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Introduction
Establishing the natural laws or principles 

of geomorphic research. Geomorphology has 
attained a commendable status in this line of 

research and the literature related to process-
study is quite bulky. Soil erosion, sediment 
transportation and channel aggradation are 
directly linked with the geomorphic processes 
and are more profound in the humid tropics. 
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Abstract: 
rate of channel scouring or aggradation in the Mora Dhansiri River basin have 
been estimated in this paper. Rate of soil erosion is estimated following RUSLE 

-
ry analysis of suspended sediment concentration for the period of study. Channel 

–1y–1, 5.28 t 
ha–1y–1, 5.09 t ha–1y–1, 5.11 t ha–1y–1, 5.10 t ha–1y–1, 5.32 t ha–1y–1, and 5.46 t ha–1y–1 

in the years 2009, 2010, 2011, 2012, 2013, 2014 and 2015 respectively. The av-
erage rate of soil layer eroded from the catchment of the Mora Dhansiri River 
is 0.004 cm y–1. An amount of 0.773 x 104 m3 of sediment was removed from the 
Mora Dhansiri River during 2009-15. As against to this 0.283 x 104 m3 of sedi-
ment was accumulated in this reach between 2009–2015. The bed of the 76 km 
long Mora Dhansiri channel is degrading in an average rate of 0.07 cm y–1. The 
upper 26 km of the channel is experiencing degradation while the downstream 
portion is slowly aggrading. The average rate of bed degradation or scouring 
in the upstream half of the channel is 0.079 cm y–1, whereas the average rate of 
aggradation in the downstream half of the channel is 0.032 cm y–1. The occur-

in the extreme lower portion of the channel. The river bed started aggrading at a 
rate of 0.032 cm y–1, naturally from the lower reach to the upper ones, which may 
need hazard mitigation measures such as bank protection, river training includ-
ing dredging etc. for minimising loss of intensively cultivated agricultural lands 
which is a recurring problem in Assam.
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and transportation of individual soil particles 

erosion and soil loss are not interchangeable 
terms. Soil loss is the net loss of sediment 

deposited in the depressions within the basin 
or catchment but not in the stream (Renard 
et al., 1997). Sediment yield (delivery) is the 
amount of sediment derived and transported 

to a stream over a particular period of time 
(Renard et al., 1997). This denotes the rate at 
which sediment passes a particular point in 
the drainage system and is usually expressed 
as volume (m3) or weight (ton) of sediment 
removed from per unit of basin area (km–2) in 
unit time (year–1) (Goswami, 1985). Sediment 
transportation means displacement of eroded 
material or soil particles from one position 
to another by running water in suspension or 
in traction. Channel aggradation is long term 
accumulation of sediment on the bed of the 
channel. Brown (1984) estimated that about 
23 billion tons of soil from cropped lands 
in the world is being lost every year. The 
average annual soil loss of the Dikrong river 
basin is 51 t ha–1y–1 (Dabral et al. 2008). Study 
made by Prasannakumar et al. (2011) in the 
Siruvani watershed using RUSLE found that 
rate of maximum soil loss is 14.917 t ha–1y–1 

and about only 5.76 % (1,184 hectares) of the 
area comes under the ‘severe erosion’ class, 
followed by 11.50 % of the total area under the 
‘high-erosion’ category. Sharma et al. (2011) 
found that the mean soil erosion potential of 
a watershed with predominantly agricultural 
land use, in India increased slightly from 
12.11 t ha–1y–1 in 1989 to 13.21 t ha–1y–1 in the 

land cover change. Sarmah (2015) estimated 
the rate of soil loss in the present study area 
to be 6 t ha–1y–1 during 2010–2011. 

Several studies have been done on channel 
bed aggradation across the globe. Goswami 

(1985) made a study on bed aggradation 
based on cross sectional measurements and 
estimated that the rate of bed aggradation 
of the Brahmaputra river in a 145 km long 
reach in Assam ranged from 3.57 cm y–1 
to a maximum of 145.71 cm y–1 during the 
period 1957–1971. Sarma (2005) also made a 
similar study on the Brahmaputra and found 
an overall aggradation of about 16 cm during 
1971–1979. Islam et al. (1999) in their study 
in the Bangladesh section of the Ganges 
and Brahmaputra rivers also found that the 
channel bed had aggraded at an average rate 
of about 3.9 cm y–1. Study in similar line 
of research by Dey et al. (2008) in the Fly 
river, Papua New Guinea, revealed that the 
average rate of deposition was about 0.6–0.9 
cm y–1 in a 1 km corridor on either side of the 
channel. Xu (1998), in his study on the lower 
Yellow river, China over the past 13,000 
years, found that since 1855 there has been 
accelerated sedimentation, because of the 

river. This has caused the channel bed of the 
lower Yellow river to rise at a rate of 5–10 cm 
y–1. Raven et al. (2009) in their study on the 
spatial and temporal patterns of aggradation 
in a temperate, upland, gravel bed river — 
documented a rise of mean bed level in the 
channel by 0.17 m for a period of six years 
(2001–2007) with a maximum bed level rise 

winter period (December 2003 to April 2004). 
Sarmah (2012) did a study on bed aggradation 
based on cross sectional measurement in 
the lower reach of the Jia Dhansiri River 
in Assam. He estimated that the channel in 
its lower 16 km reach aggraded at a rate of 
3.65 cm y–1 during 1995-2006. His study has 
also given some rates of bed aggradation at 
four cross-section sites of the same river. He 
estimated that the rates of bed aggradations 
are 5.27 cm y–1 at Dhansiri Khuti village, 
5.09 cm y–1 at Barigaon village, 5.27 cm y–1 
at Bagishakash village, and 2.64 cm y–1 at 
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Thalthali village. Sarmah (2012) concluded 
that, if these rates of bed aggradation are 

channel morphology occur, then the river 
bed may merge with the low river bank after 
11 years at Dhansiri Khuti village, 17 years 
at Barigaon village, 6 years at Bagishakash 
village, and 7 years at Thalthali village.

