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CHAPTER 7 ASSESSMENT OF RIVER CHANNEL CHANGE
7.1 Channel Changes in the Upper Reach of Ratu River
(1) Spectral Chardcteristics of Deposited Materials

!denliﬁcaﬁén of the channel changes of the upper reach of Ratu rivér was
attempted using satellite data. The river bed appears véry bright on aer:ial
photographs, and on the conventional photographs indicating very high
teflectance in the visible spectral region of the Electromagnetic spectrum.
Further, some form of gradation different was observed in the old deposus It
was attempted to observc these characteristic properhcs on the radiance valucs

'. observed by the sensors to cstabhsh the best smtable spectral ‘band: or the
lcombmallon of bands for delme'ltmg accumulanon of dcposztmn *md‘

' -.:aSSc,sqmg the change of deposmon S |
‘With reference to the aerial and other convéntional:photolgmp'hs reference
‘areas were es!abhshed and corresponding digltal counts for water, forest, crop

: :‘lands and' river sedmlents covering most of the study area were exlracted.
Statistical - parameters for representatnvc sample areas were c1lcuhtcd and
:analyzed for spcctral characienstlcs for dlffcrentlatlon of these cover chsscs
and to cshbhsh the spectral characteristics - of deposnted nntermls The
spcctral :response paltems of lhe covetj classes are deplcted graphlca]ly i:n'
Figure 7.1, 7.2, 7.3 and 7.4 for 1973, 1977, 1993 and 1995 datasets,
respeclively. Comp‘tralively very high reﬂeélancc was observed for riverbed,

~ followed by crop !ands and forest It is said lhat the b'ire tands are htghly
‘reflective as there is no energy . absorphon c%pacﬁy unlcss the surfacc is wet. |
* Futther, when the materials are very ﬁne and sandy where the water retention :
power is snmll the reflectance tesid to be very high compared (0 “other earth
fewlures ThlS is c!eculy vistble in lhlS area as field survey reported that the
very fine sandy particles are found in the lower pait of the river and there is no

visible water flow during the dry period. The riverbed materials in the upper
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stream showed less reflectance than the lower area, sedi-1 for vpper teach and
sedi-2 for floodplain in the ﬁgures. These difference could be due 1o particle
size or composition, presence of meisture or the trace of the river flow. This
was not further investigate at the present study due to lack of survey data for
verification.  Finally, it could be said that any of the TM speciral band,
specially, band I,.band 3, band 5 and band 7 are very much suitable for
classification of river bed degradation and aggradation and there is no
necessity to establish any other derived index. For MSS, the best band weuld
be band 4, band 5 or band 6. Band 7 may not be very much suitable due to its

narrow dynamic range,
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Figure 7.5 Channel change in the Ratu watershed

(2) Estimation of Chanrel Changes

Using the statistical parameters, means and standard deviations, four days
satellite datasets were classified into deposited and non-deposited areas. The
extents of the classification are graphically shown in Figure 7.5. Extents of

riverbed arca is caleulated for the sub-divisions of main stream (L1 to LS), and



for other sub—watérsheds given in the Figure 7.6, are shown in Table 7.1
These changes in the main stream in the upper watershed for the four days
satellite data is shown in Figure 7.7. The estimation of the LISS datasel that
that was acquired for comparison with TM data also shown in the figure.
There was no general pattern or a trend in the change of riverbed within the
upper reach as the changes in the sub-sections did not show continuous
increase or decrease. Table 7.2 and Figure 7.8 was constructed for enhance the
patter of changes within sub-sections. Cumulative tofal riverbed area is given
in Table 7.2, and the of change of area with respect to that of 1973 is‘depicted
in figure 7.8. It is clear in the figure that the change of the riverbed area is
inconsistent, but the total extent from 1973 to 1995 has been increase(:i from
52 sq. km. to 5.44sq. km. Riverbed area in 1993 is higher than that of 73
except for the main-5, and considerable expansion was observed in main-2

- during the 1973-79 time spén.
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Table 7.1 Sediment depsoition in the main stream and tributaries using satellite data

1973.Ms88 | ioT-Mss 1993-TM 1995-TM 1995.L1SS
L1 0.1692 0.1543 0.1917 0.0557]  0.1503]
L2 0.3132 0.3744 0.3996 043110 - 0.3636
13 0.91:03 0.9684 1.0431 1.094qu 10215
L4 3.0564 1.0384 32400 3.1383 33120
main-5 - to highway _ 0.7212 0.6948 0611 0.6273 06813
walershed - 70 0.6000 ~ 0.0000 0.0|'|7 0.0174 0.0036
watershed - 71 0.0036 0.0144 0.8440 0.1602| 0.0738
watershed - 63 0.0000 0.0000 0.0000 0.0009| 0.0000]
watershed - 48 0.0000 00000 _0.0090 0.0045 0.0063
watershed - 49 0.0360 0.0468 0044 0.0261)] 0.0306
walc.rshed - 86 0.0000 0.0036 0.0_126 0.0162 0.0027
watershed - 91 0.0000 0.0000 ~0.0279 0.0108 0.0090,
watcrshed - 105 0.0000 0.0000 o013 0.0054 00054
watcished - :l_oo' 0.0000 ' 00000 .0.0(?3.6 0.0027 . 0.0009]
|watersnea~ 113 10,0000 oc0r2] oot 0.0072 ooms]
watershed - ténl 0.0000 0.0072 0.0522 godzl 0.0324
watershed - 158 0.8424 0.6156 10728 0.9081 0.9090
~ Jwatershed - 122 0.0000 0.0000 0.0108 0.0021 0.0018
| _\;atérshe%i-i3l 0.0036 0.0072 0.0108 0.0027 0.0036
wateished - 74 0.1188 - 0.1800 0.3267 02127 0.1611
watershed - 94. 0.0000 0.0000 0.0060 009_!:@ 0.0000
watershed - 101 0.0000 0.0000 0.0243 0.0018] 0.0000




Table 7.2 Cumulative ared of the riverbed of the main steeam

1973 1977 1993 1995
LI 0.1692 | 0.1548 | 0.1917 | 0.1557
L2 04824 | 05292 0.5913 0.5868
L3 13932 14976 | 16344 | 1.6812
L4 44406 | 45360 | 48744 | 48195
s 51768 | 52308 | 54855 | 5.4463

The riverbed changes can be due to different patterns of accumulation and
erosion of the sub-division of the river, transport c¢apacity of the storm water
during flood events, and the characteristics of sub-watersheds that supply the
eroded materials. The assumption that was made in chapte'r 6 describing the
Ratu upper region as a lransfer zone is further validate as the eroding and -
depositing nature was observed in the apper slream. .

Table 7.3 illustrate the change of the area of deposit within the time imerv:als
of the acquired satellite datasets. Except for the period 1993 to 95, which is'

relalivély a small titne span the area of riverbed has been increasing.

