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In the absence of long-term hydrologic and streamflow records an understanding of river morphol-
ogy (present and past) can help delineate changes in magnitudes of water and sediment discharges.
The relict drainage system of Gujarat alluvial plain provides an opportunity to reconstruct the
palaeochannel morphology-related discharge estimations. In this paper, based on the geomorpho-
logical evidence and channel geometry, an attempt has been made to reconstruct the palaeohy-
drological condition in the Shedhi River during the Holocene. A comparison of the present day
channel of the Shedhi River with that of its palaeo counterpart reveals that the former was car-
rying much higher bankfull discharge (∼5500m3 s−1) as compared to the present (∼200m3 s−1).
This is attributed to a larger drainage area and enhanced precipitation in the Shedhi River basin.

1. Introduction

Alluvial rivers are dynamic systems subject to
rapid change in channel shape and flow pattern.
Water and sediment discharges are the principal
determinants of the dimensions of a river chan-
nel (width, depth, meander wavelength, and gradi-
ent). Physical characteristics of river channels, such
as width/depth ratio, sinuosity, pattern (braided,
meandering, and straight) are significantly affected
by changes in flow rate and sediment discharge
(Schumm 1968). Rivers can respond to major
changes of water and sediment load primarily by
pattern changes. Similarly, river channels adjust
to changing discharge which is in turn depen-
dent on basin variables, and therefore a compar-
ison between the attributes of the present and
the palaeochannels would reflect the change in the
discharge regime over time. Because changes in
the alluvial channel cross-section, especially width,
may indicate changes in streamflow characteris-
tics, known discharges can be expressed as a sim-
ple power relation with channel width (Dury 1976).
Many ‘underfit’ streams flow through much larger

valleys and have provoked a number of attempts
to use channel characteristics in the reconstruction
of former discharges. Geomorphic parameters such
as channel patterns, meander wavelengths and
palaeochannel dimensions were first used in palaeo-
hydrology by Dury (1954, 1976) and Schumm
(1968) and were modified subsequently depen-
ding upon their area of application (Tinkler 1971;
Patton and Baker 1977; Knox 1985, 1988; Williams
1988). The study of palaeo and modern chan-
nel dynamics has been carried out for various
river basins worldwide (Cremaschi and Marchetti
1995; Amsler et al 2005; Roy and Sinha 2005;
Callow and Smetten 2006; Eriksson et al 2006). In
the Indian context, quantitative palaeohydrological
studies were made in the bedrock Deccan rivers and
recently in the alluvial rivers of Gujarat (Kale et al
1994, 2004; Alpa 2007). Since these reconstructions
depend on the availability of preserved palaeochan-
nels or parts thereof, the alluvial plains of Gujarat
with an array of geomorphic features provides
an opportunity to reconstruct palaeohydrological
conditions that prevailed beyond the historical
record.
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Figure 1. Map showing the study area (a) the Sabarmati River basin and (b) the drainage pattern and major geomorphic
zones of the Shedhi River basin.

2. The Shedhi River

The drainage of Mainland Gujarat which is con-
trolled by the physiography, lithology, tectonics
and climate and the enormous fluvial sedimenta-
tion from Pleistocene onwards has been a key fac-
tor in the evolution of the alluvial plain. It has been
suggested that the present drainage is a relict of a
much larger earlier fluvial system operating in the
region (Merh and Chamyal 1997). The Sabarmati
and the Mahi rivers, in particular, are said to have
changed their courses during Holocene (Sridhar
et al 1994; Agarwal et al 1996). This is mani-
fested in numerous meander belts, cut-off meanders
and abandoned channels between the Sabarmati
and the Mahi rivers suggesting the prevalence of a
larger fluvial system. In the present study, one such
meander belt, through which the present Shedhi
River flows, has been investigated for palaeohydro-
logical study. The channel appears to be an ‘under-
fit channel’ flowing through a much wider meander-
ing valley. Using the palaeomeander geometry and
the other planform characteristics and comparing
them with their modern counterparts, an estima-
tion of palaeodischarge has been attempted.

