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'CHAPTER | INTRODUCTION

In July 1993 high intensity rainfall occurred in the Central Nepal in (wo
occasions with more than 500mm of rainfaii within 24 hours. This rainfall
was concentrated in the cemrﬁl hills of Nepal extending from Mahabarth
mountain region Siwalik hills and extending to Terai region. - This natural *.
phenomenzi caused heavy toll of damage. The death toll rose t(} 1460 and
about 39495 houses were damaged. The transportation between to and from
Katmandu was cutoff for few days hindering timely rescue work for aﬂ'ect"ed
people. |
A COilntry like Nepal where the road transportation facilities are yetto develop

‘ furlher hinder the developmcnt further by sudden calamities llke 1993 flcods. 3
EThere is a urgent need in making propcr lzmd ‘management to reducc soit

erosion hazards, m]provc watersheds and plan for Iransportauon nelwork with

- better comprehensive studles

“This research project was aimed at studying the 1993 flood, and its aﬂecl on.
‘the Ratu watershed to characterize the soil erosion, and transportation and
‘déposition phenomena usihg‘ satellitc remote sensing and GIS technologies.
'The cx{ensmn ‘of the developed methodology to Nepal was mvesng'ued and -

aclive work pIan was proposed
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2.1

CHAPTER 2 BACKGROUND OF THE PROJECT
Natural Disasters in Nepal

Nepal is a mountainous country, rcctangulzir in shape extending 8OE to $8E in
NW - SE and 26.3N to 30.4N in the NS dircction, of 147,181 square
kilometers in ared. Two third of the total ar¢a of the country is occupied by
hills and mountains. Population of stands at 18.8 million (1992), with a
growth rate of 2.1%. Ninety percent of the total population is depend on
agriculture occupying most of the hill tops and valleys for cultivation. Forest
land in the living environment is the fuel reserve for peasants, and food storage
for animals that supply supplementary food and money, the nominal income.
Forest provide fuelwood, construction matcrials,"fodder for livestdck and other

products needed by the mi’aljcomm_uniligs on a day—to’-_ddy‘basis._ Clis

estimated that 75% of _fh_e total energy conies from fo'rcst, Table2.1.

T"xble 2 L Energy supply - 1992 (WECS Report, 1992)

Terai- | Middle | *  High
L Siwalik MoumamQ Mountain :
- [Forest o asm | 90% 6%
|Animawase | 21% | odew | 18%
Agriculture Residue |~ 23% | 9.50% 1 450%

* Seutling on hill tops and hill slopes is a common practice in Nepal, whee the -
© forest land encroachment can be eéxpected with the increase with population.

This leads to high degree of degradation of the land and loss of natural forest

~ resources. The changes in the forest cover could have inipact on climatic and
: weather patlems causmg mtcnswe rainfall, consequently floods.

‘- The land of Nepal lies’in very distinctive geological and ecologlml zoncs, |

': Table 2.2. This shows the drstmct ‘differences of each zonc in their geological
' 'md climatic aspect. Also, this indicates the deforestation sitvation of each

region. Terai and Siwalik regions, where the concentration of the population
is high has a high ratio of deforestation. 'This will be prolong unless the
increasing population is diverted from cropping paltern that is locally practice
present.  Sharma, 1978 reported that the demand for forest fuel in 1985



exceeds the availabitity and this will increase every year. With the incréasing
population, burden on the forest and in the mean time land itself will increase
resulting further land degradation. Loss of forest will have negative impact on
the society in the country level, and may have affect on the climate in the
global scale. The acceleraling number of natural hazards and the their
recurrence period would be a good indicator of the environmental degradation
expcriénces in Nepal today. Existing forest cover and its change could be one
of the main factor that could influence the occurrence of these natiral hazards.

Table 2.2 Geological, Ecological zoues and characteristics (Sharma, 1988)

width | Area Rock type Climate Forest
km | sq. km 1964 - 1978
Terai 20-50 | 20580 Alluvivm - | Sub-Tropical -24%
Siwalik 20-30 | 22050 | Sandstonc [ Sub-Tropical -15%
Midl_and 40-60 | 42630 |Granite/ Schist( Temperate 1.8%
HighMt. | 2030 | 27930 |Granite / Schist| Sub-Alpine 1.8%
-[High Himals { 20-90 | 33810 | Himal Gneiss Alpine N/A

’flle major haturai disasters that occur iﬁ Nepal are glacier lakes out burst,
| e;“inhquakes', floods, droughts, laildsliQés, out of which glacier lakes out burst,
| floods, droughts and landslides are water induced disasters. The causes for. -

' ‘tlie§e :cala'r_niz_!iqs cdmﬂ be nauj_lr:fl ér:n1an'_ made. Some of the impo_rténi t';actofs'j -

© that could induice or influence natural hazards are summarized in Table 2.3.

~ Table 2.3 Probable causes of triggering hazards

Natural Man made
Topograghical .| Grazing
- | Climatic factors Tercacing
Tectonic forces -| Deforestation
| Geological formations Forest fire

Glacier lakes are created by accumulation of debris along the ridges of glacier

snoul during the melling season. Glaciers and ice-sheets are believed to erode

-3 -



the material beneath them by abrasion and plucking. The sediment created by
fracturing the bedrock and the wom-out particles themselves are transported
with and within the glaziers. Much of the sediment load of glacier is removed
and deposited during the process of melting. When a glacier is subjected to
incoming heat or any other friction, the ice is melted and drained out with finer
sediment particles leaving coarse material in the vicinity of glacier face. At the
snout of the glacier englacial debris melt out and ¢reate a ablation moraine
layer protecting the snout from the direct sun rayS reducing further melting..
As a result the supraglacial lateral and medial moraines grow into ice-cored
ridges rising up to 30-40 meters above the glacier surface. Most of these
lakes are sclf draining, but egctcmal causes or the water pressure itself could
cause the dam to be broken discharging enormous amount of water in a short
time causing unprecedented damaged in the down stream. _

Nepal is a flood prone country. The reason could be a high intensive rainfall, a
glacier lake out burst or damming of a river due to a landslide. The h'igh
intensity rainfall is a natural phenomenon that produces largé amoint of
rainfall within a short period of time. In some occasion the amount 6f rainfal}
has been exceeded 400mm within 24 hours. This high intensity rainfall, somé
*mthorz. referred to as cloud burst are gencraily occurring in Central and :
Eastem Nepal It 15 reportcd that Lx)ngxlude 85 to Long:tudc 86 is lnghly |

uscepuble for cloud burat precupltanon "The occurrence of hlgh mtensnty

rainfall has mcreased in recent years and cloud burst floods l}ccommg a ..

frequent event in Central Nepal.” Some of the reasons for this phenomenon are
topography, elevation and the degree of environmentat degradation, but their
contribution is yet to identifted.

A natral hazard turns into a natural disaster when an cvent causes in heavy
losses to life, propert); zin(! other economic assels in a society. This mostlly
happens when husan activities on account of limited k'nowledgc.;resources,:
capacities and alteratives, take place in natural hazard prone areas. The
importance of land, forest and forésf products for the rural people of Nepal can

not be overstated, but the harmony between the nature and the human
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2.2

environment should be mainlain by reducing strain on land and forest

resources to reduce or avoid unprecedented affect from natural hazards.

Natural events are indicators of changes in seasonal, climatic or biological
environment, Nepal extends from Mt. Everest that stands at 8848m to the
lower plane of Terai where the average elevation is about 130 meters the
climate changes from alpine environment to sub-tropical. * Also, the geological
formation of lhej high mountains, Churiya hills and Terai regions .belong to
different geological ages, and their characteristics are dissimilar.  Nature,
order, and the consequences of nalural disasters like floods, landslides are
dependent on many natural variables, Realistic approach for understanding
Jandslides, floods or soil erosion hazards it is advisable to consider areas with

similar natural conditions.

Storm and Flood Hazard in July 1993

There were two major floods occurred in two scparate periods in July and

- August 1993, The July events were occurred around 20-21, and the later one

was around 9-10 August. It was reported that the July flood was severe than

' the damage caused by the August events. Both these events had been occurred
" in summer, iwhié'hiisj a characle’rislics_of ﬂoods in :Nép:al.' Also, both of these,
: e've:nté are cqnfsehuencé of clouﬂ bur:st: Idinfﬁil.‘ Duirin_g this périod_ the Esu‘mjmcr‘_ :
'Imonsoen trough \Za!as'locafed over ilhe central Néi)ai between Katmandu aﬁdf
‘Indian border. | | |
‘Unusually high intensity precipitation occurred in the upper part of the

Mahabhamt Range covering three major watersheds Bagmati, Trishuli, and

Rapti on ]uiyf 19, 1993. TFurther, similar high intensity precipitation was
followed in the Six{faiik area and the lower part of M.ahabharat Range on the
foilowing day. - This unprecedented rainfall triggered floods and landslides in
eastern and Céntral Nepal causing heavy losses of infrastructure, life and
propeity. '

Figure 2,1, 2.2 show the rainfall distribution of the storm. Figure 2.1 shows

that rainfall exceeding S500mm were experienced in the middle Bagmati and
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the Marin Kola region. Figiwe 2.2 shows that the rainfalls exceeding 300:11m
were expericnced in the region exténding from Nargani to Kamala river basin.
The precipitation was concentrated in the central hills and decreased to
100mm in the Terai region.

The volume of precipitation received in the Cential Nepal for 24 hour
period was about 540mm at the highest place with an average of 350mm. In
this area nearly 8000 families, 17 Village Councils were affected by mass
movement aclivities caused by intensive rainfall. It was seported that 160
people died in this area. Further, almost all the bridges located over rives
starting from Mahabarth and belongs to Makawannapur and Dhading districts
were washed away by the floods.

In thé Siwalik arca high intensity rainfali was observed in the castern
part of Makawanpur, southern part of Kavre and western part of Sindhuli
~ districts. The maximum rainfall recorded it this area was about S00mm for 24
hours. The affected areas are high both in upper stream 'énd down stream areas
where the rivers that originate or flow through Siwalik, and spreads into low
 plain Terai region. Itis repo'rtéd that 17,000 families are affected, where about
70% were belonged to Sindhuli district in the upper streams.  About 35,000
famlhes were affectcd in the Rauhhat and S'arlahl d:smcts in the down stream,
The 1993 July floods is one of thc worst m lhe Nepal lnstory The total
o damaged was about 4000 mllllon Ncpal Rupces Table 2.4 shows the fi indings
‘reported by ICIMOD, 1993. '

Tablc 2.4 Damiage by 1993 July floods (ICI‘VIOD 1993)

Damaoed Household - _ - 64181
Affected Population L 544958
Death o ' L 1148
Affected Land in Hectares 43100
Livestock - _ 24968
Bridges 207
Dams 34
Public Buildings 399

- 1
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Spatial distribution of the affects arc thematically shown in Appendix 1.
Affected bridges, dams, households, land loss, roads, livestock, deaths are
shown in Appendix 1-1 to 1-6.
The above table shows the dramatic damage caused by single event, and the
destructive power of high intensive rainfall in this Himalayan country. These
types of events may be rarely occurred. Though the probability of occurring an
event in this scale could be once in every fifty or hundred years, their impact
on life and property is very high. Events that are considered as natural and had
little impact on the sociely are taking heavier tolls today as the flood plains and
other marginal lands are cultivated, improved for living environments with
little or no concern on the environmental degradation.
Also, the 1993 flood and its affect on the society is summarized in tangible
economical units, and affected number of people.' The amount of land
degradation that may have ditectly and indirectly supported these devastating
effects not be evalvated in monetary values. But the amount 6f soil loss, and
the consequence of it on tiu: society could be enormous. The escalating
devastating flood events causes heavier losses by washing awhy the topsoil.
E The rel.aled consequences are rapid siltation of reservoirs, abrupt changes in
thc:coursés of rivers, spread of barren sand and gravel across rich agricultural
o land on lhe plain. Thls would lead to anolher round of deforestation for crop
%}ands fuel fodder furthermcreasmg the burclen on forcsl teserves. This further ‘
_escalate’ the soil loss and olher natural hazards, Ives, 1987 says that in the
worst case the top soil ‘which very basis for existence of life will virtually flow

down to Bay of Bcngal by the year 2000.
2.3/ Natural & Human Impact on Flood Hazards