. Table 7.3 Estimation of riverbed change Index of Ratu river

97377 197793 199395 | 197395
- (8q. !ém) _ - (sq. km) (fsq'j. Km)- : (Sqi km)

Change of area 0054 0255 0032 0277
Time interval 4 16 2 22
Deposition Index/year  0.014 0016 - --00l16 0013

Attempt was made to establish an index that could be used as a guideling for -~ +

the rate of river expansion in the Ratu watershed using the satellite data -

estimates for the period of 22 years from 1973 to 95. Change for each time lap |
was calculated and the annual rate of change was obtained, Table 7.3. The
larger time intervals, 73 to 79 and 77 to 93 showed similar rate of increase of

the sediment deposition. In contrast to that, the 1993 to 95 showed decrease of -
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deposition. The ﬂood event that taken place in 1993 might have washed oul or
croded the riverbed leaving less deposited materials than in 1993, - Also, fér
lhe_whc).lc time interval, from 1973 to 95 the calculated riverbed change index
was almost similar to that o.f others except for the period 93 to 95. Therefore,
a value of about 0.014 sq. km per year could be a réliab_le deposilion index for

the Ratu watershed considering 20 year time interval including flood events.

72 Floodplain Changes and Sedimentation in the Downstream of Ratu River

As for the upper reach of the river, the sediment deposition and its change was
estimated for the Ratu floodplain using acquired satellite data. The spectral
patterns desc_rib;:d in the previous section was used for the classiﬁc;ttioni. The

~ spectral paué_mé of the category referred to as sedi-2 inzlhe .Figure 7.1to 7.4
“were the representation of ésgdi:ment in the ﬁoodpraiiu iof thé waters.he'd,f' '
 specifically on the fivérbed. Relatively high spectral respohée patterns of ih_is- ‘
category represent the nature of the deposit ‘material, which is fine sand -aﬁd

relatively :d'r.y when qonlpméd to lhe;sﬁm'e in the ljppe'r reach,

“The cl'as;s'i:ﬁéd Landsat TM data of 1993 for the whole river system is shown in

| Figure 7.9 'iFunher,'lhc extents of the sediment deposition in the ﬂdodpiain :

- for the four dates datascts and for the LISS dataset is listed in Table 74

. "Fable 7.4 Floodplain deposition of sedinent and its change

T73-MSS | 77-MSS . 93TM 95-TM 95Liss
sq. km Csq. km 'sq. km - sq. km sq. km

- 9.1656 115956 = 91512 . 9.6012 100685

The ﬁgurc§ giv:en: in the table rép;céents’ the whole sediment deposited area
below the Highwdy 'aloné the dﬂown.slream until the satellite sensor can discern
the sediment from its surrounding. Further, the given extents exclude the old
' riverbed deposits that was differentiable by respeclive sensors of the four dates

“data. The old deposils spectral response patterns can be distinguishable from
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recent deposits, Figure 7.1 to 7.4.  Relalive decrease of response when
compared to new deposits could be due to change of color of the deposit
material with time, or sparsely grown grass over the deposited material. The
estimations are the observed area of deposit at the time of satellite pass
without distinguishing the diffemnces. in the deposited arcas among the
datasets. Table 7.4 clearly shows the area of the deposil is increasing
gradually, except for drastic increase in the time span between 1973 to 77.
The classification accuracy of LISS shoivs that LISS sensor data can be used in
liew of Landsat TM data.

Image integration technique was used to further enhance the pattern of
_deposition and spatial variability of river channel change. A set of _threc
images were produced by integrat'ing two dataset at a time deﬁniﬁg three
different paitern of changes. Figure 7.10, 7.1t and 7.12'35_@ the clmn.éed,
' :tracifzarzged or re-deposited/ wmjj‘ecté(f areas during the time ihte{v_aﬁs 1973-71,
a 1'97'7-93, and 1993'-9_5 respectively. Light blue represents the ncw'lyi deposited
areas, orange for unaffected areas and re-deposited dr unlchaﬁged‘_ areas are
depicted in white. o |

A considerable increase during the period 73 to 79 was clearly visible in the _
Figure 7.10, sPéCially'in the jmbst we'siward stream chanhél 'Presence of white
deposns in lhls ch’mnel mdlcates that it was subjecled to deposmon prlor to

. 1973, but the excessive flow durmg thc 73-77 time period is comparatlvely : :
very much larger than that has been occurrmg prior to 1973 This changc ¢ould |
~ be due to alteration of riverbed topography. Deposition in the low flow period
_ might have formed a natural levee in the riverbed below the Highway limiting
thc ﬂow towards eastern side might be the reason for this change Decrease i n
- ihe sedlment transportation in the fower poruon of the most c*xslem channel
would further Support this assumption,

.Figure 7.11 shows lhc difference of lhc 16 year pcnod from 1977 to 1993
Large area of orange color account for Ioss of actwny in some channels, and
the emerge of blue color river patterns show newly formed deposited areas.

beneath the Highway the channel bed width has been decreased due to
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conslruction of a dike in the eastern bank of the river, just above the bridge.
‘The newly activated river channel identified on 1977 image'below point X is
not active in 1993 as shown in the image due to construction of a dike at X. A
critical riverbed deposition could have been occurred near point Y in the
Figure 7.12, where the channe! has been split into two creating a new active
sediment teansport channel. Originate of this new channel can not be
considered as a consequence of the dike at X as the deviation has beea taken
place few kilometers from the location of the dike. The deviation could have
taken place due to topographical changes in the riverbed during the marginal
stream flow where the deposition could be very high. Simitar explanation
could be made to the division of the riverbed identified on the 1977 image in
the most eastern river channel just below the Highway. As a whole, it could
be said that the floodplain was much active during the 1973 to 79 period than
the next 16 years.

There is no much difference was observed between 1993-95 time span within
- the floodplain. Few newly deposited areas are visible in the lower part of the
" most eastern sub-stream, and a decrease was observed for its counterpart, This
; could be an indication of the increasing activily in the eastem side of the
| f]oodp!ain due (o continuos =d'eposi':li6n in the west side. Limited time s;pén'
hinder concrete discussion J‘OI";! thls ‘matter, ib'ut few field visit to further
' iﬁvesligate the riverbed (bpogrﬁp};y' of this area would be worth to consider. I

| -;Cbllld be said that the rivért;ed t;opographyr of the floodplain just below the

Highway has to be monitof to mitigate the dicection of planform deviation of

the river channel.,
1.3 Typicality of Ratu Watershed in the Siwalik RegiOn

* Extrapolation of the study results over the Siwalik region was evaluated by
~ comparing the deposition process taken place in another watershed in the
region. Maraha watershed situated few kilometers west of the Ratu watershed

was selected for comparison. The Maraha river originates from the Siwalik



région, and the geological characteristics are almost similar to Ratu watershed.
The total area of the watershed is only about 38.3 m?. Due to relatively small
area of the watershed and the steep nature of the topography, the produce
sediment as a resull of a soil slump or surface erosion is readily available for
transport during the rainy season. Hence this river can also- be
geormorphologicaly categorized into two regions similar to Ratu river; transfer

region and lowland region.

