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Forest Hydrology Initiatives and Current Challenges in a
Changing Climate in the Philippines

1.1 INTRODUCTION

The Philippines’ to@l land area of about 30 million hectares
iz legally classified as alienable and ds posable (AS&D) forestland.
fa of 2012, forestlands covered 52.7 per cent of the country's
total land area, and plays critical ecological, econonuc, sodal and
cultural roles at the local, regonal and nanonal scales. Sustainng
these moles depends, 1n part, on knowledge of the dormnant
hydrological processes and properties of the forest landscapes.
Based on 2010 sawellite imagernes. the wtal forest cover of the
Philippines is esumared & 6.84 million hectares (FME, 2014).
Thiz iz only about half of whar was ewxisung abour half a
century 2go. To conserve and protect the forest, the old growth
dipterocarp forest areas have been placed under the Narional
Inte grared Protected Areas Systerns (NIFAE) since January 1,
1992, Thus, loggingin these areas has been prohibited sinee then.
Brologieally the forest gives imaliable envimnmenral benefits
by serving as an effective protecor of the soil and regulator of
water floiws and carbon eyeles; and by providing habitats for a
realtitude of anirnal and plant life. Careful protection of the forest
1, therefore, of utmost importeanoe. Its destruction 1s known to
have farreaching effects such as: depletion of potential rescurce
for wood and habitar; threatening of the capacityof the biosphere
to regulate ammospheric and hydmsphenc cycles; loss of wildlife
habitat and species; soil erosion; siltaton; flooding and landslide.
Deforestation. along with burmng of hydrocarbons, 12 also known
to contribute to the CO build-up in the atmos phere .

Hydmlogical processes ar dfferent scales play an important
mle in mantaimng the bediversity landscape heterogneity
as well a fresh water supply for domeste and indusoial
uses. Research in forest hydrology 15 recogmized as the key to
understanding the physical, biological, and chemical processes
in a watershed and has significance © wawershed management.
Therefore, forest impact on the water cyele and sediment
production has been the major subject in hwdrology and water
rmanagemment research since the early 1970s. Facong several
environmental problers particularly in the post-logging era
(19202}, nationwide reforestation programmes were launched by
the government with support from vanows funding institutions.
Effects of forest planmtion establishment on hydrologic processes
were then camied out by various institutons, This paper presents
& bnief historical development of forest hydrology research
the Philippines, including some major findings. It akbo presened
the future challenges of longterm forest hydrologmeal and
ecological studies thar are cruaal o clanfy the forest influence
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on hydrologeal regime under different grographic and forest
oonditions partculardy in relatien wo the Philippine narional
Feening pIoErammme .

1.2 METHODOLOGY

Literature search on the state of the Plubppines foresws and
past mitiatves on forest hydrolo gy was conducted through hi-
brary research and collation of ressarch reports. Research re-
ports included past researches of the then Fowest Research In-
sumute to the present Ecosystene Research and Deselopment
Burean. Coempleted smdies from vanous research insmtutions
were dlso enieved. Review of current programmes of the De-

Figure 1.1: Forest types in the Philippines

Forest Cover Types (1987)
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parmment of Environment and Natural Resources (DENR), the
government agency mandated w manage the environment and
natural resources (ENR) was also conducted. Of particular focos
were those programmes with high relevanoe o the hydmlogy of
i landscape.

1.3 RESULTS AND DISCUSSION

1.3.1 Forest cover

Philippine forests are classified into different types, namely
dipterocarps, pine, submargingl (domimated by grasslands),
mossy and mangrove (Figure 1.1). The dipterocarps make up
roughly two-thirds of the total forest cover. Dipterocarps are forest
stands dominated by trees of the geners Shores, Dipterocanius,
Hopea, Parashorea, Pentacme and Anisoptem. These species ane
Iocoved in places with bigh elevations, particularly in regions
where precipitation is high. The dipterccarp forest has been the
ma jor solroe for the wood industry of its raw moterial supply of
hamiber, palp and paper and other wood-based products,

In 19467, the totnl area oocupded by the dipterocnmp forests
was 3.5 million hectares of which 804,900 hectares are old
growth and the remaining are considered residoal forests (2.73
million hectares, Fine forest consists of one genus, called Pinus,
belonging to the family Pinneeae, and two species. Pine thrives
well in high elevatons, usually between 500-2700 metres above
seq level (masl). In mining areas, pine is used as mine prop (Table
1.1} It is also used as piles, poss and as raw material for pulp
and paper manufacturing. In watershed areas, pine trees provide
ickeal vegetntive cover for soil and water conservation, The mossy
forest is of litthe commercinl value but important as a protection
forest. A great portion of it in northern part of the country has
been cleared for vegetable farming. Grassland on the other hand
dominates logged forestland, Mangrove forests in the Philippines
in 1988 were estimated at 139,725 hectames.

OF the total Philippine forest cover of 6.84 nillion hectares,
open forest acoounted for an area of 4595 million hectames, The
rest of the forest types were as follows: closed canopy fiorest with
total area of 1.934 million hectares and mangrove forest with 0,311
million hectares (Philippine Forests: Facts nnd Figures, 200 4; Table
1.2). Current data showed that sotal forest cover in 2003 decreased
by 328,682 hectares (4.5% per cent); that & from 7,168,400 ha in
23 to 6,839,718 ha in 2010. The closed, open and mangrove
forests imcurred the following national percentage chonges: 24.48
percent, 539 peroentand 25.54 per cent, respectively (Table 1.2).

Table1.1: Pine farests of the Philippines in 1981 and 1997

Reglon/ Forest

1.1.2 Forest Hydrology Research

I'he beginning of scientific research on forest hydmlogy in the
Philippines dotes back to the eardy 1970s with the establishment
of hydrological gauging stations in selected watersheds. Uncler
the research division of the then Burean of Forestry and funding
support by United Nations Development Program (LUNDP), the
hvilrology of different vegetation types in Philippines fomestiand
was initiated, Faired catchment approach was established to study
the hydrology of dipterocarp forest, pine forest, mossy forest,
and grassland watersheds in selected watersheds of the country
Weather smations and weirs/flumes were insmlled on these
watersheds 1o study the climate, streamflow and ercsion rates,
Rainfall redistribution nnder forest canopy was also evaluated o
stucly throughfall, stemfow and infiltration. Plotsiudies wens also

Table 1.2: Forest cover of the Philippines by Region,
2010

Region

CAR 731N 455,352 517840

Region 1 124477 18,390 105,060 1,028
Regwon 2 1,044,507 485,262 £53.344 £802
Region 3 520,598 225352 294291 555
NCR 224 2008 115
Region 44 2696506 65,544 181,175 18937
Region 48 915,664 97,810 744,530 73,324
Regjioon 5§ 208015 39,646 143416 4,953
Region & 187,319 67,167 1o i4s 10,008
Region 7 62,065 11,464 35,798 14,6804
Regicn 8 514,464 45,548 416,863 41,654
Region 9 176,918 13,906 120,458 265313
Region 10 177,858 173,962 197.517 6379
Region 11 428716 160,083 205,754 2875
Regien 12 248,050 54,247 193202 1,601
Region 13 683,112 99,812 257,402 45,858
ARMM 307,894 95,889 146431 55,574

6,839,718

1,934,032

4,595,154 310,531

Region 1/CAR 129,203 101,231
Region 2 3,886 9,806
Region 3 GEE 883
Reqion 4 . friale]

112,818

246,593

230,434 90,300 84,700 175,000
13,682 33,200 18700 51,300
1,568 400 500 00
229 . 700 oo

123,900 104,000 227,900
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Figure 1.2: Infiltration rate measurement using the
double ring infiltrometer

Figure 1.3: Stemflow gage installed on the
experimental Benguet pine tree

Figure 1.4: Matural vegetation of secondary dipterocarp forest watershed (left); Imperata dominated grassland

watershed (right}.

established in many short-term studies by research institutions.
These studies provided an early understanding an the hydrology
of watersheds under different vegetative types,

1.3.2.1 Rainfall and Interception

Forest canopy provides the first imterface through which
farest impacts hydrologieal evele within the forest ecosystem.
Generally speaking, forest canopy interception vared with hoth
the forest ecosystem type, the development stage of the system
nnel the precipitation pattern in a given river basin, Veracion
{1982) repored that minfall interception in heawly thinned
Benguet pine plots (70 per cent) produced significantly higher
net rainfall (throughfall plus stemflow) than moderately thinned
(50 per cent]. lightly thinned (30 per cent) or undisturbed plots
{no thinning). Contral/undisturbed plots produced the highest

water loss value followed by moderately and lightly thinned
plots: Rainfall interception loss was higher in the control plots
because of their denser canopy. Throughfall and stemflow did nat
vary significantly with different thinning intensities. Positive and
linear relationships between throughfall and gross rainfall and
kerween stemflow and gross rainfall were also noted,

Pine forest in Belis, Atok, Benguet has an average vearly
rainfall of 2,604.57 mm while temperature and relative homidity
15 22°C and 32 per cent, respectively. Pine trees ranged from 10-15
m in total height and from 15-35 em in DBH. The forest stand was
about 20-25 vears old, The total rainfall st the two other study
sites over the 5-year period ranged from 2,979.60 mm to4,189.50
mm with a mean of 3.944.80 mm for the mossy forest, while m
the Benguet pine, it ranged from 3. 20638 mm 1w 5,983.19 mm
with nn average of 3,680.88 mm. In mossy forest. fogdrip ranged
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from 264.38 mm i the south exposure areas to 476,46 mim ot
the west expostire portion of the watershed, Intermediate fogdrip
average values were produced by the north and east exposure
having 381.55 mm and 348 .96 mm, respectively (Mamanteo and
Veracion, 1981).

A study by Disz (1999) stated that water loss through
interception was influenced by the amount of minfall and the
density of the crown area. It was also ohserved in secondary
dipterocarp forest the average rainfall interception is 58.9 per
cent. . An inherent chamcteristic of dipterocarp forest influenced
the hydrologic response of a watershed through its modifying
effect in the storage and utilization of minfall and its mole in
regulating the Now regime,

1.3.2.2 Streamflow, Erosion and Sedimentation

The Forest also affects streamflow characteristics in various
ways particularly the peak fow mate, total discharge and the
quality of the runoff. The accumulnted effects of forest conditions
and various watershed management measures are reflected in
the watershed's stream discharge, Forest influenes on peak fow
rate and total discharge is one of the most concerns to scentists
and decision-makers paricularly in flood prone regions of the
Philippines, Baconguis and Jasmin (1983) reported that mean
monthly streamflow differed significantly despite the similarity
in rainfall, pnmarily due o the inherent chamcreristics of the
aren (topography, geclogy, soils) and the vegetation types storing
and utiizing rainfall and regulating streamflows. The secondary
dipterocarp forest had 55.05 per cent more streamflow than the
grassland watershed: the mossy forest watershed has 294,10
per cent more streamflow than the grassland; and the mossy
forest had 154.18 per cent more streamflow than the secondary
dipterocarp forest. Mean: annual streamflow coefficients were
0.1812, 0.2762 and 0.6250 for grassland, secondary dipteroearp
frest and mossy forest watershed, respectively. Baconguis {1980)

Figure .1.5: Water

tight concrete trough
constructed at the

lower end of the plot for
collecting surface runoff

nlso reported that of the total rainfall in dipterocarp forest, 62 per
cent appeared ns streamflow, 32 per cent as evapotranspiration
and & per cent as groundwater recharge, Dafio (1994) meanwhile
reported that three years after reforestarion of grassland
watershed with Gmelinaorborea, the annual streamflow started
to decrense. The decrease in mean anmual streamflow was abour
186 mum. Reforestation was also found to reduce annual sediment
yield by 52 per cent compared to that of an annually burned
grassland watershed.

Ina study of effects of buming of forestland, Costales (1980)
mentioned that the menthly total surface mnoff in bumed areas
ranged from 2,19 mim to 113.28 mm and 1.67 mm to 72.88 mmin
the unburned areas, Average monthly surface runoffs for burmed
and unburned areas were 40,93 mm and 24,89 mm, reapectively
The high average monthly surface runoff in burned aress could
be due ta the amount of rainfall received, the development of re-
growths and the available soil moisture.

Acvording to Florido (1981), in his work on thinning of a
Benguet pine stand.that there iz no significant difference in
surface runaff under varous thinning intensitiss, Contral plots
had the lowest surface runoff during the less miny manths, but
had higher surface munoff during the months of continuous and
prolonged rainfall, Sediment vield did not vary signifieamly
under the different thinning intensities. Controlled plots gave the
highest sediment vield due to hizgh surface munoff,

In another work on thinning in & pine forest stand, Veracion
(1982) stated that surface mnoff and sediment production vaned
with stocking levels. Based on all storm events and sizes. the
heavily thinned plots significantly produced higher surface runaff
dnd sediment wvields than the lightly thinned and wnthinned
plots. No significant differences in surface nuncff and sediment
vields were observed between the heavily thinmed plots and the
intermediately thinned plots and between the lightly thinned
plots and the control plots,
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Compartson on varkous species as protective cover in forestland
showed that Moluccan sau was the best protective cover, yielding
only 1.044 I/'m* iotal mnoff and 1.62 gr/m* sediment yield. [t
wias followed by mixed secondary stand with 3457 V' manoff
and 19.68 grone sedimeat yield, dipterccarp with 5192 L/nr
runoff and 33.75 gr/m' sediment yield and Kantoan Banglal with
10418 I/ m' runoff and 118.98 gr/m* sediment yields (Serrano e
al., 1974),

Al the secondary dipterocarp forest, 858 per cent of the
warintion in surface runoff was due o the combined effects of
rainfall amount, rainfll intensity and soil mokiue deficlonoy:
Rainfall amount was found o be the most impormant factor in the
wariation of surface runoff, For the grassland watershed, similar
wariables were responsible for 94.7 per cent of the wariation in
surface runoff. Surface runolT, rainfall amount, rainfall duration
and goil molsture deficiency accounted for %046 percent and 76.9
per cent of the vadaton in sediment production in the secondary
dipteracarp forest and grasslands watesheds, respectively (Dano,
1983, Sarface runofl; minfall amount and rminfall duration were
highly correlated with sediment production in both watersheds,
Surface rupoff and sediment production were higher in the
grassland watershed than in the secondary diptercoarp forest.

Earlier works in a grassland dominated forestland showed
that undisturbed burned plots had the Mghest increase of surface
runoff than moderately gmeed plots, Runoff was greatly redoced
in the moderately grazed and protected plots, Although the
undisturbed hirned plot had the greatest increase in surfaoe
runoff, it had the least sediment yield. With cultivation on slope,
the frequency of runoff increased with decrensing amount of
rainfall (Jasmin, 1976). In logeed area, amalyses showed that
there woere no significant differences in soil ercsion among slopes
of varying degrees under the vegelative condiions. Them wers
sigmificant differences only between the unlogged and logged
areas (Omllo, 19807,

S0il erosion, sediment transportation and deposition into
the reservolr caused greal loss of capacity and economic valie,
A total of 154 prionty watersheds support water stmotures and
soil erosion management is a major research and development
concern, The importance of these watersheds for sustainable water
supply s emphasized in the Forestry Maoster Plan. The Master
Plan provide for the updating of watershed resounces. At present,
o9 watersheds have an integrated watershed management plans
while 114 have a° completed watershed chameterization report
(FMR, 2013). Management of watersheds is critical in promoting
the sustainability of all the natural rescurces in the watersheds.

1.3.3 Challenges of Forest Hydrology
and Watershed Management

A major challenge to forest hydmologic research in the
countty is represented by repested questions on the role of
forests in regulating water As the national scale reforestation
activides continue, the hvdrologic moles of the forests will be
of great concem among decision-makers and the public. Does
forest mitigate water-related disastors, and as © what extent in
particulor in the face of climate change? How does forest impact
the peak fow; does it reduce flooding as forest cover increased?
In regions of high water demand, does forest improve water

availabiling? The answer o these questions is very imporant in
the context of National Greening Program (NGPL NGP addresses
the priority programme thrusts of the conntry such as poverty
reduction, resourse comservition and protection, productivity
enhancement and climate change mitigation and adaptation.
The programme specifically secks 1o plant 1.5 billion seedlings
in 1.5 million heetares of public lands nationwide in six years,
from 2011 to 206, It seels w0 improve water quality in rivers,
reduce the potental for fooding, soak up carbon dioxide out
of the atmosphers, and Iny the foundation for an expanded
wood-products cconomy. As of 2013, the vl arcs planted was
683,069 hectares resulting o a0 46 per cent accomplishment of
the programme's toll target area,

Long-term  monitoring of changes 0 the hydmlogical
regime particularly in water yeld, prak-flow, and low-flow are
critical for testing existing principles regarding forest and water
relations, Forest management particulady reforestation will have
accumulated effects with other land-uses and measures on the
watershed processes, To evaloate the hydrologionl effects of fonest
management measures at basin scale, the use of physically based
bydrological model with the GIS suppont are crucial especially
with the stoppage in monitoring of experimental watersheds
starting in the late 19905, Hydro-meteorologic extremes, steep
topography, weak geologic formations, earthquake faults and
highly emdible sofls are factors contributing w the frequent
occurrence of natural disasters paniculardy landstides. Therefore,
watershed management for disaster mitigation and sustainable
development i a matter of great importance needing strong
public and primte support.

Watersiied management planning basically needs data or
information on the biotic, physiographic, hydrologic and climaric
characteristics of the watershed. The information woald serve as
guide in prescribing appropriate maragement strategies to artain
the desired ohjectives: Some critical watersheds supporting water
infrstructures have been charscterized but data on watershed
hydrology needs Bnprovement. At present, climate change is the
greatest unoertaintes, as itis likely 1o magnify existing impacts
and thregts, Assessment of impacts of dimate change on flooding
and water availability provided initial information on changes of
hydrologic behaviour of watershed brought about by the changing
rainfall pamem, but much need w be done. Basin scale forest
hydrological modelling is also a challenging issue in hydrology
and watershed management. Extrapolating watershed hyvdrology
resulis o the regionsl or basin scale, considering the complex
interaction of both biotic and abiotic factors that influenced
hydrological dynemics is 8 great challenge, To date, upscaling of
research resulis is wanting although its importanee has long been
widely recognized,

1.4 CONCLUSION

The current understanding on influence of forest vegetaton
on watershed hwdrology is mostdy based on limited studies
in experimental watersheds and plot research studies. A lot of
current information i bosed on studies conducted in foreign
conntries. The complexity of ldmlogicnl processes such as scale
dependence, nonlinear behaviour and variability of hydrologienl
epvironment makes it very difficolt, 1o extrapolate the information
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from one watershed to another or from one scale o another. We
need 1o re-invest in basic hydrologic research to mprove our
understanding on the linkages hetween various land uses and the
variables of interest at the watershed scale. Understinding the
complex pathways by which subsurface fow moves on hillslopes
and its interactions to other hydrologic processes is badly neoded.
Like other Asian countries, our challenge is to apply the principles
o understand how the hydmlogic processes will respond o the
many fonns of change particularly land use and climate change,
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2

Effects of Patterns and Process of Vegetation Restoration
on the Precipitation, Water and Sediment in Small
Watershed

Jia Luo, Canming Zhang, Yuxin Tian, Xiaoling Zhou, Nan Yang, and Jianhua Chen

2.1 INTRODUCTION

[Jze to the differences of natural and geographical conditions,
reseanch methods, the messore of sudy area and cimatic
characteristics all over the world, and the perplexing relationship
etween forest vegetation and watershed hyvdrology at present
the influsnce of forest vegetation on hvdmlogical process has not
yet come toa unified conclusion at home and abroad."The role
and influence of restoration and reconstruction of the vegetation
ot sinnll watershed water sediment relnBHonshipis the conoems of
researchers, ™ [n this paper the small Muer-Zhai watershed is the
resenmch ohject during the prooess of vegetation mestoration and
recomstruction for the study of small watershed, and variation
characteristics of rinfall-runoffsediment have been investigated.
The study will provide a sclentific basis for carmving ont large-
seale ecological environment construction in Hunan provinee,

The Nuoer-Zhal small watershed is located in Wulei ecologioal
public welfare forest, about 12 km northwest away from the Cili
County. It is one of the small second order tributaries of Lishui
River and flows moughly from east o west, which positons in the
low mountain area of Wuling mountain cange. The elevation of
the hydmlogical station of the ditch outlet is 210 m above sea
level, The highest peak is 9174 m and the main ditch is about
1.2 km Jong. The total monitor area by this hydrological station
of the ditch outlet is 281 sij. o The land vse conditon of small
watershed of the main eeological forest ks shown in Table 2.1.