Shedhi River is a third order stream in the
Sabarmati River basin (figure 1a) and drains into
the alluvial plains of central Gujarat. Originating
from the eastern hills of Panchmahal district com-
prising the rocks of Aravalli Super Group, the

Shedhi flows for a distance of about 50 km through
the alluvial plain and joins the Vatrak River at
Kheda (figure 1b). It follows a south-south westerly
course and flows parallel to the Mahi River for a
stretch of about 15 km in the upstream, however it
takes a westerly trend in the lower reaches. Mohar
Nadi, a tributary, meets the Shedhi at Nadiad.
The river flows through two major geomorphic
zones, viz., pediment zone and the alluvial zone
(figure 1b). The pediment zone represents a dom-
inantly planar surface with an average elevation
between 60 and 80 m a.s.l. Deccan volcanics occur
at shallow depths of 2–4 m and granites, limestones
and sandstones as low outcrops in the pediment
zone (Agarwal et al 1996). The alluvial zone which
is covered by sandy soil represents an aggrada-
tional surface formed as a result of fluvial depo-
sition by the major rivers and their tributaries.
The basin provides a flat and featureless topogra-
phy. The modern channel of Shedhi is very nar-
row (figure 2b) and covers an insignificant area of
1408 km2. The average annual discharge at Bilodra,
which is located downstream of the study area is
50m3 s−1. The channel comprises small and com-
plex meanders with high sinuosity index (table 1).
However, larger amplitude palaeomeanders can be
observed along the course of the river (figure 2a, b).
The channel width and the meander geometry is at
a variance as defined by the established empirical
relations.
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Figure 2. (a) The palaeomeander belt on IRS 1C, band
234 (2001) satellite data of the study area. (b) Palaeo and
modern channel geometry of the Shedhi River. The lithologs
represent the exposed section of the alluvial plain surface at
Padal and of the terrace at Anadi.

Table 1. Planform characters of the palaeo and modern channel in the study area.

Channel planform Palaeo Present
parameter Relation used channel channel

Meander length Lm (m) (Measured) 4500 1500

Radius of curvature R (m) (Measured) 950 150

Bankfull channel width Wb (m) Wb = 0.17 L0.89
m 300 114

Channel width W (m) – 33

Bankfull channel depth Db (m) Db = 0.027 L0.66
m 7 1.5

Db = 0.09 W 0.59
b Si1.46 7.4 1.7

Cross-section area Ac (m2) Ac = Wb Db 2100 50

Ac = 0.0054 L1.53
m 2098 47

Slope S (m/km) 1.11

Width–depth ratio 43 22

Meander width ratio 8.3 4.3

Entrenchment ratio 3.6 2.6

Sinuosity index Si 1.53 2.45

3. Palaeochannel geometry and
discharge estimation

A relationship exists between meander wavelength,
channel width and discharge as also cross-section
area and channel slope (Dury 1976). The above
relationship, when applied, indicates that the
channel with meander length (Lm) of the order of
4500 m should be around 300 m wide (table 1). This
is not the case with Shedhi River, suggesting that
the large meanders are a result of a much wider
palaeochannel with different discharge regime com-
pared to the present. This is further substantiated
by comparing the dimensions of the present and
palaeochannel such as the width and depth as also
the meander length, meander belt width and cur-
vature which have been compared (table 1) and
discharge quantifications made (table 2) applying
the equations developed by Dury (1976); Williams
(1978); Osterkamp and Hedman (1982) and Hodge
and Tasker (1995). The planform analysis was
carried out on a distinctly marked palaeomean-
der in the satellite data IRS 1C-Liss 3, band 234,
2001 (figure 2a). The palaeomeander was identi-
fied on the FCC by visual interpretation based on
the tone and textural characteristics followed by
a detailed field survey along the meander zone.
The results indicate that the meander length (Lm)
of the palaeochannel was 4500 m (1500 m for the
modern channel) and the width was 300 m (33 m
for the modern channel). Decreases in width indi-
cate decrease in discharge and/or decrease in
coarse sediment load. The meander radius of cur-
vature of the palaeochannel is also high (950 m)
compared to the modern channel (150 m). In addi-
tion, the palaeochannel was entrenched, had a
greater width-depth and meander width ratio than
the modern channel (table 1). Width/depth ratio
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Table 2. Discharge estimations for the palaeo and modern channel using channel dimensions.

Palaeo Modern
Equations Developed by channel channel

Q = [(W/2.99)1.81 + (L/32.857)1.81 Dury (1976) 5623 125

+0.83 Ac1.09 Ω]/3

Qb = 9.93 A0.85
d Dury (1976) – 238

Qb = 4.0 A1.21
b S0.28 Williams (1978) 6216 255

Q = 0.027 W 1.69
b Osterkamp and Hedman (1982) 415 10

Q = 0.000017 L2.15
m Carlston (1965) 1215 6

Q2 = 1.88 A0.795 S0.113 Hodge and Tasker (1995) – 209

Q2 = 4.18 A0.669 Hodge and Tasker (1995) – 221

Q – Average discharge; Qb – Bankfull discharge; Ad – Drainage area; Ab – Bankfull cross section area;

Q2 – Peak discharge for 2-year recurrence interval.