Table 7.5 Sediment deposit and change in the Maraha watershed

1973 1977 1993 1995
sq. km 5q. km sq. km sq..km

Upper 0.1179 |00945 |[06813 |o05427

Floodplain | 65349~ | 10.1916 | 8.8200 | 68679

Satellite data derived sediment deposition of the Maraha river is Shown‘::in
Figure 7.13. The sediment deposited ﬂoodp!ziin area is relatively larger when
compared to watershed area, but timited to the riverbed. T'\ble 1.5 shows the
, | state of thc deposit in the Maraha watershed for the upper stream and
ﬂoodplam As in the Ratu watcrshed the sedlmentatlcm lS mcreasmg in upper
! reach.  The changc is re!atwely small before 1917 but have mcrcased'
considerably afterwards. The 1977 ﬂoodplam change is similar to that of Ratu
watershed showing dramatic-increase in the period 1973 to 77. There is'a '
decrease in the time pericd belween 1993 and 1995, and this c_ould be due to
1993 flood event.- As there is only one stream is present in this watershed,
specifically in the floodptain, the sedimentation is limited to ri{ve.rbe'dl and its
surrounding. L

The comparison of the sedimentation in the two watershed are graphxmlly
shown in Figure 7.14. Both of the watershed showed similar trend in
deposition except for the year 1995. On this comparison it could be said the

sediment dcpositiOn pattern of Maraha watershed is similar to that of Ratu
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watershed, and satcllite data can be used for eslimation of sedimentation and

planform change of river channels in the Siwalik area.

£1Maraha
B Raty

1972 1977 - 1993 ‘1995

Figurc:’r 7.14° Graphlcal mlerpretahon of sediment depos:llon ch’mges in

Mamha and Ratu watersheds

Dominﬁu_t Land c{)vér in the Ratu watershed and the. Floddplain

| Satellite data was used to éslima_tf: the dcminaﬁt land cover in lhc prcsenl
“study area, both in the watershed and the down stream floodplain. In general
“the use of s'ltcllne observalions in land cover nnppmg is largely explored and
‘the polulitals have been identified. Prcsenl altcmpt was not more lhan a
Hfollow up of melhods lhal have been Jargely presented and publlshcd but to
‘evaluate thc mappmg accuracy and appllcabllily lo Rata watershed as the land

‘cover is highly hetemgcneous in the arca.

Imttal attempt to use the 1995 Landsat TM data for land cover mappmg was
not satisfactory due 1o spectral similarity of uncultivated lands and some of the

deposited areas. Most of the crop lands in the vicinity of the floodplain of the



Ratu river are not cultivate during the dry season, where they resembles to
bare lands. Landsat TM spectral response pattern of these lands was similar to
speclral response patterns of sediments hindering proper delineation of rain fed
crop lands from sediments. Further, though there was a distinguishable
spectral pattein for old riverbed for all the scenes facilitating the classification
of to delineating old and recent sediments, the similarity of their spectral
response pattern with that of the abandoned crop and paddy fields hampered
the classification.  To avoid these difficulties and increase the classification
accuracy it was decided to use two dales dalasets, one acquired in wetl season,
and another representing dry season. It was assumed that this combination
would niake it possible to delineate the crop and other bare lands as most of
the crop lands are cultivated during and after the 'mon.soon rain. ' In the present
study two IRS-LISS datasets, acquired in 1994 November and 1995 March
© were used for this process W:th reference to aerial photographs of 1992, and
~ helicopter observatlon of 1995 rcfen,nce areas were defined and classrﬁcatlon '
- was carried out using both' the satellite datasels’ based on Supervxsed
Classification method. The resulted land cover nap is shown Figure 7.15.

.' l" he sediment, old riverbeds, forest cover and rain fed'c'rop lands has been
- classified sahsf'ictonly Further it was pos51ble to map paddy ﬁe!ds that are
d1slnbuted below thc sedunentatlon arca of the ﬂoodplam Attempt loj
: delmeate the houses was not- very much suecessful due to scaltered nature of :
| lhe house dnstnbutlon bul some areas can be 1dentlﬁed The results show lhat‘
two seasons satellite data will produce better results in land cover
classification in this area due to presence of very high heterogeneity in the

spectral response patterns.
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CHAPTER 8 SOIL PRODUCTION ESTIMATION BY REMOTE SENSING

It was observed in the previous chapter that the Ratu river is aclive in
transporting and depositing of sediments in the floodplain as well as on the
riverbed itself. Observations were made merely for very short geological time
span, from 1973 to 19935, but these two dates satellite datasets showed that the
sediment area has been increased from §.1768 lo 5.4468 sq. km, accounting
5% of the deposited area of 1973 for the 22 year period. This percenlagc.
accounts only for the surface change, and may not reveal the clear picture of
the activity as the depth of the deposition is riot observable on satellite data.
Though this information may not directly be used in to evaluation the rate of
deposition: or the de;hndation, the estimates fcveals that the soil crosion is

active for some years in the Ralu watershed.

Outline of the Soil Erosion Model -

" It has bccn documcnted lhat the alluvial deposit in the G'mges Plain extends to

a depth ':bout 5000 meters from the sea level (Ives, 1989) Also, it has been

- shown that the K051 tiver has shifted its p]'mform morc than 100 k. durmg
the last 250 years (Summerﬁeld 1991) These phenomena arc evident for o
_ massive erosion 'md deposnlon in Hmnlayan reglon for past mlll;ons Or more
i years (fves, 1989) L '

These information reveals lh'lt !he sonl etosion in lhls region” could be

considered in two main themes; tectonic activities, and water erosion. The

©tectonic activities are related to the geology and the geomorphology of the

?régfoﬁ and the water erosion is idduced by | the rainsplash. The geological

reasons are yct ‘to define prcc:sely when quantlfymg erodlbllny and spatnl'

modelmg of soil production in this area due to lack of proper records on soil’

‘slumps, landslides and ca_rlhquakes.: Also, tectomc activilies 'xrc rathér a.

continental process and may not be evaluated in a micro level watershed. On

the other hand, water erosion is more regional and can be considered in micro
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scale but lack of ficld measurements on precipitation and runoff could hinder
the application of most of the empirical soil erosion models. Current soil
erosion models from Universal Soil Loss Equation to others developed by
various authors are results of extensive ficld observations. Care has o be
taken when usiﬁg these models as they are highly location dependent, and
subjected to the characteristics of the place where the observation area made.
Further, most of thesc equation requisite long term rainfall records, and
measuored denudation rates under different land use conditions. |
Comparing the avaitability of practical models, information required for model
estimation with the physical pheitomena of soil erosion in the Ratu watershed,
utilization of a model that incorporate rainfall data is questionable. The other
factor that decide the rate of soil erosion in this watershed is the surface
topography, hence a model that relate the surface topography was considered
for erosion estimation in the Ratu watershed.

Honda, 1993 proposed the method given below for soil erosion in
mountainous region by incorporating surface gradient. He has demonstrated
its accuracy applying in a well monitored watershed in Japan. The annul

denudation E can be estimated as;

‘ B L S

Where Ey-is the rate of dcnudation ata slopé of 30°
S gradient of the surface point under consideration

Sy tan(30°)

~ This model js defined and tésted with satisfactory resulls in the Matsuki
watershed in 'l‘oéhigi' Prefecture, Japan. Forest degradation has beert taken
place in this watershed due to copper mining, and forest restoration, and soil
conservation works have been started in 1957, Long term information on
precipitation, ranoff, characteristics of forest cover, level of regeneration have

been collected and used in developing the model defined in equation 8.1. As



3.2

the land cover of Ratu watershed is also dominated by forest lands, degraded
forest lands, and crop lands, this model may satisfactorily used in estimation of
denudation and the tolal soil loss in this watershed. The denudation factor has
to be identified for each spatial location of the watershed or has to measure in
well distributed points to apply the model as it is. This is not realistic even in
a well monilored watershed, hence an indirect measurement of the denudation
factor using satellite measured vegetation indcx is suggested. In-practice, a
r‘eialionship is established using rate of a surface cover in the interested study
area for which the denudation is clearly defined. As the relationship between
denudation and NDVI is critical in this method, it is required to identify the
potential of NDVI in representing the state of the forest degradation in the

interested watershed.
Land Degradalion Assessment by Vegetation Index

Vegefalion index is a numerical number that is generated by a combination of
spectral bands of a remote sensor representing some form of relationship to the
amount of vegetation in a given image pixel. 'Most of the vegetation ihdices :
are based on empirical evidence and may be pamally explained by the basic
laws of physics, chemnslry or b:ology Nearly all of the commonly used
vcgc!atlon indices are only copc:med with red and near-mfr.ared‘ reglor_l of the
electromagnetic spectrum - . S |

