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ABSTRACT

The effect of afforestation on runoff has been studied
and discussed for many years but till todate there 1s no single
index to quantify the effect of yradually varying forest cover
for prediction of yield for management of water resources in
our country because of variable response of forested watercheds.
To, study the effect of afforestation on runoff a study was con-
ducted in a lower Himalayan forested catchment where afforesta-
tion and other soil conservation measures are in progress. The
analysis by flow duration curve for pretreatment and post
treatment period reveals decreasing trend in flow regime by 22.4%.
The peak flows have decreaced by 18.1% with minor increases 1n
mean and low flows (1.3 and 0.3 respectively). The decrease in
peuk runoff has been further confirmed by znalysing the rainfall-
runoff eveniS for the same period by statistical analysis which
regicstered a decrease in runoff volumes by 12.434.

INTRODUCT1ON

Forests form an integral component of the eco-system. Growth
in population together with various developmental activities
have persuaded the human race to encroach upon the forest terri-
tories causing thereby a consideratle amount of deforestation
over the years. Une of the earlier studies of i:ates and Henry
(1928) conducted on experivental plots at Wagon Wheel Gap, U.S.A.
demonstrating positive influence of forests on the resultant
yield from the watershied has encouraged 2ll concerned inclucing
the hydrologists (Hursh, 1948; Chow,.1 * 13 Storey et al, 1964;
Hibbert, 1967; Lee, 1980; (Cassells ¢t a., 19827 Lohani,l1985;
Sikka,1985) to take up furtier studics for quantitatively evalu-
ating the effect of deforestation on hydrologic variables. Wh.le
most of these studies were limited t. :msll experimental water-
sheds, very little effort seems tc nave gone in respect cof
evaluating the effect of def. Lation as well as afforestation over
natural particularly the sourtainous watersheds, on the
hydrologic variables.
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Lwing to operntion of lerye nunavter of water resowce
proguects and wining cctivities on tie upland ran¢ mountzinecus
areas which are usu lly covered with forests, invukes a need
for afforertaticn or un alternative to maintain the ecologicel
balarce. an atteupt hus th.refore been made to study the
erfict of urforestation osn the runoff from a forested moun-
tainous Indion catchunen o \uantitatively, such that the results
could be used in rcientiric anagement of water resources in
fuchh an area.

1 LTHOLOLOGY

The effect of forest cover on runoff is to decrease the
overland flow bicause of increased interception loss. The
flow it subsurface dominant and emerges as Cchannel flow near
lhe cutfall. 4he runoff from a catchment oocurs after the
conjunctive cquilibrium between evaporation and infiltration
hue  been achieved; both being cliaracteristice of plant cover
type. The runoff trends have been investigated in respect of
flows occuring due to storms as well ws yield under varying
degree oI forest cover in the following paragraphs by fitting
& regression i.ocel to storis flow data and confimiing +the
effccts obtaincd from the analysis by use of flow duration
curves for pretreatwent and post treatment periods.

The Menulchauri catchment is a Sub=-catchment of River
Ramganga form its source to dscharge measuring €ite at ha.zl-
Chauri aand i: located between lower Himalayan and Shivalik
ranges in luvrunern India. The River Ramganga originates in
high hills at an elevation of 2000 wts above FSL and flows
£outh in we.l confined river channel with a2 mean slope of 1 in
40, covering 2 distunce of 18.4 kms upto Mehalchauri. The
details of ihe catchment are given in rable 1.

The catcinent receives about 1580 mm of rainfall, 80x of
which occurs in the form of heavy showevers from south west mon-
soons from mide June to widdle of September and remainin. occurs
during the winter months. The area lies below snowline. The
daily precipitation estimates are avallable for Garsain and
Chaukhuntia since January, 1970, Subsequently rainfall records
are c¢vailable at liehalchauri after January 1974. The runoff
estimotes are avallable @t liehalchauri from 1971 onwards frow
Sclf recording gage recorders in the form of continuous hydro=-
graphs. The giging sites are chown in Figure 1. The trends in
precipitation and runcff are shown in Figure 2,

Tine catchient is covered by dense tropiczl forests of eucly-
Plus and pine t,pe. The forest cover wes changed from 51.15¢ in
1970 to 01.77% in 1983 by extensive afforestztion angd Other soil
conservetion measures like terracing, contour bunding etc. to
S5tabilice the coil on tlopes which are of the order of 30 degrees
OI' more witn «1luvial deposites neer the channrel banks.
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Teble 1 = Physiographic Details of catchment

Sl. No. Item"
“Le ‘Location  Latitude 0 29%7" - 30%6'N
o Longi tude 79°11' - 79°20'E
2, Area (Sq.Kms) 'A' 157.47
3. Elevation (above M.S.L)
on gauging site , 1296.0 mets.
4. Main Stream Length (Kms) L' 18.4
5 Nuln Stream Slope 1 in 40
- TR Shape Fuctor (L2/A) 2.149
7. Form Factor (A/La) _ 0.465
8. Llongation Ratio (1.‘128(;"1:_53) 0.769
?. Initial Forest Cover (#) 51.15
i Degree of Treatment (x) 10.62
11. Mean Annual Precipitafion (mm) 1582
12, Mean Runoff (mm) 1235

. INFLUENCE OF FORESTS ON PEAK FLOWS

For estimation and quantification of the possible effect:

of afforestation on peak flow model of the type.
R = 'B.(P)b .

ssses 1)

~has been adopted.

vhere, R = Daily Storm flow in mm
P = Mean Daily Precipitation in mm
asb = Regression parameters.