Flood is a consequence of intensive rainfall. Excessive rainfall may not be a
. major threat unless it increases the surface runoff. Fuither, the increase in the
surface runoff or the overland flow could cause land denudation and floodplain

sedimentalion once the water flow become influential in eroding and



transponing soif. Therefore, consequences of a flood event could further
escalate the degree of denudation by the rate of erodibility of land, and
transporting capacity of the stormflow. This geomorphic process could be
occur due to soil transport in running water, carthslide, mudflows, rockfalls,
talus creep, or avalanches. Occurrence of these activities could be natural or
man induced. Underlying bedrock lithology and slructure, slope factor,
rainfall intensilies, earthquakes are some of natural factors that causes or
in.creases the denudation, and deforestation, terracing are some form of huran

influences on the rate of sedimentation,

Table 2.5 Denudation rates for Himalayan Region (After Ives, 1989)

Location Denudation | Comment Author

_ mm/year _ - - :
Himalaya 1.0 Regional Menard, 1961
Hunza Watershed 1.8 From Sediment | Ferguson, 1984 |
Tamur Watershed 5.14. | From Sediment Seshardi, 1960
Tamur Watershed 4.70 - From.Sedim_ent ) Ahuja, 1958
Tamur Watershed 2.56 [ Williams, 1977
SunKosi Watershed | 250 | |Pal 1974
SunKosi Watershed | 143~ | [ Williams, 1977 | .
KosiWalg:rshediy 0.98 . | o Schu;ﬁ'n', _l%fl
Kosi Watérshéd : 1.00 " | : .‘j Wil]iarﬁs,ﬁ 1977
Arun Watershed o0 | val, 1974
Arun Watershed 0.51 | Williams, 1977 -

Exact reasons are not know for the high degree of land degradation in‘the: = . -

Siwatik, but most of literature publishedl b!aming the farmer for desiniclion of o
forest for energy subsidy and mountain farming. - Of coufse these activities
also could influence the erodibility, but the natural causes can not be ignored.
Ives, 1989 noted that the geophysical and climatic processes may be

responsible for high tand denudation in this extremely active landscape. Table



2.5 provides selected denudation rates for the Himalaya as a whole and for
somie major watersheds.

The denudation figures are some what different for same watershed due to
differences in estimated methods and the period of evaluation. The cause and
the effect of the degradation is very much crucial to bring about proper and
timely ~counter measures, but the information available for the
geormorphologicaly unstable Himalayan region is rather limited. The detail
examination of sedimentation in watershed basis may be a better solution to
understand the cause and effect of the flood and soit erosion process, but the
limited resources may hinder this efforts. Furlhei‘, it would be betier to
recognize these phenomenon on regional basis and consider detail surveys

survey on the areas with the basis of the regional scale findings.
2.4 Objectives of the Project

il could be said_ that hazardous events in Nepal will continue to occur in the
future because of the nature of the environment and the degree of present
- exploilation of ‘land.  The present level of understanding and analysis of
: nalur:al-cvcm_s; 51’(; very poor in Nepal. No proper monitoring activities are
ic_arﬁriediout% in ';re'gu:]zu!' basis. = Lack of kn.owledgci c}f natural eveits, t_hf;ir% |
: O:Cc'urjrenc:e',‘ rgctlrreﬁ_cq fil]gis:slﬁ'an could hinder proper planning for dis’dsté:r} ’
s p_re:ve:nlioh, and mitigation. It was thought satellite remote sensing data could
o:ff:§et the information gap as they can provide timely, and repelitive data of a

- parlicutar phenomena without physically visiling the area of interest.
I this study it was decide to investigate the applicability of satellite data for
river managcn{enl, land degradation assessment and monitor these phenomena.

The objectives of the study can be enumerated as below;

o Estimate the river sedimentation and channel planform change

using satellite data

T



Impact assessment of Floodplain sedimentation on land cover and
land use.

Estimate the change of forest cover that could influence surface
erosion using remote sensing technology

Establish a soil erosion model that comprise parameters easily
obtainable from available data or satellite remote sensing
Investigate the physical nature of soil erosion and sedimentation
process to establish sediment budget

Use of satellite dala for comprehensive river management
proposals to transfer the identified technology of the present

research works to Nepal
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CHAPTER 3 REMOTE SENSING SYSTEMS AND DATA

Remote sensing is the process that abtain information about an object without
making physical contact with it. Tt could be visualized in two different
“aspects; the technology of acquiring the data through some form of device
which is located away from the object or the phenomena of interest, and the
technology that required to analyze lile gathered information to interpret the
physical attribute of the object. ‘What is observed by human eye lo information
transferred to us observing from balloons, '\ircrafl satellites are .some of the
Sensmg systems relay informatton without direct contact with objecls Among
them, the newly developed satellite remote sensmg technology has become '1.
vatuable form of - information g_aihermg system for professnonnls who ‘are

dealing with the physical characteristics of earth system.
3.1 Energy Barth lnteractién:

Remote .sénsil.lg- system constilute with an object, sensing device and
_ inforimtion transfer media from object to the sensor, This could .bé _
accomphshcd by: the clectrontagnetic waves which could propagate through
the 'itmosphere and lhe outer. sp‘nerc Most of the land mformauon remoté
: sensmg opcralcs by sensmg lhe electromagnetw radmtnon that is rcﬂcctcd or
ennttcd by ear(h ob;ects ' ' ' |
:. I*lectmmagnenc spectrum s !he ordermg of electromagnetlc radiation
'accordmg to wavelenglth, or frequency. The order of wavelength frequently
-represented from cosmic rays (o radm waves. ‘The wavelengths in bctweén
these wo exlrcmltles are named as gamma rays, X- rays ulln violet, ws;ble ':
near- mfrared mlddle infrared, far mfrarcd and microwave. . For- rumote'
‘sensing purposes the most :mporhnt spcctml reglons ate 0.4-1 4;lm Wthh is
referred to as Opllca! reglon and ihe 2mm lo 0.8 mlcmwavc [t.glOl'! The
most cOMon remaote sensing systems termed as passive systems measure the
intensity of naturally available radiation of ihe objects. The radiation

gencraling syslems working in the micro wave regions are’ started to exist



before the innovation of present popular passive systems, and they referred to
as active sensors.

Passive sensors observe the reflected suns energy from the earth surface and
the emilted encrgy from the earth itself. Du¢ to high temperature of sun
compared to that of the earth, encrgy in the visible specteum of that receives at
the sensor dominated by the reflected energy of sun irradiation. In contrast,
the far-infrared regibn is conceits’ of energy emitted by the earth, and’ the
middle-infrared van be considered as a combination of = reflected of suns
radiation and emitted from the earth. |

- When an electromagnetic energy is incident on any given carth suiface
feature, three fundamental energy interaction with the feature is possible,

Figure 3.1. .

‘ j_Incident Energy

" Reflected Energy

Transmitted Eri_ergy ™

)ﬁ_béo_rbed Ene;rg:r/j:

Figure 3.1 Energy Interaction with the earth surface

The fraction of transmitted, reflected, and absorbed energy i_s_hfunélion of the
| 'properti.esbf the material type and condition. These differeﬁces can be used to

'fidenlify‘:simuilar and’ dissimilar objecls on an image. Further, the energy
intemclioﬁ is depchd on the wavelength. This refers to the fact that even for a
given feature type the reflected, transmilted, and absorbed energy will vary at
different wavelength. This facilitates to distinguish objects that have simitar
spectral response in one spectral range by observing them in different

wavelengths.
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The physical features on the earth surface can be gcneralized into four major
cover classes, water, vegetation, and soil. Typical spectral curves for lhése
cover classes are shown in Figure 3.2. These curves represents average
reflectance curves for these cover types. The spectral patterns of these features
at a given locality may deviale from these curves, but may retain their relative
distcibution unchanged, Vegetation reflectance shows high variability, and the
low reflectance in the visible region of the spectrum is account for the
pigments in plant leaves.” If a plant is subjective to some form of stress or
damage that interrupts the growth declreasing the chiorophyll production the
speciral reflectance in the red band may increase. In the near-infrared of the
spectrim the reflectance of vegelation increases dramatically, primarily due to
internal; structure of plants, Further moving into higher wavelengths the
reflectance decreases, and two dips in reflectance occur in the highly water
absorption regions of the spectrum. In the case of water, the most distinctive
characteristic is the encrgy absorption in the near-infrared wavelengths. In this
region water or moisture availability décides the amount of energy absorbed
and reflected. In contrast to these two featores, the soil spectral behavior is
- smoother, increasing with the increase of the wavelength. Reﬂectancc of soil
could change with change in the moxslure condition, texture or surﬁcb
roughncss ‘Presence of moisture m sonl decrease the reﬂt.ctance zmd thls=
"could be v1snble in tShe acar-infrared range Furlher, the soil tcxture Wthh is
related to soil moisture, where sandy and coarse grained soil may havc less |
moisture and reflect high. Poorly dramed fine texture soil may n.ﬂecl
relatively low. |
Thesc.explana'lions show that most of the earth features can be identified with
remote sensing data. There could be features with similar speciral prbpértieé “
where the separation can not be achieved. For better uliliz_alioh of remote
sensing information it is pre:-requisitc to undesstand the spectral characteristics
of the feature in consideration and the factors that could influenced or change

the spectral propetties of the feature.
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Figure 3.2 Generalized spectral curves of some typical features

3.2 Satellite Systems

Remote sensing form space began in the period 1946 .to 1950 when small
cameras are carried. aboard captured V-2 rockets anﬂ the succeeding years
‘numerous flight involving different camerés; {vera launched. The existing
remote sensing may ha\‘!_e':st:arwd after recéivihg photographs from manned
spaceéraﬂ in 1960 Ml_olivaled‘by the ¢xcclilept_qual_itj' (:)f these photographs "
aﬁd those re;ceiv’ed from Suéceséive spaceérzift, NASA initiated a program for
Earth resources Technology Satellites in 1967. The first satellite, ERTS-1 was
launched in 1972, and successive satellite in following years. After launching
the first one the program was renamed as Landsal. Launching 6 satellite,
shows the success of the Lan'dsat‘program.. Al present, 6n15r one Landsat-5 is
in operation. The mishap of Landsat-6 which was faunched in 1995 is real
~ tragedy, but the successive one will be supposed. 1o launched in 1997,
| Following the success of NASA satellite program,. French Government
decided to launch their satellite system with the patticipation of Belgium and
Sweden. The SPOT satellite system was launched in 1986 and the follow up

satellites arc supporting the remote sensing society with their continuous



service. Marine Observation Satellite (MOS), National Oceanic and
Allllospheric Admihislmlion (NOAA) system, and recently launched radar
systems, European Earth Remote Sensing system (ERS) and Japanecse Earth
Resources Satellite (JERS) serics. The main characteristics of these satellites
and their sensors are listed in Table 3.1. NOAA gives the best repetition for
monitoring with very coarse ground resolution for regional or country level
information management. | Landsat TM data gives the largest synoplic view
with a single data set and it contains number of spectml' bands sui:mble for
multi-disciptinary applications. The MOSS data is similar to Landsat MSS in

‘number of bands and the band wavelength, but has the peorest

Table 3.1 Characteristics of commonly used satellite and their sensors

Landsat | MOS SPOT IRS-iB NOAA

Semsor T™M  |MISSR [HRV/SX/P [LISSTT | VAHRR -
SpectalBands |7 |4 [0 [4 |3 |
Orbit Type T 1Sun  |Sun SunSyn. |SunSyn. {SunSyn.
_ : S'yn. Syn. . 1 ;
lnclinalion_ S 98.25 . 99 98.70 9.8'70 R 93.80

| Nominal Altitude . | 705km QOQk:m 832k§": - |832km . |854km - |

[Swath Width | 185km {100k |60km | [60km _ [3000km

“| Recurrent Period .16days 17 days |3-4days |22days cvcrydajr:

Ground Resolution | 30m 50m 200/10m  [34m [ Elkm

Quantization Level [8bit  [6bit |8 bit gbit  |10bit

guantization level Different sensors have their own merits and demerils. |
SPOT panchr'om'atic (P) mode has the best surface resolution but informalion
contained ohly in a single band.