2.2 METHODOLOGY

[mvestigation on the runodf of this Muer-Zhai small wamershed
was carried out in the Nuer-Zhai ecological benefit positioning
manitoring station which was established in 1998, A 2.5m-wide
Parshall flume has been placed in the ditch outler of this small

watershed for investigating the runoff by located observation
method sinoe the official starting of observation and recording
in 1999, The water level is antomatically recorded using a water-
leviel peconder. The water samples are picked three dmes daily. 1f
flood occurs, two more samples are mken before and after flood
penk time, respectively. The sediment transport dnta is determined
v messuring the sediment concentration of each sample. The
measirements of atmospheric  precipitation,  temperature,
humidiny, evaporation, surface temperatune, ground emperature,
wind speed, wind direction observation, ete., are performed in a
standani microclimare observatory within the watershed terrmin
open area, The area of this observatory s 25 x 25 sq.m.

2.3 RESULTS AND DISCUSSION

2.3.1 Rainfall characteristies of small
watershed

2.3.1.1 Interannual variability of rainfall

Affected by atmospheric circulation, annual rainfall of Nuer-
Zhai small walershed changed dramatically (Figuee 2.1). Rainfall
in the wer vear in 2002 reached 1985.8 mm. while in the dry year

Table 2.2: Runoff depth in 2000-2004

Yeoar 2000 2001 2002 2003 2004 Average
::;'t‘:' unofl o301 4122 7276 630 5732 s
Rundffdepth ' 4345 2545 5839 4965 4819 45036
m’e"ﬁ‘g‘; 1352 1577 37 1334 913 13226

Table 2.1: The land use condition of small watershed of main ecological forest (hm)

2000 13811 212 3512
2003 182561 4.13 11.62 1.54
2007 20233 4,13 507 1.54

260

2453 4410 281.00
2452 4.60 13.20 281.00
44.51 4.64 0 181.00
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Figure 2.1: Trend of
annual predpitation
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i 2001, itwas only 1095.7 mm. And the difference between the
two is 8901 nam.

2.3.1.2 Annual distribution of rainfall

Monthly rainfall distribution is extrernely uneven in the small
watershed with large concentration mainly in the flood season
Apnl to August), accounting for 68,5 per cent of its total rainfall
vojume annually The maximum rainfall in the small watershed
ts approximately 74,92 per cant, and the minimum s more than
&0 par cant. The monthly distribution trend of rainfall during the
year is consistent,

2.3.2 Analysiz of the relationship
between rainfall and runoff of
waltershed

2.3.2.1 Characteristic of runoff

According to the measured data of the ditch cutlet, the results
from 2000 1o 2004 are presented in Takie 2.2, The average annial
runoff depth of the seall watershed of Nuer-Zhai is 582,62 mimy;
runoff depth in the flood season is 450,36 mrn, acoountng for
77.30 per cent of annual runoff depth; runcff depth in the dry
season is 132,26 mm, sccountng for 22,70 per cent of annual
runcff depth. Based on the cosfficient of wvanation of runoff
annual runcff depth Cv equals to 020, Runcff depth in the food
season v equals to 0.27; and Runoff depth in the dry seascn
v equals to 0.19, This showed that the interannual variation of
runoff of small watershed is great, especially during the flocd
season the fluctuation of runoff for example, the maximum
annual (2002) runoff depth is 2.2% times of that in the minimum
years (20017 during the Aood seasan.

2,3.2.2 Effect of rainfall on runoff

Runaff ratnly comes from precipitation. Therefore, thereisan
cbvious relatioaship between runcff and precipitation. The high
waater period of channe] runcff is the precipitation period. Small
wztershed gully runciT distribution in a year and precipitation
tendency is consistent Small watershed runcff concentration
degree is ‘slightly slow to precipitaion, the maximum not
axceeding 12k, temporal and spatal distribution of precipitation
distribution characteristics of runcff decision.

2.3.2.3 Precipitation-runoff model

In order to further study the affectof rainfall on runcff, we take
P (mm}as the annual rainfall, and Q (mm) as the runoff depth to
find the reladonship between the multiple functon expressions.
Single factor linear relationship is most closely coupled, P = a +
bQ, with a and b as constant. Mathermatical model of Nuer-Zhat
small watershed and annual rainfall runoff deep were calculated
as fiollows:

P=115.767 8+ 2. 7386Q =0 9683 P< 0 01

Congidering small watershed rainfall-runcff models, without
congidering other factors affecting the runcff condition, the Nusr-
Zhai small watershed runcff depth is closely correlated to rainfall.
The larger the annual rainfal] is, the greater the annual runsff
depth 15, and vice varsa

2.3.2.4 Decrement of sediment yield

The change law of annual runcff and sediment transport
mduile of Muer-Zhai small watershed are basically wdentical. [tis
mainly because in flood season, storm and floods enfiorced soour
on the sutface of the earth. According to observation data, small
watershed sediment yield is highly concentrated, and closely
assoclated with precipitation and runcff Sl ercsion of small
watershed is mainly caused by the heavy rain of flood season.
Sediment transport module of small watershed showed the trend
of decline, but the precipitation has a certain impact on it For
example, in 2002 the sediment modulus is larger than that in
2001, This is mainly because the rainfall in 2002 was 1.8 times
greater than in 2001, After 1920, with large area, high standards
of small watershad ecclogical ring sediment reduction effect
construction, wvegetation restcration and reconstruction played
a significant effect of sediment reduction, [Us supposed that the
decrement of sadiment yield was zeroin 1990

2.3.3 Relationships among typieal
rainfall characteristics of small
watershed and forest 2,3.3.1 coverage
and the elements of flood

The flood formation of Nuer-Zhai small watershed is mainly
catsed by heawvy rainfall In order to anslyze accurately and
scientifically the relationship between the vegetation restoraticn
and the Aood, we chose nine typical rainfall flood processes which
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Table 2.3: The characters of typical rainfall and flood process of Nuer-Zhai small watershed

20000719 | 4915 | 78 | 188 51.9
0010617 | 5443 | 87 | 173 573
2002-05-28 ga. 69 | 185 841
20030505 | 6499 | 21 | 192 516
20040510 | 8674 | 101 | 215 786
20050605 | 6849 | B2 | 194 681
20061017 | 7025 | &7 | 253 577
0070822 | 7200 | 93 | 176 578
20080803 | 7255 104 | 215 615

Flood peak

22 | 1@ | 152 91 | 32994
23 | e | ss 935 | 3282
25 . 151 L] 1007 | 3.0377
| 169 1013 | 20938
28 166 17 1028 | 30304
2 | m 74| 1002 | 2918
35 209 1746 1056 24390
8 | 2 79 | 1o | 2200
40 238 10 | o7 | 2158

have been recently formed for the comparative analysis. Small
watershed coverage, typical rainfall and fAood characteristics are
presenied in Table 2.3, 1t showed that in the same circymstanoes
the rainfall process, with the increase of forest coverage mte of
smallwatershed, the flood orginating lag ime of precipitation and
flood peak lag time of precipitation showed a rend of extending,
and flood peak dischamge displayed a trend of decrease,

2.3.3.2 Forest coverage rate and flooding
mathematical model

In order to study the effects of vegetation restomiion on flood
process, we set up 4 food mathematical model of a vardety of
functions with the forest covernge rate of F( per cent), its flood lag
time Hi start (min}, the peak flood peak lag time Hi (min) and W,
= Of the peak flow (m’/s) flood elements. The forest coverage F(
per cent) of flood vean s closely coupled with linear relationship
among flood lag time difference H,_(min), flood peak lag tme
difference H‘__{min] and peak discharge W__{m/s), respectively
F=a+bH_ W, ) witha and b as constanis. When the
forest coverage of Nuer-Zhai small watershed increased one
point, the time difference of the foods oiginating extend 4. 2692
miputes and flood penk lagged behind minfall extend 69797
minutes, and the peak fow recuced 00455 m'/s.

2.4 CONCLUSIONS

1. Annual precipitation is variable in the watershed due o
the effects of air circulation. There are obvious differences in
precipitation n a vear; the main precipication distribuated in flood
season (April to August), and the distribution trend of monthly
precipitation almost consstence ina year

2. The evident difference is in annual rmnoff in small
watershed, and the ohservable difference 15 in runolf distribution
in a year The consentrating runoff is the main character ofthe

changing runoff in small watershed, There is obvious delay and
subduction function for the appearance and volume of flood peak
by vegetation recovery and rebuilding of small watershed,

3. The annunl seciment ransport modulus and the changing
law of munoff I small watershed is almost consistent. The
sediment s concentrated with precipitation and runoff, and
the soil erosion In the small watershed is mainly caused by
henvy precipitation,

4. With the large amea and high standard ecological
environment construction of the small watershed, the sediment
transport modulus has been dramatically decreased in small
watershed in 1990 w 2008, There i= an obvious decresss effect
of the decrease sediment transport after vegeraton recovery and
rebuilding.

5. The forest coverage F( per eemt) of flood years have
tlosely coupled with linear relationship among flood lag time
difference H__( min), flood peak lag time difference H__ (min),
peak dischange W (mi/3), respectively, F=a + b H . W)
. with & and b as eonstants. When the forest coverage of Nuer-
Zhai small watershed increased one point, the dme difference
of the Moods orfginating extend 42892 minutes and flood peak
lagged behind rainfall extend 6,9797 miputes, and the peak fiow
redueed (,0455 mi/s.
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3

Water Yield Estimation and Temporal Variability for the
Major Reservoirs of India

3.1 INTRODUCTION

Reservolrs store excess rainfall as surface warer for meeting
the requirements of water during the monsoon and post
monsoon perinds. This stored water, known as reservoir, is nsed
for snrious purposes such as drinking, imigation, hydropower
and industries, Dams play & very imporfant role in the water
resources development of the aaton. These manmade water
holding structures have helped immensely in attsiming self-
sufficiency in foodgrain production besides flood control and
drought mitigation. The Central Water Commission collected and
compiled information on storage capacity of major reservoirs,
which is vital information for accounting surface water going out
of the dam as spillover apatt from stomge within the system,

Surface water vield is defined as the wotal water produced as
surface runoff within the system such as catchment. Water yield
estimation in a catchment is governed by many hydrobogical
parnmeters, such as rainfall, land use/cover, antecedent soil
molsture and soil type. An sccumie waler vield modelling of
catchment will require determination of the spatial and temporal
distribution of hwlrological parameters. The spatio-temporal
variation of these parameters plays a major role in smdyving the
variability of surface waler vield production. Remete Sensing,
Geographic Information System and advancement of computer
technologies have been applied to extract land surface properties
at spatial and temporal seales which are very useful input data
for hydrmlogical models (Singh and Woolhiser, 2002; Gupita et al.,
20008). Lsing remote sensing data is not only techoically viable
but also provides a good fit of technologies to maximize the value
of available spatial data (Jobin and Pule, 1997). According to
Kite and Pletroniro (1996) benefit/cost ratio ranging from 75:1 1o
1Mk 1 can be realized by using remotely sensed daw in hydrology
and water resoumces management. Land vse/lnnd cover dynamics
have the impact on runoll genemtion provess, which influenoe
the amount of surface munoff production. Rainfall is a crucial
hvdmological parameter, its coturrence and distibution within
the catchment is a complex process. Higher intensity rainfall with
longer durntions can create flooding in the downstream of the
catchment. Estimation of surface water yield production is very
critical for assessing flood hazands and undertaking reservoir
management, Hainfall-runoff models play an important mole in
understanding the hydrmological condition of basin/catchment
areas and predicting their behaviour over time. Hydrologlcal
mode] estimated runoff volumes are being used to estimate the
total water vield and many waler resource applications,

P.K. Gupta, A.K. Dubey, J.G. Patel and R.P. Singh

Umiqueness of this study is the delineation of catchments of
major water bodies using the power of remote sensing which
gives location and extent of all water bodbes together due 1o its
synoptie viewing. Spatial locatons of water bodies and DEM
together have been used to delineate catchments of major water
bodies. A conceptual modified corve number model has been
used w0 estimare surface water vield from the eatchments of major
witter bodies ns well as river basins, Study has been dome with the
following objectives:

*  Delineation of catchments for the major water bodies and

river basins of India,

* Water yield modeling and analysiz for the major water

bodies,

*  Comparative analysis of water yield at different temporm|

scales for the monsoon period of the year 2012 woet 2011,

3.2 METHODOLOGY

Hydrological response is poverned by a large number of
parameters such as terrain, landuse, s0il characteristics and
the state of the moisture in the soil. The lost factor demancds a
eontinuous time estimation so as © keep track of the changing
moistire conditions and assodated effects o other parameters.
The curve number model, ineorporating some modifications for
maoisture condition and slope has been used in the present stdy
o earry out the water yield estimation. Windows for analysis
such as catchments of major water bodies and rivers have
been delimeated by processing the DEM and remote sensing
derived wetlands, Detailed methodology adogted i presented in
Figure 3.2,

3.2.1 Study Area and Data

Major reservolr catchments have been tnken a3 sty area.
A wetland map ar 1:50000 scale. developed under “National
Wetland Atlas: India’ project of SAC has been used to identify
the water bodies locations and their extents. A total of 72 major
water boies have been ldentified based on the water extenis
having area greater than 5,000 ha (Figure 3.1). These major
water bodies along with dver calchments have been delineated
by processing the DEM. Catchments of major water bodies and
river basin scalés have been used for the analysis of water vield.
Catchment area under the major water bodies is estimated 92.2
M ha. Satellite data derived daily minfall for the year 2017 and
21 2 was downloaded from Climate Prediction Centre (CPC) site

<< Back to contents
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River Basin
boundary

ftp.cpenecep.noaa.gov/ fews/5. Asin. CPC produces quasi real-time
analysis of daily precipitation on a 0.1 latitude/longitude grid
over South Asia (70-E-110°E; 5'N-35N). Daily data from May 1
1o September 30 has been used. Average 1otal monsoonal rainfall
of 1,360.4 mm and 1.074.4 mm (hae been estimated for the year
2011 and 2012, respectively. Monsoonal minfall deficit is 21 per
cent for the year 2012 in comparison to 2011,

In hydrologieal modeling erop class, vigor is more important
than the type of crop cultivated. In general, NDWVI s widely
accepted and used in many research studies, as it is a good
indicator of crop vigor (Zade ef al., 2005), Therefore in the
present study, existing landuse map (Shefali er ol , 2004) has
been modified using the NDVI images of SPOT-Vegetation sensor
i derive hydrological Innd cover classes. Soil texture map is
taken from Survey of India (SOL 1978). Fourteen soil textures
lmve been obtained over India, Soil textural map was used 1o
prepare Hydmlogical Soil Group (HSG) map considering the soil
infiltration and drainage chametertstics of different soil (A w D;
ligh 1o low mflration and low to high nineff). Digital Elevation
Madel (DEM) from SHTM was used to delineate major water
bodies and overs catchment.

3.2.1.1 Water bodies Catchment delineation
Topography is defined by a DEM that describes the elevation

Figure 3.1: 5tudy area
showing major river basins
along with major water
bodies' locations and their

catchments
catchments

Reservoir
locations

of any point in a given area at 4 specific spatial resolution, In
this study, 90m resolution SRTM DEM data has been used.
Preprocessing of the DEM is one of the important steps needed 1o
be earried out as a first step in automatie extmetion of drainage
networks and delineation of watemheds/catehments. During
DEM generation using the spatial interpolation method. artificial
spurious depressions get generated. These depressions or sinks
are the cells which do not have neighbours at a lower elevarion
and consequently, have no downslope flow path to a neighbor
cell. Hence for that smoothing, 8 DEM prior to analvsis reduces
the size and the number of sinks, In this process, the elevation of
sink cells increased until a down slope flow path to an adjacent
cell becomes available imder the assumption that flow may not
return to the sink cell. For delineation of catchment, cutlet of
the stream was selected and the cells contributing the flow to
that stream were marked as a catchment of that ootlet. The
delineation of a eatchment 15 shown in Figure 3.2,

3.2.1.2 Modified curve number model

The eurve number model {SCS, 1972) developed by United
States Department of Agrieulture (USDA) is an empirical equa-
tion predicting runoff from minfall. This model involves relation-
ship berween landuse/cover. hydrologic soil group and anteced-
ent soil moisture to assign curve numbers, The CN, which is also

<< Back to contents
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known as watershed coefficient is a computed variable and s a
function of the rmunoff producing properties of the watershed. The
N value was determined from the land cover management and
hydmlogical soil groups wsing NEH-4 tahle salid for the avernpe
antecedent moisture condition (AMG-I1). CN, value was adjusted
for dry (ON, for AMC-T) and wet conditions {E"'wf for AMC-IIT) us-
ing relations of Sebhani (1975) and Hawkins et al. (1985). This
method assumes that CN, for average condition is for 5 per cent
slopes, which is penemlily not apphicable in the feld conditions,
Therefore, o slope factor suggested by Sharpley and Williams
(1994) has been used to adjost CN for steep slopes using the
following formuls;

('1|;|,'r!£ = 1‘“--1%;3 B L'.r'.'l-"a :I ﬂ = EE-I.IH.‘I + {'rh_iz {:3‘1}
Whene
CN and CN, are the SCS curve number for AMC-Il (average)
and AMC-II (wet), and 5 (mm”) is the soil slope. The CN_ is the
shope adiusted CN for average moisture conditdon and was used
instead of TN, in the subsequent caleulations of the runoff. Slope
adjusted curve numbers for molsture conditions | (CN ) and 111

{CN_} have been caloulated using the following relationships:

23 CN,,
CN,, = —_—
10+0.13 r. N, (3.3)
Where, CN_ and CN_ are slope adjusted curve numbers for

AMC-T (dry) =||:1 AMC-HIT {wet) conditions, respectively. Retention
parameter, S (mm) was obtained from

5 o (25800

CN,

Wheme, CN is slope adjusted CN for different AMC conditions,
Equation to caleulate runoff from rainfall s as fallows:
forP>1 else

(P-1,}
(P+1,-8)

Q=0krP<i

254) )

forP =1, e¢lse

Q=

Where Q (mm) is surface runoff, P (mm) is rainfall, and | is
initial abstraction. Furthermore, incorporation of the anteesdent
maoisture in the existing SCS-CN method in terms of three AMC
levels allows unreasonable sudden jumps in the CN vardation.