It can be assumed that bare soxl in an image wnll form a lme in red ancl near-
infrared spectral space and isovegetation lines (lines of equal vegelation) are
parallel to soil line. All the isovegetation lines arc converge at a single point
on the soil line. Presence of isovegetation lines could be due to’ external
factors like differcnces in irradiance due to surface variability. kThere'fore,
rather than the use of spectral résponsé patterns of red and infra-red bands a
ratio will siniplify the claséiﬁcalion’ by compensating for external faclors..

Some of the popular indices are, Normalized Difference Vegetation Index

(NDVI), Perpendicular Vegetation Index (PVI), Global Vegetation Index



(GVI); and Soil Adjusted Vegetation Index (SAVI). In the present research
work the vegetation index NDVI is used for the analysis as it has been
demonstrated the applicability of the index in forest areas. To avoid negative
values and for casy handling in image processing software the ratio was

calculated using the equation shown in 8.2

TMBand4 - TMBand |
NDVI=| (v il ane 3) b[XI00 el (8.2)

TMBand4 + TMBand 3

The main land cover classes within the watershed are; relatively good forest
cover, degraded forest, bare ridges account for slumps, soil deposited
tributaries and main river and the crop lands. “These are observable on the
~aerial phologfaph's dcquired in' 1992, - Using 1992 November aerial
- photographs, attempt was made to identify the possibility:a‘nd. the :réliabilily of
representing land oove'} condilion in the watcré..hcd using NDVI This was
accomplished by comparmg the ‘aerial. photognphs obtamed in November
1992 with the NDVI i tmage generated with 1993 March Landsat T™ data, The
1:40,000 scale photograph that covers the Ratz waters.hed:w;ls rectified and

roglslercd with the cre'lted GIS dqtabase for facilitate dlgntal comparison. T he

- rectified acrial photograph and the correspondmg area of the 1993 satellllc

5 datais shown in Fxgurc 8. 1, (a) shows tho '1er|a] pholographs (b) Landsal ™ -

falsc color i mmge and NDVI j mlago in (c) _

. The satellite false color i image was created using T™ band '2,3,4 oséigning
blue, green, red for them respectively. Relatively brigﬁl red oolor in the
: saioll_itc data m'ay‘rep'resenl high vegetation densily, and the degr_adcd forest
cover can be seen in lhc. lower part of the image in greenish color where the
band 4 rcﬂcctance hqs been low. Rlverbed is very bnght and the crop lands in
 the vicinity of the river is in llght gray. ' .

‘Degraded mountain ndges and soil dopos:ted tributaries are very promment in
‘the aerial photograph. As the pholog_raphs are black and white, and due to
small scale of photographing, it was cjuite difficult to differentiate the rate of

degradation or the forest cover densities on these photographs. The quality of
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the phologmpﬁ is comparatively low in differentiating riverbed from crop
lands than the satellite data.
The NDV{ image, (¢) in the same figure depicts differences in the forest cover
more clearly. Density of the vegetation is higher in the areas depicied in red
color and is low for areas of blue color. The blue gradation, dark to light
indicates the change of NDVI and this may account for increase of some form
of vegetation. The change of the calor from light blue to green then to yellow
and finélly to different shades of red represent gradual increase of forest cover.
-NDVI image preéents the relalive change of vegetalion densities, but the
absolute values of the densities can not be obtained without the use of
reference information.
:Using the 1992 aerial photographs, which was scanned for 3.3 meter.pixel
interval, the density of forest cover in a 100 x 100 meter pixel was estimated.
A Value_of 100 was assigned to bare [ands and zero to totally forest covered
lahds, 'anAd the aerial photograph was resampled into 100 meter pixe! obtaining
the average valile of the original pixels that fell within the new pixel area. The
di'git'al vélue of each newly create& pixel répresented the bare land percentage
ivilhin the pixel concerned. Subsequently, the Landsat TM NDVI image of
1993 was resampted into same p;xel size generating average NDVI for the 100
: mcier surf'icc area. The reiauonshap of NDVI and the bareland rauo was
: Lompared to 1dcnt1fy thc polentlal of Landsat NDVI in recogmzmg ihc changci
" of forest dc_ns:ly. Table 8.1 shows the resulls after categcnzmg the bareland

ratio into 5% increments.

. Table 8.1 Dlslnbutlon of photograph dcrwed bareland peicentage and NDVI
' valugs of 1993 Landsat TM

 |parctand% | 1105 | 51010 [ 101015 1500 20{ 201025 | 251030 304035 | 3500 40 | 401045 [ 4510 50
NDVI tat bzt |oues oo | woe | w089 | wre | w0 | was | 1033
Bareland% | 50t0 55 [ 5510.60] 601065 | 651070 | 701075 | 751080 | 80t0 85 [ 8510 90 [ 901095 |95 10100
NDVI ot 4 97 | 989 | 973 | 9nr | 930 | 949 | 949 { 921 | sss
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The table shows that the NDVI decreases with the increase of bareland
percentage. The highest NDVI for this arca was 114 and lowest was 88 for
complete forest and t00% bare, respectively. Except for the bareland
percentage in the range 75 to 80 the NDVI decreases gradually with the
increase of baretand percentage. The irregularity in this range could have been
occurred due to averaging effect of 30 meter T™M pixels at the time of
“observation. The relationship is graph'ically reprcse’nléd in Figure 8.2. The
graph shows that the NDVI decreases with the increase of bareland pcrcenlagé.
Excefn for an undulation in the bareland percentage 70-85%, a negative
~correlation was observed for the NDVI and bareland percentage.  This
observation shows that NDVI can satisfactorily be used for rcprcseht the land

‘degradation in the Ratu watershed.

