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27

Effects of Deforestation and Forest Degradation on Surface
Waters and its Economic Implications: A Case Study of
Drinking Water Supplies to Greater Mumbai, India

27.1 INTRODUCTION

Forests are genermally perceived 1 be good for water
environment under all circumstanoes, Hence, conserving (or
extending) forest cover in upstreatn watersheds was deemexd the
most effective measure to enhance water yield, regulate seasonal
flows and ensure high water gualite However while forest
hydrology mesearches conducted during the last three decades
cotifirm the role of upstream forest cover In ensurlng the delivery
of high-quality water, severn] studies (Bosch and Hewlett, 1982:
Bruijnzeel, 1990; Hamilton and King, 1983; Nik 1988; Pierce
o al., 1970; Robinson, 1998; Scott and Lesch 1997: Sikka er
al., 2003; Trimble & al, 1987; van Lill e al, 1980) suggest
that the bydrological benefits of forests in respect of increasing
downstream water vield' and regulating dry season fow have
been exaggemed, Many now agree that in comparison 1o shorter
crops, forests decresse mnoff and dry season flows on acoount
of higher interception losses in wet ronditions, and greater
transpiration losses in dry (drought) conditions  (Bruijmeeel,
2004; Calder er al,, 2004; Calder er al., 2007; IUFRO, 2007; van
Dijk and Keenan, 2007). Calder (2003, 2005) even questions the
wisdom of having forest as land cover o increase downstream
water vield in arid or semi-arid ecosystems.

However, Malmer e al. (2009 question such generaibzations,
purticularty for tropies on sccount of the broad wse of the
terms ‘forests’, ‘afforestaton’ and ‘reforestation’, and use of
data genemted mostly ouside the tropics, Too often all forests
are ‘bulked’ in a single group and distinetions like reforestation
and afforestation; differenmt vegetation types/age; climox and
non-climax communities are rarely maintained. Terms such as
‘secondnry forest’, ‘regrowth forest, ‘altered forests’, “disturbed
forest’ are percefved differently by different groups (Chokkalingam
and Jong, 2001), Further the hydmlogical research has largely
concentmied on two extremes — undisturbed forests versus
cleared forest land, whereas most tropical forest areas are now
n mix of secondary vepetation, and old forest interspersed
with paiches cleared for agdculinee or other non-forest use
(Bruiinzeel, 2004 Ginmbelluca, 2002). For these reasons, this
study through spatiotemporal analyvsis evaluates the impact of a

Water Yiekt Tolalguantity of sustace water thsl can be expected in a gliven
etk firoin a Stbear at thie outlet of it catchimet {Subeaima s, 2008},

Sunita Singh and Arabinda Mishra

varied mix of primary,’ mature secondary® and disturbed? forest
cover, on water vield and surface water guality in four and six
watersheds, respectively, in the Western Ghats of Peninsular [ndia.
The economic implication of the forest loss on water supply was
also estiminted to better commuinicate the contributions of forests
to societal goals, Except one, the studied watesheds are those
of reservoirs supplying drinking water to Greater Mumbai. The
wide gap hetween water demand and supply as also escalating
treatment costs makes appropriate management of forests in
these watersheds eritically important,

27.2 STUDY AREA

Of six reservoirs supplying domestic water to Greater
Mumbai, four reservoirs and their watersheds — Tulsi. Tonsa,
Upper Vaimma and Bhatsa = having virgin flow were selected
for the study on water vield while a cluster of four watersheels
- Pise, Tansa, Lower Vaitama and Manda - wem selected for
study on water quality. Within the Pise watershed, water samples
were also collected at sites Bhatsa and Sapgaon thereby adding
stib-watershed Bhatsa and Sapgacn (that are nedted within Pise
watershed) to the studied watersheds (Figure 27.1).

The study on deforestation induced costs focused on the
Panjrapur treatment plant (PTF) which collects water from
the Bhatsni River that flows through Pise watershed. These
watersheds Hes in two clasters between longitudes 73.23°E
and 73.65°E and Intide 19.50°N and 19.92°N, and longitude
T3127E and TAG5E and latitude 19.28°N and 19.70°N.
The salient features of the catchments are listed in Tabhle 27.1.
Systematic working of the Torests, illicit cutting, lopping of wees
for feel wood and slash-and-burn cultivation, clearing of land
for shifting cultivation/encroachments, fires for hunting and

! Prirmary Forests: Ohd fotesis with no o incomeduiential human
disturbsance.

! Secandary Forests; Forests mgeneating largely thiough natual processes
aftersignificant human andfor natural disturbance of the original forest
vegetallon st a degle polnt by o of over s extended perlod, amd
displayirg a mapor differe nce in forest strocture and/or canopy speches
cornposition with respect to nea by primary forests on similar sites
{Chokdkalingarm and long, 2K ).

1 Disturbed Foress: Forests that have been exploied on moderate to ege
scale for timber, fuelwood. fodder, shifting cultivation and other tangible
benefits, Aeforestation o thithes may o may not heve been undertaken n
them.
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Figure 27.1: Localion

of the study area, the
hydromelric region of
Mumbai Metropolitan
Region and the selected
watersheds and treatment
plant

[Gouce- SMRDA)

cultivation, and uncontrolled grazing have reduced Forest cover
znd opened up the canopy considembly in the Upper Vaitarna,
Loweer Vaitarna, Pise and Manda. As a result, there is 2 mix of
disturbed and degraded patches in the vidnity of villages while
distant and inaccessible slopes ars still cowversd with prmary
forests and mature tree cover  Such undisturbedsless disturbed
patches constitute approximately 20 per cent to40 per centofthe
forest area in thess watersheds, In Tulsl, effective protection and
seclusion measuras have resulted in thick, lush and undismurbed
forests in over B0 per cent of the watershed area. Situation in
Tansa is.8 mix of the above owo as about 52 per cent of the forest
cover in the Tansa is a mix of primary Forestand mature secondary
forests, while remaining 48 per cent mainly comprises disturbed
forests with comasional patches of nawmrally open forests, The
watersheds have no industry or whan settlements, All except
Tislsi are well served with all-weather and fair weather roads,

The treatment process at the Panjrapar treatment plant is of
comventional wpe Le, consisting of Aocoulation, sedimentation,
Altration, and disinfection activities. Drinking wabter standarde
farmulated by the Bureau of Indian Standarde - L5, (10500:1091 )
= and guidelines of the Central Public Health and Environmengal
Engineering Organization are followed,

27.3 METHODOLOGY

The forest cowver in the watersheds ower the years was
interprated from the orthorestified satsllite images for years

1972, 1973, 1980 and 1992 downloaded from Landsat crg; geo-
rectified satellite images for 1985 zequired from the Mational
Remote Sensing Centre (MBRSC), Hydembad; digitized land
use/ land cover maps (LULC) for year 1994, and 2004 aoquired
from the NRSC, Hyderabad; and digitized forest cover maps for
years 2000, 2004 and 2007 acquired from the Forest Survey of
India (FEI), Dehradun, Watershed boundaries were demarcated
with the help of digitized watershed/micro-watershed maps
aoquired from the Maharashtra Remote Sensing Applications
Centre (MRSAC), Nagpur and toposhests. Methodology fioll owed
by Singh and Mishra (2012) was adopted for dassification and
gocuracy assessment of the satellite images, segregation of forest
coverinto old Forests (primarny forest, meture secondany forest and
undisturted mature plantationsy-and the mixed forests (disturbed
forese and to a lesser extent namirally cocirring epen forest) and
caleulation of forest cover in the watersheds on year bo year basis,
Monthly forest cover in a year was estirated assuming a linear
change in forest cover over the months, Model speafication and
dams processing are demailed in Singh and Mishra (20123 The
analyeis conducted wae as followe:

27.3.1 Impact on water yield

S patiotemparal analysis of historical data and satellite images
from1974-200% for Tulst and Thnsa; 1977-2000 for Upper Vaitarna
and 1200-2000 for Bhatea were used to study the affects of forest
conver on watar yield, Monthly runeff (surface runeff + basal flow)
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Table 27.1: Salient features of the studied watersheds

Features Sapgaon Lower Manda Ehatsa Upper
Vaitarna Vaitarna
District Thame Thane Thane Thanz Thans Thane Mashik Thane
Catchment Area (5q km) 135975 99194 59558 290 854,57 3885 160.8 6.7
Av, Weighted Annual 1587 862 871 2532 19655 287z 2540 2500
Rainfall {rm)
Area legally 65.12 31.27 32.53 45,33 2041 36.1 21.72 85.51
defined as
Land use Forest
{as parcent | Agriculture | 1266 49.25 4739 34.55 4926 45..1'5 45.86
of the Grassland | 16 355 339 .14 33z 1.85 o
catchment | Wastelands a7 10,16 10.05 13.07 3.6 8.83 9.22
ares) Butup | 007 11 065 0ar 106 012 058
Water 15.85 466 599 G.04 279 784 2162 14.49
bodies
Forest subtype Southemn Tropical Moist Deciduous type
Geomorphology Mix of hills and plateau | Hills
Soil texture | Gravelly sandy clayey loam and Gravelly sandy loam
Soil depth Veary shallow (< 10 cm) 1o Shallow (10-25cm)

Soupce: Lhgi al thematlc romipes — MHSAL, Mg M.Jllql,_;r-h il rllqln- ol Forest Deguartrmend, Disinct Gafetioen,

o the reservoirs was estimated through the following water
budget equation (following Fetter, 1994, Giininer et al., 2004):
(R + PD)— (0 + ED) = = A§ (28.1)
wheena,
R = Total runoff to the reservolr durdng the monih,
PD = [Yrect precipitation over reservoir during the month,
Q= Surface outflow of water from the reservoir during the
month,
ED = Evapraton fom the reservoir during the month, and
A'S = Change in water stored in the reservoir during the
month.

The ninoff coefficient was tnken ax a measure of water yvield
as it removes the impact of precipitation on water yield and
follewing regression was run on STATA SE independently for each
winterihecd.

RO = ¥R
whene,

RO = monthly runoff;

R = manthly weighted rainfall, and

¥ = megression coefficient (prodicted runoff coefficient),

(28.2)

Comparisons  were  dmwn  between  predicted  mnoff
coefficients of Tansa and Upper Vaitarna where fetors like
wattershed size, anmeal rainfall and slope (1.e., factors that tend o
influence runofl coeflicient) are similar, but land use pattern was
markedly different (in Uipper Vaitama, agriculiure and grasslands
have oocupied 60-70 per cent area over the vears as companed 1o
Tansa where forests covered neardy 75 per cent of area in initial
vears that has subsequently reduoed to 43 per cent) 0

I analves the impact of forest cover on water vield over time

an array of the runoff coefficient;. forest cover as peroentage of
watershed area; eatchment area; weighted rainfall and rainy dayvs
for each water vear was constructed as panel data. Following
regressions were run on STATA SE

RC = a+ fi,FC+ (LCA + P, wR + 5, Rd

RC = o+ P,OF + fMF + b, CA + BwR + B, Rd
whera,

o= Constant,

By B By Py o B By =

variables,

RC = Runoff coefficient,

FC = Total forest cover,

OF = Old forest cover,

MF = Mixed fomest cover

CA = Cachment area

wR = weightod minfnll as depth,

Rd = number of rainy davs for & waker vear, and

FC = OF + ME

(28.3)
(28.4)

Regression coefficients for mespective

27.3.2 Impact on water quality

Monthly water quality dam of six stations over a horizon of
13 vears (1998-2010) were evaluated through multilevel mixed-
effects linear mode] (broadly following Figueiredo er al,, 2010)
with following [orm. The masimum likelibood regressions were
conducted with STATA SE.

Ln l;i;J]iti ¥+ y,Ln ‘F‘::‘.u. Lo (R) o + v Dre

Wy T Wnay ™ Py, jooey ™ FE*IEH.F.-]
Lo (Q),, = ¥+ w.ln (OF) , + Lo (MF) . + ¥.Lo(H) , +
?'JJT?_ *: T-IJ In;_l iz Wy = I'Ijl LHEE] - Wy MLEEEL] 5 E"|:|,| “aH'hj

T I|:l.|.|:|"-!-:: T

" Drtaset having both cross-sectional and time seres dimension,
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where,

Q. = Water quality parameter in month { for year © at

station j in watershed &k,

FCI“ = Forest oover as percentage of watershed amea in

manth § for year ¢ at statbon 7 in watershed k.

R = Monthly avernge weightod minfall (in mm),

Dre = Dmmimy fior site which measures water quality at
nélnw of the reservoir,

ter_, Durtimy for site which have presence of rparian

forests,

U Wosne Yemmam
wamrsh;d k §
¢, = Ermorterm with distribution N0, o),

v = Constant, and

Yy ¥o ¥e Yo Yoo Y. = Regression coeffidents of respoctive
variables,

27.3.3 Deforestation induced costs on
water supply

The study estimated the economic relationship between
the forest cover and (a) ‘treatment costs (C ), (b) ‘water losses
due to backwash” and desludging” (V). and (¢} decrease in
‘water yleld (V,.)') and the cost implications of deforestation on
the drinking water supplies to Greater Mumbai. Turbidity was
tken as measure of raw water guality becanse it is considered a
reascmnbly accurate measure of overall water quality The forest
cover-treatment eost relationship was estimated in two swages
through the forest cover-turbidity and the turbiditv-treatment
cosl  relationships. The florest  cover—turbidity  melationship
was @ken from Fq. 28,5 while the turbidity—treatment cost
relationship was charscterized through monthly ime serdes datn
(Jammary 1998-Denember 20100 of the Panjmapur treatment plant
using the following Cobb Donglas cost henction:

= Random effects of vear: . site j and

Lo {C) = o'+ [ Llu (T) + P La (V) + P.Ln (C )

Ln (V) = w*+ [’.-*Ln M+
where,

i, = Maonthly operating costs (chemical, electrical, repairs
and maintenance, estoblishment and transport costs) in Indian
rupee per MLE,

T = Manthly average turbidity of rmw water (in NTL,

V, = Volume of treated water during the month (in ML),

Vi = Monthly volume of water lost due to backwash and
destadging (in ML),

Gy Vi = Lagged dependent variables,

i, g% = Constants,

P, B, B, B B, B, = Regression coefficients of the

respective variables, and

Total water drawn for treatment = treated water (W, ) +

water losses due 1o backwash & desludging (V) + other

miscellanecds water losses (like losses doring transportation

(28.7)
ﬂ* Lo (V) + *.La (v, ) (18.8)

* Backwash refers to the process of restoring unctionality of Clogged blter
bieds thrcugh sl and water whder pressure, 1S fregien v depends on
mceming weater guality.