Study area
The study area is the Mora Dhansiri river 

and covers an area of 151.87 km2 (Fig.1). It 
is a tributary basin of the Jia Dhansiri river 
in Assam which is one of the important right 
bank tributary rivers of the Brahmaputra in 

in the Brahmaputra valley from northwest 
to southeast direction. Roughly, the upper 
one third portion of the basin falls in the 
piedmont region while the middle and lower 
one thirds occupy the young alluvial plains 

valley respectively. The piedmont section is 
not perennial and remains dry from December 
to May because of high rate of water seepage 
in this zone. Runoff in this section is very low 
and infrequent in the months of November to 
June. In the monsoon months this section is 
re-activated by rain water and during high 

sediment concentration also enter this section 
(Fig.1). The middle alluvial plain section 
is active during June to November. High 

July to October. In non-monsoon months 
water is observed to be clear and stagnant. 

most active during June to January. Flow is 
turbulent with high sediment concentration 
during July to December. Field observation 
reveals that this section receives sediment from 

sheet wash. The basin generally dips toward 
the south and comprises of very coarse 
clastic materials viz. boulder, cobble, pebble 
and sand of various grades (Sarmah, 2012). 
Surface gradient in the upper, middle and 
lower sections are 1:204, 1:941 and 1:2800 
respectively. The study area experiences 
warm wet summer and cool dry winter 
with summer monsoon rains concentrated 

geomorphological characteristics of the Mora 
Dhansiri river basin are presented in Table1.

Methods and material
The terms soil erosion, soil loss 

and sediment delivery are different in 
geomorphological sense but, in this study 
an attempt has been made to investigate soil 

SOIL EROSION, SUSPENDED SEDIMENT INFLOW-OUTFLOW IN THE MORA DHANSIRI

Table 1
(2015)Sarmah (2015)

MORPHOLOGICAL CHARACTERISTICS

Basin area 151.87 km2

Basin length (Maximum) 41 km
Basin width (Maximum) 7 km
River length 76 km
Channel width (Reach-1, 26 km) 13 m
Channel width (Reach-2, 17 km) 17 m
Channel width (Reach-3, 33 km) 18 m
Gradient between Bhairabkunda and Mora Dhansiri village (26 km). Piedmont zone. 1 : 204
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Figure 1. Location of the Mora Dhansiri river basin

Gradient between Mora Dhansiri village and Lalpul village (17 km). Alluvial plain 1: 941
1: 2800

CLIMATIC CHARACTERISTICS
Average annual rainfall 200 cm
Seasons: Warm-wet summer and cool-dry winter ---
Maximum summer temperature 37°C – 38°C
HYDROLOGICAL CHARACTERISTICS (2009-2015)
Highest discharge at Mora Dhansiri village 1.955 m3s–1

Highest discharge at Lalpul village 4.735 m3s–1

6.892 m3s–1

---
6 m3s–1

Mora Dhansiri village (From Reach-1) 0.602 hm (15953 ton)
Lalpul village (From Reach-2) 1.712 hm (45368 ton)

1.490 hm (39485 ton)
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erosion from the catchment and its effect on 
channel bed aggradation in the study area. 
Soil erosion or soil loss from the catchment 
of the Mora Dhansiri River is assessed based 
on Revised Universal Soil Loss Equation 
or RUSLE (Renard et al., 1997). RUSLE is 
expressed as:

Where, A is the soil loss in t ha–1 over a 
particular period, R is the rainfall-runoff 
erosivity factor in MJ.mm ha–1hr–1; K is the 
soil erodibility factor t ha–1 (MJ.mm)–1, L is 
the slope length factor (dimensionless), S is 
the slope steepness factor (dimensionless), 
C is the cover and management factor 
(dimensionless); and P is the conservation 
practices factor (dimensionless). 

In this study the P factor has not been 
taken into consideration as there is no 
conservation practice found in the basin. 
Data on soil loss from the catchment is used 
from the published work of the present author 
(Sarmah, 2015; 2014-15) for the years 2009, 
2010, and 2011. The same parameters have 
been estimated for the years 2013, 2014, and 
2015 using RUSLE.

and storage in a channel can be expressed 

sediment to the channel comes from surface 
erosion through stream networks including 
rills, gullies and contribution from stream 
bank erosion and bed scouring. Usually two 
approaches are applied for estimation of 

networks and in-channel contribution viz. 
(i) adding up the contribution from different 
components and (ii) simulate components 

of the main channel. Works following this 
approach were carried out by Goswami 
(1985), Leopold and Miller (1954); Wolman 

(1967) and others. The second approach 
includes use of GIS based models or use of 
measured data to calibrate a computer model. 
GIS based models such as RUSLE (Renard et 
al., 1997), Non-point Source Pollution Model 
or AGNPS (Young et al., 1989), European 
Soil Erosion Model or EUROSEM (Morgan 
et al., 1992), Soil and Water Assessment 
Tool or SWAT (Arnold et al. 1994, Neitsch 
et al. 2002) etc. This study primarily adopts 

is applied by using published data of the 
present author for the same study area. This 
facilitates authentication or validation of the 

on contribution of suspended sediment from 
tributaries or gullies to the main stream was 
used and estimation of the same was done in 
different reaches of the main river. Data are 

reaches of the main channel. The following 
formula used by Goswami (1985) is adopted 
in this study for estimation of suspended 

budget of the present river. 