Landsat Muliispeclrél Scanner (MSS) was the principal sensor of the Landsat

1,2, and 3. The scanning was accomplished by a mechanical scanning device



that acquire the data by scanning the carth surface in strips nonmal to the
satellite motion. Six lines are scanned at a time by an oscillating mirror @and
the reflected energy is directed to 24 detectors represented four wavelength
bands of the sensor. These incoming energy illuminates the deteclors and
produce continuously varying electrical signal corresponding to the energy
reccived along the scanned line. The width of the each scanned line
correspond to 79 meters on the ground. The effective piXel size on the ground
is 79x79 meters. The encrgy that received at the detectors are converted into a
digital value with respect to the electrical intensilics that produce. This faster
A/D uansformation produce the nominal ground spacing of 56 meters
betwZeen readings. Because of this time difference that image produce a
$6x79 meter image array, however the brightness values for these. pixels are-
actually derived from 79579 meter ground resolution cell. Characteristics of

MSS sensors are sumimarized and shown in Table 3.2,

Table 3.2 Characteristics of the Lanclsat MSS sensor

Band Name Spectral Region E Application
| Bar'u.i.fl' “E :' 0.5- 06 HM 1 Coastal envifonmeht sludieé
| 'Baﬁd 5 _ %0?6;' 07 um ;Roc'k_iso'il c:lisicr_iniiriatlio;n.
:_ ZB:and 6 :: ?0;7 '0-3 l"“; | :Turﬁidity ?:;)f shallow waters
Band 7 - 0.8-1.1 Htm | Discrimination of plant sp.eciés

© The Themati¢ Mapper (TM} of the Landsat series could be the most popular

‘ :_ and served sensor for the remote sensing society. This is an enhanced version
. of ihe MSS sensor in speclral, radiometric and spatial resolution.. The data
| acq'ui:'silion is different from that of MSS as the TM sehsor acquire the data in
‘both directions.  Also, wilhin one scan line sixteen lines are swept

simultancously giving faster scanning time for better ground resolution.




Geometrically TM data are coltected from 30x30 ground spacing, and
120x120 meter spacing for the thermal band. Radiometrically, the TM
performs its analog to digital conversion over a quantization range of 255
digital numbers. This correspond to fourfold increase in the gray scale used by
the MSS scanner. This finer radiomelric resolution permits to observe smaller
changes in the spectral magnitudes of ground features. The speciral

" characteristics and major fields of .application' of the TM data are given in

Table 3.3.

Table 3.3 Spectral Characteristics of Landsat TM sensor

Band Name | Spectral Rangc. | Major Field of Application

Band | 0.42 - 0.52 pm Cmstal water mapping. Sml vegetation
- | discrimination
Band2 . | 0.52-0.60 lm Vegetation discrimination, and: vngor
assessment - :
Band3 . | 0.63-0.69 um Plant species differentiation, - cultural

feature identification

Band_4 ©10.76-090um | For vegetation type, vigor, biomass,
: : ' emmatlon and w*tlerbody delmcatc

BandS. | 1.55-1.75 un{ L Mo:sture and deﬁcncnc;es idenuﬁcatwn,
TR RS SR : snowandcloud mappmg ‘ '

Band 6 10.4-125pm | Thermal mappmg, vegetatiOn stress,
moisture discrimination

Band 7 2.08 - 2.35 um Discrimination of mmeral *md rock
' lypcs Mmsture in vegetation

‘The Indian Remote Sensing Satellites weré launched in '.1988 and 1991
respectively, They have two sensors, namely Lincar Image Self Scanner I and
i {LISS-I and LISS-][). The resolution of LISS_1is 72.5 meters and L1SS-11

gol a resolution of 36.25 meters on the ground. Both of these sensors arc



operated in four bands similar to that of Landsat MSS. Special characteristics

of the sensor is shown in Table 3.4.

Table 3.4 Spectral characteristics of LISS-I1 sensor

Band Name Spectral Region Application
Band 4 1045 - 0.52 um Coastal cnvironment studies
Band 5 0.52 - 0.59 pm | Rock soil discrimination.  Turbidity |
_ and bathymetry of shallow waters
Band 6 0.62 - 0.68 num | Discrimination of plant species
Band 7 0.77 - 0.86 jun | Delineation of water features

Mdrinc Observation Satellites (MOS) launched by Japan consists of three
observation equipment; Multispectral Eleclronic Self-Scanning Radiometer
{MESSR), Visible arid Theimal Infrared Radiometer (VTIR), and Microwave
Scanning Radiometer. (MSR). The purpose of MESSR is to make
obser4vcauon on isea and land surface, VTIR is for sea temperaturb

 measurements and MSR for observe the water vapor content, ice and snow

d;smbutlon Gwen resoluhon and spectral nature of the observallon the

MESSR is lhe one whlch 13 smtable for land cover observanon MESSR o

| sansor is’ dcsngned to observe the earih surhce in four spectral bands Table in o

lhe visible and near-infrared regions. ' This employs an electronic scannmg
lypc radlometer, embodies charged coupled devices (CCD) for the detector. A
CCD is @ microelecironics silicon chip, a solid state sensor that detect light.
- When light strike the CCD silicon surface, electronic charge are produced, |
~ with the magnitude of the charge being proportional to the light intensfily of the
~exposure time. bach CCD has 2048 photoelectric conversion elements in
.order to obtain 50 meter ground resolution. The image signal having been
converled to an electrical signal by a CCD is fed to the signal processor where
AD conversion.: The output digital values are quantized into 64 gray levels or

3 bits.
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Table 3.5 Spectral characteristics of MESSR sensor

Band Name Spectral Region Application

Band | 0.51 -0.59 um | Water quality in coastal area, plaht
distribution and volcanic ash mapping

Band 2 0.61 - 0.69 um | Geological structure, Plant distribution,
water quality of coastal areas and lakes

Band 3 0.72 - 0.80 pm Surface  waler,  plant  species
' distribution, geological structures

Band 4 0.80- 1.10um | Surface water, floods, vegetation,
snow, ice mapping

SPOT sensor system has the finest resbliltiorr as at today. _SPOT satellites are
housed with tow identical High Resolution Visible (HRV) sensor systems.
operated in twb modes: 10 meter resolution panchromatic mode in the 0.51 to |
0.73 jm spectral region, and 20 meler resolution multispectral mode over the
0.50 to 0.89 tm spectral range. The system 'employs' a phsh-broom scanning
system wilhfa. linear array of CCDs arranged side-by-side along the line

rpendrcular to the satellite orblt track A lmc of i image data is obtained by

samplmg the responsc af the deteclore. -ﬂong lhe array and successwe lines of : _ o

covemge are obtained by repeated samphng along thc array as s1tell|te moves
over the earth. The CCD array of HRY consists of four sub- arrays one - for
each band in the multispectral mode with 3000 elemeats for each of these. In
- panchromatic mode there are 6000 CCD elements. The energy observe at
CCD are converted into digital with effective range of 255, The difference of. |
this satellite from the others are its capabilily to observe the earth in oblique '
mode. With ground command the sensor can observe 27 degrees into its left
or right facilitaling higher repetitive coverage, and stercoscopic viewing in a

given location. HRYV sensor characteristics ar¢ tabulated in Table 3.6.
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Table 3.6 Speclral characteristics of HRV sensor

Band Name Spectral Region | Application
Band | 0.50- 0.59 um | Coastal cnvironment studies
Band2 | 0.61-0.68)tm | Rock soil discrimination. Turbidity

and bathymetry of shallow waters

Band 3 0.79 - 0.89 jim | Discrimination of plant species

3.3 Data Acquisition and Handling

There are no Salellité that produce data free of charge to the end user except
the NOAA scries where the ground resotution is poor for land managcment
| :studxes All other satellite data have (o be purchased from respective agencies
or lecal dlsl'_rrbutm'g centers. General flow of the rémote sensing system is

thematically 'sh:own:in Figure 3.3.

| The satellrte proclucts are provrdo as photographs or d:grtal dala Photographs |
| arc map products produced in standard map ‘séales. | This’ product is the
: cheapest,‘ and does not require special cqurpment to use in studies. The
potential of satellite data can not be {ltilized by obtaining photographs as they
- have undergone various processing levels before reach the end user. Further
" they will not relay any information about the speciral response of ground
fealures in the spectral bands in the satellites excepl by the colors in the film
‘ p'rodu.ct..' Theradvanragc of multispeciral observation will be lo.sl in obtaining
photographs as the possibility of band combination can riot be achieved.
Further, the analog nature will prohibit direct use of the information with other

information,
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Figure 3.3 General flow of the remote sensing system

Digital products are relatively expensive than tﬁe analog pfodu'cls, but

facilitate computer handling for information extraction. ~Ground recéiving

station carry out the required pre-proccssmg for the uiser and it is rcqueslcd to

inform them wilh the processing level that is required by the user. There are
advantages of purchasing digital data as it facilitate to discover the spectral

response of ground fealures in the entire spectral ranges of the ‘$ENSOT.

Hand!'i'ng of digital data requires special knowledge of computers, image -
- processing and'classiﬁcation tcchniques; 'Aiso suitable computer 'periphéral |
and software syslem is must for data handlmg Flgure 3 4 shows lhc working
' environment of the present work. o | | | |
The energy that receivcd by a sensor is transformed mto a digml value aud
teansmitted to receiving stations. These digital values may differ due to
different quantization levels of the sensors, and the prevailing condition of the
atmosphere and posi.tion of the sun angle at the time of the ground pass of the
satellite even for same surface cover on the surface. ‘The radiation detected by
a remole sensors travels through the almosphere, and the algllospheric effect 6:1
‘the radiated energy varies with he locality and the prev'ailiﬁg weather
conditions. The atmospheric allenuation is basically caused by the scattering

and absorption.
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It is important to note that a satellite data obtained for a particular area would
give the slatus of the surface cover at the time of the observation. These

observation may or may not give the curcent sate of the land use of the area.

Data Analysis Output

gy
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S
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olor Scanaer

Q (==
3 3

Data  CCT Reader
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‘Figure 34 Syslém configuration of the remote sensing analysis

3.4 Prc-‘proc}:sfsiﬁg’ of Satellite Data-

'thri itn:ag;e data is r%eCofde‘d by sensor on satellite it ¢can contain erfors in
‘ gcoméliy and in the mieasured i)rightness values of the pixel. Errors in image
- geomelry can arise due to; |

e ' rotation of l'he. earth during image acghisition

" wide field of view of sensors

“curvature of the earth
~ e sensor non idealities
e variation in platform attitude, altitude and velocity

¢ panoramic effects related to image geomelry
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Radiometric distortion be either instrumentation effect or due to the

transmission media, atmosphere.
3.4.1 Geometric Rectification

There are two technique thal can be performed to correct various types of
'gec»mclric. distortions present in a digital image data. One is to model the
nature and magnitude of the ‘distortion  mathematically, and use the
mathematical models to correct. This one requires to chacacterize the
distortion precisely.  The other one, which is largely used defines a
mathematical felatiOnship between the ﬁddresscs of image pixels with
conespondmg ground coordinates via maps or other coordinate information.
The large popularity of this method is that the user can perform the correcuon
without the precise uriderstanding or modeling of distortion that are presented.
In the latter one it is required to identify cléarly identifiable features on the
imagé and corresponding ones on maps. These well defined points both on the
- imagc.and map arc referred to as control points. . Th.is proce'ss can be
“emimerated in two steps; registering and reé't'iﬁcation :
~In the reglstcnng process control pomts are 1dcnuﬁed their coordmale values
Lare! exlractcd 'md a rt,lauonshlp is eshbllshcd In n,cnﬁcauon stagc ‘the
eslabhshed reiatlonshlp is used to rc map ‘the satell:tc data pixel by p;xel
ba31s to the map projection. ' :
Assuming that a position on the nﬁap can be denoted by (x,y), and the
corresponding position on the image to be (u,v), these two coordinate system

can be related through a pair of mapping functions f and g'in the form;