? Doshidgineg relors to the process of slisdge ivfnoval o the settling tinks
The freque noy deshudging de pends on incoming wates guality,

VAL — Milllon Litre

The forest cover—water losses due 1o backwash and desludging
relationship was similarly worked outin two stages from Eqs. 27.5
and 27.8, The forest cover-water yield relationship was taken
from Eg. 27.3. The marginnl effects of the forest cover on the
treatment cost and water kosses due 10 backwash and turbidity
were obtained by multiplving the regression coefficdent of FC in
Eg. 28.5 with the regression coefficients of T in Egs. 27.7 and
288, mapectively (in line with Holmes, 1988). Marginal effects
were expressed 10 per ha terms through following caloulations:

Vaga = (nx B %)%/ (27.9)
C\'_\ = (x |3’1L:I x G/ (210)
e,

Moo Gm = Effects onV,, G, induced by a ha change in the
forest cover,

= Mean values of V__for the study period

= Mean forest cover,

G = C, at2010-11 prices, and
¥, D\ P,*, = Regression coefficients from Egs. (27.5), (27.8)
and (27.9), respectively

Eeonomicvalurestimate of W, ':Hw o) was cbinined asV, |
x B where Pis the market price of raw water. The price of wamr
derived from unit volume expense of building reservoirs (Singh
and Mishra, under review) was considered a better estimate than
the subsidized price of INR1,188 per million litre being paid by
the Municipal Corporation. Henoe, €, was estimated taking the
price of water to be INR 1,263.07 per million litre (following the
replacement cost approach),

Effects on water yield indvesd by a ha change in the forest
cover was estimated from Eg. 27.3 at mean valuwes of runoff
coe fficient (RC), forest cover (FT) and weighted annuoal rainfall
in million lire () as:

Vi s = [(RC - 0.0013)x (AT x (R1/FO (27.11)

From Eq. 27.11, it emerged that every 1 per cent decrense
in the Forest cover would reduce the waler yield (V. ) by 1.72
million cuble metre per vear for the Bhasa watershed. Assuming
B0 per cent of Vs, is available for drinking water supphy: the
economic value estimate of change in water yield (€ ) was
worked out in same manneras C__ . N

The rotal economic valie of the impacts induced by loss of
one ha of the forest cover (G,) 5 wken as the follows

r'“'-‘w N C\:_h ¥ Lm_i * {':wr_l

Cost towards upgradation of infrastructure in the pear
future was not considered a5 the water treastment process osed
is eonventinnal filteation which is stable over o wide range of
water quality.

27.4 RESULTS AND DISCUSSIONS

(27.1%)

It i generally observed that the watersheds with good foresty
vegetnl cover give lower water yield as compared 1o the water-
sheds with lesser vegetation and similar soils [(Subramanya,
20087, Similarty, in comparison 10 grasses, crops and other shorter
motation vegetation, lower water yield is recorded from forests on
aceount of higher interce pion and transpiration losses (Calder
e al., 200 Hamiltion, 1985, Vinnikov and Roboek, 1996, in
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Table 27.2: Regression analysis for water yield

[ . |
Priary fsest
i Primary | b lemiee | 8448 | gas |1sa| o [ o | 158% | w90 mTﬁziﬂ
ol R = 0,43 <+ 0001 FC* 4 000004
¥ i ity 0006 - DIEITCA
Primasy ﬁm&ﬁ Prob > chi2 = 0,000
fansy | B cover | 56 | 29 | 273 |-0008| 0017 [o0ois| 786t | 2400 | PSR F whin=oL
g disturbed ovirall = 24
ﬁ:w:ld RE = 0.4 3+ (002 {OF**=- 0,0013
Upper :ﬂn::-l?e efosestec ; asg |ME+D n,om;cn 2
| o 1043 = t
e el | Saci ::;:::?:; 1580 | 49 | W7 |-0000 | 0020 | Q0085 | 1043 | 2540 | (N= 306 kst Gt o
fmﬁ-t.m_lu.lm speciesin R within = 0,122
lantations rtcher bitween = DOG
| | overall= 026
_ Disturbed _ W=115
Primaty | lonestwith 07
Ehalss Bomature | verylimisad | 334 | 143 | J03 0004 028 | 0013 | GHIY | 3408 | (M= 2400
fosiaeit activiths
=
Iq-
£~
Figure 27.2: Yearly E
Runoff Coefficient for the E =
wateysheds Tansa and
Upper Vaitarma -
=
T T ] T T
1870 1880 1940 2000 2010
year
I Tansa —————- u_vm]
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Table 27.3a: Regression coefficients and estimates of varlance for random parameter for total forest cover (Eg.

27.5)

Rain D reservoir D _nparian intercept
Turbidity S B Rl B r -fgaee L7 03 &57 ¥ 10 18 i 378
pH 0.056* L0 0.019* 0,006 1823 210 X 107 | god X107 0.0003 381
TDS Qa7 .02 012 0.04 353 | 728 % 10" 048 0.006 i 346
55 =i 17" [ 057" L.16 157 2T X 1nt 051 .07 346
Total Hardness = 029 | 003" 015" 007 2,00 3.07 X 10 046 17VX0™ | 376
Ca Hardness Q4o | Q0= -@ e .08 1 4G5 1.2 X0 [ 437X10" | 326X 100" | 360
Ca Q.35 00N | -=0.j0e L2 134 46X 0 024 1.65 X 10" | E (]
Total Coliforms LTd L g L 4,25 11323 AEX IO | 426 X710 | 426X 1000 | 793
E-coli 391 | Q1w | g £39 1742 &1 xio™ | 285109 a4 | 293
Total Chloride Nor-significant
Mg Mon-significant
Fe Non-significant

Vartvary, vaik = Varlat lon of random effect parametens,
o px= B,

= = 0 <p<=0.05,

E=Q05 «p<Ll0

Table 27.3b: Regression coefficients of segregated
forest caver (Eq. 6)

Old forest (OF) Open & disturbed

forest (MF)
Turbiclity -G53 HEE - 296
pH + 0.05 + 0.02
oS -2 +087F
TS5 -3 40 -1.25
Total Hardness =157 +0.48"
Caleium hardness 049 43
Ca -1.5% +0.44%
Total Coliforms =5.35% +0.62
E coli =BG 035

this study, however, the watersheds having fairly high perceniage
of forest cover viz. Tolsi and Tansa (on gvemge 8¢ per cent
and 56 per cent, respectively), had fairly high predicted mnoff
coefficent, i.e., (.63 and (0,58, respectively (Fqg. 27,2, Table 27.2).
Further, despite having a much larger area under forest eover and
mare permeable soil, predicted runoff coefficient for Tansa was
practically the same as that of Upper Vaitarna (Thkle 27.2).

At the beginning of the study period (Le., during the 197s)
when the forest cover in the Tansa wns as high as 75 per cent
while grassiands and agriculture oocipied practically 60 per
cent of the catchment area of Upper Vaitarma (forest oover - 29
per cent), a higher runoff coefficient for Thnsa was observed
(Figure 37.2). Regression between the mnoll coeffickent, total
forest cover and other varfables (Eq. 27.3) confirmed significant
(001 < p < 0,06) and positive relationship between total forest
cover and runoff coefficdent. ie., unit loss of the forest cover

was observed 10 reduce runoffl coefficient by 0.0071 and, thos,
mduce the water yield (Table 27.2). When total forest cover was
segrepnted imo old forestsand mixed forests (Egq. 27.4), then old
forests were ohserved to positively and highly significantivip
< O01) infMuence runoffl coefficient which is largely in line
with the findings of Kagawa e al (2009, Euczera (1987),
Langford (1976), and Wang e al. (2011) for Northenst China. In
comtrast mixed forests exhibited a negative trend that was not
statistically significant

Every 1 percentdecrease in lf)‘l‘m‘lﬂ‘-i--’rw.lhﬁ"lrllilurlynr'IlNF-n’Pd
to inerease wrbidity, total suspended solids and E Coli hy 8,41
per cent, 471 per cent and 3.91 per cent, respectively, as also
decrease calcium hardness by 049 per cent (Table 27.3a). But
on segregation, the old forests were observed o Improve water
guality significnntly while the mixed forests exhibited significant
positive correlation with many water quality parameters like woal
dissolved solids, ol hardpess, calcinm hardness and calcium
{Tahle 27.3h).

It was also apparent from the forest cover maps that the
reduction in old forests has ocoumed by its conversions o mixed
forests and o a lesser extent by 115 conversions to such non-forest
landseapes s agriculture or grasslands/bare land (due o heavy
erosion following tree rmoval), Such conversions have oocurred
becanse of “provistoning” ecosystem services like timber, Hvestock
grazing, fuel wood, fodder, leaf-manure extended by the foresis to
the local communities and su=taining lvelihoods. Thus, tradeofis
ferween the provisioning services and water quality services of
forests were apparent

Ihe aforesaid resulis could be explained by the fact that
the old forests because the dense mot mat and organic matter
in the topmost soil lavers encourages high tnfiltmtion and soil
rotention. The infiltered water moves theough layess of soil
before it is available as sub-surface flow or ground water. In the
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process water 18 Aliered paturally Annoal erosion rates from
closed topical forests too are small in comparison with disturbed
landscapes (Chappell et al, 2005; Douglas and Guyot, 2005),
Henew, old nnd dense forests help keep strenms olean and water
gquality high by promoting sofls that provide nataral filtraton and
vepetative cover that minimizes soil erosion and sediment nunoff,
Further, the undisturbed plant nutrient eyele in the old forests
ensures ropid recycling and thus fixetion of cations like calcium
in the nutrent cyele (Brinkmann and Santos, 19730 In mixed
forests, this cycle s likely to be disturbed resulting in leaching of
nutrients o the streames.

The difference in response between the forest covers on
water vield is largely attrbuted to the different evaporative
characteristics of old/mature tropical forest and regrowth forest!
voung secondary or planted vegetation, and (o a much lesser
extent increases in ftorm runoff (Brofjoeeel, 2004), Young/
regenerating forests consume more water on aceount of higher
interception  losses in wet conditions (because of increased
atmespheric transportof water vapour from their aemdyoamically
rotgh surfaces), and greater transpirarion losses in dry (dronghn
conditions (because of the geperally Increased rooting depth of
trees, and consequently greater sooess (o soil water), respectively
{Calder er al. 2007}). Incontrast, old forests use three times lesser
water on acoount of their structural and funetional complexities
(Bond et al. 2008). Increpse in height of trees results in o longer
hyidraulic path length which has an inverse relationship with
stommatn] conductance and, themefore, transpiration. Similarly
lower sapwood basal ares. complex branching pattern and other
such age-related changes in the hydranlic architecture of older
trees often decresase transpiration. Older forests are dense as well

as structurally more complex both vertically and horizontally,
The understory experiences a relotively sheltered environment
with lower radiation and higher relative humidity which reduces
ity transpiration. Further the bryophyvtes and lichens found in
abundance in older forests in most humid regions, the organic
layers and the large woody debris serve as water reserves for
roots and myeorrhizal hyphae of shade wlerant rees.

De forestntion induced costs at the Panjropur treatment plantof
the Mumbal Municipal Corporation were estimated (Table 27.4)
o be [NR 64.96 per m* treated water/ha/year (LSD 1.32 per m”
tregted water/ has/vear) which tronsiated o INR 3.73 million per
vear (USD 0075 million per year) in 2010-11 prices. Nearly 99
per cent of the increase in the deforestation induced costs was on
account of incresses in the treatment costs. Assnming the annual
rate of change in forest cover to be -(LODBE per cent (average
anmisal rate of change in forest cover between the vears 1904
2007), the deforestation induord costs tamslated w [NR 3.73
million per vear (USD (LO75 million per vear) in 2010-11 prices
for the Fanjrapur treatment plant.,

Thus, iIF deforestaton 15 avinded the Municipal Corpomtion
ean save significnnl amount towards recuming oosts of water
treatment and o some extent mitigate the costs for a new souros
development. However, the Municipal Corporation practically
does notl make any investment lowands sonree profection and nor
is it involved i the decisions of forest monagement. On the other
hand, the Forest Depanment is guided by its own priorities and
the souroes of grants which genemlly promaote plantations of fast
growing species, Such plantations along with regular hacking and
lopping of trees and shrubs by the local communities for their
sustenance and energy neads are likely 1o lead 1o a landscape

Table 27.4: Impact of the Forest Cover on the Panjrapur Treatment Plant (in 2010-11 prices)

0412
6144}

per million litre trested
water

1 Chemical cost (€ )

114212
2 Treatment cest (C, ) e
water
1363.07
276.70)

Value-water losses due to
2 backwash & desludging (C;,, )

. 1363.07
" Valle-lomes inwiteryiohl | | Gocnny o mliion itre
{C..) raw water
Total deforestation induced
costs

{r o E\- (1 ok {m_i. + cwp_ W

parmillion litre treated

per million Iitre raw water |

1238 592018
{0.25) (120.18)
6116
067958
(1309 (622.79)
2417
0.51
(3010 la.89)
] 138.77
(0.006) 2817)
64,96 31059.53
(1.32) {630.51)

B Idiam rupee = 5 00003
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that competes for water resources (Calder ar al,, 207 Farley
et al., 2005; Fritzsche & al., 2006), In additon, many activitdes
for plantations - trenches, pits, trench-cum-mound fencing
amund the plantation area for protection from enttle = disturh
the soil cover and actelerate sedimentation resulting in less than
optimal water treatment and waler storage services, and thus,
acdversely impact the finanees of the Municipal Corporation. So
inclusion of foresis in the decsion-making process (like cost
benefit or cost effective analysis) of water treatment and water
soume  development would help the Municipnl Corporation
to maks appropriate choices batween source protection, and
infrastruocture development and treatment processes, [t can also
ensure integraton of water concerns with forest management
and vice versa,

27.5 CONCLUSIONS

The study supports age-old percepdions about forests with
respect to their mesponses to water yield (in the sense that the
forests durdng the times of our ancestors were chimax/ old forests
and hence their perceptions werne with respect to such forests
and mot the new kinds that have come up becauss of biotic
interferences). It also brings out contrasting responses of old
forests vis-h-vis mixed forests on loeal hydrological processes and
a tmde-offs between the provisioning services and hydmologic
functons and services of old forests, Furnther, in 8 mixed scenario,
carchment hydmlogy appears to be the net result of the individual
influences of different forest cover. Henee, there is a need to
maintzin distinctions like reforestn tion and o forestntion; different
vegetation tvpesfage; climax and nop-climax communities in
hydmlogical reseanches.

The sty also establishes the nevd for munlelpslites toinclude
the foresis in their decision-making, planning and operations. The
tradeotfs between the provisioning services and the hydmological
services of the forests also indicate the need to conserve the old/
mature forests in the critical watersheds. Disturbed forests s well
as plantations in the upstream should similary be conserved so
that with age, they are able to extend better hydrological services,
Research studies that explore the impact of spatial distribution
of forests and model the optima] undisturbed vis-a-vis disturdied
forest cover within a cachment for extending the hydrological
and the provisioning servioes, respectively, may also be in order
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28

Climate Change Impacts on Water Resources and
Livelihoods: A Case Study of Takoli Watershed,
Garhwal Himalaya, Uttarakhand

28.1 INTRODUCTION

While the unprecedented rate of global warming in mecent
times 18 condlusively established, scentific capadty 1o predict
future climate scenarios s Hmited, with projected warming rates
reportad In the range of 1°C to 5.8°C on a global scale and 0.4°C
tey 27 in Tncia largely because of an upward trend in maximum
temperature (Hingane, 1985). Some scientsts considerad likely
warming by 2°C in temperature together with a 7 per cont
ncroase in precipitation as the ‘best guess’ (IPCC, 2001 ). Climate
change projections may vary depending on analytical tools used
for making predictions. A trend of warming in the 20¢* century
in the Himalava unravelled by mathenatiosl modeling anc tremd
analysis of long-term climate data is not supponed by the tres
ring width data, Nesting of high resolution local/regional models
within the low resolution global models can Improve precdsion
of predictions. While monsoon rainfall bas been considered
trendless over a long period of dme by many workers, concluded

TE AT M E

—_——

R.S. Negi and M.K. Parmar

a decling in rainfall by -8 per cent per huncred years over
the north-easterm but an increase by 10-12 per cent per 100
over the western part of the country Prediction: of sporadic
extreme climate evens 3 much more diffiendt compared 1o
changes in dimate on annuoal or seasonal scale, An uncertainty
in the projectsd rates of climate change implies an uneertainly
of the predictions about 18 consequences or the onteomes of
the mitigation or adaptation measures identified based on an
imperfect knowledge, Enhancement of sdentific knowledge mist
be an intogral component of all olimates.