1050 et e -
1000 | T—— |
1_; 950 +
% 900 -
80 o | .
80,0 bttt bbb
. ;‘g = A g v g o om
- Y L] Ty o v o
’ - © ~ A= ™~ A
barcland% -

Figure 8.2 Distribution of bareland% and the NDVI values of Ratu watershed

“Consequently, the application of NDVI fo_ni identification of denuded ridges
was attempted. The helicopter photographs obtained duriﬁ'g the ‘_ﬁéld visit
showed the state of degradation in the mountain ridges, and it was iuvesligatéd
whether those degradation can be quantified using the satellite derived NDVi
images. Some of the helicopter photographs were scanned, rectified and

compared with NDVIimage of 1993. Figure 8.3 and Figure 8.4 shows a set of
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photographs representing same spatial location of the Ratu watershed. Image
(a) is the photograph acquired during helicopter flight, (b} Natural color image
of TM 1993, (c) corresponding NDVI image and the (d) is integration of
NDVI and helicopter photograph interpretation, respectively.  Approximate
scales of the images are shown for assess the viable sensor resolution.
The degree of forest density increases from blue to green, then to yellow and
finally to red. ‘The different gradations show the continuity of the increase.
Highest forest cover is. represented by red color, and the lowest by blue.
In the Figure 8.3, most of the degraded ridges can clearly be identified with
Bluc region on NDVI. The sparsely grown forest areas, 3 in the figure shows
relatively smaller NDVI and the-distribution of the values could be taken as
the density index. The red color in the center of NDVI represents the dense
forest cover in the photograph. The tributary, 2 is not clearly visible on the
' NDVI image, specially near the densely forested area. This could be due to the
resolution of the sensor and mixed land cover that could present in a single-
"p":xél of TM data. - The intcrpr'et_ation of NDVI is much easier and the =
difference forest classes are enhanced ih NDVI than in natural color image. |
In Figuré 8.4, the lribuléry is clearly visible in NDVI, and also in natural color -
1mage Densely forested 'uea is clearly v:snble in NDVJ, and arca 3 can be
mtefpretcd as sparse vegetatton but its surface coverage is hlgher than area 4
- accordmg to NDVI mlcrprctauon Th:s lS not clearly visible in natural color :
- image, orin photograph, |
The forcgoing discussion comparing aerial photographs and helicopter
photogeaphs with satellite data showed that the remotely sensed data can
: s:atis_factorily'be_ used in identifying degraded fofesl, denuded ridges and silted
' tributaries and main streams. The conlinuoﬁsnatu‘re of NDVI .fagililale the
: intéqire!alion of forest deasity more realistically; than c!assifyiﬁg the forest
cover into discrete density classes. The'interprelabilit)} is hampered by the
resolution of the sensor, but in some locations the degraded ridges were clearly

visible even their s_palia] extent is less than the resolution of the sensor.
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8.3

Estimation of Soil Yield in Ratu Watershed

The reliability of identification of degraded land using Landsat T™ derived
NDVI was discussed in the previous section, and found that this index can

satisfactorily be used in estimation of land degradation. The estimation of soil

- yield in the Ratu watershed was carried out based on the equation describe 8.1.

It was explained in section 8.1 that the denudation rate is requiired to use the

equation and these  values for the presenit watershed was acquired from

“published literature. Table 8.2 gives denudation rate in the Himalayan region

and in a regulated watershed in Japan where the Honda, 1993 developed the

cquation 8.1,

Table 8.2 Land denudation for somé_ areas in Nepal and Japan

Description of the site * Rate Reference -
' t_ons!kmz!yem :
Siwalik: Bast Nepal, S-aspect, sandstone foothills, -
landuse from forest to grazing lands © 780-3,680 . Chatra, 1976
Siwalik: Far West Nepal,: S-aspect,  sandstone '
foothills | o ‘ o
Degraded Forest o S 20000  Laban, 1978 "
 Degraded forest, gultied land ~ S 4‘,000 Laban; 1978
' Severely degraded, heavily grazed AR ZO,QOO " | Sakya’ |
: Middle Mountains: Katmandu valicy. steep siopcs 800 ‘ Laﬁan; 1978 -
Japan: Asio region in Tochigi Prefecture for 36° stope ‘
. Crop lands 20 mm/year Honda, 1993
Grasslands I mmfyear Honda, 1993
" Foresl : 0.1 inmfyear " ‘Honda, 1993

Values for East Nepal', 780-3680 tons/ kn}zfj,'car represent about 0.4 mnvyear,

and 18.5 mm/year, rcspeétiveiy assuming the density of the sediment is 2

glem®, These figures are for éxtremes of the Eastern Siwalik area.

In order to evaluate the soil production, the denudation rate for each pixel has

to be estimated using reference information given in Table 8.2 or otherwisc.
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The values obtained by comparing aerial photographs in the Table 8.1
represent the average NDVI for particular bareland ratio interval. The highest
value of NDVI, 114 was considered as the representation of forest cover in this
arca, and the lowest value as the representation of barcland.  Attempt was
ntade to establish the denudation rate of Ratu watershed comparing the Middle

‘Mountain range forest cover for which Laban, 1978 identified the erosion rate
of 800 lonsikrhzly'car, Table 8.2. Visually observing Landsal ™ image of

1993, forest cover was identified in the Middle Mountain, north of
Sindhulimadi. - Sample area was defined and average of forest cover was
calculated. It was found that the average NDVI value for forest in this région
is 135, representing h;ghcr forest coverage than that was in the Ratu
watershed. Compar;son of other satellite datasets showed that the forest cover _
in the area selected \_Jva_s not degraded. T herefore, the denudation of this cover
area wéslccinsidéréd,véry less. and referring td Table 8.2 the de'nu'datio‘n rate of

" this forest cover was defined as 0.4 mm/year (800 forxs/kfn%’f;ar)ﬁ Rate of

~denudation for the f.orcs‘t' l'a'ncl‘in the present watershed: was considered as 2
mm/year (4000 tons/km*/year), highe-éj documented for Eas’tcm'Ncpal; a‘_nd for

‘bareland 20 mmv/year, same as the denudation rate used in Japan. - All of these

" denudation rates are 'assu_med to be for land silrfac'e'sw with 30'_° slope angkc. In
order to eslimate the soit yield for the' whole Wat'erslfed, a relationship was '

Eco:mdered for denudatlon and NDVI (Honda, 1994} He has demonstrdteﬁ -
that NDVI is related to common logarithm of the denudation rate. - The
interpretation of denudation with respect to NDVI can be carried out as shown

~ in Figure 8.5. | |

Usmg the relatmnshlp in (he ﬁgure the denudation was calculated for a gwen o

NDVI value, hence the rate of dcnudauon lS known t‘or any plxel in thc o

- watershed wnh respect to 1993 land cover condition. ‘The other factor hat i is
rtqmred for soil yleld estimation is the slope gradient, and it was calculated
from the digital elevation data. Figure 8.6 and 8.7 shows the general trend of
the elevation in the watershed, and the distribution of slope. Soil yield with

respect to 1993 land cover was estimated as 321,156 cubic meters per year.
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Figure 8.5 Calculation of rat of denudation using NDVIL

© The average denudation of Ratu watershed according to this estimation is 3.89

mm/year. The distribution of the potential of soif yield of the Ratu watershed
is thematically shown in Figure 8.8, The color representation is simitar to that

of NDVI, where red fo_’l’ highest bogenlial and blué for the lowest soil ‘yield

© . areas.

3.4

. Temporal Rcmc}tc‘ Sensing Data for Soil Yicld Monitoring

“In the preceding section estimate  was carried out for potential of soil

production on the basis of 1993 land cover of the Ratu watershed, specifically

with respect (o forest density and the surface slope of the area. In this seclion,

~estimation was carried out for soil yield poténtial in the wa(cr_shed_ for the dates:

1973, 77 and 1995.

