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QUANTITATIVE ANALYSIS OF GULLY MORPHOMETRY IN ()B() r Ml‘ ‘
AREA OF SOUTH EASTERN NIGERIA

“BY
Eze Bassey Eze, Ph, D.* & Charles Udosen **

ABSTRACT ' ‘
A detailed statistical analysis of cight morphometric properties of a medium
sized gully in the unconsolidated Coastal Plains Sands of Obotme (Eastern
Nigeria) reveals strong interdependence of gully morphometric clements. Of
~all the cight parameters considered, only shoulder width correlated weakly
with other parameters. This indicales that the process of gully widening is
“independent of the other variables. Its low correlations with both bed width
- and distance from the gully head has been attributed to differences in the

processes operating on gully floor, head and sides.

INTRODUCTION

A gully is any croded channel so wide that it cannol be crossed by a wheeled
vehicle or climinated by ploughing (Udosen, 2000). Gully developmentis
often associated with disruptions in the ecosystem balances in an
cnvironment as a result of climatic change towards higher humidity; crustal
movements or human activities involving large-scale removal of vegetation
CovCer.

The literature- on gully erosion in Nl,g,u ia is xeplcte with studies on the
“ causes, dwelopmcnt growth mechanisms and rates of gully crosion (Ologe,
1972, 1974, 1988; Olofin, 1987 and Jcje, 1991). However, we do know that
the morphology of fluvial systems (for example gully channéls) reflect very
closely the mechanics and dynamics of the processes and the properties of
the surficial materials influencing the operations of these processes. Heede
(1970), therefore, saw the understanding of the gully morphology as “a first
step in evaluating pully processes”... and a connecting link between past,
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nalural cnvirc)nmcnt and the area is everywhere riddled with gullics.

METHODOLOGY

Gully pﬂmmctcm were measured and duwcd from the %mvcy of the

longitudmnal and cross-sectional profiles- o:t the .106m long. gully. c,hmmcl.,__
using a 30m linen tape, mngmg pnlm and pcgs Abncy level was used n

measuring slope ﬁnglcq

Data l(lulufymg and bh"uﬂClulnllg thc cross-scctional variables lllLlU(lLb '
pully depth, shoulder width (or top width) bed width and cross- .sectional
area, while the shoulder width/depth width ratio and shoulder width/bed
width ratio were derived from cross files drawn to scale.

- Data on the 'Imlgimdiml' variable involved mcasuring the distance from the
gully head scarp to the gully mouth, noting the length of the gully at
intervals of 10m. Slope angles at interval of 10m were also measured. The

~ pair-wise correlation coefficients were computed. ‘A corrclation matrix waq

: computed and tcsled for mgmﬁcance at both at 0.05 an(l 0.01 level.

| GULLY MORI’IIOI OGY IN OBOTME ARFA

. _Unﬁweumblc, lltlloloymdl condition predisposcs Obotme arca, located at the
~ highest elevation in Akwa Ibom State (south eastern Nigeria) to severe gully
s eI0sion s The-100m-long.roadside gullyssystem-has.a faily-dicct-coursead.e. «
was- - SINUOSILY- index-of L. 19-with-mean top-width of 2.2m, mean depth.of:-1.8m, .
mean bed width of 0.5m and with stcep sloping banks of morc than 60
degrees (Vig. 2)*. The steep gully sides originate as vertical walls exposced
~ by overfall crosion. They arc then eroded by the four gully wall crosion
processes identificd by Ologe (1972). These are mud tricklings, washing,
Mass spalling.,' and sloughing. The rapidity with which the gully head scarps

recede is a function of the ratc at which undermining occurs. Gully floor -
“erosion on the other hand was maintained by the migration of small within -

gully head. Thesc uutlated wu(, side collapbc teimporar ll_v dammed thc ﬂﬂ()l
cmmlng anoverfall.
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The mean valué of shoulder width/depth ratio was 1.36 while that of
shoulder width/bed width ratio was 5.26. 1t has a broadly-lobed head rim,
with the semi-circularity ratio being 0.4, '

DATA ANALYSIS AND DISCUSSION

“The result of the simple Pearson’s product moment correlation analysis
© presented in table | indicates that most of the gully morphometric properties
are strongly interrelated.  Of the 28 cotrelation cocfﬁcimﬁs, only 7 (25%)
are not significant at the 0.05 level and 17 (60.7%) arc significant at thc 0.01
level. This result is almost similar to the one obtained by Ebisemiju (1989,
pp. 318). This finding is very important as it indicates the existence of
steady state adjustment between the form elements of the gully systems.