28.2 STUDY AREA

Geographically, the Takoli Gad watershed lies between
F00"14 to 300°23N latitucle and 7RORT to PRO"$GT longitudes
in the Survey of India toposheet nos. 520/11, 530/12 and 53.0/15
(Figure 28,13 The watershed has an area of about 131.43 sq.
km and comes under jurisdiction of district Tehri Garhwal,

THLLEE

Figure 28.1: Location Map
of the Sturdy Area
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Urtamkhand. The area b approached by Kirtinagar-Telyd and
Kirtinagar-Chauki all-weather roads. The area falls in the nner
Garhwal lesser Himalava and is charactenzed by gentle and
mature topographi The Thkoli Gad orginates from the Eastern
slope of the Chandrabadni Peak (2,278 metres) and joins the
Alaknandn at Juyal Garh (605 metres). Jokhand and Dagar Gad
are the two main sub-streams/ tributaries of the Takoli Gad.

28.3 MATERIAL AND METHODOLOGY
*  We have cateporised the whole Takoli Gad watershed into
three parts on the basis of altmdinal zone berween 500 o
LXK metres (lowest zone), 1,000 o 1,500 metres (middle
zone) and 1,500 to LK metres (higher zome). All three
vertien]l  rones  poveming watershed hydrology  include
resource atilization, livelihoods, and food securty pattern
Then we selected one sample village from each altitudinal
zome for case study, Thus, we have three sample villages for
case study in Takoli Gad watershed.

Datn was eollected through field survey, through primary
and secondary data sources, Secondary data collected from
distriel/block  administration, reports. joummals. research
artiches/ papers, et

Field survey was undertaken in the three sample villages,
pamely Takoli (Jower elevation zone), Dhoulangl (middle
elevaron zone) and Machehivari (higher elevarion zone).
Somi-striuctured questionnaire survey was conducted in the
villages and some key respondents interviewed for collection
af information on the Indigenous system of |helihoods and
regoure utilizaion pattern,

[nformation was also gathered on the effects of changing

climate on livelihood and food security of local inhabltants
in the watershed. The indigenous uses of water resources,
agriculiure and plant species were also recorded.

Group discussion was also conducted with farmers for
undemstanding the problems and prospects with the water
resources, agriculturg system in the area along  with
the perception of local people on elimate change and
indigenous. agm  forestry  system. The information was
also acquired through field inspections, held observations,
perticipation in the social fife of local people/ farmers and
their culmral svents,

Agriculture land, water bodies (natural springs and streams)
and forests was also surveved 0 document the impact of
climate change on different crops and their compositions.
After collection of primary and secondary data, we anafyeed
the data using various statistical techniques and maps of the
area prepared using vadous cartogmplic techniques LISS IV
data nsed on ERDAS 9.3, ARC GIS 9.3 software.,

28.4 RESULT AND DISCUSSIONS

28.4.1 People's perceptions on climate
change

By ‘good climate yeor, locnl people medn sporadic low
rainfall evemts during March-May, peak monsoon rainfall during
July-August, modernte rainfoll/heavy snowfall during December-
January and absence of eloud burst events, with highest degres
of uncertainty attached to the onset of monsoon and dme of
abnormally high rainfall events. Thus; farmers attach more
imporiance o precipitation than temperature, One of the major

u Takoli| Lower Altitude Village}
# Dhaulangi{Todkahnd } (Middie Altitude Village)
& Machiyari (High Altitude Village)

100 -
90

“ =
£ 7
2 60
2 so
Figure 28.2: Climatic % ot
Parameters to Assess # 30
Climate Change (2000-2010) 0
(People Perceptions) 1:

<< Back to contents

[194]



Case Study

Table 28.1: Climate Change impacts on different rescurces and livelihood

Statements

Responses (in %)

1| Dueto climate change food grain production has decreased. 75 70 64
2 Climate change has increased the risk of crop fallure. o0 &0 6l
3. | Water bodies have dried up due to change in climate, 58 61 | 78
4. | Duetoclimate change, level of ground water has decreased. 65 75 &1
5 | Climate change has caused scarcity of foddar in the area. 54 48 |42
6. Climate change has increased the rate of outmigration 52 a7 45
7. | Duetocimate change attack of Insect-pest and diseases has increased, thus 49 67 52
resulting in reducing crop yield,
& Change in climate has increased the freguency of rainfall. 75 57 a0
9. | Because of climate change. the incldences of untimely rainfall have increased. | 72 62 7
10 | Change in climate has decreased soil moisture lavel. 57 63 &7
11| Soil arosion has increased due to climate change | g5 47 | 85

impacts cited (85 per cent of respondents) veas that the avempe
annual rainfall had declined in the past decade. Acoording to the
majority of respondents, the total number of days of rainfall had
perhops come down, leading to an ovemll decrease in the total
rainfall. Also, 75 per cent of peaple surveved also talked about
changing rainfall pattems. The fallure of the winter rains had led
to o clmstie decline in winter crops.

Farmers from Dhaulangi village said that last winter, their
entire winter crop was ruined due to lack of adequate rainfall.
‘Last winter, due t© lock of mintall, the winter crops were so poor
that we were nol even able to recover the cost of the seed.” said
Chandrs Dev 5ingh Rana, a farmer from Dhanlang ( Todkhand)
village in Takoli watershed. Fanmers mentioned that spells of
unusually heavy minfall durdng the ralny season wem mone
frequently experienced than previodshy This was considered
detrimental © soil health and farmers complained of heavy sl
erosion during. this pericd, Communities said that heavy soil
erosion had led o a considerable decline in crop productvit
during subsequent cropping seasons. About 53 per cent of
respondenis said that the availability of water {n the streams had
declined significantly dunng summer and that very e wawer
wias available for irdgation through guhls,

It was also perceived by the communides that the owverafl
frequency and guantity of snowfall had declined considerably
The village residents also repored an incrense in temperammes
resulling in hotter summers and warmer winters, with 76 per
cent respondents =aying that the temperature had incroased
over the last 8-10 yvears (Table 28,13, It has been observed by
the people that they are expenencing extreme climatic events
like, in 2009, the village experienced snowfall in the month of
Febroary, without any dip in temperature and no min, which is
very unusual. Such snowfall has been witnessed after some 9 or
11 vears, which earlier used to be a regular annual feature. There
hos beon less or negligible winter raing in the village fior the last 4
or 5 vears and the rain cycle has also shifted by 2 to 3 months. This
basically means that it has resulted in low/loss of production of
the winter crops and erratic rainfall during the monsoon period.

These persistent changes in weather have resulted in the overall
decrease of water guantty across all water sources,

28.4.2 Land-use and land cover change
(LULCC)

Land-use and land eowver change (LULCC) affeers climate
through alteration of near surface energy and moisture exchange,
a5 the physical characteristes of the land surface such as albedo,
soil modsture, and roughness are changed (the biogeophysical
pathway). LULCC also affects odlimate through changes in
atmospheric concentrations of greenhouse gases  (GHGs)
such as CO,, CH,. and N,O resulting from alteration the land-
atmosphere fluxes {the biogeochemical pathway, Arora and Boer
MR Canadell ¢t al, 2007; Houghton 2003; House o af., 2002;
Fongratz er af., 2009; Shevliakova er af,, 2006, LULCC has boen
shown to mesult in seasonal changes in temperaturs, precipitntion
patterns, snow cover in high latdiude regions, and atmospheric
dynnmics {e.g., Bals et al, 2006; Chase ef al, 2000 Claussen
a al, 2004 Feddema er al, 2005).The land-use study of the
investignted area shows four main land-use patterns, i.e fomst
land (68.31 sg.km), not available for cultvation (3.88 =q.km),
other uncultimted land (35.40 sg.km) and cultimted srea (23,83
sipkmy. In 2010, the forest area of Takoli Gad was 51,97 per cent
of the totnl geographical area of the watershed. The mixed fomst
in the region has a variety of tees depending on the different
physiographic features like climate, soil, physiography and slope,
The land-use area of yvear 2000 in Takoli Gad watershed differs
from the land-use area of year 2000, The forest area is 0L03
sq.kmn le=s ns apgninst the yvear 2000, The land aren not available
for cultivatdon s 00023 sq.km more in Takol Gad watershed as
against the vear 2000, The area under other cultivation is 0,045
s.km more while cultivated land is (L03 sg.km less as compared
1o the year 2000,

The change in land-use statistics between 2000 and 2010
revenls that the forest aren in the Taloli Gad watershed has
been reduced by (0,03 per cent and wasteland inereased by 0.04

<< Back to contents

[185]



Forests and Water

a5
30 A
e 20 1 "‘\.-

Figure 28.2: Changes in 'g 15
Crop Productivity between -E
2000-2010 £ 10 —4—2010~8-2000—

5

'D' T T T T

Wheat Barley Mustard Pulses Rice Mandualhangora Dilseads

per cent, This hag certain implication on the hydrology of Takol
Gad watershed,

28.4.3 Impacts on Agriculture

The rspondents were also ashed to guantify the estimated
anmul decline in productivity of agriculture in the past two o
five vears, This led to some interesting observations with about
70 per cent af the farmers surveyed mentioning that agrieulnural
productivity had declined by about 10 to 25 per cent, with anly 20
per cent noting very linke change (Figure 28.2). The major crops
peing produced are wheat, paddy, manduwa, barley, jhangura,
different pulses like gahnt, amd, sovabean, and matae In
addition, they also produce cash crops like different vegetables-
capsioum, cabbage, tomato, potato, onion, brinjal, beans and
carmd. Agriculture has seen a tremendous decrease in production
over the last 10-15 weirs.

Agriculture in the Takoll watershed s mostly rainfed, and

only small proportions of agrcultural land are irrigated through

1}

i
o S

Photo 1: Water Scarcity Affected cash crops

Crops

radhitional water chanonels (guhls), which are used o channel
the water from neorby sireams and fvuleis to the felds. The
fields irrigated through gubls have the best productivity in the
village. Howewer, shout &5 per cent of respondents said that the
ovailability of water in the streams had declined significantly
during summer and that very lttle water was available for
irrigation through puhls. Takoli villape, which is located on both
sides of a local stream called the “Takoli gad', the peaple said that,
for the past several years, the runofl in the stream had declined
drastically, adversely affecting irrigation. A few farmers (20 per
cent) aksosakd that, in recent times, their crops had been sulijected
o more frequent pest attacks, "Generally we do ol expensnoe
a lot of pest attacls, but the past few years have been different,
said a farmer from Takoli village. Another concern of the village
community in geneml was that warm and dry summers, as
experenced in the past few years, were cauging a major decline
in the productivity of vegetables.

Generally, hill farmers cultivate 0 number of vegetshles
during the months from May to July but late monsoons, high

Photo 2: Canal (Guhl) network is useless due to
absence of water availability
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temperatunes, and anoverall decline in frigationdthrough guhls)
wene having an adverse impact on productivity levels, In less than
a decsde, some of the crops cultivated previously have become
Iocally extinet from the villages of Takoli watershed, Koni {Seraria
itafica) was such a crop, which 1s no more cultvated now but 10
voary ngo each fomily had produced about 10 kg kol per year
The dishes prepared from koni had a high nutritive value, Jundla
(Sorghum vulgare) was also cultivated by the villagers in the past,
about two decades ago, but now its cultivation has also stopped.
There are problems of new diseases destroving large chunks of
crops every year, like wheat plant mming black, small red ant-
like tnsects destroving cash crops like potatoes, iomatoes, ete. An
imsect, locally known as Kurmula, 15 damaging paddy, potatoes
and chillies. Pulses are also affected and their leaves have
numerous holes in them.

There has been a widespread growth of wild weeds in
agricultural land: weeads like Hpatia and gagar ghas, These weeds
are respomsible for decreasing the productivity of crops, as they
tnke up all the availnble soil nutrents, The presence of the weeds
i the fields also means that it requires additional time, and
effort, from the women to dean them from the felds. Villagers
are also facing a continuous failure of winter crops for the last
two vears. This is happening due to absolute lack of rains during
critical winter period. This #s a recent phenomenon seen in the
village forcing people to look for other options for their survival.
There has been a positive change observed by villagers in terms
of ripening period of crops. The total number of months required
for the cultivathon of the crops, especially wheat, has reduced by
15 o 200 days. This is happening due to the rse in temperature,
which has resuired in suitable climatic conditions for the crops 1o
ripen. Damage cansed by large animal ests viz, wild boat, beag
poreuplne and monkey is one of major problems in the villages of
Takoli watershed. It is believed that population of these animals
hos increased in the recent past as mesult of food scarcity amd
drinking warer (In forest area), and so these wild animals have
changed their tradittonal habitats and now are damaging crops
and livestock, People expect compensation for damage caused by
them from the government, Loss of crop vields cotuld be as high
a% 50 per cent of wial economic yield in zome high altitudinal
villages of wotershed (Figures 28.38 ond b).

28.4.4 Impacts on Water Resource

Water scarcity was a common problem of all the willages in the
study area, The water guantity has either decreased several tmes
or the water sourpes have completely dried up in the area over
the vears. [t was hard to get even drinking water Due to scareity
of water, people were foroed to drink dirty poltoted water stored
for several days, which was very unhygienic, During summer,
the villagers were mainly dependent on the water supplied by
tnnkers. But it was difficnlt to supply even drinking water to
villagers living away from the roadside.

Dhara (S5pring) and Gadera (Rivalet) are the main traditonal
sources of water for drinking and irrigation purposes. Thene are
20, [(2*, 3" and 4" order streams) (Gaderas) ] in Takoli watershed.
There were four main perennial streams which have changed into

observed that the water discharge in ool streams (Gaderas) is
continuously decreasing. Also 70 per cent respondents abserved
that the level of grmoundwater has decreased and local springs
are now drving up (Toble 28.2), Thus, in the whole watershed
areq there is considerable decrease in the water levels across all
the water sources. About 10-15 years back, them were Gharat
(water mill) in the village, but now it has stopped working due
to depletion in the quantity of water Most of the water mills of
the ared hove stopped working due 1o less water in the streams.

Table 28.2: Status of Springs in Takoli Watershed

MName Altitude [a.m.sl) Status in Existing Status
(Mit.] 2000 {2010)

Dhaulangi 1334 Parennial

Jakhand 1077 Perennial Seasonal
Banjela 1201 Seasonal Dry
Kaphald (Rl Perennlal Seasonal
Malugan| 814 Parennial Perennial
Lusi gle Perennial Seasonal
Amvol 1088 Pererinial Seasonal
Semisemla 1180 Pereninial Sessonal
Meuli 1239 Perennial Seazonal
Tiura 1613 Seasonzl Dry
Silod 1710 Perennlal Dy

28.4.5: Impacts of Climate Change: A
case of Dhaulangi (Todkhand) Village

Table 28.3: General Profile of Dhaulangi village
{Todkhand)

1 Helght 1200 mt. famsl)
1 Climate Subtropical
3 Main Hoartlculture crops Orange, mango, guava, banana
4 Maincrops Paddy, wheat, Barley pulses,
shangora, Manduva, Oilseed
5 Main species of fuel from Miscellaneous
forest
&  Distance from road IKm
7 Mainsource of water Springs; hand pump, pipe ling
8  Distance from market
Local market (Dugadda) 12Km
Main markét {Srinagar) 38 Km
9 Area Under Agriculture 15 Acre
10 Electrification Yes
11 Postoffice Mo
12 Prirmary health centre Mo
T3 Primary school Yas
14 Area of the village 50 Acre
15 Movoftotal families n

seapomnal streams n the lnst 10 years (200020100, During the 18 Tmlm o ‘m e 28 =
survey in the villages of Takoli watershed, 65 per cent respondents 17 Liveracy B
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28.4.6 Impacts on Animal Husbandry

There is fodder scarcity in the village and the people feel that
buffaloes need more fodder and require stalled feeding. Cows
can be sent off for open and free grazing and require less fodder
compared o baffaloes, So, people are replacing their buffaloes
with cows. There is another peroeption that buffaloes give maore
mifk than eows, Le. 5 kg/ day on average whereas loeal cows
give only 2 kg/day on avernge. This affected their income because
somme fumilies (12) getting cash income (Rs 2.000/HH Month on
average) from the sale of milk and milk products (butter, ghee,
ete) in Dhaulangi (Todkhand) village. Now they have a litte
amount of milk and they use it only to fulfill their domestic need.
It affects thelr cash income as well as their livelihood.