. f(x, )) S - (3.1
v=glx,y) e (3.2)

Explicit form of the mapping [unclidn fand g are not known, Generally they

are represented as a polynomial of first order or more complex higher order
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polynomial. A simple first order polynomial, affine transformation can be
accounted for most of the geometric perturbation in a satellite image. Using

affine transformation above equation can be written as;

u=a +ta,xt+ay 00 crmeeeeseeee- (3.3)

v=b thx+by = e (3.4)

Theoretically, three control points will sufficient to solve the above equations
for mapping coefficients. In practice however, it is not possible to choose
control points without error, therefore many control pomls will be selected and
least square technique is used to esltmate the mapping cocfficients. Selecting
m number of poin;s, the two residual sum of error can be represented as

below;

ot =@ ax Ay N i= L e (35)

Z(v (b+bx +b5y))2i-*1 ..... HE e '(3.6)

Eqmnon 35 and 3 6 are dlfferentlated w1th rc,spect to q;x ‘unknowns, and the'
: rc,sullmg cquanons are set to zero and solvc smultaneously for coe!'ﬁmems

: Havmg deﬁned the mappmg polynomlal itis reqmred to find the pomts on lhe
‘image thal correspond to gwen location of the ‘map. “This proccss is
rectification and involves some form of resampling, The image coordinate
values estimated by mapping functions do not necessarily occur at the
coordinate of original pixels on an image. Therefore, a procedure has to be
formulated io estimate the spcctral' values of the pixels in the new image'
resulting after’ transformation from the original image. Most often used
‘ reéampling methods ace nearest neighbor, bi-linear and cubic convolution,
.Ncarest neighbor is the fastest method among these. This'simply chooses the
radiance value of the pixél that has its center nearest to the estimated image
coordinate. The intensity (I) of the output pixel at (x,y) receives the intensity

of the pixel (u,v) which is closest to the estimated position on the image.

- 26 -



G yy=1Gnv) e 3.7

The bi-linear interpolation technique uses four neighboring pixels to estimate
the intensity of the oulput pixel.

e, y) = a, I, vy +ap I, v + D+ai(u+lv)+ (IMI({.I"F Lv+l) ---- (3.8)

where a;; ... a4 are coefficient and need to estimate using four radiance values.
The cubic convolution uses sixteen points to estimate the intensity of the

position of interest.

_!(Jé,y)ra”lnl(rt+m,v+n) where ~t<mn<2-1  --e-- (3.9
The nearest necighbor method the original intensities with half a pixel
positioning error, while other two method will create new spectral radiance

values. -

" 3.4.2 Radiometric Distortion and Correction

Sun Iradiance " Sensor Radiance

NI '{
e

Path Radiance -1

Sky Irradiance -1

Pixel Neighbor

y Irradiance -2 - g

Figure 3.5 Energy interaction with earth surface
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Effect of atmosphere and the surrounding has considerable amount of
influence on the spectral radiance that receives al the sensor. Considered the
atmosphere is not present, the energy that incident on a pixel from the sun is
clearly defined and the radiance at the scnsor is a function of spectral
characteristics of the pixel that is observed.

Suppose there is no atmosphere then the solar spectral radiance at the earth can

be calculated in a given range of wavelength as follows;
A2
E,=[Ejcosqd (3.10)
Al

E, is the spectral irradiance at the earth surface, 0 is the solar zenith angle. Eq
corresponds to the irradiance between wa\?elenglh Ajand A, In remote sensing

the wave bands are narrow enough to assume
E, =Eg,cosAA (3.11)

where E,, is the average spectral irradiance in the band AA. .

S'uppose the surface reflectance is p and the susface is diffuse then the radiance
that is available at the sensor ivill become |
iLf:E*.cbs&‘h}{b‘ :
ST AT A O e (312)
L'is:the'incorning radiance at the sensor, it is possible to calculate the digital

value that is correspond using detector response.

rL:ZCk+L,,'ﬁn E | L e (313)

where & = {Lmex— Lm’% oy I which Lmax and Lmin are the maximum and

the minimum measurable radiance of the sensor. These are usually available

for the manufacturer and depend on the sensor system.
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The above is a discussion of an ideal siluation where the atmospheric
interaction has been ignored. In reality there are certain interactions that
should be considered during the energy travel from the sun and back to the
sensor after interaction with the earth surface. The energy undergoes
scattering and absorption during its pass through the media and the order of
these perturbations are time and location dependent. _

The absorption reduces the amount of energy that received at the sensor and at
the targel. The scattering process introduces additional component to the
sensor radiance scattered from atmosphere itself. Further, nei.ghboring pixel
scaltering would contribute to the target energy due to atmosphere. I we

_consider theses additional energy receives at the eaith become

E,=EyT,cosA+E; e (3.14)
T,is the transmitlance and E; is the diffuse sky radiance al the target. Then

global irradiance become

| L:%{E&Tecosﬁéﬂ-kﬁd } et (BS)

The total radiance at the sensor become
L= BlE Toeos 0+ By YL, e (316)

To correct the atmospheric effect it is required to model the each scattering
and absorptlion process using data obtained at the time of satellite pass.
Generally there are no celiable data for model _analy{tis' of atmospheric
correction. Most application that need to correct for atmospheric distortion
uses graphical models for compensation for perturbations.” Also, use of band
ratios are said to be compensate for atmospheric differences for some extent.

Above discussion was based on considering the earth is a flat surface. [In

teality the undulation nature of the surface contribute differently to the
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incoming solar radiation due to incident angle of the solar energy. This make

the analysis difficult in hilly areas.

3.5 Qutline of Image Analysis

The digital satellite data analysis can be addressed in two thenes; visual
interpretation and digital classification. As with photographic products digital
data ¢an be prime'd in hard copy with image enhancement technigues to
improve the quality and requirements of the work. This will give the layman -
to visually identify features by investigating color, texture and homogeneity. In
contrast to visual interpretation, satellite data can be classified using digitaf
classification methods resulting thematic maps. This procedure involves
specialized hands and high computer processing time, but process data can be
treated easily for lhap generation in different scales and integration with other
digital products for multi-disciplinary studies.

If not transformed the digital values of satellite observation for respeclive
ground irradiance with rigorous compntations they can not be taken as
absolute reflectance of a for particular surface éover. The ¢omputations for:
‘this con‘ve‘rsjioh inyolvcs supplementary data péﬂaining to almospheré, sun
position and satellite fpc}siti'on at the time of the observation. e

“The c:_omplcx mathematical computation could be avoided in classification
digital remote sensing data if a relationship could be established between the
groiind features and the corresponding digital data. This is the most popular
lechniqgue used ‘in digital data classification.  The general statistical
classification techniques are summarized and shown in Figure 3.6. |

The process can be break into two major parts; Supervised Classification and

Unsupervised C!éssr'ﬁcatr‘on. The unsupervised classification is a result of
grouping satellite data itself for the natural groups within the obs.ervalicm,

mathematically, This may or may not correspond to interested land cover

classes. In supervised classification reference information for interested land
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cover c':in'sses. are collected at the time of the satellite pass. These information
are compared with corresponding satellite observations in establishing
mathematical or statistical relationships. Coasequently, these relationships are
used to classify the whole data set to the pre-selecled land cover classes. The
reliability of the final thematic maps are largely depend on the accuracy and
the reliability of the reference information. ' _ '

A combination of these two, referred to as Hybrid method in some literature is
becoming popular as it consider the possible groups within a satellite data set
before correlating with reference information.

" The above methods are the most commonly used classification techniques. In
ordet’ ld identify dynamics of vegetation and their changes use of vegelation

index are popular using spectral properties.
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The cells in plant leaves are very effective scatters of light because of the high
contrast in the index of refraction between the water-rich cell contents and the
intercellular air spaces. Vegelation is very dark in the visible (400-700 nm)
because of the high absorption of pigments which occur in leaves (chlorophyll,
protochlorophyll, xanthophyll, etc.). There is a slight increase in reflectivity
around 550 nm (visible green) because the pigments are least absorptive there.
In the spectral range 700-1300 nm plants are very bright because this is a
spectral no-man’s land between the electronic transitions which provide
absorption in the visible and molecular vibrations which absorb in longer
wavelengths. There is no strong absorption in this spectral range, but the plant
scatters strongiy as mentioned above. |

From 1300 nm to abowt 2500 nm vegetation ' is relalively.dark, primarily
because of the absorption by leaf water. Cellulose, lignin, and other plant'
materials also absorb in this spectral range. The most commonly used

vegelation index is the Normalized Difference Vegetation Index (NDVI).
3.6 R_einote Sensing Activities in Nepat

~ Remote sensing activities of Nepal has been started few years ago and there
dre s'pme‘:agc\hc;ic_s that ‘are active in this ficld. 'LAlso,' this technology is used

a:‘lozngi Wilh_Gt?ograp'hidal' Information System (GIS) in most of the 'e'd'u'calionalf

“and 6lher‘agencies. Some of the institutes that are us"mg this technol'ogy are;

- Forest Survey and Statistics Division
Mountain Enviconment and Natural Resources Information Services
“Tribhuvan Universily - Central Departinent of Geography |
Departnient of Mines and Geology

A ol

National Planning Council

National Remote Sensing Center was established in 1981 lh'roug'h:a joint
cooperation with the HMG/N and the USAID to conduct national level
activitics. It was the focat point for the remote sensing activities concerning
natural cesources evalvation and monitoring, well equipped with laboratory
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facilities for photography, reprinting, reproduction with well trained
manpower, During the period of 1985 to 1989 different international agencics;
FAO, GTZ, JICA and UNDP involved in funding the center. During this
period the center was very active. In 1989 the center was brought under the
Forest Survey and Statistics Division as the remote sensing center. This
change diverted the main objective of the nalional center to forestry need and
it starled to serve for forestry applications. By 1990 Finnish International
Development Agency (FINIDA) funded the center for developing a Forest
Resources Information System (FRIS). The initial funding was for four years,
and later has been extended for another four years until 1999. The remote
~ sensing and GIS facilities at this center are moderate as at today with trained
personnel who are mainly engaged on preparation of data, some sort of GIS
analysis, and reniote sensing data interpretation. The center has Landsat
Thematic Mapper Data covering whole Nepal taken in 1990 and 91. The
centers has the authority to interact with outside agencies more freely as the
semi-autonomous nature. The Mountain Environment and Natural Resources
Information” Services (MENRIS) was established in 1989 by International
_ . Center for Inlegrated Mountain Dc've!o'pmeni (ICIMOD) program VI with a
" Technical Assistant Grant from the ADB, UNEP and GTZ. During its first
‘phase, 1990 - 91 the center was engagﬁd on establishing the MENRIS itsclf
‘with proper staff and equipment, Training programs. The center is mtercslcd
. in database creation for the Hindu Kush- Himalayas, which i is the target area of :
" ICIMOD in development of an econmmcally and environmentally sound'
imounhm ccosyslem and ' to lmprove the living st‘mdard of mountam
population. * The parucnpatmg countries in this program are; Afghamslan '
Bangladesh, Bhutan, China, India, Myanmar, Pakistan and Nepal. ‘
MENRIS is active in GlSlﬁe_ld by conducting training programs, crealing a
database, conducting collaborative studies  with interested  participating
countries. - The center is equipped with hardware and software for GIS dala
creation, ana!ysns and presentation.. Remote sensing is not aclive as GIS, and it
is hoped that the center will take an active coll iu this field with their new
~ remote sensing specialist. In summary, the center is acting as the database
manager, training center, and supervising agency in GIS for participating
countries. In time to come it will create a similar environment for the remote
sensing as far as the sponsor agencies are there. For details of system, data and
services see Appendix 2-1.
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Located in the Department of Geography in the Tribhuvan University it is
aimed at introducing the GIS technology to the young graduates who are goihg
to take an active roll in developing Nepal. The GIS facilities are donated by
the ICIMOD under the funding of UNEP and ADB, and the GIS technology
been introduced since 1994. Though the center is in ils early stages the
department already started GIS course works for final year geography students.
It is said that the number of sludents who wants to lake up the course exceeds
the facilities in the department. Further, the department has started GIS'
training course for other government and non-government agencies. Two
courses per year, in July and in December are conducted charging 25,000 Rs.
as course fee. At present the deparlment is preparing elevation database for
entire Nepal by digitizing one inch topographical maps produced in 1962.
~ ‘This is a collaborative work with MENRIS, and Tribhuvan University is
aiming to finish 200 topographical sheet within few months time. For course
details and system configuration sce the Appendix 2-1.