on.o= ¥eCNy Therefore, in this study Mishm et al. 2005 approach is used to
Y 0-0.058C N, (3.2) correct for antecedent molsture, The modified runoff method
used is as follows;
[ twoswy |
) Flow A coumulstion
e
Stream MNetwark
I —-I Land nse‘cover
Figure 3.2: Methodology _ o I
for catchment delineation Foar ol et
and water yield estimation _/"" e
Mijor Resarvolr
Mugor R ver Basins Cilehmgnls Modified CN Model ]
E Water Yiekl Edimation [
I Waler YVield Analyss [
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Figure 3.3: Change in water yield for the year 2012 w.r.t. 2011 during monsoon period

(P—1,XP—1, +M)
(P41 _+S+M)

0=
(3.6)

Where,
M is computed as:

M =05[-5+y5* +4RS]for Pz 0 and P2 I,

Here, antecedent moisture is M and P, is the antecadent 5-day
precipitation amount,

(3.7

3.3 RESULTS

Modelling of water vield for major resorvoirs catchment
and river basins was carfed out 10%10 km cell by cell basis
over maininnd of [ndin at daily scale. Results wome extmeted for
varlous scales such as river basins, major reservolr catchments,
ete. Detadl results of water yield from the catchments of major
water bodies have been presented for the monsoon period of
2011 and 2012 Also, o comparative analysis has been done for
the 2012 estimates with the previous year values, e, for 2011,
Due to non-availability of observed water vield data for the major
reservolrs, model results were compared with the observed data
available for river hasins, Results are peesented and disoussed in
the following sections,

3.3.1 Surface water yield for major
reservoirs

Daily water vield maps were aggregated for a month period
and extraction was done for the major reservoir catchments as
a mask for the year 2011 and 2012, Most of the reservoirs were
showing a lower water vield for the year 2012 as compared o
2011 during May 1o August, although percentage change was

higher for the water bodies catchments having the increasing
trendd in 2012, In the month of June, the water vield was higher
for reservoir catchments falling in the North-Eastern pert of India
for the year 2012 wheress water vield was higher in West Bengal
and Central part of India duting the same period for the year
2011, Daily water viekd maps were aggregated for a month period
and sxtraction was done for the major reservoir catchments as a
mask for the vear 2011 and 2012 Most of the reservolrs were
showing the lower water yield for the year 2012 as compared
o 2011 during May 1o August, alihough pereentage change was
higher for the water bodies catchments having the increasing
trend in 2012,

Phuring the month of July, water yvield reduction was observed
ini the reservoir eatchments falling in the western and west south
cost river (WSCR) basin for the year 2012, This water yield deficit
in the western and WSCR basin continued from July till the
month of Angust inchiding in the lower part of the Ganga basin,
September month has different trends with high water yield
production in most of the reservoir catcliments for the year 20112
(especially in the westem andoentral regions). Total seasooa]
change in the water vields for 20012 wet 2011 is presented
through Figures 3.3 and 3.4

3.3.2 Water yield comparison with
published data

In the absence of water vield for the individusl reservoles,
cumulative monsoonal water yield for the major river basins were
estimn ted for the year 2011 and 201 2. Basin-wise estimas ted water
viekd were compared with the published average water yield dama
from CWL, Mahi and Godavari basing have shown high water
yield for the year 2012 comparing published average values as
well a8 2011 estimates (Figure 3.5). Rest of the basins presented
in Figure & showed bess water yield for the vear 2012,
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Figure 3.4: Comparison
of monsoonal water yield
of 2011 and 2012 with the
average yield.

Figure 3.5: Change in
water yield in the major
water bodies for 2012 with
respect to 2011 considering
May to September period
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3.4 CONCLUSIONS

Study has been done 1o quantify the water yield pmduction
from the catchments of major water bodies using the conceptual
cell based rainfall-runoff model, [n the month of June the water
vield was higher for the reservoir catchments falling in the North-
Eastern part of India for the vear 2012 whereas water vield was
higher in West Bengal and Contml part of Indin during the same
pericd for the year 2001, July and August months have shown
decline in water yield in the reservoir citchments falling in the
western and west south cost river (WSCH) basin and lower part
of the Ganga basin for the wear 2012, The month of September
has different wends with high water sield production in most
of the reservoir catchments for the year 2002 (espedally in the
western and central regions). A significant yearto-year spatial
as well wmporal wariability of water vield has been observed.
Catchments of major water bodies contributed 242.5 BOM (29.2
per cent of total national water vield) and 1826 BCM (28.5 per
cent of total natonal water viekd) for the vear 2012 and 2011,
respectively. This shows 24.7 per eent decline in the water yiekd
for the year 2012, The water vield contribution 6f major reservoir
catchments to their respective river basin has reduced in 2012 as
compared o 2011 except few reservoirs. Stsdy results is expected
w prove useful 10 all engineers, planners and policy makers of
the water resources sector for carly assessment of water stomge
availability and also for planning water management during
winter and summer uses.
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Comparison of Hydrological Regime of a Micro-Watershed
having Dense Oak Forest witha Degraded Micro-Watershed

N. Q. Qazi, M. P. Singh, S. P. 5. Rawat, S. P. Rai and J. V. Tyagi

4.1 INTRODUCTION

Forests play o major role in regulating stream flow and
sedimentaton; infiltration, sub-surface flow, scil moisture and
ground water storage; interception and evapotranspiration, ete,
However, their amount depends on the nature and types of forests
and also morphological chametenstics of the watershed, The
relationship between rainfall and runoff is direetly proportional
with lond use/oover and steepness of the watershed and these are
also influenced the sediment and nutdent losses, Furthermore,
the infilration into the soil is directly related o the Intensity
and duration of minfall and runoff is the inversely related w the
infiltration. The physical chamcterstics of soil, ie, soil wXture,
substrata, geology and slope also affect infiliradon, changing the
stream flow regimes. Maximum rainfall infiltmtes into the soil,
creating 4 base flow and minimising e runofl vwolume resalting
in reduction of seciment load in the streams, The fomst influenoe
on water has been a subject of prime nportance and of wide
interest due to its complicated nature of influence on water
resources (Mbhanc, er al,, 20097, At present, many countries are
experiencing extensive land use and land cover changes (LULCC),
The role of LULCC on hvdrologicnl processes lias beert of inferest
to many studies because of its crucial role on catchment water
halance throwugh evaporation, transpiration and other hydrological
parameters. Vegetation, especially in the case of forests, regulates
rinoff, as it reduces dmmatically sufnce water volume, mnoff
welocity and peak discharge (Jinchi er al., 2009; Karvonen e al.,
1999; Roberto er al,, 2005),

Many studies have shown that the variaton in runcif is
attributed to the vegetntion cover and land use management
changes (Bryan and Campbell, 19686; Kosmas e al, 1997, Newson,
1985), Removal of forest cover causes important changes in the
hydrmlogical balance of & watershed, although the magnitude of
the response is highly variable and unpredictable (Anderson er
al.. 1990), Furthermore, Bosch and Hew lett (19682) have pointed
ont that increased forest coverage, in plsce of pasture areas,
can trigger a reduction of annual Sew up to 40 per cent In this
oontext, it may be mentdoned that there is absence of sufficient
forest hydrological studies for different ecosvstems under
different conditions of forest cover and compesition in Indian
conditions. Henoe evaluating hydrologheal regulatory functions of
forests is difficult in India on sccount of insufficient data on forest
hydrological parmmeters.

Soil molsture is widely recognised as a kev variable in studies

related to environment, meteorclogy, hydrology, agriculture snd
climate change. From a hydrological viewpoint, soll molstune
content controls the partitioning of rainfall into ronoff and
infiltration and therefore affects mnoff, erosion, solute transport,
and land-atmesphere interactions, as well as mnge of peographic
and pedopenic processes in catchments (Aubert & al, 2003).
The role of soil molsture in hydrologial protesses has been
exiemsively studied over reoent decndes at eatchiment scale and
has received increasing attention from the hydrological scientific
community. However, soil moisture i one of the most difficult
variables to estimare because of its intemetion with factors such
as vegetntion, soil, and wpography (Venkstesh e o, 2011).
The estimation of soil moisture regimes has o deal with the
probability of several conditions of the soil moisture status in an
average vear, and therefore has to be based on long observation
periods. Soil moisture on a catchment scale exhibits a high degres
of variability in spece and dme and is influenced by o numbser of
factors, such as topography (Wilson e al., 2005; Moore er al.,
1988; Western & al, 1999), soll propenies (Bell e al. 1980),
land cover/vegetation (Mahmood and Hubbard 2007 Fu and
Chen, 2000), precipitation and other microctimatic conditons
(Famiglieni e al, 1998),

The soll and witer assessinenl ool (SWAT) (Armold & al,
19981, n physically based, spatially distributed model overcomes
these limitations and is being increasingly used to assess the
hydrological behaviour of large and eomplex watersheds, Rapid
parnmeterisation of hwlrologic models oan be derived using
remote sensing (RS) and geographic information systems (G15)
0% remotely sensed data provides valuable and up-to-date spatial
information on natuml resources and physical terrain parsmeters.
Numerons studies have described the potential benefits and nse
of BS and GI5 in hyvdrologic modelling (Hession and Shanholtz,
1488; Maidment, 15993; Srinivasan and Engel, 1941; Bhaslar o
al., 1992 Pandey et al, 2005, 2009). Among others, the SWAT
maodel has proven o be an effeotive tool for assessing water
resolree and nonpoint-soume pollution problems for a wide
range of environmental conditions. The model has been widely
used in various regions and climatic conditions on daily, monthly
and annual basis (Arnold er al, 1998; Mulungu and Munishi,
2007; Mutiah and Wuarbs, 2002; Srinivasan e al, 20056; Tolson
and Shoemaker 2007} and for the watershed of vanous sizes and
scales (Kannan & af., 2008, 2007: Bosenthal er al., 1995) testad
SWAT predictions of stream flow volume for the Lower Colorado
River basin (8927 km') in Texas. A GIS-hydmilogic model link was
used to aid in forming input files. Stream flow was simulated
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for nine years (or four stream gauge locations with 60 sub.
watersheds, With no calibmtion, the model closely simulated
monthly stream flow with a regression coefficlent (RY) of 0.75.
Bingner (1996} evalimted the SWAT mode] in the Goodwin Creek
Watershed (21.31 sqgkm) located in northemn Mississippd over
a 10-yenr perod. The land wse of the watershed was primarily
pasture and culivated field. The Nash-Suichiffe coefficients (£
ardd R, values computed with observed monthly flow were all
amound 0,80, Srinivesan & ol (1997) used the SWAT model o
simulate hydrology from 1960 o 1989 in the Rio Gmnde/Rio
Bravo river basin (598,538 sg.km) locsted in pars of the United
Staes and Mexico, The simulated average annual flow rates
W u:mpm'ed against USGS stream gnuge reco rels. Wisual time-
serfes plots and statistical rechnigues were used 1o evaluate the
madel performance.

It i, therefore, essential to study the melatdonship between
different hydrological and vegetative parameters. Palred micno-
watersheds under different forest covers have been gauged
during the pedod in order to measure the vadaton of runof,
sofl moisture rogime and sediment wvield under different
rainfall conditions.

4.2 MATERIAL AND METHODS

4.2.1 Study site

Two micro-watersheds, Armigad (30°26713.9N, 787053 7.4°E)
and Bansigad (30°279.1"N, 7H02'45.9"E), located 36 km north
of Dehradun near Mussoorie (situnted on the first mountain
ddge bevond Dehradun) in Unarakhand state of Tndia {Figure
4.1).Amigad watershed covers 285.7 ha is covered with dense
Guercus forests and supports moderaizly dense oak forest with
laid ve of 83 per cent forest, 12 per cent habitation and 5 per
cent barren Innd, Bansignd watershed oovers 190.5 ha is coverad
with degraded foresis of Quercus amnd supports moderalely
degraded oak forest with areal coverage of 65 per cent forest, 5
per cent habitation, 28 per cent barren, and 2 per centagriculture,
Elevations at Arnigad and Bansigad range from 2,220 to 1,540

Table 4.1: Soil physical properties of study watersheds

Figure 4.1: Location map of Amigad and Bansigad
micro-watershed

® Meteorological
observatories

m above msl and 2,160 to 1,620 m above msl, respectively, The
mean orienta ton of both watersheds is south (Singh e al., 2004).
The dmitnage pattern of both watersheds is of the dendritic type.
Annual rainfall in mussoorie is abour 2005 mm of which 60-85
percent i received during monsoon season (June to Sepember’.
In Mussoarie, mean annisal air temperature i 13, 7°C. The hottest
month & June with an average (1961 -1995) air emperature
of 19.8°C, and the coldest month is January with an averags air
temperniure of 67 contigrde. The Mussoorde range, constniing
the Proteroanic 1o Lower Cambrian rocks of the Lesser Himalaya is
separated from the Cainoeoic Siwalik Group and the Bun gravels
by the MBT (Thakur and Pandey 2004), that is a north-northeast

331
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dipping thrust along which the Lesser Himalayan rocks are thrust
over the Siwaliks (Rautela e al., 20100, The main parent material
in this aren consisis of gquarizite, schist, states, phyllite, hand
sandstones, limestone and dolomite (Bartnrya 1995).

4.2.2 Types of Vegetation

In Mussoorie, vegetntion is a climatic climax and belongs
o Himalayvan moist temperate forest (Raina and Gupta,
2006, In Arnigad ond Bansignd micro-watersheds, the
dominsting tree spedes & Quercus leueotrichophora and it has
Rhododendronarborerum as its major associate, Main tree species
in forest lands in Mussoore are: Quercus lencotrichophora,
Rhododendronarboreum, Cedrus  deodara, Prurms  cerasoides,
Pimusrochurghil, Malltus phillippinensis, Lonmea coromendelica,
Baukinia purpurea, Flacourtia ramontchi, Melia  asedarach
Cassia fistule, Grewia optive, Dalbergia sissoo, Beuhinfa variegare,
Terminglia belerice and Acoda catechu etc, (Raima and Gupta,
20197,

4.2.3 Physical properties of the soil

Undisturbed soll samples were collected from the depths of
1o 15 and 15 1o 30 cm using core samplers {rom five locations
in each watershed. The collected soil samples were snalysed i a
standard 20l laboratory for particle size distribution, bulk density,
soil organic carbon and hydraulic conductivity (Tvag er al,, 2013)
{Table 4.1},

Bulk density of soil is higher with increasing scil depth under
dense forest as well as under degraded forest. However, bulk
density s less under dense forest (1.01 10 1,16 g/oc) as compared
o degraced forest (1.06 o 1.20 g/ec). Overnll, there are 3.35
to 6,66 per cent reductions in bulk density under dense forests
in comparison 1o degraded forest, at different depths. Porosity
under dense forests is higher (45.00 per cent 1o 54.23 per cent)
as eoipared to degraded forests (43,10 o 48.57 per eent) and an
increase from 2.94 1© 11.67 per cent in different depths has been
chaerved in dense forests as compared to degraded forests, Texture
seems 1o be better under dense forest as compared o degraded
forest, having higher amount of the fractions (silt and clay) which
containg more totrents: St and clay fractions vary from 1267
o 14.67 por cent and 17,83 to 20.51 per cent, respectively under
dense forests while under degraded forests silt and elay vary from
11.00 to 14.33 per cent and 14.40 to 17.05 per cent, respectively
Infiltmdon chamcteristics of both the catchments were studied
under different forest covers and under different land uses.

The soil textural and physicoehemical properties reguired
by SWAT model include soil wexture, available water content,
Ivdmulic conductivitg bulk density and organic carbon content
for each soil tvpe.

4.2.4 Hydrological and meteorological
data

Thie hydmlogical and meteorological data was recorded from
March 2008 1o February 2001, For the measurement of rainfall,
two tipping bocket rain ganges and two non-reconding min gauges
were inztalled ar two different location of each micro-watershed

and daily rainfall was reconding a teach swtion. The hydrological
dita, viz discharge and soil moisture (at different depths) in each
micro-watershed was reconded and analyeed, Water discharge-
data was recorded on 15 minutes interval through datn logger
which generated about 53,851 readings. The 8 soil moksture sen-
sory installed in different land use categories of both the micro
watersheds generated about 70 readings which were analbysed
for megsurement of soil moisture in the watersheds, To measure
suspended load and total dissolved load, 800 waters amples were
ollected from each micro-watershed for calculntion of soil ero-
sion under different forest cover. The infiltration tests were done
at four locations of each micro-watershed through doublering in-
filtrometer, The soll samples were also collected for measurement
of physio-chemical properties of soil in different locations of each
micro-watershed and were analysed. The meteorological data,
viz. temperature, mminfall, humidity, wind velocity and evapora-
ton (about 64,800 readings each) was recorded and analveed
through different instruments in each micro-watershed.,

4.2.5 Infiltration Test

Measurement of infiltration mates were carried out using dou-
bile ring cylindrical infiltrometers (size: 30 cm inner, 45 cm outer
diameter and height 45 cm) made of mild sweel sheet, Infilrom-
eters were penetrated into the grodnd up to 15 cm depth using a
wiooden hammer striking on mild sweel plate appropriately placed
on top of the cylinders. Both cylindets were filled with water en-
suring equal water levels in inner and cuter eylinders, Theinfiltra-
tion rates were measured (using constant head method) on the
inper graduated cylinder till steady infil traton rate was achieved,
Infiltration tests were carrled out at four land uses (dense, de-
pradedd, open and sgrienlture forest) in each mibcro-watershed
{(Arnigad and Bansigad).

4.2.6 Rainfall-runoff relationship

The relationship between rainfall and ranoff is quite essential
for monitoring hydrological regulation of forests, For establish-
ment of the reladonship, a rectangular cross section with a V-
notch sharpcrested weir with apex angle of 120¢ (Figure 2a) at
the medial line of flow was constructed 1o measure the runoff
from each micro-watershed,

a4}  Rainfall: Rainfall is predominant form of precipimtion
and reach at the earth in the form of rain, snow or ice after the
process of condensation of total motsture from the atmosphere.
The amount of minfall is expressed in inches or mm and dmoplet
size of rain vares from 0.5 mm o 6 mm. The miaf@ll in all the
major river basins of the country is mostly confined to four
mimseon months between June to Sepltember during which
almost 80 per cent of the total rainfall tnkes place (CWE, 2(K05),

b} Runoff Runoil is fowing off of the rainfall from the
watershed aren. Runoff for the rainfall, generawd after satisfying
the initial losses, evapotranspiraton, infiltraton and detention
storage requirements and quantifying by mi/see.  Romoff
generation in a natwral catchment due o storm rainfall is highly
complex and spatially and emporally heterogeneous [ Robinson
and Sivapalan, 1995),
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ESTIMATING THE STREAM DISCHARGE

Sream discharge () is the volume of water that passes
through a oross-section in a unit time, generallv expressed as
cubic metre per second (m*/s). Following discharge formula for
sharp-crested weirs was used (Gregory and Walling, 1973),

Q=247H»

Where Q = Discharge in m*/s; H= Head of water in metres

Automatic Warer Level Recorders (Figure 4.2h) were installed
to measire continuons discharge at 15 minutes time interval. For
the measurement of rainfall, two tpping bucket rain gauges and
two ordinary rain ganges were installed at two extreme elevations
of each project area. Present analvsis is based on dara collected
from both the watersheds from April 1, 2008 to March 31, 2011,
Other meteorological parameters, i.e., humidity, temperamre,
evaporation and wind velodty were also monitored nsing dry and
wet bulb thermometer, maximum-minimum thermometer, pan
evaporimeter and anemometer.