28.4.7 Impacts on Horticultural Crops

There are some mango rees in Dhavlangt (Todkhand) village.
These wees were giving fruit regularly till 2004-05. According to
Kamla Bevi, o resident of Dhaulangi village, “we have 25 mango
trees in the village which have been giving frult in every period
regiilardy since 15-20 yvears. But for the last five years there is oo
fruit in these mango tress”.

These mango trees were the source of cash income for some
families, as they sold the fruit in the local market (Duggada,
Kirtinagar and Srinagar ) and got a good amount of cash (Rs
1.000/HH/ period) from it

Papava is apother important fruit which provide cash income
to the villagers of Dhaulangi (Todkhand), but rise in temperature
affected the quality of papaye and it alse affected adversely the
final price of papava as well a5 {15 marketing. Since the last 8-10
vears, wild animals and diseases have been domaging cash crops
as potato, ginger and twrmeric. Henoe, farmers are getting a
comparatively low income from such crops.

28.4.8 Coping Mechanism

People of Takoll watershed are the victim of climate change
bt now they have adapted some coping mechanism to face
climate change problem: Traditionally farmers were cultivating
five different varicties of paddy, namely Barniva, Bankuli, Rasia,
Ktwida, Lal Sarrt and Pasary, in irrigated and non-irgated land.
Baurtiya which was extensively cultivated in irrigated land is
being gradually replaced by Bankulf which requires less watee
This crop has been introduced in both imigated and non-imigated
landl. Similarly, they have started sowing Red wheat (requines less
water) instead of White wheat (requires more water), in non-
irrigated land. Tor, a pulse variety, has been introduced o those
areas where moisture in the soil is comparmtively less, Tor, known
a3 a drought resistance crop requires less water to grow. There
has been a subseguent increase in the area under cash crops,
like tomato, onkon, potato, ebe., because of less productivity of
raditional crops like wheat, paddy and mandua. Cash crops
require less area and generate more output than raditonal crops
in relatively less time. People are replacing their buffaloes with
cows, n% buffalors need mone fodder and require stnlled feeding,
Cows can be sent off for open and free grazing and they require
irss fodder compared to bupffaloes. Poor people have largely
resorted to milk selling, as they largely own less enltivated land

with limited irrigation facilides. Traditional cropping pattern
which known a8 Baranoja system is the prevailing practice in the
area. There is a realization of the negative consequences of high
yielding waretes, viz., dependency on extermal ngencies for seeds,
tertilizers, imgaton and pestcides, dmstic vield losses under
unfavoumble climatic conditions and low input management and
loweer fodder production comipared to traditional varieties, henee
trnditional pgriculture system is better o face climate change
prod bems,

28.5 RECOMMENDATIONS

Water, soil and forest are the basic requirements of the
communpity residing in mountain regions. The availability of
these resources determines the sustainability of Givelihood. Here,
the requirement is o profect the catchment of water sources by
planting more trees, especially those species baving broad cuticle
leaves like Oak, Rhododendron, Kafal, Utds, etc. Villagers have
identified degraded land in the Van Panchavar and civil forests
where plantation activities can be undertaken. Pine, which s a
major cnuse of forest fres, should be replaced with the species
that will aid water conservation. Khals (small ponds). ars being
constmucted in catchment areas under different government
programmes (MNREGAY schemes, for stomge and conservation
of rain watez but these Khals are being created unscientifically.
As a result, they are unable to caplure rain water, informed
mest of the villagers, A technical training should be organized
and conduweted for the community members, o help them
select appropriate locations for the construction of the Khals
and the adoption of appropriste construction methods. The Van
Panchavat which s responsible for effective manngemsnt of the
forest ot the community level i not fully trained and equipped w
control forest fires, Omly regular training and capacity huilding of
Van Panchayats will ensure forest fires are effectively controlled.
Roofiop minwater harvesting should be implemented at the
household level o deal with the water erisis. Villagers lhave
identified a place where a small dam can be built o capture
strenm water as well as rainwater, Water stored in the reservoir
will address the problem of irrigation and more land area can
be brought under irrigation. Such activities can be eplicated in
other parts of hill villages. 1o onder to address drought situatdons
and instances: of less min during cropping seasons, drought
resistance erop varleties should be promoted. Setting up of a seed
bank would greatly help farmers procure seeds. Since traditicnal
agricultural (agroforestry) svstem is the best mechanism o cope
with climate change problems, there should be some promotion
programmes for traditional mix farming. Poly bouse technigues
is best o meet climate change problem; therm i urgent need o
promiote this technique in Takoli watershed area,
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29

Taming the Climate Dynamics and its Influence in Forest
Hydrology: Assessment of Transformation in Forest
Ecosystems - A Case Study in Western Ghats, Tamil Nadu

29.1 INTRODUCTION

The world’s water crigis is compounded by climare change,
dwindling fresh water resounces, pollution and  growing
population. Forests which oocupy over one-third of earth's land
surface have been inereasingly recognized as a key plaverin global
climate moderation, stream flow regulation and purification,
emosion controd, carbon sequestration and many other ecosystem
services that humuns need indeed; human avilisations orginate
from forests and water Forests have been the source of water
nnd livelihood for millions of flor, fauna and people living in
the river basins and bevond. Stodies of the effects of climate
change on forests have focused on the ahility of species to
tolerate temperature and moisture changes and to dispemse, bt
they have ignored the effects of disturbances caused by climate
change (Ofima et.al, 1991). Yet modeling siudies indicate the
importance of climate effects on dismrbance regimes (He o.al,
19947, Local, regional, and global changes in temperature and
precipimtion can influence the occurrence, timing, frequency,
dumition, extent, and intensity of disturbances (Baker 1995;
[umer er.al.. 1998). Because rees can survive from decades o
centuties and take vears to bocome established, climate-change
impacts are expressed in forests, in part, through alterations in
disturbance regimes (Franklin et.al. 1993; Dale et.al, 2000).

29.1.1 Impact of Climate Dynamics on
Forest Ecosystem

Forest and fresh water resources are increasingly threatened
by ongoing global climate and land cower changes. Fresh
water seareity is becoming more problematie acress the planet
due m increasing population growth, land use change such as
deforestation, and dimate change variabilite Disturbances, bath
human-induced and natural, shape forest systems by infloencing
their composition, structure, and funetional processes (Virginia
eral., 2001). Global change: has resulted in a seres of chain
reactions in both natural ecosystems and human dominated
systems, Growing concems over wakershed degradation, water
searcity, poverty, and social sustainability due to global change
require new approaches 1o manage forests and water resounces,
Currently, there & little science-based guiduance for resourss
managers and policy makers o adapt to the novel and ever

Dr. N. Kavithaand M, 5.Vaidyanathan

changing environment in the 217 century. Undermstanding the
interactions among forests, climate, water resources, and human
activities s essentinl in  advancing actionable sdences and
developing mbust climate change mitgatdon and adapation
strategies and methodologies.

Assesging the transformation of forest resources through
traditional technigues is complicated, time consuming and
uneconomical. Modern technologies like Geolnformatics enable
simple, sccurate, economical monitoring even for vast and
inacressible areas during a short period of time. For the sudy of
climate dynamics and its influence in forest hydrology, o part of
the Western Ghats was chosen which s located in Tamil Nadu,
India. The Western Ghats represent an age-old ecosystem rich in
bicaliversity and is one of the eight global hotspots of biodiversity
and a UNESCO Word Herimge site, The Anamalai Hill Range in
the Westem Ghats of Tamil Nadn is a habitat o many reservoles,
wildlife sanctuaries and rich in bioreserves,

29.2 STUDY AREA

For the smdy of climate dymamics and itz influence in forest
hydrology, a part of the Western Ghats was chosen which is
located in Coimbamre district, Tamil Nadw, India with an ladgtade
and longitude of 1014’ to 10°55'N and 76°45" to 77°15'E with an
aren of 241,514.8 ha (Figure 29.1) Colmbarore §s surrounded by
mountaing on the west, and reserve forests on the northern side,
I'he entire western and northern part of the distriet borders the
Western Ghats with the Nilgin biosphere as well as the Anaimalai
mnd Munnar ranges. The Western Ghats represent an age-old
ecosystem rich in biodiversity and is one of the eight gliobal
hotspots of blodiversity and a UNESCO Wordd Heritage site.
Because of it5 close proximity to the Western Ghats, the district
is rich in fauns. The Anaimalni Hill Range in the Western
Ghats of Tamil Madu is a habitat to many reservoirs, wildlife
sanctuaries and rich in bioreserves. All the rivers, which have
iB souroe in the Anaimalal range, are served by the Souwth-
West Monsoon. The major portion of the dams and twnnels are
located in the scenic surmrounding of the Anaimalai range and
the meservolrs are located amongst pictumsque and natuml
surmoundings fn the reserved forest areas and fea estates, The
forests are responsible for the cool weather, the green landseaps
and clean air of the district.
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Figure 29.1: Location map of the Study area
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29.3 METHODOLOGY

The wansformation of forest ecosysiem and hydrological
assessment was analyzed using remote sensing images, enhanced
thematic mapper (ETM}  for the year 2000, IRS 1D LISS 1
data for the year 2010 and SRETM data for the vear 2000 For
the classification of the land covey, particularly vegetative cover,
M elassification index technique was employed and NDVI
classification map for the vear 2000 and 2010 was prepared
using Erdas Imagine 9.3 software. The normalized difference
vewetation index (NDVI) is mpresentative of the various spectral
vegetation indices (Rouse et.al, 19741, NDVI is the traditional
vegetation fndex used by researchers for extracting vegetation
abundance from femotely sensed data, It divides the difference
between reflectance values in the visible red and near infrared
wavelengths bv the overall reflectance in those wavelengths to
wive an estimate of green vegetation abundance (Tucker, 1979).
In essence, the algorithm isolates the dramatic increase in
reflectance over the visible red to near infrared wavelengths, and
normalizes it by dividing by the overall brightness of each pixel in
those wavelengths. 1t is computed as;

NDVI = (NIR-Red}/ (NIR+HRed)

Generally NDVI measurements tange between -1.0and +1.0.
However, in practice the measurements generally range between
0.1 and +0.7. Clouds, watetr, snow and ice give negative NDVI
values. Bare soils and other backzround materials produce NDVI
values between -0.1 and +0.1. Lacger NDVT values occur as
the amount of green vegetation in the observed area increases
(Fahman etal, 2009)

To assess the changes in rainfall pattern of the study area,
annual rainfall data was collected for the year 2000 and 2010
and Isohyvel maps were prepared using Arc GIS 10 and Spatial
analyst software, Morphometzic chamcteristics like lineag
aerial, geometty and drainage of the watershed were assessed

Figure 30.2: Methodology
adopted forWatershed
Belineation
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Table 29.1: NDVI Classification Matrix for the year 2000-2010

e

Water Bodies 1653.2

::'::;‘"“wn""” 67983 432 67983 0 ) 3773

Sparsa Veg, sy 0 [0, 862117 ~15840 15161

Moderate \leg. 898301 0 0 1594.9 258301 4000

Dense Yeq. mﬂﬁ- Q 23 15161 4000 570215

Total 2415148 1649.0 7129.8 89322.7 88635.2 54778.1
Vag-Vegetathon

using the Digital Elevation Model (DEM) from the Shuttle Radar
Topogrphic Mission (SETM) of 90m resolution data (GLCE
20001, Arc GIS 10, spatial analyst tools and Are hyvdro tools
wene used for the sub basin delineation and further nnabwsis
of the morphometric paramsters of the sub-basin like linear
topographic, relief and aerdal npspects (Figure 29.2). Strahler
stream ordering technique was followed lor stream ordering and
other mathematical formulae were followed for further analysis
using various methods,

29.4 RESULTS AND DISCUSSIONS

29.4.1 Assessment of NIWI Classification (2000-2010)
The resultx of the study establish the relationship between
the vegemrive cover and the surface runaff, base fiow and water
availability, Perodicsl analysis with Geoinformatics techniques
lends scope for o sentine] watch over the forest ecosystem and
its hydrology which helps o address the problems with proper
solutions. The climate has 8 major Impact on land-use changes,
which has a direct bearing on the hydrology, and results in a slow
and steady degradation process of forest as well as hvdmlogy, The
NIWT is a simple graphical indicator that ean be used 1o analyee
remote sonsing mensurements, typically but not necessarily from
a space pladorm, and assess whether the target being observed
containg live green vegetation or not, Figure 29.3 represents the
NIV classification map for the year 2000 and 2010 and Rainfall
Isohyets map for the year 2000 and 2004 for the study area. The
southem part of the study area is rich in forest resoumes compared
to the northem part which is known as Western Ghats which is
home of rivers such as Bhavani, Noyall, Alivar Siruvani which
prowide the drinking water and irrigation water for the people
and farmers of Colmbatore, The [orests of Cotmbatore district are
spread over an area of 693,48 sglan {(www.coimbatoreforests,
org). Study area NIV values vary from -0.25 to 5. The positive
values represent different types of vegetatdon classes (Dense o
very sparse), whereas near zero and negative vialues indicate non-
vegetation classes, such as water, build-up area and barren land.
NINT classifichton area matrix for the year 2000 o 2000
(Table 29.1) reveals that there was a reduction in water bodbes
(#.2 ha}, moderate vegetation (1,194.% ha) and dense vegetation
{2,243.4 ha) and there was a increase in very sparse vegetation/

build-up area/bamen land (331.5 ha) and sparse vegetation
(3,111 ha). Reduced water body area of 4.2 ha was converted
s very spame vegelton/build-up ares; moderate vegetntion
wias converled as sparse vegelation (15949 ha) and dense
vegetation (400 ha): and dense vegetation was converted as
sparse vegetation build-up area (327.3ha), spame vepetntion as
(1,516.1 ha) and moderate vegetathon (400ha}). Increasing trend
of very spare vegetntion/buld-up aren was nwinly convertod
from dense vegetation (327.3ha) and sparse vegetation converted
from moderate vegetation {1,594.9 ha) and dense vegemtion
{1,516.1ha), The greater pant of the Colmbatore forest division
is situated in the southward extending Western Grats, with the
north-western parts forming the lower rapges of the Nilgins, The
Coimbatore forest division is part of the Wilgid Biosphere Reserve
(NBR) and also forms part of the Core Zone of the NBIL The forest
of Coimbatore district is administered by two forest divisions.
South of the Palghat Gap lles the SAmimalai Wikdlife Sanctuary,
which has been designated as a Tiger Reserve during 2008, North
of Palghat lies the Colmbatore forest division. This division is
bounded on the North and NorthWest by Sathivamangalam,
Erode, Nilgiris North and Nilgiris South Forest Divisions and on
the West and South-west by Palghat Forest division of Kerala
State [www.coimbalomeforests org).