In the Department of Mines and Geology Remote Sensing lab was established
~in 1992 to extend this technology to geological and geomorphological
mapping. Initial grant was provided by Germany with project duration for two
. years. No remote sensing equipment are available here. The required satellite

pictures (analog form) are purchased from India or Thailand. These satellite
: plclures are used wnh aenal photographs and field verification for geologlcal

mappmg | :
A UNDP project was started m 1988 to lmprove the planning capac:ly, as well

‘ fas serve as a mtegratlon body in' the national level in the National Planning

:Councnl ‘Also, in’ 1992 a GIS project was initiated running for 30 months.
This program was responsible for maintaining an information system for

planning purposes of 24 districts of Nepal _
As discussed in foregoing section these technologies are appearing in Nepal

though it is limited to few agencies. Awareness of the technology among
 administrators and technical staff is acceptable. It is observed that the barrier
' for the expansion of GIS and remote sensing technologies are the initial cost of
cqﬁipment. need of specialized man power and maintenance. Further, lack of

proper integralion of work in country level was observed. In sOnﬁc of the |
occasions, lechnologies have been siarted with the influence of foreign

- projects and the systemn are idling after completion of these projects. This
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could be due to lack of the interest at managerial level, scarcity of funds, lack
of demand from other agencies and poor coordination in country level. At
present the niost active agencies in data preparation of GIS are ICIMOD and
Tribhuvan University, whereas in remole sensing the Forest Survey and
Statistics Division is taking a leading role with specific interests. Also, it was
said some NGO who arc working on rural development are looking for GiS
technology. It could be said that GIS is highly admired technology al .thf.:
moment, and most of the .agcucies are working towards a common géal,
creating a database. Within few years more data will be available, in different
scales if the GIS specialists in Nepal keep their intcrest in this field, and the
sponsor agencies continue their intecest in developing “databases for
comprehensive studies.  Transition of GIS database creation to .produclive
analysis may take some fnoré time as the data as at today may not be suitable
for carry out scientific work: for specific need. Further, object ortented

ana]yéis can not be performed without properly developed spatial database. -
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CHAPTER 4 DESCRIPTION OF THE STUDY AREA AND DATA
ACQUISITION

4.1 Outline of the Study Area

General model for describing thie basic landscape elé:mems of ‘the Nepal
Himalaya is shown in Figure 4.1. The maximum altitude exceeds 3000 meters
and the maximum depth of sediment reaches more than 5000 meters below the
sea level. This dramatic deposition and elevation difference in between rather
parrow north-south extent reflects the enormous crustal movement that has |
-occurred and is ‘occurring at present. There are three main tectonic
_ | discohtinuilies that are respo’ns.ible for d_éformalion and elevating the mountain
_rhngé; Main Central Trust Zone (MCT); the Main Boundéry Fault (MBF), and’

the Main Frbnial Trust (MFT). These trust are parallel fo the entire Himdhyan

system.- The region is subdnv:ded or ‘identified accorclmg to their physical, or.

ecologlcal or physxograph]c nature by different authors Table 4.1.
' The four northem uhits ‘Tibetan Plaleau Tibetan Marginal’ Range, Greater
Huna!aya and the Inner Hunalaya are groupcd as High Mountain. This area

~ exlends beyoncl 4000 meters, and above the montane forest belt. Thc hlgher

: norlh facmg Sl(!pﬂs are semi arid or arid because of high almude rain-shadow =

effect., The south slopcs intezcept the summer monsoon, and prec;plt'\llon |
o decrcases with increasing altitude. : ' : ' | |
Mlddlc Mountam lies south of High Mountain, and this areé éomprises much
~of the population of the Himalaya. ~The northern section runs below
- 4000'n1éter montane forest cover and in south adjoi'ni.ng a‘gricultural lands..
. The M'lhabh'\rat Lekh and thc Siwalik conshlute lhe Lesser Hlmalay'i bounded
': 1g'nnsl ihc Ganges plain, 'I‘erm ‘The MFT has produced cnough dcformatmn :
to rose this area over Terai plain. ‘Mahabharat Lekh ‘and the' Siwalik are -
-composéd of'ybung tertiary 'slrata and contains sox‘nc of the most éasity
erodible hthologies includin:g unconsolidated sand and gravel. The Siwatik

stand over the Ganges plain with an altitude mhging from 200 to 1500 meters.
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Table 4.1 Physical division of Himalayan andscape (alter Ivans, 1989)

Geographic  Hagan Gurung FAQ/HMG/UNDP LRMP
Region
{native term)  Physical feature Physical feature  Ecological zone physiographic
zone
_ Tibetan Marginal  Border Range
Mouotain - Mountain
(Himal) _ _
Inner Himalaya Trans-Himalyan  High Himalaya High Himalaya
Valleys
Himalaya Himalaya :
(Himal) oo Transition zone High Mountain
Hills Temperate {lckh)
(Pahar) Sub tropical
'(Pahat)
LMidlands |
_ Mahabharal Lekh Middle Mountain Middle
Mahabharat Lekh  Inner Terai Mountain
' Chrure range
Plain Siwalik zone Siwalik Siwalik ¢
(TEFAI} ooieieie e cers e ermimae s b enesensre e
Terai Terai Terai Terai
Source Hagan (1960) Gurung {1971) Nelson (1980) HMG (1986) :

Ratu watershcd which is Sllmted in the Siwalik was selccted for the presenl
study, Flgure 4 2. Ratu river ongmatcs from a Chunya hill in central Ncpa! at
an altitude of 700 meters and drains into Terai regmn few kllomcters north of :
Janakpur. The watershed lies west of Kamala river and south of Sun KOShl. |
Ratu river crosses the East-West highway around 86E and 27N. Riw}er uns
dry during the winter and transport sediments during the rainy season with the -
high water flow. The sediment unloading capacity said to be very high during
a heavy rainfall ‘or‘ continuous rainfall during the monsoon. The riverbed
gradient is very gentle, and the average bed slope from the Highway to its
origin is only 1%. This i:ndic'ate that the sediment transporting capiaciiy may
not be attained without considerable amount of precipitation. j

As the watershed is betonged to the Siwalik or the Churiya Hills, the rocks are

represented by soft and loose sandstone, mudstones, and conglomerate. The
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-topography is predominantly steep except in the lower part of the watershed
wheie il is possible to observe some genllé slope hills. About 70% of the
waterslied area is covered by forest with varying cover densities. Shorea
Robusta , locally catled Saf is the major species that found in the area. Over
the upper reach, it could be said that the crown closure is above 75%,
according to the 1992 aerial photo interpretation, Figure 4.3. Remaining land
could be grouped into two; crop lands and barren land. It is said that the depth
of the soil layer is less than 20cm in the Churiya Hills, probably same in this .
watershed. This soil layer is very fragile as very extreme erosion hazard and .

paor regeneration potential.
"~ 4.2 Acquisition of Remote Sensi'ng'Dala S

Conmderatnon was made to lwo aspect of thc prescnt study in acqmrmg renote
sensing data. One objective of the sludy is to estimate the phnform ch”mgc of
Ratu river and unpact on the ﬂoodplam In this aspect, it was dec:ded to
oblam satelhle remote sensing data over a long :time span giving the
E opportumly to extmct mformat:on of physwal changes that have bccn taken
phce in the watershcd and in thc ﬂoodplnm The other purpose of the present
study is to establish a soil producttou model with lmmed data that is avallable
for the present study area and for most of the wwtershcds in the Slwahk As:
“there was no runoff gauges within lhlS watershed the valldaty coutd only be
carried out by comparing changes of deposit during a given time span.
Further, field work was requested for identify the physical nature of the soil
erosion, its iransport and scdlmentauon | |
Therefore, satellite dataset covermg a major flood event was cons:dered to
estimate the area of sedimentation. The mosl recent ﬂood cvcnt 1993 }uly‘
was selected for this as this could gwe lhe opporlumty to collect the
information on the extent and nature of the ﬂood and consequcnces by wsumg '

the field where no other means of information can be obtainable.
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Satellite remote sensing data are available form the first Jaunch of Landsat
satellite series. "These data arc supposed to available from 1973 obscrved by
MSS scanner of Landsat systems. For recent dates, specifically after 1990
there are different sensors like Landsat TM, SPOT, IRS, JERS could have
covered the study area for the interested dates of the present work. Preference
was given (0 Landsat series in selecting data as its availability for a long
period. _ _

* As the initial step of data acquisition, information 611 the dataset available for
each sensor from 1973 onwards were requested from data distribution centers
~ here in Japan and Thailand. It was found that no data was available for the

~ period 1980 to 1990 for this area. - Also, the area was not observed, or no data

o \irith suitable cloud cover was present for the period May to Novémbe'r for any.

~ sensor from 19?3 to 1995.- “This could be due 10 the fact that this penod is

- belong to the. monsoon ramf’tll season and there could be high cloud cover
- present over the study area. Consxdermg the objectives ‘of the project, m_a_lpr‘
‘flood events and.the budget alloéated the dala shown 'in the T'lble w;'ts. :
selected for the present sludy Further, during the selcctlon of data, spccml;
attention tvas gwcn to choose data that are acqulred in the samc day of the:‘
year, Of Samie Season of the year to mmnmze 1rrad|ance variations on’'the
surface due to posmonal dlfferences of the sun. Inform'mon of the sclccled :
. dutasets on lhe pos;llon of the suu at the time of satellite pass are gwcn in

© Table4.2.

Table 4.2 Information on the satellite data obtained for the study .

Sensor | - Dale é: Sun Angle | Sun Aiimlrfh Proc‘essing Level
MSS_ | 1973.03.14 | NotKnown | Notknown |~ Bulk
'Msé.: '1'977.03.20 Not Known | ' Not Known  Bulk_ ]
™ |1993.0306) 47 | 27 Bulk .
™ | 1995.0322| 46 122 | Bk
LISS-It | 1994.11.15 . ~ Bulk
LISS-11 | 1995.03.15 Bulk
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4.3 Ground Truih Data Collection

The best source of information of any phenomenon under consideration can be
obtained only by examining it in the field. Further, for analysis of remote
sensing data, availability of a set of reliable reference information is a pre-
requisite. This is because remote sensing data represent relalive radiance of
he area of observation and can not be converted to physical features of the
area unless the relationship of relative radiance values with the physical
features on the ground is not formed. Therefore, it was decided to carry out
ground survey for collection of information on the current state of the Ralu
watershied, and to identify the nature and process of soil production and
propagation through main stream to the flood plain in the Terai region.
Collection of ground truth and ficld investigation carried out is enumerated

" below,

© L. Acquisition of acrial photographs

- Referring to lhc avallablllly of satellite data and major flood events, reqmsmon
was made to lhc Topographlcal Survey Deparlmenl of Nepal for. aerla] |

> photogmphs The sludy area has beén covered by 1992 Novembcr aenal :
. photographs m the scale of t: 40, 000 As thas coverage dep;cts the state of the" |
:watcrshed and the area of sedlmentauon due to flood event of 1992 June,
photographs that cover the Ratu watershed were obtained for the analysis.
Further, a set of photogfaphs in a similar scale obtained in 1979 was obtained
for "compé}riséniv%ith satellite data for 'cstablishiﬁg—'speéual'_pmpenies of

satellite data of interested cover classes.