4.2.7 Sediment Load

The sediment transported by a stream was deposited i the
anill warers of the reservoir. The warer samples for measurement
of sediment load was collecred bimoenthly (formighthy) bur during
mansoan, daily sampling was done and in some cases, sampling
was on houdy basis and gravimeric method was used for
meazsurement of suspended load., Warer sampled was collecred
in plastic borde with capacity of 1 litre at the gauging site. The
sediment concentration was obtained by filration method and
collected zamples were analysed in the laboratory by standard
procedure to estimate the suspended sediment concentration
(55C). Suspended sediments were separated by screeming
with Whatman 42 flier paper. The weight of the sediment was
meazured by subtracting the weight of the filter paper from the
weight of the dried filter paper alongwith the filtered sediment
after filtration. Further, before taking the weight of the sediments

on the filver paper. it was kept in a desiceator 1o remove moisture
from the sediment, Total Dissolved Solids are measire of the
amount of solids in water and it was measired by TDS tester,
The tester was fitted with elecrode which easily gives readings of
TS just after 5 seconds of insertion of the elearrode in water. The
range of the meter was 0 to 2000 ppm and the resolution was 10
ppm. The accuracy was + 1 per cent of full scale.

4.2.8 Soil moisture data

Soil moisture levels can be expressed m terms of soil water
content or soil matric porential. In the present study, soil marde
potential was measured using electrcal redstance probes of
“Water Mark’ make that operate on the principle that the electrical
resistance of the probe iz proporfional 1o its moisture content. Two
electrodes are embedded inside the probe with a cable extending
1o the surface. The probes are buried in the soil ar degired depth
of measurement. The warer moves in and out of the probes in
equilibrium with the moisture content in the surrounding soil. The
resistance is measured between the two elearodes by attaching
a portable meter to the cable. The measurement 15 related to soil
water potential.

Three sites representing topographic highs and lows were
established in each watershed for measuring the soil potental,
The probes at each site were mnstalled at 0.25 m, 0.50 m and 0.80
m depths, respeaively, to monitor the soil molsmre ar different
tool zone depths, A hand held vead-out unit, when conneced 1o
probes, provided the soil mamic potendal (kPa). The soil marric
potential in all the senzors was monitored at formightly intervals.
While installing the probes, undisturbed =il samples were
mollected from all three depths at each point in each watershed
and 501l mmsmre retention curves were developed for each of the
zoil samples in laboratory nsing pressure plate apparatus for the
pressures 1, 33, 50, 70, 100, 300, 500, 700, 1000, and 1500 kPa
(Tyagi et al., 2013).

Figure 4.2: (2) V-notch sharp-crested weir (1200 angles) with rectangular cross section and (b) Automatic Digital
Water Leve| Recorder
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4.2.9 Model Input Data

The basic spatial input datasews used by the model include the
digital elevation moded (DEM), land use/ cover data, scil data and
climatic datn. The brief methodology for preparation of the data
is described as follows (Tyvagl e al., 2014):

4.2.9.1 Digital elevation model

DEM is one of the main inputs of the SWAT model to define
topograpdy of the study area. Elevation contours af 20 m interval
werne digitised from Surwy of India toposheet (no. 53 J/3) at
1:50.000 scale using ARCGIS software. The digitised oontours
were used 1o generate DEM with a grid oell resolution of 30 m.
The DEM was used to delineate the boundary of the watershed
nnd analyse the drsinage patterns of the land surface terrain,
Terrain parameders such as slope gradient and slope length, and
stream network characterdstics such as channel stope, length and
width were dedved from the DEM.

4.2.9.2 Land use/cover data

Land use 15 one of the most important Metors that affect
runoff, soil ercsion and evapotranspiration in o watershed dudng
simulation (MNeitsch er all, 2005). As per the Survey of India
toposheet, major land use in Arnigad and Bansigad watersheds
consists of cak forest with small areas under habitation and barren
lands. The extent of varous land use classes showin in the Survey
of India woposheer (1:50,000 scale) was verified in the field and
mingr modifications were made in the boundaries of lnod use
classes as per actual extent. For preparation of land use map, the
field surveved land use classes were digitised and converted to
rister format with grid cell size of 30 m. The varous land use
categories and their covernge in both the study watersheds ane
pressented in Table 4.2,

4.2.9.3 Weather data

Meteoralogical observatories werme established within each
watershed to monitor daily minfall, temperature, humidity and
wind velocity, Rainfall was measured dsing tipping bucker min
gauge linked with a data-logger system, and also with ondinary

Table 4.2: Major land use classes in Arnigad and
Bansigad watersheds

Arnigad watershed | Bansigad watershed

Land use

Arealha) %total Areaiha) %total
DenseOak forest | 244.2 80.22 0 0
E’:g:d“d Oak o o 174.2 B3.03
Barren 338 11.10 %57 1225
Habitation 264 B&S 55 4mn
Total 3044 100 2008 100

rain gauge for cross checle. Maximum and minimum temperatore,
relative humidity and wind velocity were measured with the
help of maximum o mintmum thermemeters, dry-wet bulb
thermometers and anemometer, respectively. The meteorologieal
data was collected from March 2008 o Februsry 2011,

4.2.9.4 Hydrological and sediment yield data

The daily discharge and suspended sediment eoneentmbion
for the period of March 2008 o February 2011 were measured
at the outlets of each study watershed, A sharp-crested weir and
o digital stge level recorder (Flgures 4.20 and 4.5h) was used
o mieosure stream stage, Daily discharge was caloulated using
appropriate weir formuta. The water samples were collected
using Punjab bottle samplers and analysed in the laboratory for
sediment moncentration. Sediment concentration was meassured
by filtering samples through Whatman filter paper no. 42, The
flow and suspended sediment concentration were messired
over o range of hvdrological conditions and daily values were
caleulated from the mean of Instnnianeous valoes for o given day

4.3 RESULTS AND DISCUSSION

Ower 50 per cenit aped of the Armigad B coversd with dense
Oak forests (O4< crown density <0.7) and 20 per cent area
is covered with very dense cak forests (crown density = 0.7
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Figure 4.3: Hydrograph of Arnigad project area on
daily average basis (Period 15t April 2008-31st March
2011)

Figure 4.4: Hydrograph of Bansigad project area on
daily average basis (Period 1st April 2008-31st March
2011}
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Habitation is mostly on the fdges. About 75 per cent area of the
Bansigad 5 under degraded or open forests. Dense forests also
constitute approximately 20 per cent area and habitation covers 5
per cent of the area. Under wooded area in both the catchments,
average tree density in dense foresis is higher by 30 per cent
Avemnge tree diameter (dbh) in dense forests is 3006 = 8.2 em in
omparison to 15.5 « 6.6 cm in the degraded forests. Average
organic carbon content over the depth of 15 cm in the dense
forests 5 3.31 per cent while it is 237 per cent in the degraded
forests over the same depth,

Both the sites are located at appmoximately on the same
elevation and on the southermm aspect of the same mountnin
range, having approximately similar meteorological features,
Approximately BO.S0 per cent rainfall is concentrated in
the monsocn period (fune-September), Therefore temporal
distribution of mminfall i highly uneven over a year Annual
rainfall in both the watersheds is nlmost equal with varlation aof
2-4 percent {Table 4.3),

Mischargs of three vears shows the pattern of stream discharge
from both the catchments (Figures 4.3 and 4.4). Comparison
of hydmgraphs of both the micro-watersheds (Figure 5.5)
shows that stream flow of Armigad is mome unifornn. Standard
deviation of daily average Now tor the duration of three years [or
Amigad and Bansigad is 5.77 mm and 10.58 mm, respectively,
[aily average flow of Bansigad for all the three vears is higher
by approximately B per cent in comparison to Arnigad. Daily
average flow for the three years period is 5, 1mm and 4.5mm for
Bansigad and Arpigad, respectively The maximuom daily Aowing
Bansigad, in amv particular yvear is approximately two o three
times higher than that of Arnignd. Average runoff coefficient of
Bansigad for the study period is 0.64 in comparison o the 0.56
ofAmigad, showing higher annual stream discharge from the
degraded forest. Total runoff of Bansigad is 5599 mm against
4,684 mm runctt of Armigad durdng the study period in response
to the rainfall of 8.780 mm dunng the same perdod. This amounts
to 238,33 mm/year higher annual discharge for Bamsigad in

Table 4,3: Yearly variation of rainfall and runoff (April 2008- March 2011)

Arnigad Bansigad
Rainfall {mm) Runoff imm)  Percentage Runoff (%) Rainfall {mmj Runoff (mm)  Percentage Runoff (%)
2008-09 2905 15632 55% 2958 1930 B5%
2009-10 e 893 45% 212 1124 53%
2010-1 359 2359 62% 3709 4545 G99
Total B782 ag84 55.6% Erik 5599 63.8%

Table 4.4: Runoff statistics for Arnigad and Bansigad{ April 2008- March 2011).

Bansigad

Daily Avg, Std. Dev, Max. Flow  Min. Flow Craily Avg. Std. Dey Max, Flow Min. Flow
{mm) {ram) {rarm) {March) (mm) {rmm) (i) {mmj {March) (mm)
200809 45 4.6 il 14 3 82 46.1 0
2009-10 4 1.5 106 13 31 50 278 0
2010-11 65 83 G605 1.7 70 153 131.1 03
Overall 4.5 577 60.5 1.3 5.1 10.58 131 o
= Eaflé to contents [23)
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comparison o Arnigad (Singh er al,, 2004).

Results reveal thatrunoff coefficient for the same carchment
varies with the annuoal rainfell. For Arnigad, runoff coefficient
is minimum (145 durdng the year 2009-10 and maximom
.62 during the vear 2000-11. For Bansigad, runoff coefficient
varies From minimuem 0.53 for the year 200910 to moximuom
{L69 for the vear 2010-11 {Table 4.4), For the amount of rainfall
varintion of 1,840 mm froan the yepr 200910 to 2000-11, change
in total ronodl from the Amigad project ares is 1,466 mm,
Almost 80 per cent of the excess minfall received during the
vear 2010-11 in comparison to the year 2000-10, is converted
in 1o runoff, Exactly;, similar pattern was observed in the rainfall
runofl’ daw of Bansigad cawchment (Table 43). In Bansigad
catchment also, almost 80 per cent of the excess rainfall during
the vear 2010-11 in companson (o the vear 200510 converts
in o runcff, Runcff coefficient Is lower for the watershed with
denge forest cover Ooee soil mosture deficit is compe nsated
b the rainfall and scil is satorated, most of the exoess rainfall
is converted in 1o mpoff, imespective of the forest density (Singh
e al., 2014).

Minkmum streamn discharge in both the michments has heen
noticed during the months of April-May. Lean flow discharge in
the Arnigad stream is always higher than the stream of Bansigad,
Dlscharge in the stream of the degraded watershed of Bansigad
is negligible by the month of March every year Year 201{-
11 witnessed very hizh rainfall in comparison o the previoos
two years, Madmum daily flow duting. the year was measured
amounting o 131.1 mm in the stream of Bansigad and 605
ormin the stream of Amigad. Despite very high rainfall during the
vearflow in the Bansigad stream was (23 mm only in comparison
o 1.7 mm in Arnigad stream, measured on March 31, 2011,

Crverall discharge from Arnigad during the penod of three years is
lower by B per cent than from Bansigad due to higher interception
and transpiration losses, However, the Armvigad catchment, which
is covered with dense patch of Qurscus forest, is able to support
higher stream discharge during the non-monsoon period. Higher
discharge during non-monsoon perod (October to My} indicates
that forested carchments produce greater base flows and more
natural springs (Shuni Wang et of,, 2011), Forest can enhanee
the sofl infiltration which leads to gredter percolation to ground
water and thus could contribute towards low Aow discharge
(Bruinees], 2004).

Arnigad stream is perennial whereas Bansigad stoream is
intermictent and it fows for 9 to 10 months only. Fiow during
the post monsoon season is supported by subsurface base flow
in a hilly watershed. Rninfall infiltrates the ground throsgh
secondary porosity developed such as fssures, fractures, joints,
bedding planes, e, and m-appears down the slope as spring
and seepage. It appears that forest cover influences infiltraton
process and delays the direct runoff from the catclument, This may
be a reason for igher contrnbution of subsurface flow in Armigad
micro-watershed and subsequently  higher strmam  discharge
during the non-monsoon pericd. The stream emanating from
the dense forest cover of Arnigad is geperating 2,082 mm- runoff
in comparison to 1,384 mm runoff from the degraded forest of
Bansigad, which amounts to an average of 253 mm higher runoff
in & year during the non-monscon perod (October to May) from
Arnigad and it was 57 per cent more than the stream discharge
of Bansigad during the same peried. In degraded watershed of
Bansigad, ground water storage is not encugh to sustain the
strenin discharge throughout the vear It may be concioded tyar
gronnd water recharging is higher in dense forest,

Table 4: Infiltration ratesatdifferentsites of dense and degraded forested micro-watershed

Watershed | SiteNo livitial Mean Steady Mean Tatsl Mean Tiim eto Mean
for Infilt. Rate Inityal State Infilt Steady Cumulative Cumulative Reach Timeto
Infilt, = After 5 Il Rate Infilt. Depthto Depthto Steady Reach
Tests minute Rate {em/hr) Rate Reach Reach Infil. Rate Steady
[emihr) (emihr) {em/hr) Steady Infil.  Steady Infil. | (minute) Infil. Rate
Rate{cm) Rate (cm) (minute)
Site-1 101.04 28.89 162.50 265
1975
Dense 83,10 2148 108.16
Site-2 1344 3033 110 *
+ + *
(Bansigad) 181.93
n
Site-3 1992 810 21.88 125 S
Site-4 77.04 48.2{5D) 18.60 10.3(50) 66.34 765600} 180 o
Site-5 51.96 1269 3510 110
4938 17.93 .77 1700
Degraded | go5 5028 2457 230
e + * 122.77 * *
Sitie-7 3168 216 1238 150
Site-8 615 13.2(5D) 3228 13.2(5D) 116.83 56.3(3D) 190 51.6(50)
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However, impact of vegetation on the low flow as chserved in
this study is in contradiction with many other studies. Douglass
and Swank (1972) found that when a hardwood forest was cut,
about 60 per cent of the stream flow increase came during the
low-flow pertod, July-November; the pattern is typical in the
eastorn United States whens most precipitation occurs as rain. In
India, detailed and long term paired catchment experiments in the
Nilgiris, in which the responses from a control catchment under
natural grassland were compared with those from & caichment
under 5% per cent euoalyptus cover indicate very significant
reduetions during the low Rows in dry season (Sikka er al., 2003).
Whether the higher lean fow discharge or higher ground water
storage observed in Arndgad having dense forests In ocomparison o
Bansigad 15 due to forest cover and favoumble homas and subsail
conditions inside the forests or due to favourable geological
conditions, is required m be ascertained.

4.3.1 Infiltration rate

Representative mean values of initial and steadystate infiltra-
tion rate of these two microwatersheds are summarised in Table
5.5, The present investigations showed that injtial infiltration rate
varied from 19.22 © 10104 cov'hr (mean: 81.104+48,2 cmy/hr)
and 31.68 to 63.6 eny/hr (mean: 49.38+13.2 em/hr) in degraded
and dense forested micmo-watershed, respectively

The steady infiltration rates were observed in the order of
8.10 10 30,33 cn/hr (mean: 21.484£10.3 conhr) for the degmd-
ed miero-watershed and it eanged betwesn 2,16 o 32.28 emy'hr
{mean: 17.93+£13.2 condhrd for dense forested micro-watershed.

4.3.2 Sediment Load

Temporal variation of suspended sediment load tunder dense
and depraded oak forested micro-watersheds §s presented in
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Feure 4.60a) and (b)), Daily vanaton of mean suspended sedi-
nmnr.ju.'mm-:nuuﬁ::-u (S50in .-"I.rnigndlmugea berween 2 to 3,180
mg/l with a mean valoe of 130mg/1 while in Bansigad, it varied
between O and 7670mg/L while the menn value of S5C was 217
myg A Figure 5.7 shows monthly patiern of 351 and runoff and
penls of these oocurred in Augost (for the Amst two years) and
were in September (for the third vear) for the micro-watersheds,
The deloyed peak in third year was due o delayed monsoon
Qe et al,, 2013).

The sediment dats indicate that majority of the sediment looad
5 in the form of suspended sediment which is ransported dur-
ing the monsoon months, On average, 780 tsgbm and 2,134 o
sq..km of 5L oocurs during monseon in Amigad micro-watershed
and Bansigad micro-watershed, respectively. Some amount of
suspended loadis also transported during winter{62 Csg.lan in
Arnigad and 66 v'sq.km In Bansigad) and negligible amount (3 v
sgem) oocurred during summer season in Arnigad and (00009
tsq.km) in Bansigad due to ocoasional local rainfall (Tahle 4.6).

4.3.3 Soil Moisture Variations

As presented in Table 5.7, the observation sites in each
watershed exhibited large varintion in 50il moisture retention
capacity both in space and depth, However, it i indicated that
Arnignd watershed as a whole has higher moisture mretention
capacity than Bansigad watershed, For further analysis, monthly
soil moisture walues were computed from fortnighthy  feld
ohservations at individual sites and depths in both wotersheds,
The time series data exhibited large varistion omong the sites as
well as alomg the depth in each watershed. Therefore, mean soil
moisture values wone compuied for analysis of empoml, profile
and spatial variation within each watershed and to eompare the
s0il moisture regimes of two watersheds having different forest
oover characteristics (Tyagl ef al., 2013).

4.3.4 Assessment of calibration results

The cheerved and simulated daily runoff and sediment
concentration during calibration period of June 2008 to May
2000 are graphionlly presented in Figure 4.8(a, b) for Amigned

ond Figures 593 and 5.9b for Bansigad watershed, 11 can be
observed that the simulated discharge generally followed the
trend to observed discharge in both the watersheds.

A crition] comparison of the runoff hydrogrphs of Arnigad
watershed (Figure 8a) shows that the flow peaks are simmlated
slightly higher than the observed peaks during monsoon seasons
both in 2008 and 2009 However, the low flows simulated by
the model generally match well with the observed values. In
Bansignd watershed, a mixed trend ks observed in simulating
flows during HX8 and HHW; while, high aad low flows are
simulated reasonably well during 2008: the high flows appear

Table 4.7: Volumetric soil water content at different
sites in the study watersheds

AAL 0-25 4731 3354

AAd 2550 4731 3354 14.69

Amigad AA3 5080 3904 2868 1445
AB1 0-25 4542 3309 14.79

(densecak  AB2 2550 3599 24356 1261
forest) AL 0-25 5965 4080 1337
AC2 2550 5926 4153 1323
AC3 50-80 5980 41.8 1349

Average 4924 3456 139
BA1 0-25 5251 3BA7 1564

BA2 3550 3085 2620 491

BA3 S0-80 2059 1686 217

Bansigad  gg 0-25 4160 3150 1182

w 882 %50 3177 1263 912
foeksth BC1 0-25 5558 4960 2548
BC2 2550 5457 4132 2070

BC3 5080 5155 3931 1621

#Mbﬂt- 4339 3333 1335

Table 4.6: Seasonal variation of S5L at Arnigad and Bansigad micro-watersheds

Mame of
watershed

tonnes

Seasonal Suspended Load (S5L)

Summer Monsoon Winter Summer Monsoon 'Mnm iummu- I'll-m:-nun Winter

2008-09 183 15218 385 6.4 5326 138 | 1.2 963 25
Amigad 2009-10 1.1 196.6 376 04 688 132 | 05 835 16.0
2010-11 29 49635 4561 10 | 17ar3 | isez 0 915 8.4
Average 7.5 22273 1778 26 7796 62.2 0.6 90.5 9.0
2008-09 00 28061 447 a0 14730 235 00 934 15
Bansigad 2000-10 0.0 §73.2 56.7 00 @ 3534 208 00 | 922 78
201011 00 86611 2748 00 45465 1443 00 969 31
Average 00 40868 1254 00 21243 65.8 0.0 959 4.1
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Table 8: Goodness of fit statistics for Amigad watershed for calibration period.