29.4.2 Assessment of Rainfall using
Isohyets (2000-2010)

Of all the natuml conditions, minfall should be reganded as
the fundamentals so for as pogress of the sodety is concemed,
It is alwayvs been treated as a fundamental seetor for the ol
development of society (Sadhukan, 19871, Rainfall is o crocial
agroclimatological factor in the seasonally arid parts of the world
and its analysis an important perquisite for agricultoral planning
in Indin (Gadgil, 1986). India is o tropios] eountry: its agrienltnienl
planning and uilization water depends on monsoon tainfall,
more thon 75 per cent of minfall accruing durdng the monsoon
season. The monsoon rainfall is uneven both in time and space,
50 it B important o undertnke rainfall analysis, The mean annuwal
rainfall of the Colmbatore district is 1,242 mm. The district is
characterized with onigue seral wpogmphy in quontum of
rainfall due w Western Ghats, Anaimalai and Nilgiri hills. Figure
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NDVI Classification Map ,fh
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Table 29.2: Morphometric analyses - Linear aspacts

Straam Ordar Pl of Lengthof X L Bfurcatken Stream P of strcams
5, StrcamsM ~ strzam (km} L mAte R Langth Ratk: R, usad Inathe

| Crder 82 11607 2045 3065 4334 0475

Iomar 204 5521 2210 2742 4250 0.544 1036

N Srdar 45 3074 16581 2479 4000 0645 52

I Ordear | 1954 1.079 2201 &000 0.347 G

Wiomar 7 BG83 0,201 1837 14

Maan 19132 E ¥ 3.1 (LR L1
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Table 29.3: Marphometric analysis — Geometric aspects

No Geom etric - Param eters Formula Method Result
1 Area (ke | A GI5 output Arc GIS 10 141501
Fi Perimeter (kmj P GI5 output ArcGIS 10 47676
3 Length (kmj L GI5 output Arc G510 79.47
4 Relative perimeter [ ) F AR Schumn{1956) 873
5 Mean width (W,) W, AL Horton (1932) 30.39
& Length ara relation kmi (L) L= T.4%An Hack {1357} 14693
7 Lemniscate (k) k=LA Charley (1957) 162
8 Form factor ratio (R,) R=A/L) Horton (1932) 038
g Elongation ratic (R} R, =2/ L "AMm “ Schurmn {1856) 3N
10 Cralnage texture (D) o, =N‘J'P' Homon (1045) AL
1 Texture ratio (R) R, =N, /P Schumn (1956) 319
12 Circularity ratio (R ) R 4" m (AP} Miller {1953} 0356
Table 29.4: Morphometric analysis - Relief aspects
Mo Relief - Parameters Formula Method Result
1 Basin Relief (H) H=Zz Strahler {1957) 2333
2 Relisf Ratio(R,) R =H/L, Schumm (1936) EJF:r 3
3 Relative Refief (R, ) R__H*100/P Melton (1557) 84297
4 Ruggedness Number (R } R, C*{ H/1000) Strahler {1957) 220
Table 30.5: Morphometric analysis - Aerial aspects
Mo Morphom etric Param sters Formula Method Result
1 Stream frequency (F ) F_N/A Horton (1932} A7
2 Drainage density (D) D.LIA Horton (1932} 0594
3 Drainage Pattem I:Dr_]- GIS output ArcGIS 10 Dendritic
4 Dralnage Intensity (O} D.F/B, Faniran (1968} 0.50
5 Constant of Channel Maintenance (C) c o, Schumn (1956} 1.06
6 Infiltration No (1) Wl > Faniran (V968) 187
7 Length of overland flow (L) L_ARL Horton (1945) 212

29.3 diearly explains that the maximum amount of rainfall for the
vear 20000 and 2010 was received in the Western Ghats, Anaimalai
anid Nilgiri hills, which are located in the south of the study area.
Froan the south wovwands the north, minfall grmdually decreases.
Annunl rainfall data for the year 200K reveals that the maximuom
aned minfmum amount of rainfall was received by Sholalyar
(4,611 mm) and Natinknipalayam (494 mm), respectively. More
than 2,000 mm of annual rainfall were recetved by the areas of
Chinnakallag, Lower and Upper Nirar, Valpara and Anaimalai
and Less than 600 min of sinfall was received by the areas of
Gomangalam and Poolankinar Annual rainfall dat for the vear
2010 reveals that the maximum and minimum amount of rainfiadl
was received by Upper Nirar (5,893 mm) and Gomangalam (491
mim}, respectively. More than 3,000 mm of annual rainfall wene
received by the areas of Chinnakalaar, Iverpadi, Lower Nirag
Sholaivng Valparsi, and Ansimalsi and less thap o0mm of
rainfall raceived hy the areas of Nattakalpalayam and Sulthanpet

29.4.3 Morphometric Analysis (2000)

Dury (1952), systematic description of the geometry of a
draipage basin and i85 stream channel reguires measurement
of linear aspects of the drainage netwoark, aeral aspects of the
drainage basin, and reliel (pradient) aspects of the channel
netwaork and contributing ground skopes Strahler (1964), The
critical morphometric chameterstics of a drainage basin which
influence the dminage functions are discussed (Table 29.2 to
29.5, and Figures 29.4, 30.5]).

Limear aspects of the morphometric parameters (Table 29.2)
of the study ares watershed is chamctedzed up to V order streaim
network, Total and mean stream number of the study area is
1.148 and 191.33. The total length, mean length, total log value
and mean stream length of the streeam s about 2,278.4, 379.7
km, 12.41 and 8.3, Towm] and mean bifurcation rato i 18,57 and
3.71. It has been found that the bifurcation ratio characteristically
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ranges between 3 and 5 for a watershed in which the geclogy is
reasonably homogeneous without sructural disurbances to the
drainage badn. Higher value of the bifurcation ratio indicares
scme soat of geclogical control and lower indicates that the baszin
produces 2 sharppeakin discharge andif it is high, the bazin pields
low, but extended peak fow (Agarwal, 1996). In a well-developed
drainage nemwork the bifurcarion ratiois generally betwesn 2to 5
{Harton, 1945; Strahler, 1954). Watershed gecmetry ( Table 25.3)
is characterized by warious factors among them the impeostant
factors of the watershed area (A), perlmete (F), length (Lb),
relative perimeter (Pr), mean width (Wb}, length area relation
(Lar), lemniseate (k), fom factar ratio (Rf), elongadon ratio
(Be), dralnage texture (Dr), texture ramio (Ri) and dreolarity
ratio (Re) with an values of 2,415.01 sqkm, 276.76 km, 79.47
ki, 30.39 km, 149.98, 2.42, 0.38, 3.11, 4.15, 3.19 and 0394,

Circularity rafio value indicates that the watershed iz circalar in
shape. & circular bagn iz mare effident in discharge of mun-off
than that of an elengared bagin (Singh and Singh, 1997). The
watershed with high formn factors have high peak flows of shorter
duraticn, whereas elmgated watershed with low form factor
will have a Ratter peak o flow for longer duracion. The drainage
texture value clearly indicates thar it has moderate texture
category. Watershed relief aspects (Table 29.4) determined basin
relief (H), relief ratio (Rh), reladve relief (Ehp) and ruggedness
numbe (Rn} with values of 2333, 31.62, 842.97 and 2.20,
Watershed has a low value of relief ratics mainly due tothe high
degree of dope The higher the infilration number, the lower
will be the infiltrarion and higher will be the rundf and length of
overland flow indicates low surface rundf flovwe Overland flow is
significantly affected by infiltration and percolation through the
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soil, both varving in dme and space (Schmid, 1997), Warershed
aerial aspects include sweam frequency (Fs), drainage densiry
(Dd), dramage pattern (Dp), drinage mtensity (Di), constant
of channel maintainace (C), infiltration no (If) and Length of
overland flow (Lg) with values of .47, 0.94, Denmibdc pattern,
(.50, 1.06, 1.97 and 2.12, Basin area is hydrologically important
because it directly affects the size of the storm hydrograph,
magnitudes of peak and mean runoff. 1t s interesting that the
maximum food dischamge per unit ares is imversely elated to the
sze (Chocley etal, 1957). Drainage density value indicaves that
it has highly permeable subsoil, dense vegetanve oover and high

relief It has been observed through this measurement made over
a wide tange of geologic and climatic wpes that & low drainage
density is more likely to occur in regons of highly resistant of
highly permeable subsoil material under dense vegetative cover,
and where relief is lowe Low drainage density leads to coarze
drainage texture while high drainage density leads w fine
drainage texture (Soahleg 19%94). High drainage density is the
resultant of weak or impermeable subsurface marterial, sparse
vegetation and mountainous reliel Low drainage density is also
indicative of relatively long overland fow of surface water; it
i5 also related to the elimate, surface rouzhness and runoll of
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the amea. The tvpe of rock also affects the drainage density, In
o dendrith system, there are many contributing streams, which
Jjoin together into the tributaries of the main river They develop
where the fdver channel follows the slope of the termin (Lambert,
1998). The longer the time of formation of & drainage basin is,
more easily the formation of dendritic patterm. Low value of
drainage intensity implies that the drainage density and stream
frequency have little effect on the extent to which the surface has
been lowered by agents of denudation.

29.5 CONCLUSION

Forests which ocoupy over ane-third of the earth's land surface
have been increasingly recognized as n key plaver in global
climate moderation, strenm flow regulation and purification,
erosion control, carbon sequestration and many other ecosystem
servioes that humans need indeed; human civilizations originae
from forests and water. However, forest and fresh water resouroes
are increasingly threatened by ongoing giobal climate and land
cover changes. Fresh water scamity is becoming more problematic
across the planet due (o inereasing population growth, land-use
change such as deforestation. and climate changs variahilit
Global change has resulted in a series of chain reactions in both
natoral ecosystems and human dominated systems. Remote
sensing s GIS plays a vital role to acoesses the climate dynnmics
in forest hydrology of the Western Ghats by various aspects like
NIV classification, rainfall and morphometric analysis. These
resulis elearly indicste how changes in the forest eeosystem
cecor, variability in the rinfall analysis, and how morpbometric
characteristics wepe affected due 10 climate change., Growing
concerns over witershed degradation, water scarcity, poverny and
socinl sustainability due o global change require new approaches
o manage forests and water resources, Currently, thers &5 little
scienoe-hased puidance lor resource managzers and policy makers
o adapt o the nowel and ever changing environment in the 215t
eentiry. Undemstanding the intemations among forests, climete,
water resources, and human activities is essental in advancing
actionable sciences and developing robust cimate change
mitigation and adaptation strategies and methodologies.
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30

Managing Water, Forests and People - Case Studies of
Jharkhand, India

30.1 INTRODUCTION

Jharkhand, the newest state of India with gecgraphical arca
of 79,714 sq.km constitutes 2.42 per cent of the country's land
area and les between lntitade 229640 and 24737 N and longitude
83715 and B701E (F51, 20011) The stare is marked by the
platean of Chhotanagpur, and has four distinet plaieaus, viz
Pat plateay. Ranchi platean, Lower Chhotanagpur plateau and
Rajmahal highlands, The undulating nature of and resulting in
increased surface runoff not enly reduces percolation but also
continsously emdes top soi] thereby diminishing fertility of soil
leading 1o impoverishment of soil, hills and people. Water, forests
and people are nataral allies, Forested catchments supply a major
proporticn of all vater use for domestic, agricultural and industrial
neads, Availability and especially the qnality of water are strongly
influenced by forests and thus depend on proper forest water
management, Unfortunately, there is ever-growing pressure on
forests, as the smbe & one of the important minernl producing
states of India. Forther, about 76 per cent of its population is
trikal dominated mral population with dependence on forests for
multitnde of benefits, Therefore, fn-sity and evsi conservation
of water to check the surface mnoff and productive utilia tion of
conserved water through appropriate technology is imperative.
In this paper, case studies in Bokaro, Palamu and Simdega
disiricts of Jharkhand where community driven traditional,
people and eco-friendly, oost effective, and sustainable fn-sin
wiater conservation methodsare descdbed, With the barvesting
of waner that would have otherwise pone waste as surface run-
off, communities are able o eultivate their land and grow varery
of agricultural, horticultum] and sikvicultural products theough
improved technological practices, This provides the communities
with productive and meaningful employment with additional
sontree of ineome in a sustained manner reducing dependency an
govermment and external mechanism,

30.2 RURAL ECONOMY IN JHARKHAND

Agriculiure, collection of forest produce and allied activities
arg the main source of emplovment and income for the trbal
dominated rural population, though the area under cultivation is
only about 14 peroent of the total land ares, The low productivity
is mainly doe 1o difficult ermain and consequently inadequate
irfigation faciliies, Therefore, majority of the rural population
are resigned o the mercy of nature for the minimal agricultural

A.K. Mishra and Satya Prakash Negi

harvest. It is cleady evident from Table 30.1 which shows that
only 11.54 per cent of the net sown area s frmigated. Although
the state receives adequate rinfall over small period; bat due 1w
the undulating terrain, the surface runoff reduces the percolation,
and hence the minwater is not available to the agriculiural crops
sufficiently for productive uiilization. Active involvement of local
communities and hamessing their age-old, cost effective loonl
techinical knowledge in constructing and de-silting tanks, ponds,
and wells, ete., for judicdous soil and water management is an
ideal strategy. Further, the local people need to be supplemented
with the technology that ensures conversion of water it weeful
multi-layer vegetation.

Fortunately a beginning has been made by the few conscious
villagers in Palamo, Ranchi and other distdets of Jhorkhand
wherein they interacted and replicated ‘Chaloriya Vikas Pranalfi’
conceptonlized and pioneered by Padam Shree Late De BRG
Mishra in his famous Sukhomaje (near Chandigarh) experiment
in the Shivalik hills. The coneept of ‘Chakreiva Vikas Pranall” means
the Cyelic Maode of Development, [n other words, the benefit from
one investment becomes the capital investment for the next, and
thus the cycle moves on o provide ecanomic and social benefits
to the villagers in a sustalnnble manber by geterating comimon
social and environmental capital on the principle of ‘all procect, all
pay, and all receive’. Basically, this involves one-time investment
of cash, kind, technology and 1o convers it into a s=lf-sustaining
process of production and reinvestment from o common villnge
fund, It iovolves ‘muli-iered  mwli-voored and muolti-layerad’
planting cveles = guarantees year-around employment for all
members of village society and in retum - in the short, mediom
ond longer term from grass, vegeinbles, frults and timber
mspectively

30.3 METHODOLOGY

In Jharkhaned, the Chakriva Vikas Praneli’ was initiated in
Falamu district in the year 1986 when the state of Jharkhand was
part of ertwhile undivided Bihar The concept was mone or less
replicated in other districts by dedicated individuals and groups,
In recent vears, the concept gained momentum due 1o few spirted
persons and vouths in respective districts. They have taken the
initiative 1o change their lot by ferming groups, societies and co-
operatives. In the present sudy, the qualitative study technique
hns been wsed whersin the authors made Beld visits o those
districts where in-sire s0il and water management interventions
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Table 30.1: Land UtilizationScenario in the Districts under Case Studies(Period: Year ending 2010 -11) (Area in
hectare)

i g 9 0 "

I. | Bokaro | 288982 74,182 73,843 18,648 102833 19486  674%  2723|  1397%

2| Palamu | 460431| 169819 54,749 10299 171,013 54551 11.85% 13888  25.46%

3. | Simdega | 379434 103674 45,203 32.046| 118870\  79441| 2004%|  3323|  418%
harkhand | 7,970,075 2,239,481 1332421 538012 2773895 1085366  13.62% 125241  11.54%

Sowurce: Direclorate of Fconomles % Statstics, Mindstry of Agriculiure, Govt of IndiaDACHET Project, Agriculiural Inlormatics Division, Matioral Infonmatics

Centre,

bw the communities have heen done. The authors visited the
intervention sites and interncted with the communites/ villagers”
gron pad socleties co-opeTatives mvolved i perseverng © change
their conditions for the betier On the basls of Beld visfis and
interaction with communities in some of the districts. the three
districts, viz. Bokaro, Falnmu and Simdega, were selected for the
present cse studies because of their successful interventions that
made positive awakening amongst the comimunities and inspired
them w0 befieve they could improve their conditons through
community based management of land, water and forests.