2. Co!lectioh of Helicopter photographs
" The aerial photographs are in smail scale and taken in the wet season limiting
the comparison with satellite data in estimating vegetation growth and vigor

using NDVI (Non'nalized Difference Vegetation Index). Therefore, it was
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decide to'photogriipﬁ the Ratu watershed using a helicopter. A normal camera
that uses visible light with SOmm focal length was used to obtain vertical or
near vertical photographs flying at an altitude of §200 meters, OpeRatuars were
taken care to keep the camera vertical for their cxtent on the shaking
helicopter.  Simultaneously, a camera with infrared filter was used to film the
same location filmed by the normal camera to compare with the infrared
spectral band of the satellite data. ~ The route of the helicopter and the
photographed location are shown in Figure 4.4." The accurate focations were

identified by comparing small scale photographs with topographical maps.

3. Field survey information

Field visits were requested to survey some of the sub-streams of the Ratu river
and observe the river bed for sediment formation, distribution and clues to
differentiate the age of the depositions. Few river cross sections were
requested, specifically in the upper stream and flood plain to evaluate the
volume that has been deposited through different flood events. The resulis .arc

further discussed in chapter 6.
4.4 Collection of other Conventional Data

- In addition to sateltite data the following data were coliected for the present -

study.

~ Geological Maps | l':ZSO:OOO
Geographical Maps 1:25,000
Climatic Records of Nepal
Land Capability Maps 1:50,000
Land Utitization Maps £:50,000
Land Form Maps 1:50,000
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CHAPTER 5 ANALYSIS METHOD AND GIS DATABASE CREATION
Method of the Analysis

As explained in earlier chapters, the capid soil foss and sedimentation due to
intensive rainfall cin be considered as consequences of surface erosion
induced by human intervention or natural phenomena, In order to verify these
erodibility factors and to establish the mechanism’ of soil ¢rosion and
sedimeniation in the Ratu watershed the analysis, was carried in the present

study following themes;

o Sediment budget by field surveys
¢ Sediment deposition and planform chmiges of river channels by

remote sensing

* Amount of soil yield (volume)} by remote sensing and GIS technology
» Temporal analysis of volume of soil production and phnfo:m

'variations by remote sensing data

:Here lhc csum'ue of extents and ils changes can be conszdered as a derCt.
'measurement fmm remote sensmg data, and the accuracy is depcnd on the

=spataal resolullon of the parucular sensor. To cvaluate the soil balance, which -

is a volumelric estimation requires not only the surface extent but also the

‘depth of the deposition and rate of denudation. The depih has to be acquired
© from other methods. Deposition depth and the production rate can be o_btained

? 'by'direct'investigation, or using jndirect measurement that support the rate of

denudation. ‘The major items of the analysis procedure and their relation to

© data and observation are presented in Figure 5.1.

' The field visit estimated sediment budget results were compared with satellite

data estimates to evaluate the applicability of remote sensing and GIS

technologies in soil erosion and sedimentation problem in the Ratu watershed.
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Figure 5.1 Main components of the data and analysis

5.2 Potential of a Geographic Information System (GIS}

- Geographical Information System(GIS) is a computer assisted Systém for
- acquisition,  storage, analys'is and displaying of - geograph:c data.
- Comprehensive dlsasler nnllgallon pro_;ect requires handlmg of huge . volumes 3
jof spatial data and extensive spatial analy51s Wllh its mhercnl power of store.
manage, manipulate and present spatial data, the "GIS technology is
increasingly preferted in natural disaster monitoring and mitigation projects.
The performance of this technology has been appealing owing to the improved
capabilities of computer hardware. The enormous amounts of spatial data such
as maps and drawings to represent natural resources information and human -
activities such as topography, rivers, forest cover, landuse, houses, iutilily .'
facilities can be efficicatly input, stored and managed in an intefligc_nt
database. GIS can perform a variety. of spatial operations such as polygon
overlays, proximity analysis and surface modeling. Moreover, these opcralions '
can be performed at much better speeds and higher spatial accuracy that are
not possible by conventional and manual methods. Such capabilities of GIS

can be summarized as follows.
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- @ Geographical data processing and visualization

Using GIS, geographical information which are collected in a variety of forms
such as maps, drawings, documents, labular sheets, photos, elc., are converted
into digital form and stored in a computer database. These data are
standardized geographically in terms of coordinate system, units, map
projection and spatial accuracy prior to further processing and analysis. Once
the informalion is captured into GIS, high quality thematic maps can be easily
made based on user defined scale, color, symbol patterns, or visually presented
on graphical display instead of hard copy outputs.

e Database management

GIS integrates tabular data and map data commonly in relational database
prdviding two way interaction - map to table {query, information update) and
table to map{ query, update, presentation) . Information in the database can be
shared efficiently among users and allows to avoid confusion by multiplexed
information. Nalional/local governments would receive a great deal of benefils
from this capability especially in urban and régional planning and facility
- management.

o Spatial analysis

:Spat‘:ial analysis is extensively used in mqny practical apf)lii:étio’ns such as
Elo;)c stability, environmental impact of road construction, etc. GIS stores the
various types of spatial information of the study such as geology, soil type,
basin boundaries, etc. as separate layers. There are different layers for different
* types of information which are represented by points, lines, and polygons.
* Given the problem; analysis can be carried out using the required thematic
layers for the best or for the optimal solution. For example, it possible to
caleulate the arcas of new sedimentation and the social impact after a flood
event by overlaying the information layers such as rivers, houschold, land use.
before fload, and land cover after the flood event.,
Other typical spatial analysis tools provided by GIS are spatial interpolation,
topographic  (suiface) analysis, network analysi_s. A Computer Assisted
Design (CAD) system, which is commonly used in architect and constniction
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firms, also has similar graphical data processing functions. ‘The major
difference in such capabilities between GIS and CAD is that the GIS ¢an
manipulate graphical data in connection with tabular data.

The data of GIS should be thought of as represenling a model of the real
world (cg. Bouillé 1978). They can be accessed, transformed, and manipulated
interactively, and can serve as a lest bed for sludying environmentat process or
for analyzing the results of trends, or of anticipating the results of planning
decisions. It is possible for planners and decision-inakers to explore a range of
possible scenarios and to oblain an idea of the consequences of a course of
action before the mistakes have been irrecoverably made in the Jandscape itself
(Burrough 1986).

5.3 Creation of Thematic Information

Spatial information that are required for the Soil erosion estimation, river
channel monitoring and defining the physical nature of the soil production,
~ transport and sedimentation, was converted into digital form constructing a
GIS database for the presént work. For example, the surface information such
as slope and aspect which are necessary to estimate the soil erosion po_fential |
‘was obtained by digitizing topographical maps of the area and creat.in‘g a-
iDlg:lal Elevation Model (DF M). Land use of the walerxhed and the ﬂoodplam |
%15 mdlspensablc mformahon 1o conlparc, with Vegelallon Indcx denvcd from
| image proccssmg of satellitc data in order to recognize the degrec of watershed
degradation, denudation and estimate the social jmpact on a flood event. Base |
maps collected and general description of the database are Jisted i in Table 5.1.
These maps were digitized and a GIS database Was created.
Feature attributes of each data are stored in the form of relationat database as
feature attribute table, where one record represents a series of aunbutes of one '_

individual map feature.
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Table 5.1 Incorporated information into the GIS database

BASEMAPS TOPOGRAPHIC MAP (1:50,000)
TOPOGRAPHIC MAP (1:25,000)
LANDUSE MAP {1:50,000)

DIGITIZED AREA  Sheel 72 ¥/15, F/16, /13 (1:50,000)

COORDINATE SYSTEM _
Universal Transverse Mercator, Zone 45
DATA Topographic Contour (100ft.):line
Topographic Contour (20m.) :line
Geological Map- :polygon
Road line
River ‘ :line
Landuse :polygon
~ Land System :polygon
I.and Capability :polygon

: fntpgralion GIS aﬁd Remote Sensing Data

~As it is explained in Chapler 3, the satellite data obtain from the receiving

centers do not represent common geographic projection restricting comparison
without rectification. ‘The procured satellite data were brought in to a common

map projection by constructing relational functions those relate satellite data

= projc’ctioné with map projection. - Rectification process was conducted as

deseribed in 'Chapler. 3 using UTM projection as the objective reference

system. First order transformation functions were established for all the

“datasets, and nearest neighbor resampling was used for re-mapping the satellite

data into the UTM projection. TM data sets were rectified with less than 20m
rns. error, for MSS the rms. was 25 and it was 22 for IRS dala.' As these dala

were rectified for same map projection that of GIS database it was possible to
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conipare, and use them to analysis with other conventional data for present
objectives. The completed GIS database together with the rectified remote

sensing data and the analysis procedure is shown in Figure 5.2.

MSS 1973 March

GIS Database Creation
' MSS 1977 Morch

Maps

Geplogy —— GIS Geomelric 'TM 1993 Macch
Soil ignzng : Correction TAE 1995 March
Topography DataBase N _

River, Roads LISS 1995 March

Soil Erodibility Modeling River Form Change Monitoring

Field Data
Maps
Photographs

- ﬁ : Spectral patterns of]
Speciral patteins of] T o River deposit
Forest cover 4»A—-E:pcclral Characteristics Extraclloa ] Old sediments

Bare lands
Forest densitics and basren Iands. _
Crcalion aew information and analysis for soil
erosion and sediment area eslimation
— : 1’ - . . ) . ——
. : Slope
N . : Landuse -
: Vegetation
MODE :
__’J? Specteal data
: ]
Probable amount of ' Sedimentation and
denudation and planform changes of-
volunz of erosion the river

Figure 5.2 GIS oricnted satellite data analysis procedure for study objeclives



5.5 Derivation of Surface Parameters

The created database was further manipulated for creation of surface
parameters that required for estimation of soil erosion productivity. The most
related surface parameters with the productivity of surface erosion and slope
failures are slope and surface facing. The south facing ridges are highly
degraded than north facing ones. For calculation of slope or the maximum
gradient of a point of interest and its look direction a DEM was using digitized

topographical mapé.

o Creation of DEM

Digital Elevation Model (DEM), a digital representation of the continuous
variation of relief over space in a grid cell format, was created from contour
line dala. Considering the complexily of the geomorphology of the -Ratu
watershed and taking into account the scale of the base map, the digitizing
accuracy it was decided to generate 10 meter grid interval for creation of -
DEM. Thoﬁgh there are several procedures to create DEM from vector type
- contour lines, linear interpolation method using TIN (Triangulated Irregular
' Network) was sélected‘ for this project, Figure 5.3. B

! Elevation Data ',I:TIN Modeling |__,f Lincar Interpolation |- DEM -
| (GIS line feature) | L _- ‘ J : :

Figure 5.3 Creation of DEM {rom contour lines

" TIN is a vefy efficient surface modeling technigue. A TIN uses a sheet of
continuous, connected triangular facets based on a Delaunay triangulation of
irregularly spaced nodes or observation points as.shown in the Figure 54.

© Unlike the altitude matrices, the TIN allows extra information to be gathered in
areas of compféx relief without the need for huge amounts of redundant data to

~ be gathered from areas of simple relief. The dala capture process for a TIN
can specifically follow ridges, stream lines, and other important topological
features(Burrough 1936).



..

In linear interpolation based on TIN, the surface value to be interpolate.d is
calculated based solely on the z values for the nodes of the triangle within
which the point lies, Figure 5.5. ‘The surface value is obtained by intersecting
a vertical lines with the plane defined by the three nodes of the triangle. The
generalized equation for linear interpolation of a point(x,y,z) in a triangle facet . -
is: ' '

| ;Ax~'|—'By,+‘Cz +D=0 |

“where AB,C, and D are constants determiried by the ‘coordinates of the
triangle’s three nodes. ‘ |

Figure 5.5 Triangle facet and grid point



o Slope and aspect calculation

Using DEM, slope angle and slope aspects were catculated using 3 x 3
kernel in Figure 5.6,

b4
Zi-l.jol Zl.j;l zirl.jvl
A B
Z"-LJ Zi.} zior,j
D C
Zf-':.;-l Zl.}—l an.;—n

Figure 5.6 Kernel used for computing slope angle & aspects’

Based on the kerael, slope angle and aspects were calculated using

following formula;

: Elcvauon mcrement in Easlward: o
[&!ﬂ] [( HIJH +22ﬂ)] +7¢H NE) ) (Zl*|j+1 +27 +zi-l}-—| ]/86‘.