Standard deviation
Description
Discharge (m's') 84,48 0.9 a1l f.178 0130 0743
Sadiment concentration img 1% 2in 089 B2A4RS 122820 172544 158658

Table 9: Goodness of fit statistics for Bansigad watershed for calibration period.

Standard deviation

Description = p ; : 1 i
Dhscharge (m's') B9.74 4.8 0092 o8 0.153 @152
Sediment concentration (mg 1) 8207 086 132128 17817 30%.983 32181
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Fig. 4.9a. Observed and simulated daily discharge Fig. 4.9b. Observed and simulated daily sediment
during calibration in Bansigad watershed. concentration during calibration in Bansigad watershed.
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o he underestimated and low flows overestimaned dudng 2009,
A comparison of observed and simulated suspended sediment
concentration (Figures 4.8b and 4.9b) shows that simulated
sediment concentration slso generally followed the olserved
trend in both the watersheds. Although, model predicted peak
vitlues wiere found both higher and lower than the observed values
at different times in both watersheds, the difference was within
reasonable Himits. The differepce in simulnted and observed
values could ooour due to the fact that in practice, high-intensity
and even short duration rainfsll can generote more sediment
than simulated by the model on the basis of daily rainfall (Xu
er al., 20097, The simulated sediment concentmtion during non-
monsoon seasons was higher than the observed values in Arigad
watershed. The obvious reason for higher sediment simulation is
that the sediment response follows the simulated munoff rate a8 the
sediment generation is largety determined by the runoft quanting
In Bansigad watershed, the simulation of sediment conoentr tion
during non-monsoon seasons was easonably good,

The smtistical indices of model perfonmance are presented
in Tables 4.8 and 4.9 for Amigad and Bansignd watersheds,
respectively. The analysis for Amigad watershed showed very
gond agreement betwssn observad and simukated daily values,
with an B value of 0.91, and an E_ of 84.48 per cent in discharge
stmmladon; and an R of (L88, and an E_ of 83,11 per cent in
sediment simulation. In Bansignd watershed too, the model
exhibited a very good performance in simulating the dischargs (R
=091, and E_ = 8§9.74 per cent) and the sediment concentration
(R =0806and E = 8207 per cent) (Tvagi et al., 2014),

4.3.5 Assessment of validation results

For validation, the observed dally discharpe and sediment
concentration data of the period of June 20010 to February 2011
were piilised and comparsd with the model simulated values
(Tyagi er al,, 2014). A visual comparison of the chserved and
simnilated daily discharpe and sedimenl concentration is predented
in Figures 4.10a and 4.100 for Amnigad and Figures 4.11a and
4.11b for Bansigad watershed, These results show a good general
agreement between observed and simulated trends of discharge

and sediment concentratdon in both the watersheds, Further, it
{5 observed that similar to calibration results, the peak flows are
slightly overestimated in Arnigad watershed and underestimated
in Bansigad wotershed, The flows during non-monsoon season
are simulated reasonably accurate in both the watersheds. [n
estimating suspended sediment concentration (Figures 4700
and 4.11h), the peak values are observed 1o be overestimated in
both the watersheds, The model also overestimated the sediment
concentration during non-monsoon period which is possibly
due 1o the reason that the quanity of sediment generntion also
depends on the simulated discharge rate 45 mentioned earlier.

Perfect fit indicates a0 very good performance of the model
in estimating both discharge and sediment concentration for
the study watersheds. [t can be seen from Tables 4.10 and
4.11 that the R of 0.94 and E_ of 82.78 per cent in discharge
estimation, and R of 0.88 and E_ of 83,28 per cent in sediment
estimation are computed for Arnigad waresshed; and B of 0,92
and E_ of 9.5 per cent in discharge estimation, and R of 0.04
and E_ of 80.67 per cent in sediment estimation am computed
for Bansigad watershed, These B and E_ valoes are of the same
order as obtained during calibmition which explain that model
has performed equally well on the data s=t used for validation
purpose, The model performance with these high values of
statisteal indices can be rated as more than satisfactory in
simulating discharge and sediment concentration foom  the
study warersheds. The aforementioned resulis can be viewed in
the light of the fact that the runoff and soil erosion process in
hilly and mountainous forested catchments are highly complex
phenomena and affected by interaction among rainfall, mnoff,
soil e and structure, land use, land slope and conservation
measures, Therelore, magnitude of randomoess in doily
simmlated values may be large in mounisinons eatchments{Singh
et al., 2011). Generally, poor cormlaton among daily values in
SWAT simulation has been reported in litermture (Feterson and
Hamlem, 1998; Varanon e al,, 2002 Spraill er al., 2000), The
resiilts of the present study, however, Indicate that SWAT ean be
e for estimaton of daily discha ree and sediment from forested
watersheds in lesser Himalayas,

Table 4.5: Goodness of fit statistics for Arnigad watershed for validation period

Description

8278
83.28

Q54
0.88

Discharge (ms)
Sediment concentration (mg 1)

Mean

Standard deviation

0.273 0.327

0293
296.989 397358 520740

Table 4.6: Goodness of fit statistics for Bansigad watershed for validation period.

Description

Discharge (mys’)

054

Sedifment concentration (mg I') 80,67

337.922 577961 B53.365 1032541
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4.3.6 Assessment of the impact of
forest covers types on stream discharge
pattern and sediment yield

The assessment of munell and sediment yield was made
based on the total simulation periad of three vears [Tvag ef al,,
2014), The model predicted that mean annual rainfall of 2925
mm over Arnigad watershed was mainly partitiened among
evapotranspiration, ET (27.3 per cent), peroolation groundwater
recharge (62,2 per cent), transmission loss/abstraction (4.5 per
cent) and surface runoff (6 per cent). The simulated mean annual
water yield amounted to 1,738.5 mm (59.4 per cent) against
the observed water yield of 1,622.4 mm (55.5 per cent). In
Bansigad watershed, the mean annual rainfall of 2,926.5 mm was
partitioned among ET (22.1 per cent), percolation/groundwater
recharge (65,8 per cent), teansmission loss/abstraction (5.2 per
cent}, and surface runoff (6.9 per cent) and the mean annual
water yield was simulated as 2,030.1 mm (69.3 per cent) against
the observed value of 1,863.6 mm (63.7 per cent), These values
indicate that the water balance components in both catchments
are almost identical, These results can be supported by the fact that
the distribution of land use and soil types in both the watersheds
is almost similas. Higher ET and lower surface nmoff in Amigad
than the Bansigad watershed s obwious due to the difference in
forest cover types in Amnigad (dense oak forest) and Bansigad
watershed (degraded cak forest). Although, higher water yield
is obtained in Bansigad than the Amigad watershed, the river
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Figure 4,11k Observed and simulatad daily sedemant
concentration during validation in Barsigad watershed.

flow in Bansigad ceases in the month of February or during early
March, while Amigad sustains the river fow thronghout the
vear. Sharda and Ojasvi (2006) reported that root system of an
oak tree is very extensive and soil-root complex system of each
matire oak tree las a capacity to store several hundred litres of
wter, which 15 released as hase flow during the lean season.

The mean anmuel sediment loading from the Amigad and
Bansigad watershed was simulated as 8.45 and 2197 t/ha
respectively, against the mean observed sediment yield of 10,70
and 24.46 t/ha in respective watersheds. The simulated sediment
vield is comparable to olserved values in both the watersheds,
The high sediment yield in Bansigad watershed can be attributed
1o degraded forest cover and other anthropogenic activities in
the watershed,

4.4 CONCLUSION

In the present study, soil moisture repime was monitored
and evaluate the applicability of physically based, distributed
parameter SWAT model in estimating discharge and sediment
yield from two forested watersheds in lower Himalaya analysed.
Overall discharge during the period Apeil 2008 to March 2011
from the Amigad dense oak forest stream was 4,884 mm in
comparison fo 5,599 mm from Bansigad degraded cak forest.
However, lean flow discharge was found higher from the dense
forest, Dwring the three-year period, total lean flow discharge
during the non-monsoon petiod was 2,082 mm in Amigad stream

<< Back to contents
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in comparison © 1,324 mm in Bansigad stream. Soll moismre
vitlues in both watersheds show an annual cycle with highs and
lows during pericds of high rainfall and high evapotranspiration,
respectively. The soill moisture stomge under dense forest cover
wias higher than under the degraded forest during all the seasons,
The values during monsoon, winter and summer seasons were
ablained as 40,33 per cent, 20.29 per cent and 25.95 per cent,
respectively, under dense forest; and 39,34 per cent, 25.50 per
cent and 22.58 per cent, respectively under degraded forest( Tyagl
er al., 201 3 ). The de graded forest exhibited lnrger spotial variation
in soil moisture than the dense forest which had comparative o
uniform distdbution of mees across the watershed, Similarly
average annual suspended was higher in degraded forest (2,190
t/5q. kmu/yT) than in dense forest (844 t/5q.km/yr). This indicates
that forest controls exoess suspended sediment load. Anmually,
forests reduced 6144 per cent delivery of sediment load in
Arnfgad watershed. Maximum load 90.5 per cent in dense miero-
watersheds and 95,8 per cent in degraded watershed occurs
during monsoon. The SWAT mode] simulated daily discharge and
suspended sediment concentration followed the rrend of abserved
witloes in both the watersheds (Tvagl @ al., 2014). R values of
.21 and above and E_ values of 52.8 per cent and above both
in calibration and wlidation exhibited high performance of the
midel o simulating the discharge from the study watersheds,
Similarly, the model also perfornied more than satisfactory on both
the study watersheds in simulating the sediment concentration
with F° valoes of 0,86 and abowe and F_ above 80 per cent. The
midel also simulated the mean anmual water yield and sediment
yield close to the observed values in both the watersheds. The
mean annual surface runofl and water yield over the entire study
period were simulated as 6 and 59.4 per cent, mespectively, of
the mean annunl rainfall in Amigad watershed: and 6.9 and 63.7
per cent, respectively, in Bansigad wateshed, The mean anmual
sediment vield from the respective watersheds was simulated
a5 8,45 and 21.97 t/ha, respectively: The results indicated that
SWAT is eapable of estimaling the discharge and sediment yield
fromn Himalayan foresied watersheds, the estimates of which ane
often mquired for operation and management of irriganton and

hydropower projects in the region.
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5

Forest Hydrology Experiment and Modelling at Watershed
Scale Located in Central India

P. K. Gupta, R. P. Singh, J. 5. Chauhan, A. Solanki and J. 5. Parihar

5.1. INTRODUCTION

Severe water shortages oocur in seveml parts of the world
and this situadon is worsening each vear Freshwater withdrawals
increase with incressing population and increasing per capita
needs, Both groond water aquifers and low-season  stream
flows are experencng depletion. While this water use erisis
will advesely affect water supplies for imrigated apriculiure,
drinking suppiy. etc., [or terrestrial and avian fauma, the most
serions deficdt crinch will be for potable water for humans in our
citfes, villages and ruml areas. Forested catchments supply a high
proportion of the water for worlows purposes in both apstream
and downsmream areas. There is a need fora better understanding
of the interactions between forests and water. Recently, research
has shifted o studying large-scale watershed hydrolegy climane
change impacts, and application of hydrological models. But,
forest hydrology in India is in an infant stage. The informuation
o define the entire hydrological system and water budget of
a parteular forest system Is yet o be estimated. Hydeologieal
processes in a forest system are presented in Figure 5.1,

Forests and their management practices have the potential to
aler the guantiry, quality and timing of water moving through

RAINFALL

Figure 6.1: Processes for
modelling hydrological
cycle in the forest system

aquifers by altering the interception, evapotranspiration, soil
infAltraticn, base fow, runoff, ete. (Anderson et al., 1976; lee
and Stednick, 2004}, Forest hvdrology deals with the mle of
forest over precipitation and water vield producton potential of
the forest. Thersfore, forest influences on varous hydrobogical
parameters, viz, minfall, interception, infiltratdon, soil moisture,
evapotrnspiration, groundwater, water vield, soil loss and floods
ete, forms an important atea of hyvdmological studies. Previous
limited studizs (Agarwal e al., 1987 Mehar-Homiji 1986; Dutt
and Manikiam, 1987; Gupta o al, 2005; Gupta er al., 2012)
indicating that forests and rainfall elatdonship are oot linear
on a regional scale. Interception studies carded out in India
(abral and Subbarao, 1969; Mathur et al, 1975)) indicate that
the canopy interception varies from 15 per cent to 35 per cont
of rainfall in the forest regions. The interception varies not only
with canopy density, etr., but also with ntensity of rainfall. The
analyvsis of infiltration data from small forests and agriculture
watershed in the Doon valley indicated that the rate of infiltrtion
was twioe In forest watershed (Shorea Bobusta) as compared to
agriculture watershed (Dhruvanavayana and Shastr, 1983,

[t can be depicted that the infiltration mtes are relatively more
in forested soils as compared 1o agriculiural areas and grasslands.

STREAM FLOW
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Much effort has not been made to quantify soil moisture storages
under forests. However, forested solls have a berter soll moisture
retention capacity due o improved soil structure because of
mare humus and organic content. In general, forests have high
evapotranspiration requirement as compared 1o other land uses,
Groundwater relationship with forest is vet o be examined
scientifically on large scales. Studies condocted in India and
abroad (Hibbery, 1965; Lal and Subba Rao, 1981) have shown
increase in stream [low due w cutting and reduction of density of
forests. There is need for the management of water resources in
forest system involving advance techniques like remote sensing,
GI5, distributed physically based hydrological modeling and also
In situ observations through hydrologlenl experiments. A study
has been done to estimate the water balance components in the
forest and neighbouring regions of the Kanha National Park for
the conservation and management of water,

5.2 METHODOLOGY

MIKE SHE/MIKE 11 coupled model is a GIS-based distributed
model. It i a spatally and temporally explicit, modularzed
modeling svstem. This mode] simulates the complete temrestrial
water oycle, including ssturated water movement in soils, 2-D
water movement of overland flow, 1-D water movement n rivers)’
streams, unsaturated water movement and evapolranspiration
(ET). Saturated water movement in soils is modeled using 3-D
Fimite Difference or Linear Reservoir The 2.1 water movement
of overland flow Is simulated using Finite Difference or
Subcatchment-based method. The diffusive wave version of Saint
Venant equations 5 used to simuolate 1-D water movement n

mivers/strenms. The unsaturated woter movement is simulated
using either Richards equation or Gravity Flow or Two-Laver
water balance method (Figure 5.2). Detailed descriptions of the
model and algorithms can be found in publications {Abbott er al,,
1986h; DI, 2005),

5.3 DATA USED

Three types of datasets such as remote sensing. in-sity
measurement and soil physical and channel characteristics were
wsed for the hvdroloegical and hydmulic modelling. Brief summary
of datasets used in modelling are as follows;

5.3.1 Remote sensing data

Following remote sensing derived parameters have been used
for model setup, delineation of various thematie layers and model
testing.

Digital Elevation Model (ASTER)

Rainfall (NOAA Climatic Prediction Centre)
LULE (LSS 11

LAl (LISS 1] and MODIS)

River network (LISS I11, Google earth)

5.3.2 In-Situ measurements

Following measurements were used for model initialization,
ealibrution and validation of the model,

«  River water level (2 locarions)

= Velocy

Watershed

O Groundwater

@ Serings
River r netwark

@ River gauge

Figure 5.2: Location and
details of the study area
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Cross sections

Groundwater (pre and post monsoon)

Resistivity survey (groundwater, hydrulic conductivities,
soll formations, ete)

Hainfall

T pee 1o Tuere:

Soll moisture

Leal aren index

5.3.3 Other data

These datasets were used for sertting up and as calibration
parameters for the hydrological model.

*  Soil physical properties
*  Channel characteristics

L

5.4 Study area

The watershed is located within and the buffer megions
of the Kanha National Park along the south-east boundary of
Madhya Pmdesh State (Figure 5.2). Geographic extent is BIM42°E
to B11E and 2202N w Z231°N. It covers 972 sq.km. The
majority of the area is covered by forest and agriculture. Forest
is mainly of deciduous type and found near the southern parts,
Main forest types are sal, mixed sal, sal inixed with bamboo and
miscellaneons, ete. Agricultoral area extends owands middle
and northemn watetshed area. Leafl area index vaties from 1.5 o
G in the snudy area. Elevation ranges from 523 1w 900 metres
with an avernge of 689 metres and the termain siopes toward the
northern side. The soil is mainly loamy In the study area during
the summer, temperature ranges from 11°C © 43°C, whemeas
in winter it ranges from 2°C to 29°C, The southwest monsoon
prevails during late June to September The maximum rainfall
oocurs in July and August, The average annual minfall is 1,225
mm. Groundwater is shallow during monsoon season (surface
o 20 fest)] whereas pre-monsoon period groundwater table
variation ranges from 4 o 44 feet,

These springs are located in the hilly regions, The area mainly
consists of basalte: { prophyritic and non-prophyritie), quartz (Mica
o k-feldspathic) nnd granite geological fommations. Forest area
is dominated by the several perennial and semi perennial springs
and basically i geological lenses which store water during the
monsoon season and release it to the nearby rivers/channels as
the delayed interflow.

6.4.1 Model setup and parameterization

[In this stsdy, MIKE SHE was coupled with the river flow
routing model MIKE 11 (DHI, 2005; Sahoo e al., 2006), a
ane-dimensional river/channel water movement model, o
simulate the full hydrological cycle of tue watershed. neluding
evapotmnspiration, infiltraton, unsaturated flow, sateraced
flow, cvedand flow and stream flow, The main inputs for
modde| included spatial data on topography, soils. vegetation,
and drainage network; and temporal data on precipitation and
potential evapotranspiration (PET).

5.4.1.1 Unsaturated flow

The Two-Layer Water Balance model (Yan and Smith, 1994;
DHI, 2005), which is designed for the areas with a shallow
groundwater tahile, was nved (o simulate the unsaturated fow for
this study. The model divides the unsaturated zone oo a roo-
zone where ET can oocur, and a below-root-zone whene ET does
nol ooeur (Yan and Smith, 1994),

5.4.1.2 Saturated flow

The 3-D Finte Difference method (DHI, 2005) and linear
reservoirs methods were used (o simulate the saturated flow and
delaved interflow for this sdy, The inputs needed t© simulate
saturated Dow were sofl hydraulic properties, including horizontal
and vertical bydraulic conductivities, specific ¥ield, and storage
coeffcient. Hordrontal bydranlic condectivity Overland flow,
subsurface flow (lateral flow) and ground water table level
are significantly affected by the values of vertical hydraulic
oo uetivity,

5.4.1.3 Overland flow and stream flow

Overland flow was simuolated using  diffusive  wave
approximation. The inputs include initlal water depth on the
surface, surface detention storage, and Manning number The
measured surface water depth was used to initialize the water
depth above the ground surface for the model to min. Surface
detention storage largely affects routing water towand the stregm
and water mble dymamics, Large values of surface detention
storage reduce the overland flow reaching the stream, but increase
ponding water that may lead to s subsequent incresse in water
tabde level, Manning significanty influences mouting overland
flow toward the stream and stream flow towand the outlet of the
stream with higher values leading o faster waler movement

5.4.1.4 Evapotranspiration (ET)

In this study daily actual evapotraspiration was estimated
using the Kristensen and Jensen model, 1975, Mode] is hased on
the effect of the LAl on transpiration and effect of sofl and water
on evaporation.