Table 1 illustrates that the slope angle i.e. gully relief has its strongest
correlation with the cross sectional arca (0.98). Other variables that
corrclate strongly with gully relief include gully depth (0.92) and shoulder
with/bed width ratio (0.87). This is expected because higher hills tend to
have steeper and deeper valleys. It cxplains why gully relief has a negative
correlation with the shoulder width/depth ratio (-0.87). It is also illustrates -
that the process of channel crosion leading to gully deepening takes place at
faster rates than that of landslides and slumping (which account for valley
~ widening). ‘

The strong negative relationship between the gully relief and distance from
the gully head (0.85) is expected, as runoff water tends to flow from higher

- grounds to lower elevation. Unlike in Iibisemiju’s work on Guyana (1989),
(0.13). This suggests that the gully is young, fresh and actively involved in
gully deepening. In older gullies, the rate of gully sides retreat is
proportional to the rate of gully depending. In an carlicr study (Ebisemiju,
op. ¢it. pp. 318) the shoulder width and gully depth were strongly correlated
(0.84). ‘

Shoulder width has very low corrclations with most of the variables, wit bed
width (0.2), gully depth (-0.1), shoulder width/bed ratio (0.01) and distance
from gully head (-0.05). This can be attributed to the fairly low variability
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in the value of the shoulder width along the gully channel. This implies that
the anticipated steady state adjustment between the shoulder width and other
variables 1s in progress as thc gully qyslem 15 bllll n llb youthful stage of

dwclopmcnt

Howcver, besides the shoulder wndlh no ()thcl vmmblc lmq fow cmielatlmm
with most of the morphometric propertics. As expected, bed width increases
marginally with gully size i.c. distance from gully head and therefore it
correlates strongly with gully length (0.8 l) Its correlations w1th gully depth
and shoulder width/bed width ratio arc —~ 0.88 and -0.81 lc‘?.pccllvuly Lo
ncgatively corrclated. [Its highest com:lalmn is with the adjustment that is
taking place between the shoulder width and the gully depth e, shouldt,r |
width/depth ratno (0. 9‘5) “]lb value 15 51 gr‘nﬁmnt ﬂt the 0 Ol level. '

The shoulder w1dlh ﬂnd dcp*h of gulllcs were cmu.,ldlcd with lhe dlbl’dllCC N
from- gully head by Scginer (1966) in Isracl. It turned out that both h'u:|"
significant correlations with the distance from gully head. ]umlly the
product of gully width and gully df.,pth were related to the distance from the
gully head. It was discovered that the cross sectional arca tends to increase
- in size with increasing distance from the gully head. But in this study, the
cross sectional arca has a negative correlation with distance from g gully head
(-0.80), mdlc’llmg, that more soil materials i.c. scdiments are removed from
the upstrecam sections than from the downstreain (especially near the gully
hcad). Howcver, field measurements showed the actual CIrOSS sectional arca

Gm(le(l to bc abmlt 50% Qf the l)mductﬁ (‘Segmu op Cit p. 245)

The sludy by Lcudel (1959) poqlulatcd that an inverse 1clalmnalup cxist
between the size of gully bed materials and width when he suggested that
the extent and shape of the bottoms of gullies are related to the nature of
materials forming gully sides and bottoms, and to the nature of watcr flow,
Upon further analysis, he stated that “coarse, cohcsionless soils d”OW only

narrow channels of flow along the bottom”. This is obscrvable m the

Obotme gully channel (see fig. 2). This narrow channcl, accmdmg to him,.
is altributed to “the constant side slippage as angles of repose or cntlcal_ .
~_heights are cxcceded amm‘lg other fﬂctom As a wsult of those lﬂClOlb '
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~ gully bottom in granular m’a't_crials te_ﬂd to be narrow. “The characteristic V-
-~ shape and narrow bottoms of the gullics n this unconsolidated Coastal Plamn

“Sands, thercfore, arc in agreement with Leuder’s postulate for coarse and

LT

¢cohesionless soils.
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It should be noted that some of the high values of correlation coefficients *
~ between the cight variables may, however, be mislcading. This is beecause
the correlation coefficients do not indicate the explanatory power of the
bivariatc regression model. To be able to determine this, the coefficient of
. determination R* was computed and is shown in table 2. ' .

DAI‘A ANALYSIS AND DISCUSSION

- The result of the simple Pearson’s product moment corrclation analysis
presented in table 1 indicates that most of the gully morphometric properties
are strongly interrelated. Of the 28 correlation coefficients, only 7 (25%)

are not significant at the 0.05 level and 17 (60.7%) are significant at the 0.01
level. This result is almost similar to the onc obtained by Ebiscmiju (1989,

pp. 318). This finding is very important as it indicates the existence of '

steady state adjustment between the form clements of the gully systems.