Where, Mi
a reach 
Tij 
tributary or gully to Mi reach,
Oi
from the Mi reach,

S stands for storage or removal of 
suspended sediment in or from the Mi reach, 

If the number of reaches in the river is m, 
then the difference of sediment storage and 

and the last gauging station is given by the 
following equation
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Mora Dhansiri River which are named 
as Gully-1, Gully-2, Gully-3 and Gully-4 
and are located at Siddhakhowa village, 
Borgora Khuti village, Baruagaon village, 
and Kawpati Tea Estate respectively (Fig.1). 
These are the outlets through which sub-
basin sediments are transported to the Mora 
Dhansiri River. Besides, there are direct 
contributions from the banks and bed. Basin 
areas of Gully-1, Gully-2, Gully-3 and 
Gully-4 are 8.74 km2, 29.42 km2, 2.58 km2 
and 5.37 km2 respectively. Photographs taken 

in Photograph 1 to Photograph 4. Photographs 

reaches of the main channel are presented 
in Photograph 5 to 8. For calculation of total 
sediment load (ton), the average discharge 
and average sediment concentration was 
found out from the observed data at tributary 

points of the different reaches of the main 
channel. The result was then multiplied by the 
stipulated time. For measurement of velocity, 

depth and wetted perimeter was calculated 

of the different reaches of the main channel 
were calculated for the whole year. But, 
discharges (Q) of the tributaries or gullies 

Mora Dhansiri river are calculated only for 
the months of July, August, September and 
October. In the other months, the water is 
stagnant (no velocity) and thus the discharge 

this period, the sediment concentration was 
also nil (Photograph.1 to 4). Though there 
is some amount of rain in the later period of 
June and early November but it is extremely 

ground. Suspended sediment concentration 
(C) of samples collected from four gully 
mouths is estimated in gm cc–1, following the 

of suspended sediment concentration (Cm) is 
extrapolated for those days when no sample 
could be collected. Time (T) is obviously 
a pertinent factor of sediment delivery. 
All other controlling factors of sediment 
yield remaining constant, the amount of 

directly proportional to time. In this study, 

for seven years (2009 to 2015) on a yearly 
basis. Discharge at gully mouths calculated 
in seconds. Thus, total time (T) taken for 

Accordingly, the total time (T) for estimation 

is 122 days (four months) 86400 seconds 

time for estimation of suspended sediment 

different reaches of the main channel is not 
same. Time for the upper one third section 
(Reach-1: Bhairabkunda to Mora Dhansiri 
village, Fig.1) is considered from June to 
November. Accordingly total time in one year 

15811200 seconds. Flow in the middle one 
third section (Reach-2: Mora Dhansiri village 
to Lalpool village, Fig.1) is active during 
June to November i.e. for 15811200 seconds. 
The downstream one third section (Reach-3: 

is perennial and most active during June to 
January. Accordingly total time in one year is 

21168000 seconds.

Results
Assessment of rates of soil erosion from 

the catchment is examined following RUSLE 
model for the years 2012, 2013, 2014 and 
2015. The data on soil erosion for the years 
2009, 2010, and 2011 is compiled from 
the published work of Sarmah (2015) and 
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presented in Table 2 (column c and d). The 
thickness of soil erosion from the surface is 
shown in column j and k and the average is 
given at column l (Table 2).

RUSLE and based on the results, soil loss 
sensitivity maps have been prepared in 
ArcInfo platform for seven years (2009–
2015). The soil erosion sensitivity zones of 

the Mora Dhansiri basin for the years 2009, 
2010, and 2011 are presented in Figure 2 (a, 
b and c).

Data on parameters pertaining to 

to the three different reaches are collected 
at four gauging sites viz. Bhairabkunda, 
Mora Dhansiri village, Lalpool village and 

the years 2009 to 2015. The data generated 

year Soil erosion 
class

Rate of erosion Area Weight 
of  soil 

loss

Volume 
of soil 
loss

Average 
volume 
of soil 
loss

Thickness of 
surface erosion

Average 
thickness 

of soil 
erosion

(t/ha) (t/m2) (‘000 
m2) (ton) hm (m3) (m) (cm) (cm)

a b c d e f =d x e g i j = i/e k l

2009 Minimal to 
moderate 4.5 0.00045 145670 65552 2.47364 24736 0.00017 0.01698

0.02736
High to 
extreme 10 0.00100 60200 60200 0.22717 2272 0.00038 0.03774

2010 Minimal to 
moderate 4.5 0.00045 129330 58199 2.19617 21962 0.00017 0.01698

0.02736
High to 
extreme 10 0.00100 2250 2250 0.84906 8491 0.00038 0.03774

2011 Minimal to 
moderate 4.5 0.00045 128050 57623 2.17443 21744 0.00017 0.01698

0.02736
High to 
extreme 10 0.00100 23390 23390 0.88264 8826 0.00038 0.03774

2012 Minimal to 
moderate 4.5 0.00045 127730 57479 2.16900 21690 0.00017 0.01698

0.027358
High to 
extreme 10 0.00100 23410 23410 0.88340 8834 0.00038 0.03774

2013 Minimal to 
moderate 4.5 0.00045 127730 57479 2.16900 21690 0.00017 0.01698

0.02758
High to 
extreme 10 0.00100 23450 23450 0.88490 8849 0.00038 0.03774

2014 Minimal to 
moderate 4.5 0.00045 127600 57420 2.16680 21668 0.00017 0.01698

0.027358
High to 
extreme 10 0.00100 23550 23550 0.88868 8887 0.00038 0.03774

2015 Minimal to 
moderate 4.5 0.00045 127761 57492 2.16950 21695 0.00017 0.01698

0.027358
High to 
extreme 10 0.00100 23590 23590 0.89020 8902 0.00038 0.03774

Table 2. Rates of soil erosion from the catchment of the Mora Dhansiri River 
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from laboratory analysis of water samples is 

of sediment to the main channel (column d), 
the sediment contribution from the gullies at 
a given time (column e), the total sediment 

time period (column f), the total suspended 

suspended sediment to a particular reach can 

from the preceding reach and is presented in 
column h of Table 3. The balance between 

indicates removal or storage of sediment in 
a particular reach at a given year (column i).