30.4 CASE STUDIES
30.4.1 Palamu District

Situated along the bank of the rain-fed Koel River, Palamu
district has a population 1936319 persons with literacy rate of
65,5 per cent, The net sown area of the district is 11.85 per cent
and aren under irfgation Is only 25,46 per cent of the net sown
aren. Most of the land outside forest is fllow locally Known as
‘tanr. The concept of Thakriva Vikas Pranali’ was initiated in
Palamu district through the 'Sodety of Hill Resourcs Management
School' in the vear 1986, The communities were trmined in
mursery and motivated oadopt agro-forestry farming techniques
of papayn, bers, leucaena, efc, One of the novel agro-forestry
techniques is Tie-fidgenlloge’ wherein the horticnitural and
forestry compatihle tree species are grown on the bunds of the
agricultural field. The tree species were selected acconding to the
requirernents of the individual former bot mainly ivvolve papaya,
banana, lemon, guava, jackfrolr, mange, pamhar and levesens,
ote., as these species ame pormally short rotation crops.The tie-
ridges are also constmucted. for individual tree species. Further
various kinds of mult-tier vegetables ame grown in each de-
ridge. The below-ground vegelables mainly invelve ole, tapioes,
mrmeric and ginger. The above-gronnd vegembles are mainly
lady finger, chilfi, brinjal and tomatw, el Palses espedally moorg
and arfiar are also grown in the tie-ridges. Here, compatibility of
the species is crucinl.

The te-ridge tillage improved soil and water availability
o the plants as compared with traditiona] practice of planting

ridges. The agriculture, olericulture, horticnlmre and silvicnlture
activities carded out on the same piece of lond inerepsed the
prodd uetivity from the fann leading o improved and productive
dairy farming as well, (Atimately, fmmers’ income per acre land
increased leading o seli-suffidency to & great extent. More and
more farmers are adopting the improved farming technology.
The experiment s being carred out in Bliusaria village mainly
inhabited by the primitive Pahariye tribe with good results of
COMITON Property resoures Manags ment.

30.4.2 Bokaro District

One of the coal-rich industrialized zones of India, Bokaro
district has a populn Gon of 20,61,918 persons with o Hiercy rate
of 73.48. The district luss a maze of valleys and sub-valleys formed
by the river Damodar and its tibutaries. The net sown area of the
district i 6.74 per cent and the area under irfgation isonly 13.97
per cent of the net sown ares. People’s invalve ment through Joinn
Forest Management in Hisim village (Kasmar block) and Utnsans
village (Peterhar block) of the distder are sueress stories in the
ared. Local leadership of Shri Japdish Mahto in Hisim village and
Shri Radha Nath Soren in Utasara village suppored by young
forestens was crucial. The people were invalved to protect mtuml
forests and planted area. The efforts bore frufts. The people per
firewood, bamboo and small timber on sustained basis, Forest
Management Registers have been opened and made pant of a
working plan. All mmovels from forest are moorded. Protection
has yielded results. Saplings have become poles and the poles
have become (rees,

A notahle feature of Hisim and Utasars villages is Inltiadon of
planting of asan and arfun tree species in private fallow land for
serculture, Bringing of raar land under bamboo plantation and
tree cover by planting useful tree and shrub species = o be spen
to believe, This has brought unproductive land nto production
and acts as buffer o nanmral forests in reducing biotic pressure,
Involvement of villages of Chandrapora and Bundu villages of
Peterbar block in the district in medicinal plant aspect of forest
manngement is worth mentioning, Medicinal plants forming
the understorey of fomsts had been eardier neglected in forest
management. Villngers joined with great interest, The programime

without ridges, as the ‘rain water is harvested on the spot’in the tie-  comprised of three wvital componens, viz. identification,
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propagation and wilizadon of medicinal plants. This creared
mass iovolvement of forest fringe villages in protection of
forest floor which is vital for water conservation. Training of
villagers by qualified Aviuvedic (herbalist) practitioners boosted
thelr confidence in propagating plant based medicines on a
sustainahle basis,

30.4.3 Simdega District

With o landscape formed of hills and undulating platean,
Simdega district has a populnion of 599813 persons with a
literacy rate of 67.59. The net sown area of the district s 20,94
per cent and area under Irngaton ks only 4.18 per cent of the
net sown area, Dr M.S. Swaminathan during one of his visits o
Simdegn was surprised to see vast stretches of fallow, barmen land.
in 2012, a few spirited and educated youth guided by experienced
thinkers and foresters formed a co-operative sodety named as
Simdega Agro Labour and Multipurpose Self-supporting Co-
oparative Society Lud. Mohua grows abundantly in the forests
of Simdega distietMahua flower is edible and & an important
food item for the people of the district. The byproducts of mahiea
are syrup for medicinal purpose, fermented aleoholie drink, ete.
The seed of the mahua is also edible and its drink s part of the
cultural hedtage in Jharkhand, and enjoyed by both men and
women during celebmitions.

Before the formation of the oo-operative society, the poor
villagers used o collect mahua flowers and sell them in the
market individually But the oo-operative socety provided them
better bargaining capacity and a good return from the markst
fromm the sale of mohee. Qowers. Interestingly, each member of
co-operitive purchases one share of Rs. 100 which may be cash
or equal value of mahue Aowers, immarnd or other produes,
The money earned from selling mahua flowers was used as seed
money for cultivation of maize and vegetables in land lving fallow
singe years due 1o lack of investment with the poor land-holders.
The main activities involve soil and waler management actvitdes
in Somajhari Riverand its tributaries in the forest areas using
low cost traditional technology, This involves using gunny bags
filled with sand and erecting/piting across the main fiver and i
tributaries. With the in-sita stomge of water in the forests, the
society 15 able o dll their additional acres of otherwise ranr land.

The society is able o harvest good retwn through muld-
layered multiple cropping. Initally, the villagers wers engaged
in mono-cropping only. But with the souree of irigation through
comserved water, they are able to cultivate their land more than
once, Farming is also done collectively as individual families
contribute wenr land o the socety for collective [arming, Now,
the society is able to raise agricoltural crops like maize and
rice; wegetahles like ofe, beans, cauliflowers, cabbage, chilli,
ginger, lady finger, tomato, potato, ginger, and tunmeric, etc, The
horticultural crops are mainly mongo, papaya, and lemon, Tree
species along the bunds are short tomtion specles like gamhar,
Jackfruit and leucaena, e, A notable feature is that a part of the
income goes 10a common fund which acts as “foture capiml’ for
investrment in land and water management With the increased
income, the soclety i able o purchase good quality seeds for
berer and productive agromormic practioes. During the fald visis,
the society was planning to construct pends, wells and water

channels for imigation. The society plans to install drip-irfgation
system £0 45 1o minimize wastage of water therely increasing
utility per unit land and water.

30.5 RESULT AND DISCUSSION

With the inerease in per acre productivity as well as increase
in twotal land under cultimtion due o insim and evsity water
conservation, the villagers imvolved in the new and improvesd
agronomic pactices either in small groups (Palamu, Bokaro)
ar collectively through co-operative (Simdega) are able to
come out from the dependency syndrome on the government
and the weather. This new awakening amongst the villagers
around the intervention areas is atiracting more and more
villagers/households to adopt improved practices and/or join
the co-operative movement. Communites are realizing thar
with guidance, lnnovation, hard work, technoelogy. unity and
determination, they can change their eonditions of life on
their own. This is the biggest feat of the concept of Chakreiya
Vikas Pranal’ by hamionizing human and natural capital on a
susinined basks,

30.6 CONCLUSION

The case studies deseribed in the paper clearly demonstrate
how by meversing the wend of dwindling resources of land,
water and fomsts m productive use, the attitude of solf-mionce
and oollectivism bave developed among the villagers. The
interventions have sumly improved the economic base of the
individuals and the community a5 a whole on susiained basis
wihich is a good sign for better environment and happy humanity,
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31

Ecological and Socio-Economic Prosperity Through Rain
Water Harvesting Involving Local Communities: Haryana
and Chandigarh Experience

31.1 INTRODUCTION

Rainwater harvesting during miny season when water
is in excoss and uwsing it during water scamity period for crop
production and even for didnking purpose & an age-old tradition
in Indin. Natuml resource conservation through minwater
harvesting. regenerating degraded forests, reducing soil erosion,
nnd using harvested water (which otherwise goes waste) for crop
and fedder production, §s the frst step 1o reverse the viclous crele
of poverty and land degradation. The process of eco-restoration
of forests and prosperity in the region started with participsiory
forest manngement approach involving forest department and
local communites, It all started in the late 1970s in a village
called Sukhomajri in district Ambala (now Panchkula). In fact,
Dr. Parashu Ram Mishra of Central Sofl & Water Conservation
Research & Tmining Institute (SWCRTT), Chandigarh surveyed
the catchment area of Sukhna Lake and oldmately reached at
place where there were landslides, pot holes, and deep gullies.
This was a place where Sukhna’s malady was waiting for the
arrival of Dr. B, Mishr. In the vicinity of this area was a village
which was identified as Sukhomaid. This village is located 1n the
lap of the Shivalik hills near Chandigarh and forms about 20 per
cent catchment area for the famous manmade Sukhng Lake of
Chandigarh. Tonnes and wnnes of sofl was being eroded from
here and was being deposited in Sukhnn Lnke. The life of the
lake was being shortened and lis water quality was detedorating,
The people of Sukbomajd and forest department had different
directions. They had no legal access o forest resources. While
forest department officials used the donde (stick), the people cut
the trees and set the forests on fire,

Aftor o series of dialogues between soil conservation expert
De PR Mishen of SWCRTIL, Horyans Forest Department and
local communities, it was concluded that the problem of forest
degradation does not lie in the forest but in the village, And that
the problem was poverty. Water was identified as catalytic agent
for bringing emological nnd sodo-economic change. People agreed
10 protect the forestin lew of providing water to them for crop and
fodder production. They also agreed o sell goats, sheep, resort 1o
stall feeding rather than open grazing in forest, and rear buffaloes
in place of cows: Arcordingly, four earthen roin water harvesting
dams were constructed in the village. This water was utilized for
growing food and fodder crops and even for drinking purpose.
The participation of each and every member of the village was

Jagdish Chander

ensured by having a share in water The water brought prosperity
to the village. Temporary human and animal migrations stopped
and people started carng for the forests and watershed. The
soll srogion was reduced considerably and quality of forests was
improved as a result of improved sofl molsture regime,

By the early 1980s, the S ukhomajn concept of waber harvesting
and forest management hecame recognised worldwide and this
approach was replicated throsghout Haryana and Chandigarh
Shivaliks. Ower 200 and 190 such earthen dams have been
constructed in Haryana and Chandigarh, respectively, thereafter
and the process is still on, Most of them have brought ecological
and economic prospetity. People have sold goats and sheep, have
started rearing buffaloes and have resorted 1o stall feeding. The
thatched houses have been replaced by pucca ones. People have
shiftest 1o cash crops due to availability of water year amound.
Howover, in some cases, desired results have not been achieved
due 1o some pnirained sl and lack of follow-up dialogue
between forest de partment and villagers,

31.2 MATERIAL AND METHODS

The study was conducted in 2013 in the Shivalik belt of
Harvana state of northern India and Union Territony, Chandigarh
of India as excess rainwater was tapped and harvested in thess
areas. This exvess water was wsed for cropfodder production and
ero-restoration of blodiversine Three villages, viz. Sukhomajt,
Rampur Goinda and Faniwala, were selected in Haryann for
this purpose where rainwater harvesting dams were constructed
and the excess minwater stored was used for crop production.
While Sukhomajri falls in Panchkula distior, Hampur Gainda and
Poniwala are in Yamunanngar district. There are about 250, 65
and 45 housebalds in these villages, respectively. All housebolds
in these villages belong to the Gujisr community who traditionally
rear sheep, goats, cows and bulfaloes,

On-the-spot study in these villages related o eonlogical and
socio-economic changes was conducted by visiting the site and
holding face-to-face dialogue with people. The dam so collected
after long discussions with people and on-the-spot verification
was compared with old data available with the forest department.
While ecological prosperity was studled in terms of rehabilitation
of forest in the catchment areas and restoration of hiodiversit,
increase in tree density, incresse in water toble, adoption of
agroforestry by villagers, socio-economic prosperity was smdied
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by comparing the pre-dam construction scenario with the present
soenario in werms of dse in living stanclards, change in cropping
pattern, shift from rainfed famming to irrigated farming due
agsured availability of water growing of high value cash crops,
increpse in area under high valve crops, absence of thatched
houses, constructdon of modem RCC houses, presence of luxury
cars, and literacy among the children,

Chandigarh was also selected for the study as the minwater
harvesting dams have tumed the dry Shivaliks into lush green
forests with assured perennial low of water. In the case of
Chandigarh, as many as 190 water harvesting dams have been
constrocted. As there are no dependent villages on forests in
Chandigarh, socio-economic studies could not be conducted.
However, ecological studies were conducted on the spot and the
ecological prosperity in terms of richness in biodiversity of flora
and faina, perenninl flow of water In the streams, was compared
with the adjoining hills where water harvesting was not done.

31.3 RESULTS AND DISCUSSIONS

The results of the soclo-economic study, discussion with
people, on-the-spot smdy for three villages viz, Sukhomajr.
Fampur Gainda and Paniwala of Haryvann, and ecological studies
conducted in Chandigarh are described below:

31.3.1 Sukhomajri Village

Located in Haryana Shivalik foothills in Panchkula district
about 30 km away from Chandigarh, it was a little known village
some 35 vears ago. The people and forest department were
having opposite directions, The Forest Department would plant
saplings and people uprooted them. Villagers cut the trees and
sat forests on fire. They gmazed hends of sheep snd goats in the
forests, Soil erosion was at a peak. The Forest Deparment’s policy
of managing forests by danda (stick) led o conflicrs with people,
However, after 4 series of dialogues between De PR, Mishes, then
Divisional Forest Officer 5.K. Dhar and the people, an agreement
was arfived at. While the forest depanment constructed four
raimwater harvesting dams, the people sold all goats and sheesp
and stnrted maring buffaloes. With the construction of water
harvesting dams, there was vear aroand availability of warer amd
af o result of this, people shifted to irdgated farming. They grew
fodder and resorted 1o stall feeding. There was return of greenery
in the hills. Economic prosperity reached in the village and this
Taad to the birth of Joint Forest Management (JFM)/ Participatory
Forest Management, a concept of managing forests involving
loeal communites which never happened before anywhere in
the world, Later, the Sulhomajr concept of water harvesting
was adopted elsewhere in the entire Shivaliks of Harvana amd
Chandigarh. The resulis of this approach are given below:

31.3.1.1 Change in cropping pattern

As a tesult of the construction of four water harvesting dams
whose command area s around 50 hectares, the change is
cropping pattern before and after construction of water harwesting

dams is given in Table 31.1.

Table 31.1: Pre and post earthen rain water harvesting
dam - crop and yield scenario

Pre (197 6) water 2013
harvesting dam SCETIATIOD
sCenanao
Area(Acres)  Area (Acres)

Maize Zea mays) 9.00 200
Sorghum (Fodeler) Sorghum 500 100
bicatour _
Black Gram {Vigna munga) 1.00 -
Pacldy (Cryza satival - 40.00
Bengal Gram [Cicer aretinum) 235 e
Sugarcane (Sachhamm 150 4500
Egyptian Clover/Barseem e 20
{Trifolium alexandrinum)

[t cam be seen from Table 31.1, that the area under maize has
come down from P acres in 1976 to 2 acres in 2013, This has
happened because maize 1s bastcally a subsistence erop. Belore
the dam, the people were dependent upon rainfed farming and
erew maize o meet their own food requirement. However, after
the year around availability of water, people shifted to high valuze
cash erops. The same explanation holds true for sorghum also.