Table 1 illustrates that the slope angle 1.c. gully relief has its strongest
corrclation with the cross sectional arca (0.98). Other variables that
~correlate strongly with gully relief include gully depth (0.92) and shoulder
~ with/bed width ratio (0.87). ‘This is expected because higher hills tend to
‘have stecper and decper valleys. It explains why gully relief has a negative
“correlation with the shoulder width/depth ratio (-0.87).. It is also illustrates
that the process of channel crosion leading to gully decpening takes place at
faster rates than that of landshde crosion (which accounts for valley
" widening). S .

The strong nc&atixre rclationship bct"wccn the gully relief and distance from -

“the gully head (0.85) is expected, as runoff water tends to flow from higher

grounds to lower clevation. Unhike in Ebisemiju’s work on Guyana (1_989)_,_
(0.13). This suggests that the gully 1s young, fresh and actively involved in
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gully deepcnmg ~ In older gul_lics, the rate of g_ully sides retreat is
proportional to the rate of gully depending. In an carlicr study (Ebiscim)u,
op. cit. pp 318) the shoulder width and gully depth Were stmm;,ly correlated

(0.84).

Table 1: Intmcmlclﬁtmns aimnong thc m llt gull mmplmmchic pmp_m hc'«:*f”*" |
L D | SW BW -SA | SW/D | SW/ . -

ot ) e 2 - T T

i 1.00 | -0.95 | -0.05 | 0.81 | -0.85|-0.77 |-077

= 1 100 | A = R B B s
11160 j0.13 0922 (080 0485

SW | 1LOO -0t j036 1001
BW A ®

o N -0.88 | 0.95 | -0.81
SA | 1 ) 1.00 1-0.87 0387
SW/D 1.00 “}-
SW/BW B D T
S AU SSENR (N NI BURUUSS M—

-+ Slblllﬁcﬂllt at 0. 05 level o _
-"--'-'-_--ff“‘Slglnf'lcant at 0.0 level> %*@%w‘-& %ﬁmﬁ it = MWWW* i wmﬁ& S— ¥ b g

Smu ce: Cnmpu(ul by U(lo.seu, 2002

Shouldcn wndth lmq ver y lc)w cmmlatmm w1t11 ll'l()hl of the vmmbl(_,b width
bed width (0.2), gully depth (-0. 1), shoulder width/bed ratio (0.01) and

._(lmtance from gully head (-0.05). This can be attr ibuted to the fairly low
~ variability in the value of the shoulder width along the gully channel. llns B
implies that the anllmpatﬁd f;tmdy state ﬂdjllbllllmlt between the shoulder
~ width and other variables is in progress as; thc gully ﬂ;yﬁtem 1s still 1n its
youthful Slﬂge 0! devclopmcnt ' - -

- Huwwu bLbl(le thc hllOl]l(lCl wu’lth no other vanable has low correlations

~ with most of the mot phnmeli ic properties. As expected bed width mcereases
marginally with gully size i.e. distance from gully head and thercfore it

~correlates strongly with g ;bull,y lcngth (O 81). Its correlations with gully depth
and shouldei W1dth/bul Wldﬂ'l lﬂllﬂ are - O 88 and --0 81 respectively. These
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are negatively correlated. Its highest correlation is with the adjustment that
is taking place between the shoulder width and the gully depth i.c. shoulder -
width/depth ratio (0.95). This value is significant at the 0.01 level.

The shoulder width and depth of gullies were correlated wil'h the distance
from gully head by Seginer (1966) in Israel. Tt turned out that both had
significant corrclations with the distance from gully head. Finally, the
product of gully width and gully depth were related to the distance from the
gully head. It was discovered that the cross sectional area tends to increase
in size with increasing distance from the gully head. But in this study, the
cross sectional arca has a negative correlation with distance from gully head
(-0.86), indicating that more soil materials i.c. sediments are removed from
the upstream sections than from the downstream (cspecially ncar the gully
head). However, field measurements showed the actual cross sectional arca
eroded to be about 50% of the products (Segincr, op Cit p. 245).