The trends of aggradation/ degradation 
of Mora Dhansiri River channel in three 
different reaches are assessed using the 
data presented in Table 3 (column i) and 

pertaining to sediment accretion/ removal in 
a particular reach for a given year has been 
presented in Table 4 in hectare meters (ha 
m) and have been converted to cubic meters 
(m3) and presented in row 4 of Table 4. The 
volume of sediment stored/ removed in/ 
from a reach in a given year is divided by the 
area of the channel in that reach (which is in 
m2) to assess the magnitude of aggradation/ 
degradation and presented in Table 4, row 5) 

Figure 2. Integrated assessment of sensitivity of soil erosion (Source: Sarmah, 2014-15, 2015)

Gauging 
station on the 

MDR

Year Gully (Sub-
Tributary)

Mainstream 

(hm)

Tributary 

(Ti)
(hm)

ij
(hm)

Mij ij
(hm) the end of 

the stream 
(Oi)
(hm)

Removed 
/ stored 

(hm)

a b c d e f g = d+f h

Bhairabkunda 2009 No Gully 0.161 0 0 0.161 0.401 -0.240

2010 No Gully 0.252 0 0 0.252 0.635 -0.383

Table 3

Continued
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2011 No Gully 0.228 0 0 0.228 0.540 -0.312
(Reach-1) 2012 No Gully 0.226 0 0 0.226 0.332 -0.106

2013 No Gully 0.241 0 0 0.241 0.533 -0.292
2014 No Gully 0.239 0 0 0.239 0.464 -0.225
2015 No Gully 0.237 0 0 0.237 0.465 -0.228

Mora Dhansiri 
village 2009 Gully-1 0.401 0.113 0.113 0.514 0.756 -0.242

2010 Gully-1 0.635 0.150 0.150 0.785 1.021 -0.236
2011 Gully-1 0.540 0.142 0.142 0.682 0.917 -0.235

(Reach-2) 2012 Gully-1 0.332 0.142 0.142 0.474 0.325 0.149
2013 Gully-1 0.363 0.162 0.162 0.525 0.498 0.027
2014 Gully-1 0.464 0.153 0.153 0.617 0.475 0.142
2015 Gully-1 0.465 0.156 0.156 0.621 0.558 0.063

Lalpul Village 2009 Gully-2 0.756 0.428 0.646 1.402 1.138 0.264
2009 Gully-3 0.081
2009 Gully-4 0.137
2010 Gully-2 1.021 0.560 0.826 1.847 1.496 0.351
2010 Gully-3 0.088
2010 Gully-4 0.178
2011 Gully-2 0.917 0.482 0.703 1.620 1.360 0.260

(Reach-3) 2011 Gully-3 0.082
2011 Gully-4 0.139
2012 Gully-2 0.925 0.480 0.704 1.629 1.525 0.104
2012 Gully-3 0.082
2012 Gully-4 0.142
2013 Gully-2 0.785 0.255 0.983 1.768 1.512 0.256
2013 Gully-3 0.095
2013 Gully-4 0.633
2014 Gully-2 0.844 0.483 0.962 1.806 1.625 0.181
2014 Gully-3 0.083
2014 Gully-4 0.396
2015 Gully-2 0.887 0.486 1.024 1.911 1.775 0.136
2015 Gully-3 0.092
2015 Gully-4 0.446
2009 --- 1.138 --- --- --- --- ---
2010 --- 1.496 --- --- --- --- ---
2011 --- 1.360 --- --- --- --- ---
2012 --- 1.525 --- --- --- --- ---
2013 --- 1.512 --- --- --- --- ---
2014 --- 1.625 --- --- --- --- ---
2015 --- 1.775 --- --- --- --- ---
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Discussion
Soil erosion from the catchments

The rate of soil erosion in the Mora 
Dhansiri River catchment for the period 

temporal variation. The average rate of soil 
erosion is estimated to be 2.12 t ha–1y–1, 5.28 
t ha–1y–1, 5.09 t ha–1y–1, 5.11 t ha–1y–1, 5.10 t 
ha–1y–1, 5.32 t ha–1y–1 and 5.46 t ha–1y–1 in the 
years 2009, 2010, 2011, 2012, 2013, 2014 and 
2015 respectively. For examining the spatial 
variation in soil loss sensitivity in the river 

erosion classes have been considered viz. (i) 
minimal (0 to 2 tons ha–1), (ii) low (2 to 5 tons 
ha–1), (iii) moderate (5 to 8 tons ha–1), (iv) 
high (8 to 11 tons ha–1) and (v) extreme (>11 
tons ha–1). It is seen that there is considerable 
correlation between physiography and soil 
loss sensitivity zones and it is clearly seen in 
the soil sensitivity maps presented in Figure 
2 (a, b and c). It is evident from all the maps 
that the upper part of the basin, characterised 
by high gradient and dissected terrain shows 
high to extreme sensitivity to soil erodibility. 
The middle part of the basin, in most cases 
is characterised by high LS (slope length 
and steepness) factor, high drainage density 
and high stream frequency, especially in 
the proximity of the river. This zone shows 
high to extreme sensitivity to soil erosion 

(Sarmah, 2015). This region is basically put 
to agricultural use, producing grain crops and 
summer vegetables which require intensive 
tillage during high runoff period catalysing 
rapid soil loss (Sarmah, 2015). From Figure 

difference in intensity of soil erosion in the 
year 2009 (Fig.2a) in comparison to other 
years. Even the average rate of soil erosion 

–1y–1) in this 
year. This difference is because of occurrence 
of less amount of rainfall in the year 2009 
compared to the other years, particularly 
during the period when the ground remains 
saturated. Since there is no water conservation 
practice in the study area and the ground is 
gently sloping plain, rainfall plays a vital role 
in soil loss sensitivity (Sarmah, 2015). 

