
arc seconds data for the study area
obtained from GMTED 2010 data. The
metadata file for the SRTM data reveal
that the data was obtained in November

2010.

software was
*free

DEM

- o

R I = Ve & e 2015

After download, the pixel analysis of the
Jata was done using QGIS and the pixe|
resolution (Ground Sampling DiStancC)
was found to be 30.7022m.

The hydrology tools in the “SAGA plugin”
were then wused to determine the
hydrological parameters.

Other raster tools as the clipper, raster
calculator and vector union tools were then
used to embellish the results so as to
produce an aesthetically appealing map
showing flood vulnerability within the

study area.

Conceptual Design:
Figure 2. presents the flowchart

highlighting the conceptual design of this
research while the model formulation is
presented as Figure 3.0.

Flow Direction

Determine Contributing Area

Catchment Area / Flow Accumulation

+ DEM ‘

l

A

+

Flow Channels

Y

Flow Direction

Drainage Basins

Catchment Network

Figure 2: Conceptual Design of Work Flow

26
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Tervain An-bysu Channels

& Bum stream network into dem

N> Catchment area (flow tracing)

N Catchment area (mass-Mux meth...

& Catchment area (parallel)

¥ Catchment area (recursive) {

& Cell balance

%> Edge contamination

% Fill Sinks

S Fill sinks (wang & liu)

& Fill sinks xx (wang & liu)

&5 Flat detection [ Out Be- \ Ok 35

& Flow path length |

& Flow width and specific catchme... N 7 N |

& Lake flocd ¢ - [}

& Lsfactor | 3 . ' ‘

S5 Saga wetness index

&> Sink drainage route detection

& Sink removal x

& Slope length |@ Topographic wetness nde. ]

& Stream power index g

( b Topographic wetness index (twi) s g

b Upslope Area

& Temun Analysis - Lighting

& Terrain Analysis - Morphometry
G Convugance index

dnputs | Algorithms < | QC

- In ] \ e In = | 1;

| b
& carchment area (parallel) ; @ Channel natwork and dra. &

[
3
5
Ol

]
a0

i
I
4
Y
1
L
i
i

F igure 3: Graphic Model Showing Work Flow Description

The QGIS Graphic Modeller was used to obtained are discussed in the section
run the process for determination of all below.

three required hydrological parameters for Results and discussions

determination of flow Pattern. The model The results obtained are presented in
is as shown in Figure 3 and the results screen shots in the subsequent previews

with brief discussions accompanying them.

Raw Digital Elevation Model (DEM):

e 4.0: Administrative Map of Niger State Superimposed on the DEM for the Study Area.
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From the above Figure, we s¢
State. Besides the low lying ¢
raises so much concern for resi

e that the elevation is very low in the Southern parts of
levation region is a trace of the River Niger. This
dents within Mokwa, Edati, Katcha, Agaie and Lapai

Niger

are overlaid. However, the draing

Flow Pattern Map (Drain Channels): e
The Flow pattern shown in Fig. 4.0 may are as shown in  Figyre pa;hs
not be informative enough until the basins 0
i TR _a;.:._—% R '_T-—I_OT.‘.;“-“-*_.—_"‘ “;—C-l-.:l_——‘ .l.I.. n...:
MAP OF NIGER STATE

SHOWING THE NATURAL FLOW
IN THE SOUTHERN PART OF

47,003,500 0 47,000

1100000 " 700000 L]

[ Jie_ng

Flowe_3thresholdN iger

F TS e e AT : ) A e s S TUYEET :. ‘-
igure 5.0: Administrative Map of Niger State Superimposed on the Flow Channels for the.

Study Area.

Drainage Basin
Three major basins are recognised within
the study area. The Slightly wet (1), Wet
(2) and Very Wet (3) basins, Contre;ry to
lgy expf:ctations, the settlements along the
river Niger do not have very wet basins
Thl's shows us that the topography of th.
region naturally drains much of the w t :
from the Northern parts into smaller lalt(1 i
strea_ms ﬁnd dams uphill before slightels‘
secping them i ient i '

b g Ngiger' In a regular gradient ingq the

94,000

CHANNELS / PATH
NIGER - STATE

141,000
hMaters

1199000 200000

For instance, the study reveal a very Wet
anc'l Large Basin around Shiroro (The 1
Shlroro Dam) and Wushishi. Also a Very
Slight but large basin is also found & :
Gurara (Gurara Falls).
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Figure 6.0(a): Administrative Map of Niger State Supeﬁmposed on the Drainage Basin for
the Study Area.

MAP OF NIGER STATE
SHOWING THE DRAINAGE BASINS AND FLOW CHANNELS

; IN THE SOUTHERN PART OF NIGER - STATE i
' 470003500 O 47000 54,000 141,000 ’
U —— s Veters

1
/ /
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/

{
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|

A
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Y
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e, 6.0(b): Drainage Basin and Flow Pattern within the Study Area. (Author’s Research)
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Figure 7.0: Topographic wetness index of the Study Area. (Author’s Research)

Table 1.0: Summary of Results,

GuraB;S;n Name ?asmTWI Class | Basin _property | Basin Area (KmSq) |
e ]  Slightly Wet | 296.163

Paikoro s _S“IILMWet 596.616 s
Shiroro/Chanchanga [3 ] V:r‘ = 248.651

Katcha ey Wet. 104.045

Mashegu %\\ Wet 356.329

R D ‘\;:t Wet 411337 !
Mashegu 2 T e 580.136

Mashegu / Borgu Q :’/Z \xet LU R
: of 151.516
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Conclusion

The use of SRTM data for regional study
and analysis of drainage pattern, drainage
basins and water flow paths has been
validated for the study area. Areas with
large and very wet basins have been
highlighted and the causes identified. As
carlier identified in sub-section 5.3, flood
events around the settlements along niver
Niger arc nol conscquent upon the
topography of the region but as a result of
other hydrological factors that affect a
river regime. This shows us that the
topography of the region naturally drains
much of the water from the Northern parts
into smaller lakes, streams and dams uphill
before slightly seeping them in a regular
gradient into the river Niger.

Government is therefore advised to look
into the areas where large basins have been
identified (Wushishi, Edati and Mashegu
LGA) and construct artificial drainage path
to avoid major Flood erosion in the nearest
future.
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