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Chandrampalem basin (about 25 sq

miles in area) is a natural ground water
basin 1Fig.l) enclosed on all sides by the

Kambalakonda hills of the Eastern Ghets
range in the State of Andhra Pradesh in
south India. The hills though of varying
elevation are continuous around the basin
excepting for an opening on tbe northern
side through which an ephemeral stream
issues out. The hills and the slopes are

sparesely vegetated with scattered stunled
trees and hardy semi-arid scrub.

The general sequence of soil formations
in the basin is loamy soil on thetop follow-
ed by tallus formation resting on a highly
weathered and kaolinized zone down below.
Tbis mergcs into a fissured formation which
in turn gradually tends into the hardy-rock
region. Ground water] occurs typically in
veins and fractures both in {he tallus
formation and in the fissured zone.
The intervening weathered zone, being a

semi-permeable layer, holds water in pock-
ets here and there

SOME ASPECTS OF HYDROCI,IMATOLOGY AND WATER BALANCE Otr'THE
CHANDRAMPALTM BASIT.{

v. P. SUBRAHMANYAN{, l,l'altair

ABSTRACT : The study is an attempt at understanding the hydroclirna-
tcrlogicai leatures and rvatcr b:rlance characterislics of a small rvatershed
located in rhe midst of a hilly tract in the vasr semiarid region in Soutlr India.
In'estigations carried out over a period of abcut four years (lgs9-1g72 )
revealed the strong combined influence of orography and rvind circulation on
the spatial distribution ol'rainfall over the basin in different seasons. Water
balance computations involving measurements of evapotranspiration and
soil uroistrrre have led to the conclusica that the strearn florv as we ll as
ground rvater fluctuations are explainable through rainfall-in fiiltrati:n
considerations rather thatr in te{ms of water bala. ce rnodelling. *

Lying as it does on the eastero littoral
zone of peninsular India, the Chandram-
palem lrasin is under the influence of the
Bay of tsengal brauch of the south_west
monsoon circulation. Consequently, the main
rain season here !s from June to September
(Fig.4.a) rvhich provides an average amouot
o[ about 51.4 cm. of rainfall. On monthly
basis, however, October is the rainiest monti
registering 19.9 cm of rainfall on account
of cyclonic activity in the Bay of Bengal
during the poot.monsoon season. From then
onwards there occurs a steep fall in rainfall
with a slight rise again in the month of
February due to thr secondary effect of the
so-called .. Western ' Disturbances ,, mov-
from west to east across north India. The
slight rise irr rainfall frorn April until June
is the result of local thundr-'rstorm activity
in the premonsoon season.

Thc standard form of the water balance
equation employed for purposes of the pre.
sent study is
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Figure l. (a)-Index map showing location of Chandrampalem
basin;(b) Chandrampalem basin.
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Figure 3. ChandLampalem basin : Monthly
march of evapotranspiration, l97l

l3

P:E+R+AS
where P : Rainfall

[ : Evapotranspiration
R : Runoff and

A S.= Chage in soil moisture storage
h-or measuring the amount of rainfall

over the L,asin, six ordinary rain-gauges
ol the Symon type and two self
recording raingauges of the Caselia (Natural
Syphon) pattern instalh:d at representativc
spots were erirployed. For obtaining a
general idea about evoporation losses from
the basin, a small soil evap:rimeter of the
Thornthwaite-Mather pattern ( N4arher
1954) rvas used. Though the entire ourflow
fr.rna the basin has been known to occr
through the ingle ephemeral stream on the
nosr therD end of the basiu, no measurement
of the actual slream * flow could be made
on account of the non.amenability of the
stream for flow measurement. Moisture
content of the soil from representative loca-
tions in the basin was measured every- week
by the drying*and-weighing merhod.
Fluctuations in groundwater level were
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Figure 2. Chandrampalem basin : Rainfall during August
1971, rnm.
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measured by regular free water-table
observations in 120 selected urpumped open
water wells.

From the water balance angle the physio-
graphic characteristics of the basin are

perhaps of some releva-nce here. The hills
are the lowest on the eastern siderising to
the west both through north and south.

Thus thoughlhe convective activity during
the pre-monsoon montbs is essenti-ally
confined to the basin propcr, the rainialt
distributiou itself within lhe basin is nt:t
uniform, depending upon ltre prevailing
windcirculation eitber lhc northern or the
southern flanks receive heavy rainfall
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{Fig. 2) though ultimately the entire basin
ts benefitted by the rainfall to some exten
or the other.

March of soil evaporation through the
year (Fig . 3; shows lower values in winter
on account of low temperatures (in spite of
lower humidities ). Higher air temperatures
and low relative humidities are responsible
for hlgh rates of evaporation in the summer
mouths. It is ol interest to note that the
$oil evaporation ligures have close agree-
melt with the potential evapotranspiration
values computed from Thornthwaite's
formula ( Thornthwaite i948 ) rather than
from the Penman 1 19561 equation.