MIKE SHE uses variable simulation time steps for different
hydrological modeling components and flow charncteristios (DHI,
2005; Zhang er al., 2008}, Simulation period was mken during
1 June 2000 10 15 August 2012, Model is calibrated based on
the modeled and observed measurements on river water level/
dischorges and groundwater measurements (Refsgsard, 1997;
Gupla ef al., 2008},

53.5. RESULTS

5.5.1 Model calibration and validation

Daily River flows for the model calibmation (2010) and
vatlidation (2011 and 2012} perdods show that the model could
capture the dominant ninoff processes and stream flow dynamics
of the watershed (Figures 5.3 and 5.4). However, the mode] both
overestimated and estimated stream flow during the simulation
perod. Coefficients of determination (R of 082 and 0,78 and
RMSEs of 10081 and 3210 were obtined for the upstream and
downstream gauging sites during the study perod, respectively,
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During the calibration period B valses were of 0.81 and .78,
whereas BMSE values were of 8.8 and 24.0 considering u/s and
d/s gauging sites, respectively. A reasonable good match between
modeled and obserwed stream flows for the validotion perind
were alio obtained (w's gauge: R' = 064 ancl RSME = .73
wherpas d/s gauge; BF = (L82 and 27.8), The higher cocfficient of
determination values between modeled and measured discharge
during calibration and validation period for the w's gouging sitwe
were mainly due to the fact that fewer fow events with high peak
flows were underestimated compared to d/s gauging site and less
maodeling errors ocourred.

Groundwater table variations over the measurements sims
were also compared with the simulated results. Vadability of
observed and simulated groundwater table over the gauging sites
& presented in Figure 5.5, A correlation plot between chsered
and simulated groundwater depths using point data is presented
in Flgure 5.6. [t has been noticed that simulated groundwater
depths’ rend line matrhed very well with the 1:1 line. The Nash-
Sutcliffe coefficient and coefficient of determination values were
0L.88 and (.96, espectively, whereas the value of RMSE was
0,61 m. Further, the simulated groundwater table waos shightly
underestimated with a bias of (.38 m &3 compared o observed
data. Statistical results show a high coefficient of detennination
and Nash-Sutcliffe coefficdent, lower RMSE, and bias, Hence,
model ean be considersd cnlibmted and validated for the
studly watershed.

5.5.2 River flow analysis

Stage-discharge relationships for different streams (number 1
to11), major nalas ( Kashmiri and Pati) and several locations in the
main river {upstream, middle stream and downstream) have been
developed. Power functions of order 1 and 2 between stage and
discharge were fitted. Function coefficlents and other statistion
parameters hive been summarized in Table 5.1, Sttistical results
show a very good functionnl relationship between river stnge
and discharge (R mnge from (.62 o 0.99) throughout the river
network, River network and stream-discharge relationship for
some of the locations is presented in Figure 5.7,

5.5.3 Water balance analysis:

Water balanee components were extracted for the whole
watershed., Further mesults were extracied and analysed for the
forested and other land cover classes separately to see the inter
finkages between the water halance components of forest regions
with the neighbouring areas (Figure 5.8). Rainfall amount for ail
the three categories viz whole catclunent, forest and other classes
were of 4230 mm. Out of which surface water which goes 1o the
river, basa flow produetion, evaporation from pond water, canopy
water storage and transpimtion were 30,6 per cont, 28.4 per oent,
3.6 per cent, 12.7 per cent and 24.9 per cent, respectively, for
the whole catchment, Forest ares contribution was mone for base

vl — (serynd —Smulated rl-pair
iR AMASE LSS
148 t,___ﬁ
g 120 - i Figure 5.3: MIKE SHE
§ 1907 Madel simulated at daily
§' A time scale for calibration
ol (2010) and validation (2011
; :u and 2012} at u/s gauging
8 : — [__ ! e site (Kurkuti).
1533 STIIIIIIRIIITEIIIIILGY
SRR SRR REEERE RN RRRES.
T LEET< %, =
S0 — Ohserved = Simulabed L0 P R
i gt
Figure 5.4: MIKE SHE
b Model simulated at daily
300 - time scale for calibration
200 (2010) and validation {2011
100 and 2012) at d/s gauging
X ) |, site (Sijhora).
= B A~ T = B~ =0 = = = e = = S . e B - S e . =
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Figure 5.5: Observed and simulated groundwater table  Figure 5.6: Relationship between observed and
variations for the gauging sites in the water shed simulated groundwater table
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Table 5.1: Power funclion coefficients and statistical parameters for the stage-discharge relationships

Location

1 Halan river up stream 0.2428
2 Halon river middle stream 0.2207
3 Halon river down stream 0.2541
4 Kashmirl Mala st up stream 09652
5 Kashmiri Mala at down stream 02584
& Patl MNala up straam 01431
i Pati Mala down stream 02834
B Stream:-1 06192
) Stream-4 0552
10 Stream-3 0.7402
1 Stream-4 1393
12 Streame5 1.458
13 StreamrG 1332
14 Streany7 1.053

15 Stream-8 09315
16 Stream-0 1573

17 Stream-10 05454
18 Stream-11 02624

RMSE
Qa5 001347 09989 0.028
04737 001507 0.9987 0.026
04537 0.07460 0.9965 0.03%
0.2537 - 09556 0112
0.4660 04009 0.9969 0.03
05238 0.03038 0.8743 0275
04392 00116 0.9573 Q07337
03875 -0.1083 09839 0.0493
0.5044 04048 09484 o1
05166 03267 09553 0116
02281 -0.5263 06224 Q3115
03481 02564 08 0.3109
03016 -0.3346 0.8c12 03018
04247 004263 0.8365 03122
0.4296 007672 0.90601 0.2705
0.2824 -0.4331 08185 03229
04373 03841 09206 015
04372 001847 09324 00296

flow (26,9 per cent), ranspiratdon (302 per cent) and eanopy
storage (10.5 per cent) whereas less contribution for evaporation
from pond water (008 per cent) and surface water (25.6 per
cent) was obmined in comparison o @her than forest classes.
Recharge to the aquifers beneath the spring locations which
are basically geclogical lenses was 34.5 por cent whemeas ather
components contributions were 65,5 per cent, which includes
interception, ET, overland water, etc. This water seeps out in
fint regions during the post monsoon perod and contributes the
channel flow, Percentage daily conmwibutions tw the main rver
(Hulom) from small streams/Nala were extracted and presented
in Figure 5.9. Volumé of vater contributed by various streams
o the main river were also estimated and presented in Figure
5,10, Total volume of water within the river system considering
surface water and base flow contributions is estimated of 1994
MCM. Out of that base flow water from the forest region which
flows through the river and mcharged o the grousdwater
may be utilized within the lorest and peighbouring areas for
various applications,

5.6 DISCUSSION

Empirical modeling approach o quantifving the accumulated
hydralogic effects of watershed management is limited doe
10 its complex nature of soil and water conservation practices.
Therefore, the objective of this study was 10 evaloate the
ahility of the distibuted and dynamically coupled hvdrologio-

hvdrodynnmic model, MIKE SHE to simulate rfver flow and
different water halsnce components through  hydrological
experiment and ingtegrating remofe sensing inputs. Model
calibration and valdation sugpested that the model could capture
the dominant runof process of the larse watershed. We found that
the physically hased model required calibration at appropriate
scales, We conclude that the model was useful for understanding
the rainfall and it various partitioning parameters in the forest
as well other land cover elnsses and their intedinking mechonism.
However, more measured data with higher remporal resolution
are needed 1o further apply the model for regionnl applications.

5.7 SUMMARY AND CONCLUSIONS

A ocopled Hydrologic-hydrodynnmic model was  used
for modelling water balanee components in the forest and
perighbouring regions in o watershed o quantify and observe the
inter linkages of various water balance components, Model was
calibrated and validated for daily river flow and post monsoon
eroundwater wble varintions. Following conclusions can be
drawn from the analvsis;

® Total minfall during June 1, 2010 t© August 15, 2012

was of 4230 mm. Out of which ET is about 48 per cent,
Overall ransparation losses (10L6 per oent) and root 20me
soil moisture (0.041 on volume basis) were more in forest
regions compared o other land cover clnsses,

® Good match between the simulated and observed river
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dischanges for the upstream (R2=0.81) and downstream
(R2={L81) reaches were obtined. Pesk discherges,
espadally, were well simulated.

A vory good correlation (Nash Sutcliffe corfficient, 0,88)
between observed and simulated groundwater for point
locations has been obtained. Ground water table was
high in the forest regions but overall recharge was more
(0,36 m} in the other than forest regions. This is because
of base flow contribution from the hilly forest regions 1w
the neighbouring flat areas which atidhuted for more
recharge,

Simulated water yield ranges from 18 MOM 1o 338 MOM
considering streams and Nalas during the study period.

® Smge-discharge meladonships have been  developed

<< Back to contents

throughout the river petwork which includes all the
tributary streqms, Nalns and several locations in the
main Halon river Developed relationships ean be used to
estimate how much water yield is produced and going out
of the forest system,

In the forest region, a large amount of water goes in the
sub-surince and comes out in the flat arens as bassflow
{26.9 per cont of total rainfall) which shows the utility of
forest for conserving and managing the water
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6

Study on Assessment of the Impact of Forestry Plantation
on Surface Run-off and Water Quality Related to
Maintenance of Forestry Hydrology in Sikkim, India
Pankaj Kumar Roy, Gourab Banerjee, Malabika Biswas Roy and Asis Mazumdar

6.1 INTRODUCTION

Forests affect the hydmology of watersheds in various and
complex ways, by increasing  evapo-transpiration, increasing
infiltrntion, intercepting cloud moisture, reducng the nutrient
Inad of runoff, and more. Harvesting, shifting agriculture, prazing
nnd invnsion by afien plant species may all have profound effects
over functioning of watemsheds (Friday, 2003), Tabme = al,
(2011) found thot climate change impacts have resulted in a
reduction in the temporal speead of rainfall and an increase in
the intensity with a marked decline in winter rain, Tabme o af.
(2011) showed that the subtropical villages (less than 1000 m),
especially in the drought-prmone zones are more vulnemhble dus
10 an increased outhreak of pests, diseases and weeds. Edwands
and Withers (2008) reviewed the potential sources of 85, N
and P to freshwaters in the UK and the extent to which their
hydrological and compositional chamcterstics influence their
likely significance to ol annual fhxes and seasonally specific
downstream impacts, Edwards and Withers (2008) suggested
that small. low-order, headwater tAbutaries that at fArst sight
might be considersd fo have only diffuse agricultural P sources
are being continuously impacted by other rural soumes such as
farmyard runoff, septic tank discharge and road and track mnoff,
Tiwar er al (2011) studied the strenm discharge annlysis under
different forest oovers of Garwal Himalaya. They found that total
annual discharge of the stream under degraded forest oover was
higher by 305 mm {19 per cent). Total stream discharge under
dense forest during the pon-monsoon pericd from Octobez, 2008
1o Mamh, 2009 was higher by 50 per cent as highlighted by Tiwar
et al, (2011),

The study arens Le. 346,9 ha — 3.5 sq.km are being eonsidered
thmough meoonnaissance survey at differont locations namely
Mambi and Rimbi in three different areas such as disturbed by
anthropogenic activities, undisturbed and pasture area (semi-
disnirbed) of West Sikkim. The effect of forest on rainfall, the
impacts of vardous forestry actvities (thinning, selection fellings,
clear-felling) on streamflow, and the soil and water impacts of
reforesting degraded or agriculiural areas. Similary, effects of
forest manngement and conversion w other land wse on water
quality and ways to minimize any adverse impacts are dealr
with forest plantation. Water draining from undistoded forested

watersheds is generally of the highest quality, particularly with
regand to beneficial uses inclnding drinking water, aquatic habitat
for native species and contact recreation. The mle of forests for
providing water supplies of the highest quality has been one of
the driving factors for establishment of forest mserves and for
development of forest management practices designed to protect
the high quality. The forest management activities such as road
construction, logging operation, site prepamtion for regeneration
of forest tree spedes, and fertilization of existing forests have
been shown w alter water quality, primarily by capsing changes
in sediment loads, stream tempernture, dissolved oxyeen, and
dissolved nutrients, particularly, nimogen. West Sikkim is a
district of the Coloured Stone Carving at Tashiding Monastary
Indianstate of Sikkim. Ns capital is Geyzing, also known as
Gyalshing. The district i a favourite with rrekkers due to the high
elevatlons. Other Important wwns Include Pelling and Jorethang.
The district has & wide varety of fauna and floms o offer. Sinps
most of the district i hilly it enjoys a temperate climate, Above
3,600 metres, the slopes are full of rhododendron forests. The
etnionty is mainly agrarian, despite most of the land being anft
for cultivation owing o the precipitous and rocky slopes, The
region has many power profects and enjoys almost uninterrupted
electricity. Foads, however, are in a poor condition owing to the
frequent Inndslides. An sttem has been made o assess the
quanmim of the stream flow and found the water quality status
in the defined study area wherne on impact of forestry plantation
related to maintenanee of forest hydrology.

6.2 STUDY AREA

The study area consists of three chameters namely as semi-
disturbed, undisturbed and dismrhed forest as shown in Figure
fx.1. These forests area are 0 be bounded by individual catchment
aren with different latimdes and longitndes delineated in
Table 6.1.

Figure 6.2 indicares the movement of conjectural storm waker
flow path in different layers of surface and sub-surface profile
along with How direction of West Silddm. The idealized section
showing formmation of soil has been found in 4 good amount
of soll moisture in the hill slopes of West Sikkim for plantation
depicted s Figure 6.3,

<< Back to contents
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Table 6.1: Description of the study area

Character

Darap Serni disturbed
forest

Limibuni Undisturbed forest
Fhola
Tikjuk Disturbed forest
Type of Matural rageneration
friee

Mative

Exiotic
Forest coverage
Density of the population

Location Latitude Longitude Araa (knv) Elevation (mj
ForestCheck 2r1E 154N 88 11155k 0.5 1567
Post, Darap
Mear Watar fall 21T 5TN 88" 10 524°E 1.5 a0
Mear DFO Office 27 1P 52EN B8 14 594F 1.5 1834

Elgecarpus siddmensis, Engethardtio spp Echnocarpus dasycarpos, Castonopsis indica, Betula alnoides,
Beilschamiedia spp.

Alnus nepdlensis, Acerahiangum, Bambusanu fans Caseqdria alomenata, Caston epssingicd, Castonopsis
ribulaides, Dugbanga sonneratiodes, Rars hookerd, Jugking regha, Litsea pokantha, Machilus spp,
Magnelia campbellii, Michela excelsa, NMyssa sessiflor, Prunds nepalensis, Queraus spp,

Crvpromena Japonicd, Kniperons spp, Cupressus g
Moderate to Dense (Ca nopy cover 60-65%)
836 per kme
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Figure6.1: Study area
delineated in West Sikkim
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Figure 6.3: ldealized section showing formation of Soil
in the hill slopes of West Sikkim
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6.3 METHODOLOGY

Hydrological data has been collected from three different
catchment areas with the help of non-recording rain gauge. pan
evaporimeter. double ring infilirometer installed at dtes and
accordingly measured all the parameters related to hydrological
components during 2008 to 2010 mentoned in Table 6.1. The
mnoff has been caleulated based on hydrologic budger by
comsidering all the hydrological components. About 57 per cent
af wotal nmoff is found o be high as disturbed forest whereas in
undisturbed catchment it is to be around 49 per cent as depicted
in Table 6.2. The maximum rainfall of undisturbed forest was
obtained to be as 92 per cent followed by 73 per cent in disturbed
catchment.

Table 6.2: Hydrological Parameters (average) of three
different micro-watersheds from 2008 to 2010

2801

1 Total rainfall{mm) 2950 I87E

2 No. of Ralny days 110 130 128

E Total Runoff (mm) 1470 (49%) 1846 (57%) 1517 (S4%)

4 Stanclard Deviatlon  0.005 0005 0,006
{rm/s)

5 Ralnfall 92% Tiog B0
{June-Octoberd

2] Runaff BE9% T1% GB%
{June-Octobery

7 Runoff 13.2% 109 11%
(Nov-Aprll)

Figure 6.2: Conjectural Storm Water Flow Madel in
parts of West Sikkim

| UNWEATHERED ROCK
B UNWEATHERED PHYLITE
B WEATHERED ROCK

B SOIL 4 CONIFER

DEEP ROOT

6.3.1 Procedure

+ Three micre-watersheds have been selected namely
disturbed, semi-disturbed and un-disturbed and separated
them at a distance of 12 lan. There & no significant
variation in dimatic parameters and geological conditions.

+  Meteorological ebservations have been installed in three
micro-watersheds to measure the rainfall, evaporation,
temperature, humidity and wind velocit,

* A meteorological observatory consists of dry and wet
bulb thermometer rain-gange, pan-evaporimeter and
ANETOTEEE,

«  Water guality parameters have been anadyeed during
monsoon as well as pre-monsoon period (Figure 6.4),

* Composite weirs (120° Vonotch with rectangular weir,
Figure 6.5) have been used at three different sites to
accommadnte to measure stream dischorge for the three
nifero-watersheds  durdng monsoon perdod as well as
during the presnonsoon period (March-April} Venotehes
were used to measure the very low discharge.

6.3.2 Data Collection

Anonsrecording rainguage station and pan evaporimeter were
instalied in the selected catchment (Fgure 6.6, The rainfall and
evaporation data has been recorded from May 2008 to December
2010, The historical discharge data of Rangit river was collected
from the Central Water Commission (CWC) from July 2003 to
December 2000, The rate of infikration has been calculated by
using Double Ring Infikrometer at five different sites in three
different seasems namely pre-monsoon, monseon and posts
memsoon petiod. At the same time, the soll molsture at 15 om
and 30 an depth were also measured by using Soil Tensiometer
in similar seasons.

<< Back to contents
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Figure 6.4: Water quality measwingat site by using
Rugged Field Kit

Figure 6.5: Discharge measuring by using composite
weir installed at site

6.3.2.1 Smls and Water Samplmg and analyses

A quantittive amount of soils and water were collected in the
0-30 cro goil layer on seasonal basis from different locaden such
25 disturbed by anthropogenic activities, undishorbed and pasture
areaof a forest area sliuated near a nanwal canal eoming out frem
the nearbyforest. Different parameters of the soil (pH, EC, moisture
content, water hobding capacity, bulk density, soil texture, G matio,
ol carbon, soll organic carbon, otal ninogen, oal pomwssium,

total phosphors, totml sodinm, sedinvm abeorpton ratio, total

waldum, potassium oxide, phosphoric acid, aluminium content,
silica, ete.) and water (pH, nwrbidiny, 55, conductivity allaliniry
acidity, armonical nitogen, COD, BOD, TC, FC, phosphonss, etc.)
were analyzed on seesonal basis in the labomatory of School of
Warer Resources Engineering, Jadavpur Universioy.

