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ABSTRACT. A study of the Betwa basin. where,a season of watersurplus con trasts ~th a period o f deficit ,
shows that annual soil moisture recharge may be estim ated ~y co~par!n.g sc.a~nal net ralDfaU with~on:. De4
tailed investigation of the Nion tributary shows tha ; net rainfall IS divided In sequence between soil moisture
replenishment. groundwater recharge and runoff. A simple conceptual model reproduces reasonably not only
the runoff but also the soil moisture and shallow groundwater storage.

I . ~ Hydrological data

Wlen. the projec~ s~rted in 1976, there were 16 long
termraingauges Within the. basin (Fig. 3) and others
nearo/; o!her s ~ere established to give better estimates
for ertain tributaries, Meteorological observation s
enabid Penman estimates of evaporation to be made
Inflois to the reservoirs at Dhukwan or at Matatil~
just "strea~ had been.' recorded for ,50 years, and
gaugig stations were Installed to measure tributary
flows'

marked-swellinll and shrinking properties and deve lop
large cracks during the dry season.

The area bas generallygentle slopes and a fairly smooth
topography; with elevation ranging from 270 to 720 m
above sea level. Pa rt of the basin is covered with broad
le.a~ed forest or bush , which is especially thick in the
hillier southeast, the wettest part of the catchinent. The
main species, teak, is, deciduous with a brief leafless
period from March or April until .the monsoon. The
forest is.fairly widely spread over the basin, apart from
the clay plains, but clearance for cultivation has had
a considerable effect on its extent ; at present about
a quarter of the basin contains vegeta tion rangin g
from thick forest to scat tered bush.

. Tn Ilreater part of the basin, especially the clay plain,
is cut ivated 10 the post-mon soon or winter season
with wheat and gram (lentils and chickpeas) as the mai~

. crops Some millet is grown in the mons oon season. Only
abou I %of the area was irrigated.

I . I . The environment

The Betwa, a tributary .of the river Jamuna, flowing
from Bhopal to Jhansi, dram s an area of 2~600 km' ,?f
the Deccan plateau above Dhukwan reservoir. The bas,!,
is saucer-shaped, with sandsto ne hills around the pen
meter and an alluvial clay plain in the centre of the
basin where " black colton soi ls" overlie weathe red
basal is at depths varying from I to 12.metICs (Hodneu
& Bell (986). Shallow grou!'dwater ~ prese!' t In the 2. Tho.dace waler balance of Ibe " hole ba<in
weathered and jointed basalt 10 an aquifer which could . .
be extensive but of low permeability. The blac~ colton TIj record s o.f rainfall aod runoff available at the
soils are dark silty clays up to abou t 2m thick which have startof the project were used to study the long-term
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In the course of the Betwa Project, which was a re

search programme carried out by the Cent ral Ground
. aterBoard in collaborat ion with the Natura l EnVIron· · '
ment Research Council, the hydrology of the Betwa
basin and its tributaries was studied. Although the over

-ail aim of'the project was to develop techn iques for ass~s
sing the groundwater recharge, the hydrological stud!es
provided an insig~t into the beh.aviou~ of the basin,
In particular the inclusionof soil moisture measure
ments in the water balance study of sample area showed
how rainfall was distributed between evaporation,
soil moisture, groundwater and ru noff during the cou rse
ofthe monsoon. The studies were divided into two
main parts ; the meteorological and hydrological in
formation available at the start of the study was used
SO describe the environ ment in terms of the " ate r
balance and measurements during the course of. the
study g~ve more detailed information about the various
tributaries and in particular the Nion. Because the study
included a wet year in 1978 and an exceptionally dry
year in 1979, the respon se of the basin to extremes was
sampled .




