The study by Leuder (1959), postulated that an inverse relationship cxists
between the size of gully bed materials and width when he suggested that
the extent and shape of the bottoms of gullies are related to the nature of
matcrials forming gully sides and bottoms, and to the nature of water flow.
Upon further analysis, he stated that “coarse, cohesionless soils allow only
narrow channels of flow along the bottom”. This is observable in the
Obotme gully channel (Fig. 2). This narrow channel, according to him, is
attributed to “the constant side_slippage as angles of repose or critical
heights are cxceeded...” among other factors. As a result of thosc factors,
gully bottom in granular materials tend to be narrow. ‘“I'he characteristic V-
shape and narrow bottoms of the gullies in this unconsolidated Coastal Plain
Sands, therefore, are in agreement with Leuder’s postulate for coarse and
cohiesionless soils

It should be noted that some of the high valucs of corrclation coefficicnts
between the cight variables may, however, be mislcading. This is because
the corrclation coefficients do not indicate the explanatory power of the
bivariate 1c;)u,ssmn model. To be able to dctermine this, the coefficient of
determination R? was (omputcd ‘md is shown in table 2.
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Tale 2: Corrclation Coefticients of Mm phometrie properties
SWID | SW/BW . 'S

e e i T A ol D X W T I T

6427 | '
T R fl—_"‘im;e_. i
e QZGQ . I,_OO Id
L | N
AL e
. 3 _L.u.'_..-u.g... __.ii.._._“m.
) o 1.00

1 Significant at 0.05 lcx?éi'” R
= Sigaificant at 0.01 level
Sonrce: Computed by Uduscn, 2002

There 1s a remarkable chf fuulcc hclwu:’n the cmmhlmn cocfficient in table
2 and the comr prondmg mdﬁcmnt of deter mination RZ values calculated
_-hfnr sone of the coefficicnts. For instance, the llellQllShlp between the gully
size (i.c. distance from the gully head) and the bed width is very strong
(0.81). But it should be noted that p gully size actually accounts for 57.34%
of variation in the bed width. As earlicr mentioned, the crodibility status of
the soils, among other factors account for the mnmmmg 4? 66%, Wthll is
ot accounted for l)y lhe gully we ' B .

__ Smnlmly, ,g,ully telu.,l“ whlch has hlg_:,h cmlelatmm with llm shouldm
- width/bed width ratio (0. 87), accounts for just 30.5% of the variations in the
~_ adjustnent-taking place between the ‘shoulder ‘width and bed width.

Theoretically, .a short gully dLVClOl’)Ld on a very steep blO])L should, on
~#account of the greater ‘potential* cnergy ‘induced’ by steep gradient;’ haw..
~spprcater depth; shoulder wndth ands QIOSSH‘E‘.CCllOIﬁI aleﬂ? *“This explmns*Why‘“

gully relief accounts for 90.21% of the variation in cross scctional arca.

This may not hold in all cascs. For instance, in lhc, laterite terrain of

(myand Ebisemiju (op cit) hoted that shmt gulllcs wele fmmd on gcmle
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slopes while long gullics developed on steep valley sides. However, he

~ cstablished a moderately strong positive relationship between hill “slope

W***lcn gl]lﬂ nd g l‘&ldieﬂ l(O. 63)sﬂ”mw,ﬁ w@?w “ﬁﬁmﬂ ”wmmﬂ,ﬁmﬂﬁ,w " '
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Thercfore, tn a given region, the effects of cither gully relicf or g_lxlly-'*"]ellgtl1 '
~or both on gully cross sectional variables like the shoulder width, cross
- sectional arca, shoulder ‘width/bed width ratio, cte. arcslikely to be masked

by other stronger factors which control gully size. Such lactors imclude the
- soil crodibility status and the nature and relative efficiency ot the PrOCesses
operating  on gully sides, bottoms and heads. The stage of gully
~ development is also an important factor that affects the nature. of
interrclations among the variables. o

~ CONCLUSION ~ _ : - .
Light gully morphometric propcriies were identificd and mmlysc-dj
 statistically. Most of the variables were strongly intcrrelated, indicating that
~ there is a steady state adjustment between the variables. ' R

- An important objective of the rescarch on the morphology of gullics is to sce
“whether what operates in Obotme area conforms to some principles and
hypothesis of gully cision and growth as cspouscd by Leuder (1959);
Heede (1974); Imeson and Kwaad (1 980) and Ebiscmiju (1989).

" In conformity with Leuder’s (1959) view, quoted by Ebisemiju (1989), the .

" coarse unconsolidated Coastal Plains Sands allow only narrow channels of
 flow along the bottom. On account of this, bed width did not change
remarkably as the gully grew in size, although, it tended to increase

~ marginally as the distance from the gﬂlly]head' increascs. Thus, the gully

was characterized by a gorge-like V-shape and narrow bottom in agreement
with Leuder’s postulate for cohcsionless, coarse and granular materials.

tHowcver, the major contradiction to the existing theorics found in this study

" is that shoulder width and gully depth arc weakly correlated (0.13), This

 contradicts the theory that the rate of gully side rctreat is proportional to the
rate of gully deepening (1bisemiju op. cit). '
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