6.3.2.2 Statistical Analysis
Analysis of dam was carrled out with P55 Software for all
soil chemical properties. The aim was to estimabe the water-

<< Back to contents
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conserving effect of forest and alse wled 1o investigate the
probability of exoeeding and equality of annual runoff and its
components in river flowing in forested catchments compared o
the areas where forest covernge wis poor

6.4 RESULTS AND DISCUSSION
6.4.1 Stream flow Impact Analysis

¥ The thickness of hwmus is vared from 8 to 10 om

= It i opparent that infilration-capacity values of solls
are subiected o wide vafations depending upon a large
number of factors. The values are varied from 1.2 w 1.5
cmy’hr for the selected sites at Darap and Limbuni Kholsa
whereas the other sites these values hove increased by us
mich as ten dmes due toa good grass oover or vegetation
Over.

¥ Almost the enfire watersheds of the smdy areas treatment
experiments have shown that streamflow increases as
forest cover decreases, and vice versa, The reason for this
is that [orests evaporate significantly more water than
grasslands or crops.

®  Although transpiration mtes (s0il water aptake by plants)
under conditons of ample soil water do not differ much
between forests and non-forests vegetation, rates of
evaporation from wvegetation wetted by rain (rainfail
interception) are much higher from tall, acmdvnamically
rough surfaces like forests,

¥ In sddidon, the deeper roots of trees allow  continued

water uptnke when more shallow-rooted plants have 10

give upduring prolonged rainlkess periods. Because raintall

Intereeption mwials are higher in wetter vears, the impact

of forest clearance (Le., after mterception falls awav)

increases wilth mean annual rainfall.

Apart from rainfall, the magnitude of the change in annual

streamiflow s dlso affected by fores) type and slope aspect,

Genemily the largest changes are observed in the case of

clearing conifers, owing to their dense evergreen habit

and high interception, followed by native (but ot exotic)
forests then deciduons hardwoods leafless in winter or dry

SeRs0N.

*  Rainfall and runoff dam has been analveed for the period
May 2008 o December 2110,

# Flow in the stream was minimum during months of March-
April and maximuom during the month of July-August.

# Discharge of stream from the disturbed forest micro-
watershed (Tikjuk area) remained neglipible for 4 period
of three moaths from March to May whereas discharge of
stream from undisturbed micro-watershed remained low
but almost steady (0.0028 m/s) during the same period
and also discharge of stream from semi-disturhed micrs-
watershed remained low value 00015 s companed o
undisturbed area,

¥ Maximum daily average discharge in the disturbed and
semi-disturbed catchment were recorded on August 24,
2010 (0.053 mv/'s and 0.015 m'/'s, respectively) whermeas
maximum daily average discharge of 001 m/s was
recorded on July 12, 2000 in the un-dismrbed catchment.

W

F In wrms of runoff per unit ares, maximum ranofts werse

57 mm and 13 mm in distadbed and semi-disturbed

catchment on August 24, 20040 and © mm in undisturbed

catchment on July 12, 2006,

Runoff coefficents during the monsoon period, (Juns

to September) were 0,55, 0.25 and 0.20 for disturbed,

semi-disturbed  and  un-disturbed micro-watersheds,
respectively.

F Standand deviation of daily discharge was 25 per cent
higher in disturbed (L0066 05} than undisturbed (0,005
m'/s) catchment. These results indicate that runofl was
more uniform in case of undisturbed carchment.

# Stream flow form un-disturbed was perennfal whereas
stream generating from disturbed and  semi-disturbed
forests wens intermittent and it fows for seven to eight
months only

¥ Strean flow during the post monsoon season is supported
by subsurface flow in a hilly watershed, popularly known
as hasa flow of the stream. Rainfall infiltraves the ground
through inter-gramular pore spaces, openings, fssures,
fractures, joints, bedding planes, ete., and reappears down
slope a5 spring and seepage.

¥ Hydrographs of three different micro-watersheds (Figure
7.8) revealed quick responss of ratntall on stream discharge
from the micro-watersheds. It is due to the small size and
steep slope of both the carchments Le. un-disturbed and
disturbed.

¥ The recession parts of hydrographs of the two sreams
differ with each other The discharge declined slowly
undismrbed cotchment during post monsoon  month
whiile it declined at faster raw in disturbed cachment and
stream dries up in summer months,

* Stream flowing thmugh dense forest sustained discharge
during non-monsoon months due to input from the sub-
surfice flow,

* Runoffs in three different catchments wers maximm
duting August and minimum doring May

# Toaal rainfall received in the undismurbed, disturbed and
semi-disturbed micro-watersheds were 2,950 mm, 2,805
mm amd 2801 mm, respectively, genernting runoff of
1,470 mm, 1,646 mm and 1.517 mm, respectively, during
the year

* Total runcff in disturbed and semi-disturbed cntchments
have been found ns 57 per coent and 54 per cent,
respectively, whereas 49 per cent was reostved in case of
un-disturbed catchment,

6.4.2 Water Quality and Soil Analysis

Dissolved oxygen (D0 is a oritical water quality perameter
for characteridng the health of an aguatic system. It is a
measurement of onygen dissolved in water which is available o
fish and other aquade life (Table .33, The DO content of water
resulls from the photosynthetic and respimtory activities of the
florn and fauna in the system, and the mixing of atmospheric
oxygen with waters through wind and stream current action. The
optimum level of dissolve oxygen Le. 7 to 8 mg/L is said 1o good
for agrienlural prospect. The DO eontent more than 6.0 mg/L

v
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== Semi-disturbed Catclument
——Undisturbed Catchment

—i— Disturbed Catchment

Runoff {[mm)

_Month

15 favourable for plans for their maturation as highlighted in
Table 3.pH values between ¥ and 8 are optimal for supponing
a diverse aquatic ecosystem, A pH range between 6.5 and 85
is generally useable, The range of pH of the water taken from
tha field s suitable for the plant sincs it lies babween 7 to & and
is safe for human requirements. Biocherical exygen demand
(BODY is a meaasure of the amount of oxygen consumead by the
respiration of microorganisms while feeding on decomposing
crganic material such as algae and other dead plants. Excessive
nutrients (phosphates and nitrates) mn caose algal biooms,
and theit evenbual decompeosition can cauce massive fsh ldlls iF
BOD drastically lowers dissolved oxygen levels, The biochemical
caygen demand should not be so grear as to lower the dissolved
oxygen to an unacosptable level (6.0 mg/L or less). The rangs
of BOD of the water taken from the fiald is suitable for the plant
singe it just in the range of 0.5 to 1.9, These very low values of
BOD indicate that pecple of this area 1xe sanitary system and da
not dispose thelr exerera into the field. Feeal aoliform bacteria
indicate the liksly presenca of water-bome pathogenic {dsease-
causirg ) bacteria or viruses, including Ecoll They are present
in tha intestinal tracts of all warm-blocded animals, induding
humens. Fecal coliform levels are measured in fecal colonies
(F2) par 100 ml, Fecal coliform levels in freshwater should not
exceed an everage count of 100 colondes. Fecal ecliferm of less
than 50 ml MPN/100 is optimal. For marine waters, Fecal coliform
levals should not exceed 14 MPN/100 ml. The health stardard
for drinking water {5 2ero whereas for swimming 200 MPN/IOG
mi and for partial body contact (boanng) 1000 MPNA0O ml. A
maxhnum feeal coliform of 100 MPNA100 ml a8 Found oot for
semi-disturbad catchment 15 safe for plant wse but in case of
distusbied catchmert it has found 800 MPN/10D mi indicated
anthropogenic activities,

Scil at undisturbed catchment hes favombla amount of
nitrogen for the plant growth whersss disturbed catchment
has slightly mere as obtained from the feld data dudng survey
depieted in Table 6.4, Therefore, the mixing of soil un-disturbed,
disturbed and semi-disturbad catchments are needed in order
1o gt a homogensois nitrogen concentration in the sodl, Soil at
disturbed catchmens has little more nitrogen than required for
plant and wmi-distirbed catéhments have Favorable ameunt

Figure 6.8: Monthly
variation of stream
discharge (2008-2010)
in three different micro-
watersheds

Table 6.3: Average water quality in three different
SEASONS
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11 | Drassheed Onoymen [as 041, mal 533 47 B
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13 [ Foca Golform, MERRT00 mi . EA R R

of nitrogen for the plant growth. Therefore, these two soils s
also need o be mixing propecly. Net impacts on water quality
depand on pror land 1se and crop mamagement, current forest
management practicss, sail type, local hydrology and olimate,
In general, comversions to forestland hawe the potential to
redure arcsion and subsequent sedimentation, as well as reduce
levalz of dissclved nutrients and pesnicides in surface munoff
and groundwater These improvements in wabter quality are
a furction of lower amounts of runcff and leaching e well as
lower concentraton of potential pollutants that are expacted to
result from the conwversion of Forestand., Water draining frem
undisturbed forested watersheds is genemlly of the highest
quality, particulacly with regard to beneficial uses insluding with
drinking water, squatic habit for native species, and contect
recreation. Cur results show consistent pattemns of relatively high
water quality draining forested catchments i.e. un-disturbed in
comparisen to other land 1ses such as agriculture or urbanizaton
{disturbed or semi-disturbed catchment). Recogniticn of the
relative role of forests for providing water supplies of the highest
quality has been one of the driving factors for establishment
of forest reserves and For development of Forest management
practiess decign to protect this high qualin

<< Back iﬂ mﬁtents
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Table 6.4: Fasult of the soil tast

S1 FParameter Unit Result
Mo Disturbea Un-dsturbed | Seme-dsturbed
catchment catchrment Catchment
1 o z 524 453 503
F Elecincal Conductnvity s em [="3] 1 a7
3 Momsture Content L™ 77 Z5 [E]
Fl Water Solulle Aggregates s 0028 0022 o7
| Water holding capacity Tkplg 32 = | 0338 oars
8 Bulk Densdty P oiia 130 141 137
T Sol Texture : Sandy Loam Sandy Loam | Sandy Loam
a) Sand L Ei5 538 506
B) = L) =3 1 - )
) Clay L) [ %] LR 202
I Carbon Mitrogen Hano (G M) | wi Dasms 12 12 3 T
] Total Carbon (C) gkg 458 50 4 885
10 Coi Crganic carbon gmkg 107 28 7
K] Tolal Nirogen (M) mgikg 114 228 TaGT
i Minetal Narogen mgkg 216 a6 248
L] Total Potassnem (F) Mmoo (=4 [ ] BAAD
14 Total Phosphorus [P) mog'kg 4281 227.8 404 B
s Tolm Sodum (Na) makg i 1310 528 |
BL] Eodum absorpton Habo . LN ] 192 A2
T Total Calowsm (Ca) mgkg 3764 2807 2971
BL Ha; O mgkg 1864 Trra il
BL] R EEreT 11127 Tae5 Tous
20 P304 mgkg 1013 539 B58
21 AlD, Mg 38164 A7 5080 42443
2d =P mgkg 7T iR [-" K}

Table 6.5: Pearson correlation coefficients for Water Quality

Disnurbed extchrment Pearson Correlation cosfficient 1
Un-disturbed :_—n"tr:hmerlt Pearson Correlation r::_:-efﬁcignt 0179

Semi-disturbed  Pearson Correlation cosfficient 0,882
Catchrment

0179
1
134

98"
€134

* Comalation b sgnificant 3t the 007 level | Ztaiked),

In some cases forest managerent actvities such as road
corstruction, harvestng, site preparation for regenemnon of
forest ree species, and fernlizarion of exsung irest have been
shown to aler water quality primarily by causing changes in
sedinent loads, sweam termperanure, dissclved oxygen, and
dissolved nutnents, parbcularly mitrogen.

6.4.3 Multivariate statistical techniques

Cme way AMOW has been used o statisteally analyze
13 parameters as in pH, BCD. COD, nwbudity TH. alkalimity
ammoriacal nitregen, phenolphthalein addity, TE8, conductvity
DO, TS FC at thwe different oatchments narely disturbed,
sern disnirbed and disrurbed, using IBM SPES Staristes 20.The

parareters are checled for interdependency. Smmularly BEriz-
Kishore and Murah (1992) described that the amalysed data could
been wsed to evalate not only eigen values and eigen vectors but
dlso to develop a correlation factor using statstical software 1o
reveal hydro chermical charactenistics of 3 watershed.,

Table 65 showed that the strong and posiive correlation
i to be developed in berween dishwbed eatchroent and serna-
dishirbed cawchrrent where the pearson correlation coefficient
value s found @ be as B = 0.982, thus it indiearss the eurput
of water quality will be more detenorated while water transpors
through distwrbed catchment and senu-disturbed catchrent as
well and whemeas the water quality particularly digsclved cxygen,
turbdity and coliforrn bactena will be mmproved to a greater
extent conpared to input water and the rest of the parameter will
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Dendrogram using Average Linkage (Between Groups)
Hencaled Distsece Chasta) Combarne
'] ¥ 1m0 4 o] =

Hurkeery Figure 6.2: Dendrogram
analysis for water quality
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Figure 6.10: Dendrogram
analysis for soil quality
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Table 6.6: Pearson correlation coefficients for soil sample

Semi-disturbed

Disturbed catchmant Pgarson Correlation coefficient
Un-disturbed catchment Pearson Correlation coefficient
Semi-disturbed Catchment Pearson Correlation coefficient

1 : ; 0992

Q987 1 089
0992 0995~ 1

*=, Correlation is significant af the 007 love| {2-tailed),

remain unchanged as it shows the peamson correlation coeffickent
walue (B = 1,179} depicted in Table 6.5.

Figure 6.9 shows that the mode] has been clistered into three
groups, namely smaller cluster (BOD, phenclphthaleln acidity
ammoniacal nitrogen, 00D, total suspended solids, turbidity pH,
fotal hardness, alkalinity, conduetivity), larger cluster (dissaleed
ovgen, Fecal coliform) and very larger cuaster (dissolved oxygen,
Fecal coliform, Total coliform). It means the length of smaller
cluster has low distance, bigh similarity and also closer to each
other than for other two clisters.

A total of 22 soil samples have been used to analyze the
penrson correlation coefficlents using IBM SPSS Statistics 20 in
between disturbed, un-disturbed and semi-disturbed catchinent.
From Table 6.6, it shows that the strong and positive correlation
has been obtnined in between distirbed catchment and semi-
disturbed catchment (R'=0.992), which indicares the disturbed
catchment increases the nutrients value (N, P K, Na, stc.) at a
higher level followed by semi-eisturbed carchment

Figure &.10 shows that the model has been clusterad into two
groups and these are smaller clusier (water soluble sggregates,
water holding capacity; bulk density, pH, mioistire content, carbon
nitrogen ratio, sodiwm absorption ratio, clay soil organic carbon,
silt, electrical conductivitg, sand, 50, wal carbon, mineral
nitrogen, ol phosphorus, ol oitrogen, PO, tolal sodium,
totl calcium, total potassium, KO) and larger cluster (Na O,
ALO ). Thus the results highlight the length of smaller cluster has
lowy distance, high similarity and also closer to each other.

6.5 CONCLUSION

1. Firstly, comparatively less runoff from forest watershed
(un-disturbed catchment) during the rainy months shows
that forest controls excess nuoff in the downstream
against the overall impact of forests on the hydrological
regime of watershed

2. Anntal runoff from dense forest was lower than that of
disturbed catchment.

3. Secondly, forests Induee infiltation which leads o mone
uniform flow round the vear from the un-disturbed forest
wtershed.

4, MNet impacts on water and soil quality will depead on
prioe land use and crop management, current forest
management practices, soil tpe, local hvdrolopy, and
climmate.

& Conversions (o forestland may have the potentinl fo
reduce ercsion and subsequent sedimentation, as well
as reduce levels of dissolved nutrdents and pesticides in
surfitce runoff and groundwater,

6. Improvements in water quality will be a function of
lower amcnints of mnoff and leaching ns well as Jower
concentration of potential pollutants that will be expected
to result from the conversion of forestand validated
experimentally in case of un-disturbed catchment
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7

An Insight into Subsurface Aquifer Characteristics
Sourced Within the Forested Catchment through Isotopic
Investigations of Spring Flow in Pauri Urban Area,
Uttarakhand, India

7.1 INTRODUCTION

The population in town of Paurd in Faurd distdetof Utarkhand
State, Indin is growing exponentially (annunl avemge growih rate
of 2 per cent) and is expected 1o cross over SO.000 population
{fixed as well as floating) by 20325, The rsing population is
not only gotng to create an additional demand for water in the
almady senres town but will also induce changes in landuse/
landeover causing an incresse in impervious cover through
carchment urbanisation in the headwaters (Sharp, 20100, The
major water supply (o this expanding town comes from the dver
pumping scheme on Alkananda River at Srinagar spproximately
30 km from Paur town. The urban water demand is partly met by
the anturally existing springs and handimps constructad by the
Jalsanthnn Department, Paur. The depth of drilling of constructed
water wells during the 19805 nsed o be up to 50m only, but in
recent times the drilling depth has gone as deep as 80 to 100 m,
indicative of lowering of water table in Paur urban area. The
undemtanding of subsurface hyvdraolic chameteristhes of these
hardrock aquifers or aquifer system s lacking as geohydmological
investigations are never been carried out by the drilling agencies
entrusted for groundwater development through groundwater
wells construction. Spring-flow monitoring and measurement
of s stable isowope and electdcal conductivity vardability can
provides an excellent insight into subsurface hyvdrogeological
characteristics (Kresie, 1997, James o al., 2000, Meriano et al,
2011 and Tarafdarer al., 2002)

The stable sotope of hydrogen and oxygen are widely applied
in water resources investigation due to its conservative pature
(Clark and Frire, 1997). In this paper, we examine the variability
of oxygen and hydropen isotope in precipimtion and ground water
(spring and handpomp) during the monscon period of 2000 amd
for the entire period of 2011, The chjecives of the study was to
develop the meteorie water line for the study area, essentinl for
gaining an insight into the interconnections between springs and
groundwater wells, and preliminary understanding of the aquifer
characteristics through application of electrical conductivity and
stabde isotope data.

S. Tarafdar, K. Kumar, Bhishm Kumar, S. P. Rai

7.2 STUDY AREA

Paur Utban area spread at an elevation range from 1700
to 1800m, hetween latitudes 30r05'N and 301N and between
longitudes 7840E and PH#45'E (Figure 8.1). It is the district
head quarter with population of around 27,000 (Census of
India, 2001}, The steep urbanised hillslope oomes under micro
catchment of Khandha River, o tributnry of fver Alsknanda, The
spring within the smdy area is graviny-drainage fiow falls under
the fracture springs category of Brvans classification (Brvan,
1519). Land-use-land-cover of the study area falls under three
broad categories, ie,, forest cover (reserve and willage forest),
urban darea and agriculiure land. Geologically, the study area
ts mainly dominated by Paurd Phyllites, The regular folinton/
bedding and frvetures in the Phyllites act as n condult for the
mecharge of the springs in the area, The study area has humid
temperate climatic and aversge annual rainfall for the district is
1.5682.6 mm (Indinn Metevrological Department). The study area
received above pormdl minfall dufdng the monsobn period of
20 and near nommal minfall in 2011 monsoon. But the wear
2009 was drought year with deficient rains all over Tndia.,

8.3 METHODOLOGY

Spring discharge of one represenmve spring within the
urban area was measured with a volume calibmied bucket and
stopwatch at daily time step, Three to five readings were tnken
daily and average value was reconded. Along with discharge data,
electrical conductivity of the spring water samples of was also
measured dafly from May 2010 o Apeil 2011 using o ponable
conductivity meterwith temperature compensation at 25C
(u&/emb. A digital minfall event logger was installed to record
the precipitation data. Event loggers are most commonly used
with tipping-burket min gaupes. where each tp of the bucket
mepresents 171007 of raln.