Thickness of soil layer eroded from 
the catchments is found to be more or less 
uniform from 2009 to 2015 (Table 2, column 
j and k), but the variation is much more clear, 
when the values of ‘Minimal to Moderate 
Soil Erosion’ class is compared with the 
‘High to Extreme Soil Erosion’ class. Thick 
layer of soil estimated to be 0.03774 cm 
(Table 1 column k) is eroded from the ‘High 
to Extreme Soil Erosion’ class, as against an 
estimated 0.01698 cm (Table 2 column k) 
eroded from the ‘Minimal to Moderate Soil 
Erosion’ class. The average thickness of soil 

Bhairabkunda –Mora Dhansiri village Reach (Reach-1)
Year -- 2009 2010 2011 2012 2013 2014 2015

a b c d e f g h i

Length (m) 1 26000 26000 26000 26000 26000 26000 26000
Width (m) 2 12 13 12 13 13 13 13
Area (m2) 3 321360 334880 311480 329940 341640 340080 343720
Volume of sediment removed/ 
stored (104 m3) 4 -0.240 -0.383 -0.312 -0.106 -0.292 -0.225 -0.228 

Amount of degradation (m) 5 –0.007 –0.011 –0.010 –0.003 –0.009 –0.007 –0.007
Amount of degradation (cm) 6 –0.747 –1.144 –1.002 –0.321 –0.855 –0.662 –0.663

Table 4. Reach wise data on parameters for estimating magnitude of aggradation / degradation in the Mora Dhansiri 
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layer eroded from the catchment of the Mora 
Dhansiri River is estimated to be 0.027358 
cm (Table 2 column l) during the period 
2009–2015. The average rate of soil erosion 
from the catchment of the Mora Dhansiri 
River is 0.004 cm yr–1.

The amount of sediment stored or removed 
from a reach is estimated on the basis of the 

in Reach-1 has been removed in all the 

hm of sediment entered into the Reach-1 
and 3.37 hm sediment was removed during 

in the channel with removal of 1.786 hm 
of suspended sediment. It is estimated that 
sediment removed from Reach-1 in the years 
2009, 2010, 2011, 2012, 2013, 2014 and 2015 
are in the order of 0.240 hm, 0.383 hm, 0.312 

 Mora Dhansiri village – Lalpul village Reach (Reach-2)
a b c d e f g h i

Length (m) 7 17000 17000 17000 17000 17000 17000 17000

Width (m) 8 17 17 17 18 18 19 19
Area (m2) 9 284155 289000 289000 306000 306000 323000 323000
Volume of sediment removed/ 
stored (104 m3) 10 -0.242 -0.236 -0.235 0.149 0.027 0.142 0.063 

Amount of degradation/ 
aggradation (m) 11 –0.009 –0.008 –0.008 0.005 0.001 0.004 0.002

Amount of degradation/
aggradation (cm) 12 –0.852 –0.817 –0.813 0.487 0.088 0.440 0.195

a b c d e f g h i

Length (m) 13 33000 33000 33000 33000 33000 33000 33000

Width (m) 14 17 17 18 18 19 18 20
Area (m2) 15 561000 561000 594000 594000 627000 594000 660000
Volume of sediment removed/ 
stored (104 m3) 16 0.264 0.351 0.260 0.104 0.256 0.181 0.136 

Amount of aggradation (m) 17 0.005 0.006 0.004 0.002 0.004 0.003 0.002
Amount of aggradation (cm) 18 0.471 0.626 0.438 0.175 0.408 0.305 0.206

a B c d e f g h i
Length (m) 19 76000 76000 76000 76000 76000 76000 76000
Width (m) 20 15 16 16 16 17 17 17
Area (m2) 21 1167233 1187627 1190160 1233480 1270213 1268693 1322907

22 -0.218 -0.268 -0.287 0.147 -0.009 0.098 -0.029
Volume of sediment removed/
stored (104 m3) 23 -0.218 -0.268 -0.287 0.147 0.009 0.098 0.029 

Amount of degradation (m) 24 -0.0019 -0.0023 -0.0024 0.0012 -0.0001 0.0008 -0.0002
Amount of degradation (cm) 7 -0.1868 -0.2257 -0.2411 0.1192 -0.0071 0.0772 -0.0219
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hm, 0.106 hm, 0.292 hm, 0.225 hm and 0.228 
hm respectively (Table 3). These results 
demonstrate a high scouring tendency of the 
river in the 26 km long stretch of Reach-1 
from Bhairabkunda to Mora Dhansiri village 
during the period of study. This reach covers 
the upper piedmont zone i.e. the foothill-
plain junction. Hence, this removal may be 
attributed to the high gradient of the river bed 
in this stretch. This study also examined the 
relationship between gradient and suspended 
sediment removal and storage from or in 
the channel during 2009–2015 (Fig. 3). The 
gradient of Reach-1 is much higher than 
Reach-2 or Reach-3 (Fig. 3). All the scatter 
points are located in the fourth quadrant of 
the graph demonstrating removal of sediment 
due to high gradient (Fig.3). High discharge 
following high intensity rainfall during 
cloud burst also forced-up the process of bed 
scouring. 