For the analysis purpose pretreatment (1971-75) and post
treatment (1979-83) data have been fitted through the model
as in Eqn.(li by selecting all storm producing events from
10 ma of precipitation upwards in the monsoon season after a
‘spell of continuous rainfall for atleast one weekj postulating
thereby that soil moisture requirements have been metwlth and
precipitation is directly contributing towards storm flow gene=-
ration after interception storage has been fulfilled. Details
of the regression analysis heve been presented in Table 2.
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Tabhle 2 - Model Parameters for Storm Flows During Pre and
Post Treatment Period

Item Pre Treatment Post Treatment
1. Length of Record 5 years 5 years
(1971 - 1975) (1979 - 1983)
2. No.of Lvents
selected : 192 121
3. Hegression Statistics
a 0.6157 2.0262
b . 0.4910 0.5270
Corelation
Coefficient 0.39 0.41
Coefficient of 6-15 0.17

Determination

The change in storm flow response is shown in Figure 3.
From the correlation sc obtained, the runoff estimate for
various precipitation estimates are given in Table 3 for guanti-
fication of decrease in runoff with increasing forest cover.

Table 3 ~ Change of Storm Flows During Pre and Post
Treatment Period

Frecipitation (mm) 10 20 30 50 80
Storm Flows (mm)
L Pre treatment 8.10 11.38 13.90 17.85 22.50

2 Post treatment 6.82 9.82 12,16 15.92 20.40

3. FPercentage change i
in storm flow =-15.80 -13.70C  =12.51 =10.81 - 9.33

4e liean Percentage Change
in stormflow ¢ =12.43

INFLUENCE Ul* FOMEST COVER ON YIELD

To assess the change in flow regime because of forest cover
chan_es, flow duration curves have been prepared for pre trest-
ment and post ireatment periods from the available records sugg-
ested by Foster (1934) and Barrow (1943) which also takes care
of the impact of land use changes.

Table 4 - Change in flow regime
Mean Percentage of times flow equalled or exceeded
flow in
Heot— 10 20 30 40 50 60 70 80 90 99
met.
L.Pre 64.6 285.5 138.1 73.6 50.2 39.7 33.9 30.3 29.6 25.4 17.7
Treatment
2.Post 50.1 264.4 134.9 71.4 51.2 40.8 35.1 31.9 29.1 25.7 14.3
Treatment

3.% Change -22.4 -21.1 =-3.2 -2,2 1.0 1.1 1.2 1.6 -0.5 0.3 -3.4
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In the present study to eliminate the differences in mean -
annual runoff pcr unit area of catchment the discharge units
have been expressed as percentage of mean flow. This technique
aleo eliminates the effect of higher or lower than average flows
during the recorded period. Morsover the selection of class inter-
vals is an important factor to have an accurate flow duration
curve. A cowputer algoritnm was prepared so as to classify the
data into 3000 class intervals and values at desired percentages
interpolated from them. A normal probability scale has been uced
for the abscissa representing the percentage of times the flow
equallec or exceeded and an arithmatic scale for the ordinate
representing the discharge as shown in Figure 4. The change
in flow regime has been tabulated in Table 4.

CUNCLUSIONS

The computed stormflow reduction of 12.434% means that forests
reduce the peak flows since more water is available for evapo-
ration and infiltration because of increased retention time of
water droplets on tree leaves and in the undergrowth in forests.
The grezstest reduction in stormflow (15.80%) is seen to have been
assoclated with lowest precipitation amounts (10 mm) with a mezn
of 12.43;.. Further it is seen to be decreasing with increasing
precipitation amounts. These findings are also confirmed from
the results obtained by flow duration curve analysis where the
decrease in peask flows (Qlo) is 21.1%.

Similarly there is an overall decrease in the daily yield
from 64.6 heclare metres to 40.1 hectare metres. However the
magnitude of mean flow has been seen to have increased by l.1lx
with small increace in low flow (Qgg) by 0.3%.

The findings from the study are indicative of a change in
Ilow regime because vf afforestation establishing the fact that
Iorests arec strong evaporators. The decrease in yield can be
attributed to increased forest cover. However, there is an
increase of mean dally flow and considerable decrease in peak-
flow affecting thereby a redistribution of flow pattern. Thus
more water is aveilable for usc during lean season which is
concerved by forest cover from stormflow in the form of natur:l
storage. .
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