Weekly spring water samples were collected along with the
event based rainfall samples during the monsoon period (LIAS)
al vear 2010 using ondinary rain gauge, The rainfall samples were
collected at Checha village at approximately 1500m elevation
and following the guidelines of JAEA. Water samples from almost
all the hand pumps (12 nomber) spread within the urban area

<< Back to contents
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Figure7,1: Study area map
with |lecations of spring,
handpump and rain gauge
prepared using liss1V
satellite data,

were collected on August 27, 2010 1o decipher the influx of new
recharged water due to monsoonal rain. In the subsequent year
(2011}, weekly to bimonthly water samples of spring water,
rainfall and one of the groundwater hand pump were sampled for
a period of March to December 2011. The hand pump identified
for year round sampling was selected at the upslope of the spring.
All the warer samples were collected in 15ml HDPE narmow maouth
bottles and sealed. The isotope analysis of water samples was
carried out ar Navienal Instituete of Hydrelogy (MIH), Roarkes,
using Dual Inlet Isotope Mass Spectrometer {DIRME), for &°H
and continuons flow isoope mtio mass spectrometer (CFIRME)
for &0 following the standard procedure (Epstein and Mayeda,
1953; Brenninkmeijer and Morrison, 1987) and the measured
values of (52H & #O) are based on VEMOW-II (Vienma Sandard
Mean Ceeanic Wawer-l).

7.4 RESULTS AND DISCUSSION

A plot of spring hydrograph (Figure 7.2) for year 2010
and 2011 reveals that a minirnum discharge of around 10 lpm
is maintmined during the winter{Janvary and February) and
surmmer peried (March o May) of 2010 and during the monscon
period peak flow of 92 Ipm is observed, The peak in spring flow
coincides with the peak in the rainfall. Similar pareern iz also
obeerved in 2011. The difference noted during the 2011 is that
the spring maintained a higher baseflow (approx. 20 lpm), sharp
peak and reladwely gradual decline durlng recession peried. It
iz worthwhile 1o mention here that the year 2009 was a year of
moderate dronght during which the study area received deficient
rainfall whereas 2010 was & year of surplus rainfall. A significant
rige in the baseflow obeerved during 2011 is caused by the above

normal rainfall in the smdy area during 2010, The torl rainfall
recorded during the year 2010 and 2011 was 167.74 cm and
158.45 cm, respectivelx The observed monsoon rainfall (JJAS) in
both the year iz more than 75 per cent of the tol yearly rainfall.
The elecwtrical conductivity of spring flow in the begimning was
recorded around 800 ulfem (with temperature comnpensation
at 25'C), which increased 1o 838 uSicm with peak flow (peak
of EC curve on 8/8/2010). This was followed by a sharp decline
in the conductivity and subssequent recovery of conductivity
value. The sharp decline shows an influx of new water after high
conductivity old groundwater is being pushed through the aquifer
mamix deciphering the piswon-flow mechanism.

7.4.1 Isotopic characteristics of
precipitation

Rainfall isotopic characterisadon of the smudy area from
the precipitation sample collected berween Junme to Seprember
2010 shows an enriched walue in June and as the monscon
progresses the average isotope composition becomes more and
more deplered (Figure 7.2}, The ¥H and 0 walues of the rainfall
samples ranged fram -149.153%0 o 47.46%0 and -19.71%0 w
600400, The awerage and median &0 wvalue{dash line in box
plet) for monsoon season(LJAS) of 2010 i close to -10.00%0 and
-12.52%n, respectwely

Monthly isotopic warability (Figuwe 7.3 and Table 7.1)
observed for the year 2011 (February e August) showed an
enriched walue in February and premonsoon period and gets
depleted in the month of Jily and Angust 2011 as obserwed in

2010 also. The &H and §* QO walues of the rainfall samples ranged
frorm -141.92%00 to 27.1 5% and -18.70%0w to 3.85%0. The average

< ﬁacﬁ o contents
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£ - = Figure 7.2: Time series of
-3 o = spring discharge (in lpm,
£ = liters per minute) and
- r
& electrical conductivityfor
2010 and 2011 as well as
2l rainfall data in cm

Figure 7.3: Box plot of monthly §180 Isotope content of predpitation samples for the year 2010 (monscon) and
2011 (year round) for Pauri urban area
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Table 7.1: Monthly average of rainfall samples collected from location name Checha village at an elevation of
1500m.

Totai L Owgenis | Deuterium |
Manth —— - - S — -

Rainfallicm)

]
=

2349 1856

Feb 10.26 6 4,88 247 6 6
Mar 0.78 3 089 201 4 3,60 15.18 4
Apr 266 1 3 | 2o 511 3 1146 43.35 3
May 483 6 | 012 232 6 756 1256 6
lun 13.18 13 | 031 1.26 8 13.25 912 a
Jul 11.25 [ 1 957 258 1 4800 @ 2115 1
Aug 28.87 12 13.19 5.06 12 537,29 41.78 12
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Figure 7.4: Box plot of 60
isotope content of spring
and hand pump water for
the year 2010 (monsoon)
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Table 7.2: Monthly average of groundwater samples
collected from Handpump near DAV school at an
elevation of 1580m.

Mar 1066 | 0.08 2 -12.96 0.08 )
et 1071 004 2 7285 004 2
May -1070 | 007 3 7o 0N | 3
Jun 068 013 3 7275 | 056 3
w | 089 074 6 7509 736 6
Aug | 1603 | 343 5 11825 2896 5

Rejected Values

1-Aug-11 Handpump -39.29 -6.22
29-Aug-11 Handpump 4443 681

Table 7.3: Monthly average of aroundwater samples
collected from spring location named diptidhara

Mar -10.00 | 002 2 -GE.U;?- ﬂ.l:liu | 2
Apr 858 | 001 3 813 | 015 | 3
May 824 | 006 7 6769 .31 7
Jun 082002 2| 4603 014 2
Jul 986 | 015 | 6| 6616 13| 6
Aug es | 355 7|  sam | 247| 7
Sep 1004 | 007 4 868 | 046 3
oct 004 | 028 4| en77| os0| 4
Mo £93 | Q16 £ 4815 0s1 3

and medinn 540 value for monsoon season (JI4) of 2011 s close
0 -8.51%0 and -10L00%0, respectively. The observed value is
found 10 be more endehed compared © the monsoon pedod of
2010 because the September rainfall which is having the most
depleted isotopic signatures could not be collected in 2011, The
average and median 570 value for all the observed months in
2011 is close o 6,000 and -5.00%e, respectively,

7.4.2 Isotopic characteristics of
groundwater:

Weelly samples of spring discharge during monsoon period
of 2010 and weekly to bimonthly sampling in 2011 (Table 7.2)
reveals average value of 50 around -10%0 (Fgure 7.40, which 1=
indicative of the seasonal bisses towards the monsoon recharge.
The data collected from the 12 hand pumps on Augast 27, 2000
also showed o close 1o-10%0valve indicative of the fact thatsprings
ancd hand pumps are npping the snme groundwater aguifer. The
vear round sampling of a single hand pump (himonthly &s well
as weekly) showed a lictde more depleted value, As compared to
the high seasonal rainfall tsoropic dam varabiling the observed
tempo ] vadability of groundwater 550 time series data for 20001
(Table 7.3) is found smble. This might be due 1o the influence of
thick soil cover { = 2m) and relatively deeper groundwater in the
eatchment area of the spring and handpumg.

7.4.3 Relationship of °H and "0

The plot of #H and 40 from 44 rainfall event samples from
June to September 2010 collected et three different locations
within the study area s presented in Figure 7.5,

The regression line drawn between §180 - & D defines
the local meteoric waler line (LMWL) and is represented by
following equation, B = 0.995. The LMWL matches quite woll
with the regional meteoric water line developed for western
Himalays () by Knmar e al. {2010). It is interesting to note that
the samples from both the groundwater sources, Le., the springs
and hand pamp apping different dephs, all ploton the regoession
line, indicatng that rainfall as a common source of recharge
and the recharge process is faster as effect of evapomtion is not
ohgerved on the sotopic signatures of groundwater from springs
aned handpomgs.

<< Back to contents
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7.5 CONCLUSION REFERENCES

Future demand for water is going to increase in this expanding
town of Pauri. Undersmnding of the linkages between the na turaily
availshle spring water resources and groundwater extraction in
the soure aren of spring through water well construction is vial
for the water resource stustminability of this urban centre. Spring
hyelrogrmph baseline data highlights the availability of water in
surpius monsocn seagson and summer low-flow period for two
successive years (2010 and 2001).The electrical conductivity
data measured over a perfod of one year ghves an insight into the
subsurface mechanism of interaction of monsoon rainfll with the
already stored groundwater in the aquifer mardx. The isoope
(&F and &) time series data of rainfall samples for 2000 and
211, ranged from -149.15%a (o 47.40%0 and -19.71%e 1o
6.00%a The avernge nnd median 640 valoe for monsoon season
(LIAS) of 2010 15 close 10 -10.00% and -12.52%., respectively.
The observed groundwater isotope temporal variability data
indicate a very small seasonal variability and significant damping
of the precipitation in the unsaturated zone. An obvious sepzonal
blas wwands the monsoon recharge 15 found as the avemge
motope content for groundwater (spring and hand pump) was
found close o -10.00%e. The local meteoric water line (LMWL)
developed from isotopic composition of precipitation corresponids
well with the humid regions and with the regional meteorc water
fine developed for western Himalaya. Groundwater samples plot
on the LMWL indicating rainfall as a common souroes of orfgin,
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Water Volume Estimation in Forested Landscape using RS
and GIS based Variables in Far Western Region of Nepal

8.1 INTRODUCTION

MWatural resource management in mountainous regions
requires an understanding of the variahility of these resources in
time and space and the role of local people (Naiman 1997). Land
use change is a crucial issue in mountainous areas due to slope
steepness (Tokola ef al., 2001), deforestation, forest degradation,
agricultural expansion and population pressure. Land use change
followed by soil losses and the impact on the water quality are
a serious. problem caused by a complex bo-physical, socio-
ecomomic and technological factors in the mountain region of
Mepal (Sitaula et al, 2001). Forest, soil and water are the most
important natiral resources of Nepal {Khanal and Bastola, 20057,
It is possible to monitor water quality using remote sensing,
Finding a spatial distribution of water quality information from
satellite-based observations is an important aspect in making a
Water Use Master Plan (here afver WUMP). The regular updaring
of spatial distribution of water quality information using remote
observations is verv important for a long-term water management

Figure 8.1: Study area and
its location

Basanta Raj Guatam and Timo Tokola

plan (Chen et al., 2007).

A non-parametric method, kNN, has been used extensively
for forest inventory in several counmtries (Tokola e al, 1996;
Katila and Tomppa, 2000). Several different satellite materials
in connection with & forest inventory with the reference sample
plot method were compared (Tokola e al. 1996: Tokola and
Shrestha, 1999), kNN was frst introduced by Killdkd and Paivinen
in 1986 for forest inventory in Finland. With this method, the
field information is propagated to the entire population of pixels
in a satellite image based on spectral value, The satellite materials
and the spec[‘m] distance measures are ﬂr_'rmpa.tﬂd by caleulating
the accuracy of Held plot wise estimation for volumes of growing
stock by ree species. Zhou (2008) applied kNN to estimate soil
erosion in a mountainous watershed in China.

8.2 STUDY AREA

The study area is located (Figure 8.1) in Dadeldhura district
of Far-Western Region, Nepal, The twao Village Development

<< Back to contents
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Hydrological Auxiliary information
II‘I"I'IP“&'E Ph“l
(Land use, vegetation, DEM
derived variables, weather
chame using Auxillary Deta Figure 8.2: Conceptin
3-5 dosest plots water volume estimation

Committees (here after VD) were selected in the present meseanh
are Shirsha and Belapur, Both VDCs have high priority to prepare
WUMF under the Rural Village Water Resource Management
Project. The geographic locatlon of the study area lies between
the geocoordinates of 20°065253N to 29°2544.31*N and
BOF14700.13E 10 80°48-00.01"E.

8.3 MATERIALS AND METHODOLOGY

Aster image acquired on December 2007 was uwsed in
the present analysis. The imagery was purchased from the
USGS Earth Resources Observation and Sclence (EROS) and
geometrically rectified with the UTM/WGS 84 projection. The
contour map was obtained from FYWEMP which was created in
40 m eomeur intervals from 1:50000 scale topographic maps.
A Digital Elevation Model (DEM) was generated in ArcGIS
software. A& land use map was prepared in ERDAS using ASTER
imagery of the study area, A total of 514 field sample plots data
on water volume were collected for Srisha and Belapur VO, The
descriptive stntistics showed the mean and stnndard desdation for
observed water volume was .23 and 37.67 Ips (litre per second),
respectively. The maximum mensured water volume wis 523 Ips
and minimum measured water volume was 0,001 [ps.

Refe (feld sample plot method) software was used through
MS DOS in combining feld and satellite dam so that each field
sample plot on water volume got the corresponding pixel valve of
the satellite imagery (Tokola e al., 1996). A conceptual approach
for water volume estimation is presented in the Figure 8.2,

The concept is that similar water volume locations exist within
a large reference area covered by the satellite data. The responses
of the pixels within satellite imagery are dependent on the state
of warer resources, Hydrological sample plots along with other
auxilimy information (land use, topography, weather etc.) can be
used o estimate water volume {Figure 8.2). In the kNN method,
the information of unknown pixels 8 searched with meferenoe
w0 the few closest pixels whose information is already known.
The image information, band weight, spectral distance, number
of nearest neighbors and land use information were the main

Plots with all data - Give optimal weight for different audliary ta
- Water volume l

=L Angune Cross-validation

= Density of veastalion

parnmeters used in present analysis. The three nearest sample
plots were used from water volume sample plots to estimate the
water volume of unknown pivels, Three Aster bands naomely band
1 (green), band 2 (red) and band 3 (NIR) were used with the
pixel sioe 15%15 i o predict water volume,

The kNN based algorithm requires three important decisions
that are necessary before applving the algorithm, The first
decision is the cdistanes function to be appli=d. the second decision
is the nearest sample plots to be used and the third decision is the
method in allocating weights 1© the nearest sampde plots. The
similarity berween the water volumes locations were estimated
using the GIS variable-based Fuclidean distanee foneton. A
weighted Euclidean distance function was used in the present
analysis using following formula (Tokola ef al., 19%96).

dy = 8 e,y

= 8.1

Whers,

dij = Euclidean distance between pixel i in the study area and the
pixel of n water volume plot j

nch = number of GIS layer

cijh = difference in values of pixels § and j on GIS layer h and

ph = weighting parameter for GIS layver b

The similarity between water velume estimsles ean be used
o weigh single mensurement plots. The inversely<distance-hased
method was used in allocating area weights to the nearest water
volume plots. Weights were given inversely proportional of the
weight exponent to the distanes function using folbowing formuls
{Tokola er al., 1996),

()
W e

|.|' i
Mgt

8.2
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Where,

wij = the weights of pixel i for the water volume plot j

k = number of nearest water volume plot used

t = weighting parameter of GlS-variable based distnnoe

Water volume v was estimated for plxel | using following formula

[
¥ =E_Z"‘S’f*'a

Where,

¥i = water volume for pixel i

vi = field measurod water volume ¥ per unit area, on neanest
water volume plot j, measured in feld

Topographical amd other hydrological parameters were
abko used o predict water volume, Slope, aspect and flow
aocumilation data were combined with satellite imagery Flow
aocumulation i5 a raster of sccumulated flow m© each oell that
flow into each downstope cell, High fow accumulations ame amas

of comeentrated flow and can be used 1o identify stream channels,
The flow accumulation map was dedved from DEM in ArcGIS.

8.4 RESULTS

The msults showed that the kNN method predicts higher
water volume aregs more accurately when compared o the lower
water volume areas (Figure 8,3), The B of the analysis was 0,67,
The coefficient (A7) of the method explains (.67 of the water
volume estimation nsing kNN,

The result was classified in three classes (Tabde 8.1) o simply
the statistics, Table 8,1 shows that high water volume areas can
be estima terd using kNN, Though the BMSE of the class I (high
water volume) is high, the class value is also higher in comparison
o class [ (low waker volume } and class 1 {medinm water volume).
The average chserved value of the class [T1 was 133,926 Ips. The
final output map demonstrates that the predicted high water
violume areas are locted in fAat surfaces and river channels are
linked with those water areas {Figure 8,41,

Table 8.1: Predicted water volume classes and their statistics (Ips=Litre Per Second)

-13.285 16.767

Aversge of residuals

Count of residuals 468 Lt} 17
Sub of residuals 590.223 385.393 ZB5.03
Average of observed 2549 25443 133.526
Average of predicted 1.288 318733 117,159
Azal value of the class 1549 25443 133.926
Bias of the class 1.261 -13.289 16.766
RMSE of the class 27.283 71565 69.131
Totzl average of residual 0.953

Total count of resicual 514

Total surm of resicual #4B89.868

Total average of observed #.186

Total average of predicted 7.233
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Figure 8.4: An output map of water volume estimation
using kNN algorithm
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DISCUSSION

The approach illustrated in the present analysiz is a
demonstration of the KNN method for intensive future research.
Due to the limited field sample data and other limitation (human
error during data collection, shadow effect in the hilly terrain
erc), the result showed high EMSE. A large number of field
sample plots along with other variables are needed for accurate
estimation [Tokola ef al, 1996; McRorberts et al, 2002}, The
result seems quite good for higher water volume areas (e.g. =50
Ips). The satellite imagery used in water volume estimation, was
acquired in December December is a moist month in the study
ared. The reflectance from the modst soil and vegetation might
have some dominant effect on the satellite imagery which leads
to predict higher number of low water volume areas. In this study,
the ENMN method was used with only Aster imagery. It would be
goad to test the methodology with different zatellite materials so
that a comparison can be made for better prediction.

The field data on water volume was collected using different
methods (bucket method, area velocity method, ete.) depending
upon the velocity of the water in the study area. It would be
better to apply n uniform method during field data collection
for relinbility and accuracy in the variables. Kaiila and Tomppo
{20017 found a decrease in RMSE until the k value reached 20 1o

30. Tokols er al. (1996) and Nilsson and Ranneby (1997) noted
that the 10 to 15 nearest plots are needed in estimating forest
variables. But in the present analysis when the nearest plots were
increased from 3 to 5, the RMSE also increased. It is exactly the
opposite of the record of Katila and Tomppe (2001), Nilsson and
Ranneby (1997} and Tokola er al. (1996). The present findings
lend support to Koukal e al. (2007), Franco-Lopez et al. {2001)
and Moeur and Stage (1995). They suggest a much smaller valne
of k is necessary to retain the variation of the original data.

The present resulr showed a high BMSE and a bias in the
datasets. The level of association batween the spectral variables
and water volumes is likely low, MNevertheless there are always
possibilinies to improve the level of association berween the
vanables. For example, spectral mformation of the original
band was used in the present analysis. Derived measures such
a5 band ratios and vegewation indices can be used in addition
to the onginal bands (Tokola er al.. 1996; Tomppo and Halme,
2004 Giertsen, 2007) to improve the result. Other possibilities
include using auxiliary mformanon such as site index maps, land
capability maps, or soil maps. Topographic normalizations could
be used to overcome the problem of terrain effects in a hilly
couniry like Nepal
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