Figure 3. (a) A view of the Shedhi River showing the
present day bankfull stage at Jargal. (b) A view along the
Shedhi River exhibiting the terrace and the alluvial plain
surfaces at Padal.

tends to increase with bank erosion and with
higher coarse loads. Based on the channel mor-
phology, bankfull discharge for the palaeochannel
was estimated to be around 6000m3 s−1 whereas
the average discharge would have been around
400m3 s−1 (table 2). Compared to this, for the

modern channel, bankfull and average discharges
are 200m3 s−1 and 10m3 s−1 respectively (table 2).
However, in the absence of a discharge gauging
station upstream on the study area, comparison
between the estimations and the actual values is
not possible. Similar estimations in the adjoining
Mahi River (Alpa 2007) have been found to be in
accordance with the recorded discharge. Consider-
ing the identical geomorphic setting of the Shedhi
and the Mahi Rivers, it can be speculated that
the above computation of palaeo and modern dis-
charge are reasonable. Further, discharge is also a
function of the drainage area for which an estab-
lished relationship exists (Dury 1976). Application
of the relationship to the modern and palaeochan-
nel of the Shedhi River, reveals that the area
drained by the palaeochannel was much larger
(∼2000 km2) than the present drainage area.

4. Discussion and conclusion

The river channels undergo evolution in an effort to
attain stability. Changes in stream types occur as
the stream seeks a morphological form with greater
stability or quasi-equilibrium. Rosgen (1996) has
described the various stages of channel evolution
and the type of streams that would result with
change in the basin variables. Accordingly the
modern Shedhi River appears to be Type E6 chan-
nel with very low width–depth ratio (< 12), high
sinuosity (> 1.5), slope less than 0.02 and silt/clay
channel material. The analysis of the palaeomean-
der however, reveals that the palaeochannel may
have been a type C5 channel with high width–
depth ratio (> 12), moderate sinuosity (> 1.2),
slope in the range of 0.001–0.02 and gravel/sand as
channel material. The increasing sinuosity, decreas-
ing slope and decreasing width–depth ratio can
be attributed to the stream bank instability and
related aggradation, thus resulting into stream



Discharge estimation from planform characters 345

type shift from earlier C5 to E6. This change
occurs through a process of downcutting, bank ero-
sion, and redeposition in the channel, and forma-
tion of a new bankfull capacity channel and active
floodplain at a lower elevation (figure 3a). The
floodplain is abandoned which now appears as a
raised terrace (figure 3b) due to the incision (2–
3 m) and comprises silt and clay (figure 2b). For-
mation of terraces can be attributed to variations
in the discharge/sediment yield ratio over time.
These terraces abut against the incised (∼6m)
older alluvium (figure 3b) which has been assigned
a late Pleistocene age (Merh and Chamyal 1997).
In view of this, the palaeochannel of the Shedhi
River should be younger and formed probably dur-
ing the Holocene climatic optimum. The channel
subsequently aggraded, raising the streambed ele-
vation, increasing the width/depth ratio, and cor-
respondingly decreasing the channel capacity. This
can happen in a situation when the discharge is
well regulated with strong seasonality (flooding)
causing the bank erosion thus enhancing the sedi-
ment supply. The bank widening and fluvial aggra-
dation is attributed to enhanced monsoon after
the mid Holocene following the tectonically active
phase of the early Holocene (Maurya et al 2000)
in the uplands. The incision and narrowing of the
channel to the present day dimensions would have
occurred during dwindling hydrological condition
(weak monsoon).

Discharge estimations for the palaeo and mod-
ern channel indicate that the bankfull palaeodis-
charge was almost 30 times more than the present
day. In order to generate such large discharges in
a comparatively limited drainage area, the precip-
itation must be orders of magnitude higher than
the present day or the river should also have had a
larger catchment. A similar estimate was obtained
for the adjacent Mahi River during the mid-late
Holocene (Alpa 2007).

Though this study is preliminary in nature,
the reconstruction of palaeohydrological conditions
based on geomorphic features enables the following
inferences:

• The modern Shedhi River is a ‘manifestly under-
fit’ channel with a lower meander wavelength
than the valley meander resulting due to reduced
precipitation, shrinkage of drainage network and
associated changes in the hydrologic conditions
and sediment supply.

• Based on the palaeochannel morphology, the
bankfull discharge was estimated to be around
6000m3 s−1 whereas the average discharge would
have been around 400m3 s−1 which is around 30
times higher than the present.

• Episodes of lateral and vertical incision (widen-
ing and subsequent narrowing) are attributed to

the changing monsoonal conditions during the
Holocene.
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