Ele'valion'in‘cremenlfin' Northward: : -
[&!JY] [( Hl it +22| ;{—1 +Z1 l;ll) (zﬂl;j—l '!;22,-.);_' +Zi—il.j‘—1)]/8®

Thus Stope angle G can be representcd as:
anG = [(sz/ox)" + (zfev ]

also, aspect A can be defined as:
-8Z[6Y
SZ{8X

Cland =

Z . : Elevation



XYy I X,y coordinate

dr, oy : Cell interval

Mathematical concept of the above equation is c_lescribcd below;
Elevations of A,B,C & D in the figure can be interpolated as,

Ziyjntdija ;4
B 4
8= VATRE 2 IRERE Y AFR VIRY
4
L it it 2 T
= .
3 ZijtZin +Zi,j_t'+zf+1.j—|
4

Elevation increment in castward can be defined as;

[B+c_A+D]
2?2

2z N2
K A

“Therefore,

' BYC-A-D

X 28

Lo 8t a5 Y g Y G '
“Zi e G ey T b A ey Ay
4o 25

Z 27 +Z,. —-Z. YA ~Z. .
i+l j+l i+1J i+hj—1 i-Lj+l il i—-l, j-1
B '

Thus, ¢levation increment in castward is;
[&/&],-J = [(Z:'HJH +2Zi5y; + Zm,j-t)" (Zi~?.j+l +2Z 5% Zi-!.i-l)]/s'&.

Also, elevation increment in northward is;
[52/‘5]"],»‘,- = [(Zm.jn +2Z; ;i v 2 jn )‘ (Zm.j-l +2Z; ¥ Ziy jay )l/s‘%’
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CHAPTER 6 PHYSICAL MECHANISM OF SOJL PRODUCTION AND
SOIL BALANCE IN RATU WATERSHED

6.1 Characteristics of Ratu Watershed
6.1.1 Geological and Morphological Characteristics of the Watershed.

Ratu River is situated about 8.0 ki'lozmélcrs South of Sindhu]imadi, and flow in
the direction of north-south from Siwalik Hills to the Terai regidn, and
consequently drained into Bay of Bengal. The nature of Ratu is a typical to
Siwalik Hills. This river has two feaiurcs The first is wadji that has nol water
strcam excepl rainy season. The second is the capability of hlgh debris
produchon forming a wide ﬂoodmg area.

To exploit the application of satellite remote sensmg to identify the sed:mcnt

yield and to develop a methodology to grasp the dlmster condltlon of the

: Slwahk area the field work was concentrated over the whole watershed and the -~ .

:f‘lt:i(}dplain.i The East-West Highway (hereinalter EWEH) could be considered

 as the standard point of ilpper watershed and the floodplain. o

- Ratu rwer drains from its source to South- East and change its direction to
Southward from the conflucncc point wnh Arne. nver one of thc sub-stream of
R'uu river, For this reasou, watcrshed of this nvcr shows the combmcd sh'lpc
of ‘two rectangles. Dramage paltem is dendrmc and - parallel I*sgurc 6. 1.
Length of the Ralu river in the upper slream up to dividing point, EWH is
about 35 km length and the extent of the walershed is about 91 km’. The

- average gradlent of the riverbed is 1/100 on this secl:on Width of the river
changes dramaucally below the EWH, where to the north of hlghway the width-
is about 600 meters, and below the hlghway the width has been extended to 2
to 3 k. The rwerbed below the hlghway could be considered as the deposued '
afea of the sediments. In 1993 July flood, the flooded area has been extended
up to 20 km south of the dowa stream from the highway, Point A in Figure

6.2. 'This figure shows the Ratu riverbed gradient curve. The length of the
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river from A to its origin i$ about 55 km. The average slope of the riverbed is
about 1/100. From point A to I3, just below the highway, the gradient is about
17200, and this area has become a 1arge fan where much of the sediment is
unloaded. The river gradient from EWH, Point B to the confluence point of
“Ame river is about 1/100. The gradient is 1/67 between the Arne confluence
“point and 1.9 km downstream from the source of the river. In the final 1.9 km
of the river stretch the gradient changes to 1/9. The grain size analysis showed
that the distribution of sediment size changes form coarse to fine towards
lower reach of the Ratu river, Figure 6.3. This result shows the sediments are

mainly transported by stream line flow, not by debris flow.

100%

- Grain-size accumulation(%)

Graing{aum)

Figure 6.3 Grain size distribution in the Ratu river

Short sub-streams ;_with' higher gradient, and 'very' flat riverb'ed. is typical to the
‘rivers originate .in‘ the Siwallik hills. With the incréase of the gr:{dient, _‘lh'e
: ;watcrshéd becomes narrow. Further, the dendrilic drainage paliern develops
towards the upper stream of the River with the increase of riverbed gradient.

These fact means that the soil erosion is high in the sub-steeams. Upper reach



of the Ratu river up EWH functions as a sediment production and transport
region, and lower stream below EWH acts as the floodplain.

Combination of NE-SW oriented main ridges at an altitude of 600~800 meters
and sub-ridges oriented perpendicular to the main ridges are main landform
characteristic of this watershed. Land form of Ralu watershed is consisted of -
gentle hills, with a peak of 708 meters above mean sea level, and river strcam

is controlled by their ridges. _

Geology of Ratu watershed is consisted of Siwalik group, middle Miocene ~

Pleistocene, tettiary. Upper Siwalik formation, Middte Siwalik formation and

Lower Siwalik formation distributed in the northem part of the watershed from

the standard point EWH. Upper Siwalik formation widely distributed up to the

confluence point with Urra river from the source. This formation is consisted

of sand stone layer of yellowish brown and irregularly interbeded silt layer

within boulders layer. Brown’s unconsolidated Boulder, max. 30 cm, avefagc

Sem constitutes boulders layer. Middle Siwalik formation is distributed wp to

2 km in the upper stream from EWH from the Urra confluence point. This

formation is consisted of | fine ~ coarse sand stone and silt layer. This Jayer is -
massive and formed with semi-consclidated ~ unconsolidatéd sediments with

gray color. Dry rocks of this formation look gray-white c!ol_ox_‘. Lowér Stwalik
formation is distributed near EWH, and it is consisted of ﬁn@e sand storie ~ Si[:t .
stone layer of yellow gray';'téddish gray color. As the rocks in this foﬁn‘alioﬁ :
Care in the 'pfocch of cementatioh, lhcy are the most hardest in ;Ih‘:c Ratu
watershed. Geological structure of these Siwalik group shows that the strike is
North West - South -East and the dip is changeable. In addition to_lh(csc;"il is
pointed that this area is moved by Neo-tectonics movements, Iwata (1988),
and Matsuda (1983) showed that the Siwalik area in\‘mlvi:ng Ratu watershed
are Neo-lectonic areas on comparison of many terraces. Nakata (1988 )

estimated the uplift speed along Timai siver of East Siwalik is 1.0~1.7 m /1000

year.



6.1.2 Characteristics of Soil Erosion in the Ratu Walershed

During the ficld visits, river characteristics and soil production was examined
in the main river and some of the sub-strcams. In establishing the physical
characteristics and the nature of the soil erosion of the study area these field
investigation were cxlrapolated'. integrating ~ other information, such as
geological, and topographical maps, and publications.

The average length of sub-streams of this area ranges from 800 meters to |
km. At the confluence of most of the sub-strecams with the main-stream, large
fans about 10 ~ 1S meter in. radius exited where eroded materials are
deposited, Cliffs from the riverbed exit along the sub-streams. Figure 6.4 is a
plain sketch map of typical sub-stream. Figure 6.5 shows a profile of a sub-

stream riverbed. Along the sub-stream landslides and many slope failure are

Eaderut sope -

Ship-off slope

& »
3

‘found.
Figure 6.6 Cross section of the sub-stream in the downstream of Ratu

river

Furlhcf lhc. vertical cliff with several meters high was surrounded the sub-
streams, like vertical walls. Sub-stream bed gradient shows ll#~1/’;' and the
gradient increase up to 1:0.3 .lowards the source point,

Conceptual cross section of downstceam portion of a sub-stream is shawn in

Figure 6.6. The average riverbed width was about 20 meters. Cliffs consisted
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of Upper Siwalik formation with 6~7 meters high exist both side of the stream.
Two types of failures can be observed on these cliffs, The first type of failures
are occurred by erosion of slream on undercut slopes (after herein C-1). This
failure is caused the erosion on under portion of the cliff. The failure depth
was about 30 cm. The second type was the carth topple failure type (after
herein C-2).  In this type, 50 cm thickness strata slumping fall into river bed.
Gap cracks and open cracks behind failures distributed along the stream bed
can be observed. These cliffs are created by erodi'ng depositcd'nmtérial over

the fan by the discharge of river flow during the rainy season.

Ta Talus
SW Siwalik

About . ‘Aboui o . - About : ‘ LAboat
;5m"5m'z L © . 10m -_;::.7m

Flgure 6.7 Cross section of the sub-stream in the upper pomon

On the middle and upper stream portion of sub-stream, width of channel
become narrower a\eragmg 5 ~ 10 meters. Flat areas like terrace exist boih
sides of these channels, and cliffs having 1:0.3 gradient, and height 1bout I5 .
~20 meters exist on the hill side, Figure 6.7. The cliff consisted of Uppcr
Siwalik sediments that random inclusion of big boulders in the size of human
head in the matrix of very fine sand'~ cobble, vertically eroded by rain fall and
wind (herein referred to as erosion type A ). Erosion depth is 20 cm and

erosion extends up to 20% of the surface area of the cliff. The most of debris



produced from the chifT fall directly into the stream bed and the rest fall into
the stream bed after the formation of cone fan on the flat arca. Failure of the
flat area like terraces by the erosion was also visible along the middle ~ upper
stream (herein referred to as erosion type B ). Flat area is consisted of fine
sand and silt sediments including 30 ~ 40 em diameter of the boulders. The
failure depth is about 10 ¢m. Landslide failures are occurred on the under cut
slepe of the middle ~ upper sub stream (herein referred to as erosion type D ).
This failure type has the distinct main scarp and mahy open cracks in the
displaced material. Width of a slide is about 20 melers, and falls into the
stream in the shape of horseshoe. This Failure material are consisted of the -
cobble ~ boulder of Upper Siwalik formation. For this reason landslide failure
fall tittle by fittle into the river. |

The results of grain size analysis of the sub stceam is shown in Figure 6.8. The
figure ‘shows that the distribution of sediment size changgs also from coarse to

Aine towards lower reach of the sub stream.

" gr ain- size acoumulation |
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Figure 6.8 Grain size distribution in the sub stream



Considering these phenomena, the soil erosion and transportation in the sub

stream can be considered as fotlows;

(1) Initially, the main cause of soil production may be uplift movement.
Becatise, in the first place the 1:0.3 gradient cliffs almost vertical exist
anywhere despite the geology of semi-consolidated ~ unconsolidated
sediments of Upper Siwalik formation. This phenomena may be caused by
high speed uplift and erosion. In the second place, meandering and
degradation of sub-streams is remarkable. Flat areas similar to terraces are
found in the middle upper stream and meandering are not formed only by
erosion. In the third place, local residents witnessed for frequent
earthquakes occur in this arca. In the forth place, many geologists
documented the uplift phenomenon and the quantity in the Siwalik hills.
These factors are strong evidences to consider that the root of soil

production in this area is a consequence of the uplift movement.

* (2) The eroded material due to very steep gradient slope, and'strcsses as a
consequence of uplift movement contribute for deposition in the form of _
failures due to rainfall, dcposn on stream, by eanhquakcs or wind ( A'). : |

I he produccd debns tentalively depos:t on the flat area These deposﬂs%

are eroded or washed out by ramfall 'snd slream water ( B ). Dcpend on.

the discharge capacny of running water durmg the rainy season, thcsc'
deposited material are transported along the sub-streams carrying the

. grains that are moveable by the stream force.

(3) Stream water crodes slopes and causes irregular failures adding sediments

into the riverbed that is transportable with the ranning water(C-1, C-2, D ).