Considéring no appreciable‘change of the topography dugiﬁgé‘lhe_22 year :
period from 1973 to 95, proposed equation for soil érodibility was used for
estimation of the denudalion rate and the volume of the soil production based

on NDVI derived forest cover densities. Reliable data for comparison with
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satellite data of 1973, 77 was not available in order to establish a relationship
“of the forest density at the time of satellite pass with the correspording NDVI
images. On the other hand, if ground truth data, such as photographs are
available the usc of satellite data is unwarranted. One of the objectives of the
present work is to recogliizé a method that can be used to evaluate the
erodibility and the soil production in the Siwalikrégion using satcllite data
integrating nominal amount of readily available other information, and
investigation of multi-temporal and multi sensor satelite data for soil erosion
medeling. Under this condition attempt was made to use 1993 NDVI as base
datasel in establishing the forest cover of 1973, 77 and 1995.
Table 8.3 shows the bareland ratio of 1993, describe in the previous section
and the NDVI values of 1973, 77, 95, also the 1993 NDVI values that used for
estimate the soil yicld in the previous section. _Fur_thcr, the distribution of the

NDVI values and the bareland ratio is graphically _shoWn in Figure 8.9.

Table 8.3 Bareland ratio and the NDVI values for four dates satellite data

‘Bareland% 73 77 | 93 .95
: Mean - | Mean. | Mean Mean
1to5 1243 12130 | 14 . 1026
5010 . S 1239 212 R3g f 10Le
" 101015 1230 [0 1205 i123 | 1014
. 151020 23 Doner CHLO 100.7°
2Wto?25 2.0 | fuzg | 1099 | 1008
251030 1207 117.4 | 1089 R E
0w3s . . -l neo ] o158 -] W7é | 955
35 te 40 Sl 1198 116.8 LT 99.5
401045 [18.7 C 1857 104.8 96.8
. 4510 50 ' 114.8 113.8 103.3 _06.8
"~ 50ta 55 <1181 113.9 101.1 95.9
L 551060 114.9 113.9 997 0 | 949
0to6s 1118 111.9 989 | . 946
. 65t070 ‘1139 111.5 1 973 94.3
S T0w 15 1136 - 1321 | ‘977 | 938
75 to 80 1094 110.1 . 930 . | sp2-
800 85 : 114.1 110.8 1949 | - 927 |
) 851090 1162 110.8 94.9 919
"~ 90095 107.3 - 107.9 92.1 80.8
95 to 100 104.0 © 1062 833 87.4
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Figure 8.9 Distribution of bareland% and 4 dates NDVI values

The tread was similar for all satellite datasets. The 1995 NDVI showed the
smatlest values and 73 MSS data showed the highest NDVI values for a given
* bareland percentage. Further, a shift was observed for MSS and TM datasets
and this could be due to spectral resolution of the two different sensors.
3 Totally bareland showed similar values for two sets of TM data, and NDVI
values for MSS datasets also converged to a similar valuc for complete
~ bareland though the MSS and TM values were dlfferent in 1mgm(ude “The
dlstnbuuon of MSS NDVI values for bareland rat10 mdlcales similar values’
| w:th small decreasc in the 19?7 dataset.” In contrast to this, the 93 TM showed
very high values for totally forested areas compared for 1995. Differences or
the irregularities in the two different zsensors and four dates observation could

be due to following factors;

Internal change in the forest cover
Changes in the forest dénsities
Extemal factors such as atmospheric condition at the time of observation

Spatial and specteal sensitivities of the two different sensors
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The change of high end NDVI values for 1973 and 1993 was 125 and 114
(11), and the change between 93 to 95 was 114 to 103 (t1). This difference
can not be considered as due to forest cover change as the difference between
1993-95 NDVI values is unrealistic if the different between 1993 to 93 is
taken as correct representation of 20 year forest change. Further, for MSS the
decreasing trend of NDVI from 73 to 77 has been reversed for the higher
bareland cover. Therefore, this discrepancies could have been occurred due to
external factors or during the pre-processing éf data at the receiving stations.

* In order to compare the NDVI values of dif.fercnt sensors that have been
undergone different pre-pracessing it is required to bring them to a similar

scale. As observation parameters or the pre-processing parameters were not

available, attenipt was made to relate them with the 1993 NDVI and 1992

acrial photographs derived bareland ratios, histogram mci!ch:'ng method ‘was
carried out. In this method it is assumed that there are some pixc-ls that have
little or no variation in lheir mean surface reflectance between images. ‘In the
present study similar assumption was made in histogram matching, assuming

“theie was spectrally invariable forest cover and non-vegetalive areas present in

four dates satellite datasets. Having used NDVI image of 1992 Landsat TM

transformed to match the distribution of NDVI values with’ the reference

‘image. The original NDVI imégés'alfld the transformed NDVI nmtt":hf_,ng with
' 1993 NDV! image are gr‘aphica_llj shown in' Figuzé 8.10 and 8.11. " The 1977

dataset showed very high irregularity after transformation, and this effect was

due to the atmospheric condilion prevailed at the time of satellite pass. A false -

color image of 1977 showed presence of thin cloud cover covering most of the

~ area. This helerogeneily in the almosph‘c‘r_ic' propeily across the scene might = .

have distorted the spectral response from the surface destroying the relative
'pa:llem with other datasets. This dataset was excluded from further use for

erosion production estimation.
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8.5

Using the transformed NDVI and the previously established denudation rates
for 1993 land cover classes the soil yield was estimated for other dates, and

presented in Table 8.4.

Table 8.4 Soil yicld and denudation éstimate for Ratu watershed

1973 1993 1995
‘Soil Yield m” 271,110 321,156 293,096

Rate of denudation mm/year 3.29 3.89 355

The results obtained showed a gradual increase of land degradation and
denudation in this watershed.  An average denudation rate of 3.5 mm/year, or
7000 tons/km’fyear observed in this study falls in the extreme end of the

publications in the Table 8.2.
Estimation of Soil Production during 1993 Storm Event

The foregoing section evaluated the annual averagé soil yietd on the basis of

land use ang the surface topography. The model that used in the evaluation

~ does not inclide the rainfall data. Due to very 3imited rainfall in the Ratu

 watershed where thé mean annual rainfalf is within 1500 ~ 2000 mm, Figure -
8.12, the estimated soil production in the previous scction can be considered as

' a reasonable estimate of annual soil production under normal condition.

The equation 8.1 cannot be used for estimation of soil production during a

‘cloud burst incidence that could bring about 500 mm of rainfall within few
: _hours'f One-reason for this is that the intensive rainfall could accelerate the

surface erosion, but the most important factor is the drastic level of production

that can take place as failurés described in section 6. 1.

" Figure 6.4 shows a clear picture of the probable failure: types, where the

- landslide along the banks of the stceam, undercutting, or earth topple are soine

of the main factoss that highly contribute to sediment transport from upper

watershed during 1993 flood evenl. In overall, the areas around the sub-

- 119 -



(After Sharma,1995) 7
| 114,500,000

RESEARCH REPORT ON THE Figure 8.12 o |
INVESTIGATION OF LANDSLIDE AND Mean annual precipitaion (mm. 1971-85)