It can plso be seen from Table 31.1 that Black Gram is not
grown in the village any more. This hos nothing 1o do with water.
In fact, it is a kharf Summer) crop and does not need much
waler. During the lnst few yvears, it is being severely atincked by
blight disease, As a result of this, growing black gram is no longer
a profitable business, Therefore, absence of black gram from the
village has nothing to do with Sukhomajr. This is mue with the
efntire drea and it s not belng grown in other villages as well. As
mgards Bengal Gram, it & a rabi (winter crop) and because of
meclermn agricultumm] practioes, it no longer grows in the area and
again, there is nothing specific © Sukbhomajri. The imponant thing
toy ncste o the above table is that the villagers have eithor started
groswing high value migated crops due 1o the assured availability
of water or the aren under such crogs has increased. So, of present
there is 40 scres area under paddy cultivation against none
hefore 1976, The same explanation holds tree for Egyptisn Clowver
(Barseem) except that this crop is grown in the village sostall feed
the buffaloes and is not for sale. It can also be seen from the above
tnble that there has been signifieant inerease In the amea under
wheat and sugaroone as a result of availabiliy of water While
sugamcane 15 sold o sugar factory, wheat which is staple food of
the villagers, not only meets the requirement of the village but the
surpius quantity is sold which cams them sufficient money

31.3.1.2 Animal husbandry seenario

As a mesult of availability of fodder and sale of goats and
sheep as per the advice of soil conservation experts and forest
depariment, the pre and post water harvesting scenario has been
given in Table 31,2,

It can be zeen from Table 31.2 that people have disposed
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Table 31.2: Pre and post earthen rain water harvesting dam- domestic animals scenario

Animal Pre {1980s) water harvesting Milk production 2013 scenario Milk production
dam scenario (No.) (Kag) (No.) {Kgl
Goat (Capra hircus) 250 1500 - —
Shaep (Ovis aries) 250 = e -
Cow (Bos indlicts) 100 300 10 100
Buffalo (Bubalus bubwalus) 5 75 300 3000

of goats and sheep and are mainly rearing bufaloes. Hoose 1o
house survey revealed that all buffaloes in the village belong
10 improved breeds. The important thing to note is that before
the water harvesting dam, some goat milk was being produced
but it was not meant for sale. The house-to-house survey further
revealed that at present more than 3,000 kg of milk is being sold
from the village daily and the pet return from the sale of milk
is more than Bs 1 lakh per daw The net profit is more than Rs
50,000 per day.

31.8.1.3 Socio-economic change

The study revesbed that all thawched mud houses have heen
replnoed by brick and cement ones as a result of fise in incomes,
Ihe literacy rate hos increased from 20 per cent in 1975 1w 100
per cent in A3 as @ result of the rse i1 economic status ond
awarensss generated in the village. The vounger generation goes
o public school. Littracy among women hns also improved and
now all girls go 1o school. Presence of luxury cars & a commoen
sight in the village.

31.3.1.4 Concept of social fencing

Fencing means erection of some physical barrer to prevent
entrw In the case of socisl fencing, there does not exist any barrier
or the fence post but the villagers themselves decide the physical
boundary beyond which the people will neither ler loose their
animak for grading nor will use the mescunoe, AL the Hme of the
mutual agreement between forest department and people of the
village, the forest department had erected barbed wire fencing in
the forest. The result of participatory forest mansgement was that
the paople themselves decided the boundary and the forest was
left for regeneration. The barbed wire fencing was removed after
four months only, This led to the coneept of social fencing.

31.3.1.5 Ecologieal changes

A companson of the grass produotion, presenoe of (rees,
shrubs, climbers, herbs and grasses before and after water
harvesting dams has proved that there is return of greenery in
the area and the forest has been rehabilithied, Ther ame now
wikdlile species like Goral and varkety of birds in the forest, The
presence of wildhife, birds, herbs, shrobs, climbers and trees
indicates that the forest has become rich in biodiversity [n terms
of quantficatkon of productiving grass production has increased
from 25 kg per hectare before the people adopted the concept of
social fencing 0 about 20000 kg per hectare at present. This has
happened ag o result of stall feeding and bettor forest protection.

As a result of stall feeding amnd social fencing approach adopied
by the people, the tree density per hectare has increased from
an average of about 13 in the eardy 1980s to more than 1,000

trees per hectare. There are all classes of trees from seedlings
to saplings and mature trees and their presence shows presence
of required type of healthy lorest. However, species like Acacla
catechu, Gum Arabica (Acada nilotica), Tree of Sorrow (Myvctanthes
arbortristis), Christ's Thom (Carissa carandis) and Sabal Grass
(Eulalfopsis Bnaral, e, have been suppressed by invasive
alien species called Spanish Flag (Lantana camara). At places
Murrayva koenigii has shown its presence. The spread of Lanrana
camera is, however, a1 cause of conoern as it is decreasing the
grass procluction. But this phenomenon is common 1o the entire
Shivalik belt and not restricted to Sulkhomajrd alone, The severely
eroded hill tops have been elad with introduced species like Sickle
bush Mimosa (Dichrosrachys cinerea) and bocal species like Copon
Grass (Impereta odindrica) and Munj Grass (Seccharum munja)
howe appearcsd in the channels, Though these are not paldtable
grasses but they are the best soil binders and their presence is an
indication that the process of ecologica] suceession has starmed.

21.3.1.6 Water Table

I the pre-cainwater barvesting era, the water table in the
village wis at about 200 feet but now the water tmble is at about
i feet.

31.3.1.7 Tube wells
Ten mbewells are wday functioning as a result of the rise in
water lable, There was none before 1976,

31.3.2 Village Rampur Gainda

Located in the lower Shivalik hills of Yamunanagar district,
this village was unknown before 2006, A Ewropean Unlon
nided Haryng Community Forestry Project (HOFP) was being
implemented in this area during that period. The village had about
50 households at that time and the entire pomlation comprised
of Gujiar community. The literacy mte was only 25 per cent. The
people were very poar They lived from hand to mouth, The forest
in the visinity of the village was totlly degmded. The village had
1.0000 sheep and equal number of goats, These animals would
grm#e in the forest, The soil ercsion was at an extreme. Conflicts
between the people and forest department weme very common.

The village Arted into the selection eriteria of HCFP and was
selected for community forestry intervention in 2005, The prodect
aimed a1 community capacity building for the management
of common property resources and construction of a waier
harvesting dam was one of the components of the project, 10 was
felt that water would brdge the gap between the peopde and the
forest department. Accordingly, one water harvesting dam was
eonstructad in 2006, The dam ean irrfigate area op o &0 hectanes.
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31.5.2.1 Change in cropping pattern
After about seven years of construction of water harvesting

dam, the comparison of the present cropping pattern with the pre
dam scenario is given in Table 31.3

Table 31.3: Pre and post earthen rain water harvesting
dam - crop and yield scenaric

Area bifore Area in
20046 (ha) 2013 (ha)
Maize Zea mays) _ 20 2
Pearl Millet (Pennisetum glaucum) 10 075
Paanut (Arachis hypogara) & 1
Paddy (Oneasative) 3 60
Cheri {Sorghum bicolor) 12 4
Wheat (Triticum aestivum) ([ an
Egyptian Clover (Trifelium - is
atexandrinim)
_Sugarcane (Sachhanum officinarum) 2 40

It can be seen from Table 31.3 that the area under maize
has come down from 20 hectares in 2006 to 2 hectares in 2013,
This has happened because maize Is basically a subsistence crogp,
Before the dem era when people resorted to rainfed Farming, they
grew maize o meet their own food requirement. However, after
the year around availabifity of water, poople shifted o high valie
cash crops, The same explanation holds true for peard millet and
cheri nlso. As regards peanut, the area has come down from 6
hectares 1o 1 hectare, This has nothing to do with water, In facty, it
is becoming increasingly difficultro grow peanut beciuse of severe
atinck of White Geub (Helotrichia consanguinea) in the area. Very
positive development to note from the above table is that the area
under paddy, sugarcane and wheat has increased considerably.
Availobility of assured water for irriga ting crops explains the shift.
The people have also started cultivating Egvptian Clover for stall
feeding their animals.

31.3.2.2 Ammal Husbandry scenario

Before 2006, the village hod about 1,000 goats and egual
number of sheep. At present, there is noteven a single goat/sheep
in the wvillage., Prople are rearing improved breeds of buffalo.
I'hey are selling milk and are eaming handsome money which
they never did before the dam constroetion,

31.3.2.3 Return of greenery in the catchment area

Asp resultofsaleof poats and sheep, stall feeding and protection
provided by the villngers w the forests in the catchment area of
the water harvesting dam, the forest is on way to rehahbilitation.
The regenemtion of herbs, shrubs, climbers and trees is clearly
seen. The area now looks lush green instead of the dry. ugly scene
before the water barvesting dam: The records of st load are
not available but as per the villagers and the forest deparment
officials, there is considerable reduction in the silt load. Species
like Acadla catechy, Lannea coromandelica, Terminalia tomentosa,
Disomros melanogfon, Butea monosperma, Cassta fistula, Premna
barbara, Litsea, Casearia, Nvaranthes arbortristis, Bauhinia vahiii,
Cariszsa carandus, Pueraria ruberosa, Helicteres sora, Holarrhaena

antidvsentrice, Murrava koenigil, Adharoda vasica. Chrysopogon
Sulvus, and heteropogon contortus, etc., are flourdshing. However,
a5 a resilt of improved conditions, Larrana is invading which was
not there before as the soil and the forest were degmded.

31.3.2.4 Improved water table

Reoords are available that the water table in the village bafore
the construction of the dom was st 7 feet. Bot within a period of
seven vears, the water table has fdsen toabout 35 feetl,

51.3.2.5 Agroforestry is visible in the village

The vitlage land remained mainly dry during winter and
summers as there was no source of irrigation. However, at present
not only have the people of the village shifred o irrigated and
high wnlue crops but have also started practising agroforestry
They have sinrted growing poplar and cocalypiis on thedr land,
This is also an iondication of tmproved water table. Them are
about 2,000 each of poplar and eucalyptus in the village against
none before the woter hnrvesting dam,

81.2.2.6 Socio-economic changes

All kpcheha houses have been replacedd by pucca ones as
a result of pood income from crops like sugarcane and wheat
Villagers have almest disposed of their cows and are rearing
busffaloes, Besides meeting their own mguirement, they are pow
sefling milk which they never did before.,

31.3.2.7 Literacy
The littracy rate in the village before the prosperity brought

about by water harvesting was about 25 per cent. At present,
though the older generation comtinues t© be ilfiterare, all
children of the village go o school with pearly halfl atiending
puhlic schools for better education,

51.5.2.8 Ecological changes

The whole eatclinwnt aren has been rehabilitated and silt load
has been reduced considerably. Water table has increased from 70
feet to 35 feel

31.3.3 Village Paniwala

This willage is also located in the Lower Shivalik hills of
Yamunanagar district. Like Rampur Gainda village, in 2005
this village was selected under European Union aided HCFP
for management of common property resoures, The village
had about 45 households at that time and the entire population
comprised of Guljar communily. Rearlng of sheep and goats was
their main oocupation, They grew subsistenoe crops like maize
and lived from hand to mouth. The forest in the vicinity of the
village was totnlly degraded. The village had more than 1,00k}
sheep and equal number of poats. These animals wonld praze
in the forest, Soll erosion was at a peak. Conflicts between the
people and the forest department were very conumon.

As people of the village wanted water harvesting dam, under
HCFP ane dam was constructed in 2006 with some peophe's share
in the form of labour or monetary contribution. It was felt that
water wonld bridge the gap between the people and the forest
department. The dam can irrigate area up to 60 hectanes,
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$1.3.5.1 Change in cropping pattern

After pbout seven years of construction of water harvesting
dam, the comparison of the present cropping pattern with the pre
dnm seenario is given in Table 31.4, It & evident from the table that
a5 regands cropping pattem, we have got almost the same resuls
ns in the case of Rampur Gainda. Hence, a detailed description of
these changes need not 1o be given.

As regards. the socio-economic and eoclogical changes, we
have got almost similar developments in this village as well. The
water table here has improved still better from 50 feet to 30 feet
Agroforestry is more common here, People have become wiser
and they decide on a cropping patern after proper cost benefit
caleuladons. 5o, ey do not raise barseem lodder in thelr village
bt buy it from nearby villages, They raise cash crops which brings
them more money than barseen. They use some of this money for
buying fodder from the nearby village and save the rest. People
of the village now lead a better life. Except four kachcha houses,
all houses have been replaced by pucca ones. They have resorted
o stall feeding. The children go to nearby public schools. The
calchment area has been rehabilitaed,

Table 31.4: Pre and post earthen rainwater harvesting
dam - crop and yield scenario

Area before Area in

2006 (ha] 2013 (ha)
Maioe Ciae midl . 4 ==
Pearl Millet iPennisenim glaucum) 8 -
Pearn (Arachis lypogaed) & s
Cher (Sarghum bicolor) 8 7
Egyptian Clover (Trifalium afexandrinum) - 4
Lentil (Lens culinaris) 2 2
_Sugarcane {Saccharum officinarum] Fi 40

31.83.3.2 Ecological prosperity through rain water
harvesting in Chandignrh

The Union Terftory of Chandigarh is a well-planned modem
city of Indin and is the capital of Pungab and Harvana States,
It is situated in the lap of the panoramic Shivaliks and the cliy
is just an extension of the hills. Sulkhomair type of JFM approach
can't be applied here as there are no villages dependent upon
forests in Chandigarh. However, rpinwater harvesting approach
was adopted here ns well, As of Avgust 2013, Chandigarh
Forest Deparmment had constructed 190 water bodies in Sukhnn
Wildlife Sanctuary,

As a result of rainwater harvesting, there have been nearly
textbook pattern changes in eco-restoration of biodiversity. The
inelerground water regime has been improved considerably, The
rate of soll erosion has been reduced from 160 MT/ha/year (in
1988) to 5.6 MT/ ha/year in 20004 from the forest area. The water
that comes from the forest has improved e quality of Suklina
Lake water. However, some problems stll persist as some portion
af the lake's catchment area falls in prismtely owned fields. The
cwners of these fields till the Lland and therefore, continue to senid

silt down into Sukhna Lake:

Within the sanctuary area in the control of Chandigarh Forest
Department, there is perennial flow of seepage water in seasomal
strenms/choss not expected in dry Shiwaliks. As a result of this, the
sanciuary has rich flom and fauna. The wildlife lives in complete
harmony with nature a4 the re is availabilite of water and palatnhb e
fodder vear around. You emter the forest and vou are sure o see
wildlife including Sombar Deer (Cervus unicolor) and Spotted
[Deer (Axis axis); leave o varety of chirping binds, honey bees and
butterfiies, Ocensional sightings of leopard (Panthera pardus) and
Barking Deer/Muntjae (Muntiacus mejac) prove bevond doubt
thata healthy forest exists in Sukhna Wildlife Sanctoary:

31.4 CONCLUSION

It can be concliuded from this study that water acts as a catalyst
in bringing about ecological and sodo-economic prosperite
Constant dialogue with the people bridges the gap between
the forest department and the people, and the people in return
protent forests, biodiversity and watersheds. Working in tsolation
however, widens this gap leading t© emological and economice
disasters. The stdy also leaves no doubt that the dry Shivaliks
can be turned into lush green hills by harvesting and storing the
excess water durlng rainy season which otherwise goes waste
besides causing soil erosion and Aoods down in the plains. The
availahility of fodder as a result of improved moisture regime
keeps a proper balance between flora and fauna and prevents
man-animal conflicls as well. Even honey bees and butterflies,
which are integral part of the ecosystemn, are tnken core of s the
sources of pollens and nectar incrense in the forest

ACKENOWLEDGEMENTS

The suthor is thankful to S.K. Dhar IFS (Retired), former
Principal Chief Conservator of Forests, Harvana, Ishwar Singh,
IES, former Chief Wildlife Warden, Chandigarh, A5, Mann, HCS,
Transport Commissioner, Harvana, Y5, Tanwar, Conservator of
Forests (Ambala), BS. Sangwan, DFD (Research) TPinjore, RLK.
Sharma (DFD) Mewat, people of Sukhomajr, Rampur Gainda
and Paniwaln villages, Harikant Sharma, Suresh Knmar, Devender
Singh (Forest Department) for helping in conducting this smdy

REFERENCES

Dihar, 50 1994, Rehabilitation of Degraded Troploal Forest Watershed
throagh Peoples Participarion, AMBIC, 23(3) May,
Grewsl, S5, Samra, LS. Mital, 5. ed Agnihomd, Y. 1994, Sukhoma

o Comeepr of Integrated Wirershed Management, Central Sofl &
Water Conservation Research & Training Centre, Rescarch Conitre,

Chandigarh.
Haryana Community Forestry Project Report. 20100 Forest Department,
Secior-6, Van Bhawan, Panchknla, Haryana.