By the repetition of these phenomena, sub-stream beds are eroded in order to
and bank erosion continues to maintain the landform equilibrivm. The present

landform of sub-stream watershed is formed by these mechanism



6.1.3 Characteristic of Soil Transportation and Sitation in the Study Area

In Ratu watershed three times flood events are recognized; the flooding of 85,
93 and 95.
During the field survey, residents in the area were interviewed to identify the
~ deformation of Ratu riverbed during flood events. The results of the survey
can be summarized in the four points bellow;
in the first, the he:wy rainfalls made irregular river bed degfadalion, and
aggradalion up to the confluence point with Urra river from the source. The
deformation of river bed in this stretch was about 0.5 ~ 1.0 meter. In the
second, after 93 flood event river bed has been aggraded by 0.5 meters to the
confluence point with Urra river from the source. In the third, from the
confluence point to the EWH the river bed has aggraded 0.5 meters per one
flooding. In the forth, the ﬂood_ing water might have caused undercutting
erosion in the Ratu main stream channel. |
By the aerial phdtOgraph survey, the scaled type sand bars can be obscrved in
the Ratu main channel. . This observation indicates that the stream way is
: 'charigcablé by ra'in;falls and the river bed has the trend of aggradatioh by the
siltation :and_ may be :du'c to_tecton_iciupliﬂ.’ -Thes:c_pﬁcilionlqné coincides with
' !hc Statemcn'{&of residents in the area. | Figur;e 63 Ishox’ys the grain’ size
- disiibution in the main chanel éhénges form coarse to fine towards lower
reach of the river. This indicates the main stream of Ratu river is functioning
~ asamode for soil transportation by stream line flow.
River stream has radially expanded to the down stream from the EWH. The
pattern of the sand bars are also scaled. Figare 6.3 shows that average grain
" size distribution in the flobding area changes into 1 mm from 1.0 cm of the
" average grain size of the EWH. These facts indicate that the expansion of the
- stream width and the aggradation on the main streambed could have
“decreased the rapidity of stream flow. Stream velocily influences the

distribution of the soil deposition, and the deposition take place with respect to



lhe_ velocity. Yamamoto ( 1988 ) showed the relation of grain size and the
depth of stream water, Figure 6.9. This figure shows, that the velocity and the

depth of the stream is very small under the very low gradient
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6.2 Flooding Volume on the Lowert Stream from East -West Highway

‘ Il is requrred to estlmate thc depos:t volume on lhe lower stream from East -
West Highway after the 1993 flood for ana‘lysm ‘of the soil produchon and the
balance of deposu. As there are no dala showing the flooded area and the
amount of runoff, it was altempted to collect information that could help to

establish the deposited volume in the Ratu floodplain. |
Generally, stream water start to deposn sediments according to the capablllly"
of bed load transportauon. After depositing more coarser sedmwnt near EWH, |
the capability of bed foad transportation capacity of stream beconic smaller
due to expansion of the stceam. As a consequence, particles of average

‘diameter 1 mm or smaller are further washed out and deposited at the end of

flooding arca. During the sediment deposition, the distribution is controlled



by the capability of bedload transportation and the gradient of the river bed.
Extensive field work and monitoring is required for detail investigation and
establishment of the sediment transportation and deposition process in the
downstream. For this reason, the analysis of the capability of bedload
transportation can not be accomplisheéd without long term observation, hence
in the present research work attempt was made to evaluate the sediment
volume after 1993 flood event on the flooding area from the results of ficld
reconnaissance and satetlite images.

" In the west side of sub-stream riverbed, sediments have been deposited with an
avérage width of 60 meters, and maximum width of 120 meters, where the
avérage depth ranging form 0.3~0.5melers on the most lower portion of the
flood plane. The width of the river channel is 130 ~140 meters and the widih
of stream way is aboul 20 meters in this section. Depth of sedimenis can be
estimated as 2 ~ 3 cm. on the other sediment areas other than the riverbed from
the observation in field and on the statements of the residents. River cross
 section is shown in the Figure 6.10. From this figure, it can be evaluated that
the flooding volume at the time of flood event of 1993 may have reached at

least to 32 m’ at average river section. On the other hand , this reveals the

strean had the cépabi_lity to transport only a bedload of 32 n’,

Right
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Figure 6.10 River cross section in the most Jower part of the floodplain

The sediments produced and transported by Ratu watershed started to deposit

radially after passing BWIH. Flooding of this event has two main features.



Firstly, the flooding area can be divided into several ways along the streams
from EWHI, Secondly, the ﬂoodiﬁg existed along the stream. From satellite
image the flooding area of 1995 was estimated as 9.601 km’. From Figure
6.11 and Table 6.1, it was found that the totat length of the stream is 41.7 km
in the flooding area. The average width of stream changes to 150.6 meter,

finally extended to 15 ~ 20 meters from 2 km near the EWH.

Table 6.1 Length and width of stream in the flood area

The width of branc.h channel in ﬁoodplain Length of branch channels
Number width m Number width m Number length
No 1l 3720 Noll 180.0 5-1 5.7km
No.2 108.0 No.12 1260 $2  I5km
Ne.3 '126.0 No. 13 60.0 53 9.2 km
No.4 i20.0 No. 14 162.0 54 147 km
No. 5 300.0 No. 15 30.0 " Sum 417 km
No.6 2280 No. 16 2760
No.7 198.0 No. 17 1320
No.8 168.0 No. 18 48.0

IEX: 1200 No.19  sum 2862 |
Noil0 600 No.20  mean1506 |

EWH

Then, assuming that the capability of bedload transportation eslimated from

the site reconnaissance equally distributed over the flooding area, flood
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volume is calculated as below;
The stream has the 32 m’ per meter of the capabitity of bedload transportation

as long as the average depth of the flooding /t is

30=240x 1
=Q125m

Therefore, the flooded volume in the slréaﬁl' is
62,000 0.125 x 240 = 2,040,000
‘Then the volume of the deposited materials is,
| .9.6012-.41.? x 0.1506 = 3.32 kin’

" Then the cffeclive flooding area :excluding the extent of the rivérbed, _
1,331,364 + 66,400 =1,397,764m>

- about 1.40 million m’ can be estimated as total flooding volume.

3 $oii Prbduclibn‘Modei and llie’Soil_B_alancej -

One of the purpose of this research is the application of satellite remote-
scn:sin'g for debris conteol éndlysis In this area' there are no valid data for this
'-maiysm Thereforc, it IS required 10 eslimate the producuon of sedlment of
= this area by some other mean Also, the volume cstlmatnd must be checked by
establishing a soil balance model. This will facilitate the valldataon and
confirmation of the estimated volume of production.

For this, it is required to calculate the soil production volunic in the Ratu
watershed. Further, the soil produciion volume calculated must be validated

by the analysis of soif balance.



The data of soil .pmduclion volume and the deformation volume of the bed
during the certain seclions are necessary to establish the balance of sediment in
the Ratu watershed. Although the flooding volume could be estimated from
the result of site reconnaissance and satellite images, soi} production volume
still be an unknown. In this section, attempt was made to analyze the sediment
balance by establishing a soil production model and evaluating the soil balance
of the Ratu watershed on the information of the river bed deformation gathered

_from people living in the area.
6.3.1 Soil Production Model of Ratu watershed

Soil erosion is mainly occurred in the upper sub-streams of the watershed. It
can be assumed that the present soil production situation is relics of the 93
flood event, thercfore 93 soil production volume can be calculated by
- modeling of five failure patterns described in section 6.1.2. Given this
condition, method that followed to estimate 1993 flood eveat soil produbtiori
| volunte is described below. a -
 ' The mechanism of soit produé(ion in the Ratu watershed can be described
; in ﬁve types as referrcd to as A, B, C-1, C-2and D, in sectlon 6. ! 2. These
five lypcs of soxl producuon m lhc R'uu watershed occura. on the slope
* along the stream way That i is to say, the soil producllon in lhlS watcrshed j
'~ can be expressed by a funct;on of stream way with an invariant value for.
“the height, width and appearance ratio of five. failure Lypes described in
- section 6.1.2. _ | |
: Then,ﬁ répre:scnl.ing “VAVB.VCLYC2,VD “ as the soil préduction volime

- foreach type rccogni'zéd,‘ the total Viotal can be represented as,

Viewal = EVA%‘; 2%4- zVC!+EVﬂ %EVa

Here, VA, VB, ,VD are the production volunic of the failure types located on
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the middle ~ upper sub-stream and Ve and V02 represent the production
volume of the failure types located on the tower sub-stream. If the total length
of sub-stream is deseribed as L, and the length of the middle ~ upper and the

lower sub-stream as L1, 1.2, the relation of streani length can be expressed as;
L= i+ L2

The heights, grédienl, depth and five types of failures appearance ratio

with respect to each of the failure types are summarized in Table 6.2.

" Table 6.2 Failure features in the sub-stream

Height h,,, (m) Gradient Depth win (m) Appearance Ratio to
' the stream P(%)
A [10-15m(12m)  60°~ Vertical 02 L, x 5% x 50% x 200%
B [2-3m {7m) Vertical _ 02 1, x 15% x 200%
C |5-8m(7m) Vertical 03 L, x (5728 + 150/1400)
D |5~8m (7m) | ‘;lértical | -2 L'l‘x 25/14'00 L |
l: zsm 60°-- Vertical ‘ Lz L,x 10%};, ' L

From Table 6.2 we can calculate the total soi! production volume in the

watershed as follows;

V,= L % 15%x S0% x 200% % 12 x02

V,= L, x15%x200% - x25 = Xx25 x02
V., =L, x(5/28+150/1400) x7  'x03 o
v, =L, « (25/1400) x7  x2

Ve, =L, x 10% x 15 X2



In Ratu watershed eighty five sub streams ar¢ recognized. Then after
calculating L1, L2 through drainage syStem data inputied to GIS, the total

volume can be calculated as follows:

%-;.,1:ZVA+ZV3+ZVCH~EZVQ +ZVD

= 03602+ 0.5L2+0.6L:1 +3L2 +0.25L:
=0.8501+3.861

=0385%92,162 +3.86x 573,558
=2,292,272(~*}

The resulted volume 2.3 million m’ is the estimated soil yield for the year

1993 flood event.
16.3.2 The Soil Balance of the Watershed

~ The balance of produced soil in the Ralu watershed can be analyzed on the
calculation of “the cumulative volume, t‘he: runoff volume and the deformed
\:(olumé of the main streambed per cach section. Each sections are shown in the
' Figure 1.6. This shows the results of soil pmdﬁction of each section estimated
ljy'th:_c_ above model. T ﬁ_e area of Ratu river channel was calculated by T™
sateHlite iinége of 95 Marﬂh The deformation vdlﬁ_mc of the main stream bed
. ofcach sectic:_m‘ waé estimated by the depth cha'ng;csl information giveri by
people in the area. “The sediment balance analysis is shown in Table 6.3.
In this table we considered the volume of stream way was (ransported to the
down ‘séction after the flooding. The estimated flooding volume below EWH
is about 1.416 million m’.
* These result was almost agreed with the 1.39 million m’ gotten from site
reconnaissance and satellite image analys'is. Therefore, 2.29 million m3 of
total soil preducﬁon can be considered as the soit yield for a flood event in the
 order of 1993 July.
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“Table 6.3 Soil balance in the Ratu walershed

Segtion Estirnated Volurne . | Cumubative | changeofl | secticnal sediment fllow channet | Residents
93 fioed flow formy 1ofa) at sediment depthk width | atstasduwd - | 'surfacd Stake ments
wolume upper standord velume poiats aiea

sachon points

F 1o vpper 320,000 0 320,000 -135,700 475,700 0.156 Imdown

EtwF 250,000 415300 725300 - | 431000 5,156,500 0431 I s down

D1IoE 460,000 1.155,800 1,616,800 347,200 51.000 5,120,600 1094 0 Smap

CiD 780000 1,120,600 1,900,600 1,537,650 1,000,058 §.362,950 3075 D5mup’

EWH o C | 480000 1362950 | 1842950 | 627,300 200,000 545,650 0.627 Irup

Tolal 1229000 4116050 | 6406050 2,125,350 1,251,000 floaded volume

1.415.650
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