Table tr-a Climatic Water Balance o{ Chanilrampalem basin
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Table I-b Water Balance of Chandrmpalem basin for l97I
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Where PE:Potential E",apotranspiration
P.-- Precipitation

A S-Soil moisture tsornge change
S= Soil moisture storage

AE = Actual Evapotranspiration
WD:Water Deficiency
WS:Water Surplus, all values beirg in mm.
Field capacity value 150 mm.
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Figure 4. Water balance of Chandrampalem basin
(a) Climatic; (b) 1971

It is generally known that on small hydro-
logical basins, especially of the hilly catch'
ment type, the water baldnce considerati'
ons as embodied in the hydrylogical
equation will not be strictly applicable.
One of the main aims of the present study
was to examine if the conventional water
balance concepts could be adopted to the
Chandrampalem basin and the fluctuations
in soil moisture and ground water lable
could be satisfagtorily explaiqed according

to the water balance procedure.
Tabies I-a and I.b give the water balance

computations for the basin for the average

l climatic) year and for the year l97l and
in Figs- 4- a and 4- b are shown the gra-
phical representations of the respective water
balances. Even climatically, Chandrampalem
basin receives 962 mnr. of annual rainfall
which is slightly more than half the total
annual water-need of 1666 mm. The slight
excess of 73 mm. of rainfall in the months o.

ngr5tua
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September, October ancl November over the
potential evapotranspiration goes into soil
storage and is u-qed up so fast later for
evapotranspirational purposes that an over.
ail water deficiency of 704 mm. accumula-
tes for the year as a whole.

The year 197i (Fig.4-b) was not different
from the climatic picture (Fig. 4-a) not only
because the overall yearly rain fall (1120
mm.) was lower than the water need ( 1644

mm ) but also since there was no water sur-
plus even during the peak period of the
raioy season. The water deficits are seen to
be regular feature and even in those months
when tbe rainfall was higher than the water
need ( as in April, N{ay, August and Octo-
ber) the excess water was hardly sufficient to
raise the soil moisture content to its field
capacity value. Consequently, there was no
question of water surplus or runoff either
through surface means or through sub-
surface or underground routes. Thus it
should be expected that the monthly
computalion of water balance elements
either on a climatic basis or for individual
years (like 1971) yields no contribution to
stream flow or ground water replenishment.

Computations on a weekly or even on a
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daily basis would be of no use in tlis res.
pect as far as the wat$r balance model is
concerned since the priorities taken account
of in the procedure will not hold good on
such small basins and especially for such
short periods of tirne. The water balance
approach requires that the first and the
foremost demand on raiufall is for evapo-
transpiration after satisfying which alone
the remairiing rainwater goes to replenish
the soil reservior. It is only after the soil
is raised to its field capacity value that the
excess rain water constitutes water surplus
which is disposed off as surface, subsurface
or underground runof, thus contributitrg to
streamflow or ground water storage.

While these priorities and processes may
well be realized in the case of large basins
and over prolonged periods of time, their
validity appears to be irr doubt in the
present case. But the solitary stream itself
is an ephemeral rain drain which swells up
and shrinks down in a matter of hours
according to the nature and magoitude of
rainfall from local storms.

Regarding the fluctuations in the ground
water table in the Chandrampalem basin,
while the actual monthly rainfall amounts
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Figure 5. Chandrampalem basin : Rainfall variations and
ground water fluctuations, I969-1972 (based
upon 4-month moving averages of rainfall ;"
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(1969-1972) showed so relation to the water
table variations, a four - month moving
average as shown io Fig. 5 yielded an exce-

Ilent correlation, the peak and (roughs in
the curve of water table fluctuations occu-
ring-about trvo months after the occurrence
of maxima and minima in the rainfall curve.
This is thus a clear indtication tbnt there is
definite contribution to ground watcr reser-
voir from rainfall, not on an individual
monthly basis but through accumulated
storage over a four - mouth period; other
combinations for obtaining moving averages
gave poor responses.

The fluctuations in water-table from the
normal level in open water lyells and rainfall
fluctuations as computed from the four-mo-
nth moving averages were plotted in order
to obtain a liner regression line 1Fig. 6) in
spite of some usual scatter.

And this had revealed that about l7mm.
of rainfall fluctuation from tbe average
produces one foot of corresponding varia-
tion in the water table depth.

Such a situation in basin hydrology can

o
4

Figure 6. Chandrampalem basin : Relntion between rainfall
variations and water table fluctuations ( based
upon 4 month moving averages ol rainfall l

be explained only through infiltration
percolation processes rather than through
the conventional water budget criteria.
Particularly on account of the geomorpho-
logical nature of the basin, the soil which
has originaled from the welthered Khonda-
litic formations has secondary permeability
excepting in the surficial layers with the
result that attainrncnt of satur;r1ion is not
essential for deep percolation to occur.
This is evident trom Fig. 7 which shows the
vague relation b*tween rainfall and soil
moislure but no saturation of the roil at
any time for stream discharges to issue acc-
ording to water balance coDcepls, The
water tablc dr:pth fluctuations (Fig. 5)

again may be taken ag an evidence o[ the
peculiar hydrclogic process operating over
the basin; the ground wa{er table on ao
average reaches its minimai level Curing
the hot summer months of May and Juns,
just before the onset 0f the nr,.rnsoon and
attains the highest. level during November
and De ceu:bcr, two to threc months aftir
the peak of the rainy season.
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Figure 7. Chandrampalem basin : Ralnfalland soil moisture.
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