Relationship between discharge and 
suspended sediment removed or stored 
from/ in the channel during 2009–2015 is 

represented in Fig. 4. All the scatter points 
representing Reach-1 are located in the lower 
part of the fourth quadrant of the graph (Fig. 
4), demonstrating weak role of discharge in 
sediment removal compared to Reach-2 and 

except at few locations. Several tributaries 
join the main channel in this stretch. These 

in removal of sediment from the channel.
Suspended sediment analysis of Reach-2 

reveals that 4.218 hm of sediment entered 
and 4.55 hm sediment was removed during 
2009–2015 resulting in a near-balance 

system. Reach-2 received 1.624 hm of 
sediment from Reach-1 and 0.613 hm from 
Gully-1 during 2009–2015. It is evident from 

the channel was less (1.981 hm) than the 

picture changed during 2012–2015, when 

Figure 3. Relationship between gradient and suspended sediment removed/ stored from/ in the channel of the Mora Dhansiri 
River during 2009–2015
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storage of 0.381 hm of sediment in Reach-2. 
It is estimated that removal of sediment from 
Reach-2 in the years 2009, 2010 and 2011 
were in the order of 0.242 hm, 0.236 hm, and 
0.235 hm respectively (Table 3). The storage 
of sediment in Reach-2 in the years 2012, 
2013, 2014 and 2015 were in the order of 
0.149 hm, 0.027 hm, 0.142 hm and 0.063 hm 
respectively (Table 3). These data demonstrate 
that the 17 km long Reach-2 stretching from 
Mora Dhansiri village to Lalpool village 
more or less maintains a balance between the 

one gully (Gully-1, Fig.1) which contributes 
about 0.613 hm of suspended sediment. This 
Reach (Reach-2), representing the young 
alluvial plain, is bordered by the piedmont 

in the south. Surface gradient in this area is 
much lower than Reach-1 but little higher 
than Reach-3. The scatter plot and the trend 

located in both sides of the vertical axis in 

3). The relationship between discharge and 
suspended sediment removed/ stored from/ 
in the channel during 2009–2015 reveals that 

gradient and relatively high discharge in 
Reach-2 compared to Reach-1 contributed to 

in Reach-2. Thus, scatter points and the 
trend line representing Reach-2 is located 
in the middle part of the graph (Fig.4), 
demonstrating the balanced role of discharge 
in sediment removal compared to Reach-1 
and Reach-3.

the study period most of the sediment 
entering this reach is being stored within 
the channel. It is observed that 11.983 
hm of sediment entered into Reach-3 and 
10.431 hm of sediment was removed during 

sediment within the channel. It is estimated 
that storage of sediment in Reach-3 in the 

Figure 4. Relationship between discharge and suspended sediment removed/ stored from/ in the channel of the Mora 
Dhansiri River during 2009–2015



87

years 2009, 2010, 2011, 2012, 2013, 2014 
and 2015 are in the order of 1.402 hm, 1.847 
hm, 1.620 hm, 1.629 hm, 1.768 hm, 1.806 
hm and 1.911 hm respectively (Table 3). 
These facts demonstrate that the 33 km long 
Reach-3 stretching from Lalpool village to 

sediment during the period of study. It is 
found that 1.552 hm (15%) of sediment was 
stored within the channel of Reach-3 during 
2009–2015. The three gullies viz. Gully-2, 
Gully-3 and Gully-4, observed in this 
reach has contributed suspended sediment 
to the mainstream in the order of 3.12 hm, 
0.603 hm and 2.071 hm respectively during 
2009–2015. Reach-3 also received 9.383 hm 
sediment from Reach-2 in the same period. 

zone, the storage of sediment may be because 
of low gradient of the river bed, which is 
much lower than in Reach-1 and Reach-2 
(Fig. 3). All scatter points and the trend line is 

of sediment (Fig.3). Relationship between 
discharge and suspended sediment removed 
from or stored in the channel during 2009–
2015 demonstrates weak role of discharge 
in sediment removal (Fig. 4). Investigation 

reveal that Reach-1 is experiencing sediment 
removal, Reach-2 is characterised by 
both removal and storage and Reach-3 is 
dominated by storage of sediment.
Bed degradation and aggradation

and represented in Table 4. Total volume of 
sediment removed from Reach-1 in the years 
2009 to 2015 is presented in row 4 of Table 
4. The estimated volume of sediment for each 
year has been divided by the area of Reach-1 
in respective years to get the thickness of 
bed being scoured or eroded in cm (Table 4, 

row 6). The thickness of sediment removed 
at Reach-1 is varying in different years — 
maximum and minimum being 0.855 cm 
and 0.321 cm in the years 2013 and 2012 
respectively. The average rate of bed scouring 
is estimated at 0.77cm y–1. Reach-1 does 
not have any tributary or gully component. 
Suspended sediment what is received by this 
reach are mostly eroded material either from 
bank or bed. The river bank, in this zone is 

prominent. Thus, the rate of 0.77cm y–1 of 

due to bed scouring. Surely, as mentioned 
before, high bed gradient has played a major 
role in bed scouring. Although a large volume 
of sediment washed down from the Siwalik 
Himalayas is being transported to this reach 
it cannot be deposited here because of high 
gradient. Owing to its piedmont location 
Reach-1 is characterised by high rate of 
seepage of water and discharge here is not 

high discharge during monsoon months 
transport large volume of suspended sediment 
leaving behind the coarse materials including 
cobbles, pebbles, boulders etc.  