- SOIL EROSION IN NEPAL - : - : -
USING REMOTE SENSING TECHNOLOGY] JAPAN INTERNATIONAL COOPERATION AGENCY

- 120 -




streams are very much vulnerable to soil erosion during a flood event than
other arcas where the surface erosion is the main soil production phenomena.
Considering these factors it was attempted to modify the equation 8.1 that is
used for estimation of annual sediment production to applicable in a flooding
event,
It is clear that presence of sub-streams increase the volume of sediment under
heavy rainfall. - Therefore, inclusion of this topographical parameter into the
model was considered for modification of the model.
It was observed that all the sub-streams are not visible in remote sensing
images due to sensor resolution and the topographic nature of the atea. Figure
8.13 shows the general distribution of a sub-stream in the watérshed that is not
visible in TM dala. Two sub-streams separated by a ridge is shown here.
When the ridges are covered with vegetation, the vertical river banks could
make the stream undetectable for remote sensors.  In centrast to this, the
degeaded ridges where there is no vegetation leaves the space to catch these
sub-streams from the s_eﬂsOr if the resolution permits. According to field
investigations cxplaine(i in section 6.1.2, boih of these sub-streams contribute
to soil prod{lc'lio'n - As remote sensiﬁg déta can not acquire most of these
hidden slreams it was con51dercd to mclude this topographical mformauon .'
through ather source of data. ' ‘ .
In order to mtcgrate lhe dasmbunon of stream ‘and its impact on the soil
‘ producuon in a storm water madent,j it was demded to mclucle the densﬂy of
~ the sub-stream as a erodible factor in the equation 8.1. Further, the land cover
of the Sub—str’éam banks, or on the banks also responsible for the amount of
soil slumps, or Jandslides that can cccur in an event, hence the effect due to
: these two parénieteré could have a 1nultiplicative effect on the production of
“soil. Therefore, it was considered a multiplication factor in equation 8.1 that
rcprcserjit' the sub-stream distribution within the watershed can compensate for
“heavy erosion in a storm event. This factor was calculaied using the data
layers in the GIS database. Soil production was calculated for each sub-

watershed using the prediction formulas developed by the field observations.
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Length of sub-streams of each of these watershed was ¢alcutated through GIS

approach.

detectable.

Undetectable stream

stream

Figure 8.13 Scclional view of sub-streams in the watershed

- The correction index for flood event of 1993 (o) was calcu:lated for each

_watérshed depicted in Figure 7.6 as follows;

' olpirels _,l‘ 0-9:: o : . N
(YTpm[.)i:_-E ’ E""(ESI_] XS,X(I' . ::: -' | (8.3)

L

Here (V. ). is the estimated production of watershed i by field

invcsligalioﬁ (Chapter 6)

o Topographical factor for wat'eréh%:d i
Si @ixLyfy

Li ~ Length of streams in the watershed i
Ai Surface area of the watershed /

Z""’""‘! Estimation of soi} production for watershed i using all the

pixels that fell in the watershed {
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Using the above formula, o for each sub-watershed was calculated, and this
factor was considered as the topographical factor that rcpresent the
contribution to sediment production during a flood event. Using the above
factor, soil production of 1993 was re-calculated using Landsat TM 1993
NDVI iinage resulting 1,980,000 m3, and this amount is very much closure to
the 2.29 million _m3 estimatéd by ficld observations. Assuming this ﬂood event

soil factor can be used in predicting soil production that would result during a
storm event given a NDVI image just before a rainy season. The cstimation by

the mode! and field estimation was almost agreed with only 10% discrepancy.
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9.1

CHAPTER 9 CONCLUSIONS AND FUTURE RECOMMENDATIONS
Resulis and Discussion

The main aim of the present research work was to establish a methodology that
can be used for estimate the soil balance and the production process in the
Ratu watcrshed using satellite remote sensing and GIS technologies. The soll
erosion pheniomena, its lransportaiioh and the deposition in the Ratu watershed
that was describe in detail in the chapter six can be illusirated as in the Fi gure
9.1.

The analysis procedures carried out in this research work can be categorized
as shown in Figure 9.2. This shows the flow of the analysis of remote sensing
data for extents monitoring, and in’tegrﬁtion with other information for

volumetric evaluation. The figure explains the flow of the data and the

- process under direct observations from satellite data, and derived outputs using
~ supplementary information for clarity of the whole analysis procedure. Soil

- production, (ransp'ortation and deposition - was evaluated  spatially and

volumetrically. - Subscquenlly, a model was formulated to estimate the soil

- producuon using spatial csnm'ucs camcd oul by remote sensmg clata for

: evaluatc the  volumetric changcs Annual average soil productmn was

estimated under normal condilion using ‘the model lhat consisted wnh

_paramctcrs observable by remote  sensing data and topographical maps.

Further, this model was modified for estimation of soil producnon during a

~ flood event. The obtained results can be enumérated as spatial and volumetric

as shown below.
Results of Spatial change estimation

¢ - It was possible to estimate the riverbed changes in the upper watershed

 using satellite data, satisfactorily.
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> The. riverbed changes in the upper watershed was estimated as 0.14 sq.km
per year. This estimation can satisfactorily be used for a time span of more
than 4 years.

¢ It was found that NDVI was related to land degradation. Also, the NDVI
estimation showed that the forest cover is degrading in this area grddually
for the last 22 years for which the analysis was carried out.

o Satellite data can be used in identifying newly deposited areas and old river
beds in the floodplain.

» Monitoring the river channel changes in the flood plain can satisfactorily
be carried out using remote sensing data. This may facilitate the mitigation
of hazardous arcas during a flood event if supposted by few field
investigations in the high riverbed accumulation areas.

o It is observed that two dates satellite data, wet and dry scasons are reqﬁired
to accurate land cover mapping in this watershed duc.lo_ high heterogeneily
in the land use. | | . o

¢ The planform changes of depo'sition in lhc 'coﬁparcd watershed ;is similar
to Ratu watershed, hence the use of satellite data in planform change

- assessment in the Siwalik area is ju‘s_liﬁcéd.

3 On thcse observahons 1t can be sald that lhe s1tcll1tc dan can sahsf’ictonly bc :
: usecl to galhcr mformanon pcmmmg to soil eros:on such as planform o
changes, monitoring of eiver channels, and the snk, of forest dcgradatlon mn

Siwalik area.

"Results b'f Volume-lric Changesand:\doni(oring :

e Soil erosion process during a flood event of the Ratu wqtemhed was clearly
identified and established using the field observauons Il was found tha
the soil erosion during a flood event is highly related to topographical and
geological condition of the sub-streams. It was estimated an amount of 2

million m® of soil has been produced during the 1993 flood event.
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*  Average annual soil production under a normal condition was estimated by
a model that is based on satellite data derived NDVI, and surface stope.
The calibration of this model was carried out using avérage denudation
rates published for Eastern Nepal. Pusther, time series analysis of average
annual soil production showed that the average denudation rate of the Ratu
watershed iS'in.créa'sing, and the 1993 average value is 3.9 mm/year.

e Estimation of soil production urder 1993 flood event was carried out
modifying the model by integrating flood event erosion index which is
depend on sub-stream density in a watershed. The estimated volume using
this hlodel was 2 million m? for a flood event.

o Prior establishment of flood event index uwsing GIS technology, and
acquiring a remote sensing data before a rainy scason facilitate the

~estimation of soil production for a watershed in Siwalik during a floed

event with an order of 1993 floods.

On these observation it could be said that the volumetric estimation of soil
produclion us_ill"g_rcnlote sensing can only be materialized if imcgra_tion of GIS |
is consndered ' _

The developed model for annual soil pmducnon is b'\sed on empmcal values
" of denudauon This model has been tested for its accuracy in Japan, but it is
, 'u:ivrsable to evaluate lhe results in a n,gulated watershed that has rellablc
 denudation rates for verification.