<< Back to contents

[215]



Case Study

32

Hydrological and Ecological Studies towards Integrated
Water Resource Management: A Case Study of Shimla
Water Catchment Sanctuary, Himachal Pradesh

32.1 INTRODUCTION

Under the given hydrological and ecological circumstance,
forests always cocupy the front seat being the best land cover
thereby, leading towards maximizing water vield and megulating
seasomal flows, Besides, forested watersheds generally offer high-
quality water as undisturbed forest with understorey, leaf litter
and organically enriched soil, Forested eatchments also supply a
high proportion of the water for domestic, agacultural, industrial
and ecological needs in both upstream and downstream areas. In
addition, the awnilability and quality of water in many mogions of
the world are getting more and more threatened by its overuss,
misuse and pollution. Moreover, climate change i also altering
forest’s mole in regulating water flows thereby influencing
the availability of water tesources (Berghamp eral, 2003).
Therefore, relafionship between the forests and water is a erideal
issue that must he accorded high prionty especially in view of
the overgrowing menace of climate change, Accordingly, o key
challenge bedng faced by the land, forest and water managers is 1o
maximize the wide range of multi-sectorl forest benefits without
any determent to water resources and ecosystem functions.

Similarky. there is a need to develop institutional mechanisms
o enbance synergies in dealing with tssues related o forests and
water as well 5o as to implement and enforoe action progrommes
at the matomal and regional levels. The Imemational Year of
Freshwater, 2003 and the Thind World Water Forum (Kyoto,
Japan, 2(K)3) helped drive the incorporation of this understanding
of bicphysical interactions between forests and water into
policies. The Intemational Expert Meeting on Forests and Water,
held in Shiga, Japan in November 2002 in prepamtion for these
evenls, highlighted the need for more holistie consideration of
interactions botween water, forest, land uses and socko-=Loonomic
factors in complex watershed ecosystems (Megahan, 1977
Cassells er.al., 1984; FAD, 1996, 1999 Hamilton, 2004; Thang
and Chappell. 2004 ). They include measiores o protect soll water
and nutrient status, the recharge of major aquifers, micro-climane
and evaporation, and rdver resources.

Many municipalities {cerfainby not all) cte maintenance of a
pire water supypy as a reason for introducing forest protection or
reforestation. In the United Smtes, all states are mequired ander
foderal law to have a Source Water Assessment, which promotes
the idea thar protecting drinking water at the source 5 the most

Dipika Rana, K. 5. Kapoor and V. R. R. Singh

effective way of preventing drinking-water contamination (NRDC,
2003). The city of New York is famouns for is use of protected
forests to maintaln its high-quality water supply

Stmilar examples are found in many tropical and sub-tropical
regions, The Mount Makiling Forest Reserve south of Manila, the
Philippines, is a 4,244 ha ares of forest administered and managed
by the University of the Philippines. More than 50 per cent of
the reserve is forested, and s watershed ecosystem supplies flve
water districis and several water cooperatives serving domestic,
institutional and commercial water nsers, Other examples of
major cities deawing some or all of their drinking water from
protected areas include Mumbai, Jakarta, Karachi, Singapore,
Colombia; Brazil, Zimbabwe, etr. To address this challenge, there
is an urgent need for a better understanding of the intemctions
hotween foresis/trees and water for awareness and ocapacity

building ln forest hydrology
32.2 METHODOLOGY

Inn view of the above, the present study was underlaken in
Shimla Water Catchment Sanctuary, located 8 km east of Shimla,
Himachal Pradesh and having an area of 1,020.32 ha in between
31905 1o 31"75'N latimde and 7712 to 7715 longindes. Located
in the Lesser Himalayas, the climate of the sanctunry is tompernte
with cold winters. The temperature towches & maximum of 3290
in summers whereas the minimum temperature drops down o
4°C in winters. The average annoal rainfall is 2,000 mm with
typical monsoon type pattern and having its maximum downpour
during July to September. During winters, precipitation is in the
form of snowfnll which, of course, has reduced considerably over
the years. The altitinde of the sanctuary varies between 1,850 m
and 2,750 m above ms! and the terrain is moderate to very steep
and preciplions at places. The sanctuary area is divided into 4
heats and 2 blocks. Out of its four identified beats, water sources
in the sanctuary are present in Seog and Churat beats. In iotal
11 perenmial souroes and about 14 seasonal sources are present,
The sources both perennial and seasonal at Seog [ie al an altimde
between 2,134-2622 m above msl whereas sources of Churat
Tie ot an elevation varving between 21002530 m above msl
(Figure 32.1).

The sanctuary hos its historical significance and derives its
name from the hydrological functions it is performing for more

<< Back to contents

[217]



Forests and Water

Figure 32.1: Location of Shimla Water Catchment Sanctuary

than last 120 years for Shimla city. Water supply originally sared
in the year 1875 for a population of 16,000 residents and was a
major source of water il 1992, However, part of the water supply
to the dty is still contributed by the Shimla Warter Catchment
Sanctuary, It is drained by a number of seasonal and perennial
areams and all the streams form the catchment of the Ashwini
Fhad which ultimately drains into the Gin river, a tributary of
the Yamuna river. The data on warer hydrology was analvzed by
taking data from the records of IFH (lrrigarion & Public Health)
Department for the period of last seven vears, The data on togal
water ontput for the two blocks were smdied, analyzed and
compared for the different seasons, e Summer, Winter, Monsoon
and Autamn, Floristic studies were underraken o identify the
vegetation present in the given blocks ar different elevarions. For
this, simple random sampling method was used. In each aspect
a plot of 50m~50m was marked. Within this plot, sufficient
number of quadrats of the size 10m>10m for trees, 5m<5m
for shrubs and lm = lm size for herbs were laid randomly. The

T -vm-m_pmy 'u,! La-

-ll.w 3 o . 1_,;
"-lﬁ" ii - ]

s s
Coptagel i AHIY

o skl s 3 0iod s 291 1|

data was analyzed for density, frequency, abundance, total basal
area, VL, ete., following standard ecological methods (Curtis and
Melntosh, 1950; Samant et.oi., 2002},

32.3 RESULTS

The results showed that the total water discharge of Seog
block declined from 268.2 MLD in 2004-05 to only 3.6 ML in the
yvear 2012-13, Maximum collective water discharge in the Seocg
beat was recorded during the monsoon season which was 180.7
MLD during 2004-05 but showed remendons decline 1o 3.6 MLD
by 2012-13. Though the water contribution in case of Churar was
found flucruanng vet it conmibuted its maximum to the water
discharge in the sancmary {Table 32.1). For Churar, the maximum
water discharge was seen both in the spring and winter seasons
with decline in the summer season over a perod of time. Total
water discharge was 2,080.8 MLD in 2004-05 and decreasing
trend reached 812 MLD by 2010-11 but the water discharge again
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showed a stight increase o 968.5 MLD in 2012-13, Maxinrim
water discharge (865 MLD) was seen in the spring followed by
summer (480 MLD) in 2004-05 but declined by 20012-13 with
spring season showing discharge to 176.7 MLD and summers
contributing omly m 188 MLD (Table 32.2). The winter season
has maintained little consistency in is water discharge over the
period of time followed by monscon. From these ohservations it
can be concluded that Churat has more efficient water yielding
capacity as compared 1o Seog but its improper maintenance and
usage of old water harvesting techniques over the past 100 years
has led o s declined water discharge. This can also be abributed

sanctuary area, Hedra helix, Clemaris spp. Vitis semicordara, Rubia
cordifolfa, Fieus pumila comprised of some climbers present in the
aren, Other details pertaining to the disiribution of vegetation in
the sanctunry can be had from Tables 32.3 and 32.4.

Table 32.7: Total yearly water discharge (MLD) of the
Churat & Seog blocks over a period of time in Shimla
Water Catchment Sanctuary

i the effect of climat change over the period of time. Year Se0g Churat
The vesetation around these sources has also been analvzed 2004-05 268 208094
and it was found that the main perennial sources were present in 2006-07 35 10177
the forested n:,r.{.tuu JlL;!]J..l]}: L"I'J.'Il[.'r‘._l'l.*.‘f.‘l] af I.l‘l':'t..'b ].lR-.: Cedrus d.l.r_uium 2008-2009 130 387
Cluerciis spp, Picea soutfianda, Shrubs mainly included Daphne 2010-2011 47 812
papyraces, Berberis spp whereas Gallium aparine, Viola gpp, e
Fragaria spp, Cxnlis spp and fems were the associated herbs in the 2012-13 36 9683
Table 32.2: Seasonal water output (MLD) of the Churat & Seog blocks in different seasons
Seog Churat Seog Churat Seog Churat Seoy Churat
200405 8.001 855 31792319 480 181 3149 LB 419
200607 0338 005 3.553219 1195 [ 196 152 39
200809 0.551 200 17303 242 58 124 a0z 172
2010-11 055 145 47448 235 242 209 171 232
201213 0.0240%4 1767 0001218 1879 32 3149 035 288.9

Table 32,3: Vegetation pattern of the Churat block for different sources at different altitudes

Perennial sources

(elevation 2 100-2530m)

shrubs

1a Cedrus deodara, Picea  Prinsepiasop, Aubles spp, Berberis spp Mostly ferns, Viola, Galfium

smithiana aparing, Hedra helo

2 0 Cedrus deodara, Picea  Daphne spp Sarcococa saligna Ophiopagon intenmedius, fernd,
smithiana stellaria media, Hedra heltx

Seasonal sources trees shrubs herbs
(elevation 2000 m-2530m)

1 9b Q.ddtata, Cedns Viburnum spp, Deutizia spp Vigla spp, Cphiopogon
deodara infermediis

2 93 Picea smithiana Indigofera spp, Deutizia spp, Berberie  Gallium aparine, Fragaria spp,
Q.ditats, C.deodara P Oxalis spp

3 82 Cedrirs deodara, Daphne spp, Viburmum spp Poa spp, viola spp
Cupressus forulosa

4 43 Cednrs deodara, Picea  Daphne spp, Rosa moschia Rumex nepalensa, Viela spp, poa
smithiana iop

5 3a Cedns deodara Rubiss spp, Daphne spp Rumex nepalensis, fems

L] 1a Cednys Bonninghousenia albifiora, Daphne  Fems in plenty, Impatiens
deodaraQuercus spp. spp. sop.Gaflium spp

i 26(2) Cedrurs deodara, Indigofer spp. Viburmum spp, Bosa Viala spp, Fragaria spp, ferns
Quercus spp maschta, Desmadium
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Table 32.4: Vegetation pattern of the Seog block for different sources at different altitudes

Perennial sources

{elevation 2134-2622m)

1 14 Cedrus deodora, Viburntim spp, Berberis Thatactrum spp, Galfivm aparine, Hedm
Qleucotricophara Wcium helix
7 LF] Deodar,Pinus Berberis sop, Frinsepia spp Viola spey, Fragaria spp. grasses, Clematis
wallichiana spp
3 G Cedrus deodara, Picea Rubius ellipticus, Daghne Gallium aparine, Thalactrum spp, Fragana
smithiana spp, Boenninghausenia spp, Hedra helix
albiflora
4 5 Deodar, Quercus diftata:  Bevberis spp, Rubus spp Femns, Gallium aparine, Vicla spp., Hedno
PP
5 16a (2) Mory, Pinuswallichaing  Rumex spip, Rubus spp, Bergenia spp, Gerbéragossyping, vola
Rosa maschia $pp. Clematis spe.
& 19 (3) Deodar, Pinus roxcburgl,  Berbens spg, Rubusspp, Violka spo, Gallium aparine, grasses
Daphine spg.
Seasonal trees shrubs herbs
(elevation 2165m-2560m)
] 30 Deadar, Qudiftara, Indigofera Aingelia apters, Viola spp
Cleucotricophara heteran tha Berberis spp,
Prinsepia
3 Deodar Berbens spp, Daphnessp,  Galllum aparine, Viola spp
2 Prinsepia
3 i3 Deadar, Quercus diftata Viola spp., Fragaria sppi, grosses, Clematis
Spp.
4 6 Deadar, Pinus Bevbers sop, Rubus spp,
wallichiana, Prinsepia
Rhododendmnon
5 5 Deodar, Quercus diftara  Berberis spg, Rubus spp Ferns, Galfium aparine, Viola spp

32.4 DISCUSSION

The present study revealed thot the forests ploy 1 major role
in owands water conservation. A study conducted by Dudley
and Stolvon (2003), indicated that about cne-third (33 of 105)

of the world's largest cities obtnined a significant proportion of

their drinking water directly from protected forest nreas. Impacts
of forests are influenced by many fctors including the age and
species of the trees, the amount of watershed under forest, soil,
aned forest management proctices, A meta-study condueted for
the World Wide Fund for Nature (WWF) on the mie of forost
protection in drinking-water provision (Dudley and Stolton,
20013}, induding a survey of more than 100 of the world's most
populous cities. described a clear link between foresss and
the quality of water coming ouf of a catchment, a much more
sporadic link between forests and the quantity of water available
and a vanable link between forests and the constancy of flow,
Accordinghy, the uotuating tends in the water output of the
carchment area studied over the period of 7-8 vears can be the
effect of various components of climate change as regulated

by rainfall, snowfall, temperature, humidity, ote, Leakage and
hreakage of the underground pipes in the century old system
installed in the 18805 might have added o the fuctuation and
accordingly need early replacement.

[Despite vears of catchment experiments, the precise
interactions between different tree species and ages, different soil
types and management regimes are still often poory undersiood,
making accurate predictions difficult. [n oontrast with popular
nssumptions, many studies suggest that in both very humid and
very dry focests, evaporation is likely 1o be groater from forests
than from land coversd with other ypes of vepetation: thus
less water ffows from forestod catchments than, for example,
from grassland or crops (Calder, 20601, A specilic study made
by Tremolieres, et al, 2002 showed that Hedera helix benefits
forest communities by protecting the floor from frost and erosion.
incressing soil outrient levels throuwgh the rapid decomposition
of its limer in early summer, and by providing winter shelwer and
food to many species of binds, insects and mammals. As such,
Hedera heliy plays o significant role in the forest ecoosystem and
shomld not be manually removed in polders, especially as it is
naturally regulnted by floods.
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RECOMMENDATIONS

People have settled historically in areas rich with natural
resources, and today most of the worlds popilation Tves
downstream of forested watersheds (Reid, 2001 ). Socleties lave
created strong cultural links with fovests, ond it is widely nssumed
that forests help to maintain & constant supply of good-quality
water, Conversely, loss of forests hes been blomed for problems
ranging from [looding © addity. The comtributions of forests in
providing dean water depend 1o & large extent on individual
conditions, tree species and age, soll types, climate, monagement
regimes and peeds from the catchment. It is, therefore, perhaps
not surprsing that information on best peactices for policy-
makers remains scarce and models for predicting esponses
in individual catchments are at best approximate. Perhaps
some steps can be recommended for better functicning and
combating water scarciny: Maintenance and replacement of pipes,
reservoirs, tanks, etc,, that are leading to improper functioning
and Teakage in water supply Idemtification of various important
watet harvesting points and their altitude which contributes 1o
the maximum water flow needs to be studied. There is a need
for installation of various experimental instruments o check the
water flow trends viz-a-viz undergoing scientific studies related
w cfimate change, vegetation and sodl. These measures would
further help scientifically in combating problems of water scamcity
in the futmre,
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