Reach-2 is 17 km long and on an average 
18 m wide. The rate of bed scouring or 
aggradation at Reach-2 varies  in different 
years — maximum and minimum being 
-0.852 cm and +0.487 cm in the years 2009 
and 2012 respectively. The average rate of 
bed scouring is estimated to be 0.18 cm yr–1. 
An amount of 0.713 x 104 m3 of sediment 
was removed from Reach-2 during 2009–
2011, as against 0.381 x 104 m3 of sediment 
which accumulated in this reach during 
2012–2015. Magnitude of bed scoring in 
the years 2009, 2010 and 2011 were 0.852 
cm, 0.817 cm, 0.813 cm respectively (Table 
4). The magnitude of bed aggradation were 
0.487 cm, 0.088 cm, 0.440 cm and 0.195 
cm in the years 2012, 2013, 2014, and 
2015 respectively (Table 4). These results 
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demonstrate that bed of Reach-2 experienced 
both scouring and aggradation during the 
period of study. Reach-2 has one gully 
component which contributes 0.613 hm of 
sediment. The amount of suspended sediment 
received at this reach from Reach-1 (3.37 
hm, Table 3) and Gully-1 are not completely 
removed and some amount of sediment is 
also added from bank erosion. The 17 km 
long Reach-2, extending from Mora Dhansiri 
village to Lalpool village maintains a near-
balance condition in the bed aggradation 
degradation system. Bed gradient in this 
reach is much lower compared to Reach-1 
and little higher than Reach-3. The Siwalik 
Himalayan sediments are deposited in the 
river bed and low bed gradient facilitates bed 
aggradation in this reach. Besides, the banks, 
composed of alluvial material are saturated 

substantial amount of material to the channel. 
The discharge in this Reach is relatively 

low than Reach-3 (Fig. 4) which may also 
play a role in maintaining a low rate of bed 
aggradation (0.18 cm y–1) in this reach.

Reach-3 is an aggrading portion of the 
channel with a total 1.552 x 104 m3 stored in 
the channel during 2009–2015. This 33 km 
long Reach received 9.383 hm of sediment 
from Reach-2 and 5.848 hm from three 
different gullies as against total 10.431 hm 
sediment removed during this period. Besides, 
there is contribution of sediment from bank 
erosion as well. An amount of 1.552 x 104 
m3 of sediment accumulated in this reach 

in the years 2009, 2010, 2011, 2012, 2013, 
2014 and 2015 is estimated to be 0.471 cm, 
0.626 cm, 0.438 cm, 0.175 cm, 0.408 cm, 
0.305 cm and 0.206 cm respectively (Table 
4, row 18). Bed gradient in this reach is 
extremely low (Fig.3) compared to Reach-1 
and Reach-2 which did not facilitate transport 
of sediment, resulting in bed aggradation in 

this Reach. The channel in this Reach is well 

gets settled in the bed particularly during 

in the study on Jia Dhansiri river, found that 
suspended sediments are mostly settled on 

Figure 4 demonstrate that discharge played 

in this reach. Highly positive correlation (r 

sediment with increase in discharge. Both 
the scatter plots represented in Figure 3 and 
Figure 4 demonstrate active role of gradient 
and discharge in bed aggradation in Reach-3.

The overall nature of the 76 km long Mora 
Dhansiri River channel is investigated to be 
of a scouring/ degrading type with an average 
rate of 0.07 cm y–1. The upper 26 km stretch of 
the channel is experiencing bed scour, while 
the downstream portion is slowly aggrading. 
The average rate of bed degradation/ scouring 
in the upstream half is 0.079 cm y–1. 

Conclusion
This study reveals that gradient stand as 

a major determinant in bed lowering (Fig. 
3). The average rate of bed aggradation/ 

is 0.032 cm y–1. This trend of aggradation, 
investigated since 2012 is still continuing. 
The ratio of basin area to bed aggradation of 
Mora Dhansiri River is 1:0.0002. From cross-
sectional survey of the Jia Dhansiri River, the 
estimated rate of bed aggradation was found 
to be 3.63 cm y–1 (Sarmah, 2012). The ratio of 
basin area to bed aggradation of Jia Dhansiri 
River is 1:0.0023, which is similar to that 
of Mora Dhansiri river. This validates the 
result of the present study. Goswami (1985), 

method, estimated that rate of bed aggradation 
in the Brahmaputra River is 0.003 cm y–1. 
The basin area and bed aggradation ratio of 
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Brahmaputra River is 1: 0.00000005. This 
ratio shows high degree of variation in case 
of both Jia Dhansiri or Mora Dhansiri rivers, 
which may be attributed to the variation in 
physiographic setting and climate. Another 
study made by Kalita (2016), following 

that the rate of bed aggradation in the Belsiri 
river is 4.6 cm y–1. The basin area and bed 
aggradation ratio of Belsiri River is 1:0.0064, 
which is more or less similar to Mora Dhansiri. 
Whatever little variation is there, may be 
because of local variation in physiographic 
setting and basin characteristics. In all three 
rivers of Jia Dhansiri (Sarmah, 2012), Belsiri 
(Kalita, 2016) and Mora Dhansiri it is evident 
that increase in basin area corresponds to the 
increase in bed aggradation ratio. The average 
thickness of soil erosion from the catchment 
of the Mora Dhansiri River is estimated to be 
0.027358 cm during 2009–2015 (Table 1). 
The estimated thickness of soil erosion layer 
from the catchment of the Mora Dhansiri 
river following RUSLE method is 0.004 cm 
y–1, while the estimated rate of bed scouring in 

–1. The difference 
between the two is 0.066 cm y–1. This means 
a layer of 0.066 cm thickness is being eroded 
from the bed of the Mora Dhansiri river per 
year. However, the river started aggrading 
at a rate of 0.032 cm y–1, naturally from the 
lower reach to the upper ones. Fluvial hazard 
mitigation measures, such as bank protection, 
river training including dredging are required 
to be taken up at the earliest for minimising 
loss of intensively cultivated agricultural 
lands which is a recurring problem in the 
state of Assam.

References
Arnold, J.G., Williams, J.R., Srinivasan, R., King, 

K.W. and Griggs, R.H. (1994) SWAT – Soil and 
Water Assessment Tool. Agricultural Research 
Service USDA, Grassland, Soil and Water 

Research Laboratory, Temple, TX: 494p.
Brown, L.R. (1984) Conserving Soils. In Brown 

L.R. (ed) State of the World, Norton, New 
York: 53–75.

Dabral, P.P., Baithuri, N. and Pandey, A. (2008) 
Soil Erosion Assessment in a Hilly Catchment 
of North Eastern India Using USLE, GIS and 
Remote Sensing. Water Resource Management, 
22: 1783–1798. DOI 10.1007/s11269-008-
9253-9

Day, G., Dietrich, W.E., Rowland, J.C. and 
Marshall, A. (2008) The depositional web on 

Guinea. Journal of Geophysical Research. 113, 
F01S02. doi:10.1029/2006JF000622. 

Goswami, D.C. (1985) Pattern of sediment yield 
from river basins of the Brahmaputra system, 
North East India. North Eastern Geographer, 
17(1 & 2): 1–11.

Islam, M.R., Begum, S.F., Yamaguchi, Y. 
and Ogawa, K. (1999) The Ganges and 
Brahmaputra Rivers in Bangladesh: basin 
denudation and sedimentation. Hydrological 
Processes, 13(17): 2907–2923.

Kalita (2017) Flood, erosion and bed aggradation 
in the Belsiri River of Assam, India. 
Unpublished PhD thesis, Gauhati University, 
Guwahati: 198p.

Leopold, L.B. and Miller, J.P. (1954) A post-
glacial chronology of some alluvial valleys 
in Wyoming, U.S. Geological Survey. Water 
Supply Paper, 1261: 89p. 

Neitsch, S.L., Arnold, J.G., Kiniry, J.R., 
Srinivasan, R. And Williams, J.R. (2002) Soil 
and Water Assessment Tool, User’s Manual, 
Version 2000. Agricultural Research Service 
USDA, Grassland, Soil and Water Research 
Laboratory, Temple, TX: 472p

Prasannakumar, V., Shiny, R. and Vijith, H. 
(2011) Spatial prediction of soil erosion risk 
by remote sensing, GIS and RUSLE approach: 
A case study of Siruvani river watershed in 
Attapady valley, Kerala, India. Environmental 
Earth Sciences, 64(4): 965–972.

Raven, E.K., Lane, S.N., Ferguson, R.I. and 
Brack, L.J. (2009) The spatial and temporal 
pattern of aggradation in a temperate, upland, 

SOIL EROSION, SUSPENDED SEDIMENT INFLOW-OUTFLOW IN THE MORA DHANSIRI



JOURNAL OF INDIAN GEOMORPHOLOGY: VOLUME 6, 201890

Sensitivity in the Mora Dhansiri River Basin, 
Assam. North Eastern Geographer, 38(1 & 2): 
7–17.

Sarmah, R. (2015) Soil loss assessment using 
revised universal soil loss equation and GIS in 
an agricultural watershed in Assam, Journal of 
Indian Geomorphology, 3: 73–83.

Sharma, A., Tiwari, K.N. and Bhadoria, P.B.S. 
(2011) Effect of land use land cover change 
on soil erosion potential in an agricultural 
watershed, Environmental Monitoring and 
Assessment, 173(1–4): 789–801.

Wolman, M.G. (1967) A cycle of sedimentation 
and erosion in urban river channels. Geogr. 
Annaler, 49(A): 385–395.

Young, R.A.; Onstad, C.A.; Bosch, D.D. and 
Anderson, W.P. (1989) AGNPS: A nonpoint-
source pollution model for evaluating 
agricultural watersheds. Journal of Soil and 
Water Conservation, 44(2): 168–173.

Xu, J.X. (1998) Naturally and anthropogenically 
accelerated sedimentation in the lower Yellow 
River, China, over the past 13,000 years. 

, Series A Physical 
Geography, 80(1): 67–78.

gravel-bed river. Earth Surface Processes and 
Landforms, 34 (9): 1181–1197. doi:10.1002/
esp. 1783.

Renard, K. G., Foster, G. R. and Weesies, G. 
A. (1997) Predicting soil erosion by water: 
A Guide to conservation planning with 
the Revised Universal Soil Loss Equation 
(RUSLE). Agricultural Handbook, No. 537, 
United States Department of Agriculture, 
Washington: 13–29.

Sarma, J.N. (2005) Fluvial process and 
morphology of the Brahmaputra River in 
Assam, India. Geomorphology, 70(3 & 4): 
226–256.

Sarmah, R. (2001) Fluvial environment and 

Dhansiri river basin, Assam. Unpublished PhD 
thesis, Department of Environmental Science, 
Gauhati University, Guwahati: 82, 118–119, 
130–136.

Sarmah, R. (2012) Bed aggradation in the lower 
reach of the Jia Dhansiri river basin, Assam, 
INDIA. Geomorphology, 141(142): 1–10, 
doi:10.1016/j.geomorph.2011.10.032.

Sarmah, R. (2014–15) Assessment of Soil Loss 

Date received  : 12 January 2018
Date accepted after revision: 30 July 2018