- The modified model for flood event soil production 'assessmént was calibrated
‘using field observcd production' volume of 1993 flood event. This model has
to be verified in some other watershed, or during a different flood event in for

‘venficauon and for any modification in view of estabhshmg as a flood event

' 'soil erosion model of Siwalik area.
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9.2 Configuration of a Data Analysis System for DPTC

It was considered to transfer the know how of the present model and remote
sensing and GIS technology to the counterparts in Water Induced Disaster
Prevention Center (DPTC) of Nepal. DPTC is eslablished in Nepal with the
collaboration of HMG/N ard J.IC'A to transfer appropriate technology to local
engineers in water induced disaster prévention. This would invelve damage
assessment, monitoring, and forecasting as these fields can not be ign'ored
when carrying out prevention action. A counter measure could be a civil
engineering.work, bio-engineering method or introduction of some social.and
cultural changes, but selecting the best suitable counter measure should -
consider the spatial characteriétits of the problem in hand. In this sense,
properly maintained information system could facilitate selecting the best
methodology, comprehensively.  This aspect' of {hé disaster prevention
progtam could be considered as monitoring. Another branch of the disaster
prevention action could be the giving out accurate and timely ‘inforsmation
about a disaster before that could affect the socicty in danger. This is referred
to as forecasting, and requisite knowledge of historical incidents and the
Spatlal and temporal charactenstlc of the area of mterest Lack of mformauon
makes a task difficult, specmlly in dlsaster provcn couut:y hkc Nepat wherc
most of thc construcnon pro_|ecls might have- camed out w1thout ample
- information. o . ' .
Necessily to have a spatial information system that can handle data sources
from maps, images, tables and field investigatidn with respect to water
" induced disasters within the DPTC is unquestlonable To aéhievc this; one -
shonld clearly defined the setwce aréa of DPTC and the scale of the problems
that the center is willing to addrcss ‘
The most common water induced disasters in Nepal are floods and hndslldes
‘These incidents can be approached or discussed in two different level; event
specific and cause specific. If a flood event js taken as event specific it is only

required (o consider the spatial location of the interested river and its
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surrounding extending for few meters. If the flood is discussed as cause
specific level, it is required to extend the discussion from river to its
watershed.  As it is known a flood will not occur only from a degraded
watershed without considerable rainfall the discussion may have to be further
extended from the watershed level to regional or country tevel. This shows
that prevention in engineering aspect needs only site specific information, bio-
engineering implementation may required to consider in a watershed scale and
leading to regtonal scale for belter assessment.
The preceding discussion shows that an ideal water induced disaster
prevention database should include information from site specific to regional
scale. Then the question that should be answered is, whether there a necessity
to create a database from scratch to use in disaster prevention, monitoring and
- forecasting works at the DPTC. Incidentally, it was observed during the GIS
agency survey that some are progressing towards country level database which
may be fully utilized some where within this year. Specifically, [CIMOD has
been coniplcted a small scale database for whale Népal including topography,
landuse, physiography, socio-economic data obtained from 1:250,000 maps.
' Tribhuvan Univcrsily is moving towards to es!ablish a more detailed database
with the collaboranon of ICIMOD using one inch lopographtcal maps. Their
. argel is to complete an elevation database based on one inch’ maps within few.
' months ume FRIS is already finished a forest resources mappmg program for3
“the wholc counlry using satellite data of 1990 and 91 at-Forest Survey and
Statistics Division. It could be considered these data may be freely avaifable
once they have become operational as the DPTC is non-profitable
organization, Thls_: would let a good starting point to start GIS and remote
sensing activities in the field of water induced disaster at DPTC.
It waéiobserved during the visit to different agencies the coordination among
_ agenciés'is poor except for persondl level. There is a need to from a country
level Stcérillg commiltee for coordination and to avoid repetition in data -
creation.  This may not be possible to achieve al present due to lack of

experience of the usage of these technologies and hardly any projects that
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have reatly explored the potential of remote sensing and GIS technologies here
in Nepal. In this sense, it is highly recommendable to start'a GIS and remote
sensing system at DPTC with a low profile, educating and training staff being
a user of already developed databases to explore the potential of these

technologies in fulfilling the center goals.

With the understanding of the goals of the DPTC, a system recommendation
for the center was considered. Properly organized remote sensing and GIS

system should comprise with following components;

1. Appropriate hardware and soflware
2. Skilled personnel to operate and carry out analysis

3. Maintenance system

Tt is recommendable to initiate and implement a system at DPTC in three
‘phases rather than selling up a sj;slcm for multi purpose studies coﬁsidering
lhe lack of skilled staff and the cost of initial’ system mst‘ulhtlon -Also,

consndemllon has to be made to acquire permanent staff for the system as lhe
training of personnel mvolves time and money. Temporary staff acqulred;
jfrom interested agencies or deparlmems have lo n.tum back to orlgmal posls i if :
Lthey are askcd to. Thereforc lt is advrsable to avoid staff in lease basm
Mamtcnance of the system is very lmporiant as lhc hardware could- bre'ak -
‘down or software could be obsolete after some time. Further, for menitoring .
the area of interest continues supply of remote sensing data, at least one set for
year has to be incorporated to the dalabase for timely and up to date

" informatton.

E__m_l
This is the initial stage, and should addressed only the ﬁcld of GIS which can
be casily mastered and practiced. In selecting software, consideration has 1o

be given (o the software used by other agencies. 1t is recommend to have a
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system configuration as shown in Figure 9.3. This configuration helps to share
arc/info data files through DAT or 1/4 tapes. Also, this system serves for in
house data creation where maps can be digitized on PC eilher using arc/info or
any other software that could creale arcfinfo compatible data files (AutoCad).
Two hardware set up gives the opportunity to do the data creation and analysis
at the same time.
It is advisable to recruit three members at this phase, one for digitizing and
other. two with engineering knowle'dge in the disaster prevention. Parallel to
system installation, the staff should be educated in data creation as the first
step. This level of training may be given at TU or ICIMOD. When the staff
“acquired the basic knowledge the engineers could undergo training on analysis,
This cauld be carried out by inviting expetts from other agencies in heré or
from abroad. .The first phase could run for one year. In the latter part of this
phase, one engineer should imder‘go some training in remote sensing. Local
training center fbr this could be the FSSD, where he can be exposed to data

and to popular software. Computer systems and external peripherals should

ARC/ANEO
AutoCad

=7

- DATor 1/4 Tape

vorksiation |

'} ARC/NEO

Digitizer A0/ P
£ we o Plotter

: phase 1

Figure 9.3 System conﬁgur'ation for phase |
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Unlike GIS, remote sensing operation needs speciﬁ? knowledge of different
sensors, different data formats supplied by receiving centers, correction
methods, classification methods, integration with GIS etc. The engineer who
was exposed to remote sensing at phasc onc should further undergo short
training while working on a specific task to acquire more knowledge on this
bring on to a network environment to avoid difficulties in data transfer and

analysis in later stages.

Phase Il

Finishing the first phase, the staff at the center could have acquired basic
knowledge of GIS and remote écnsing and may be in a position to create GIS
data for needs of the center. In this stage the capability of GIS should be
“increased _in the ficld of application. -This can be cairied out by exposing the
GIS engineer to ¢xperts from JICA or creéting c‘ollabloration works wilh other

agencies,

arcfinfo - — | 5
AutoCad - - Iworkstatior O
. S ] IARCANF .

PegEentium [~ ‘ 7 ToeMB
. DAT 3

or 1/4 Tapé :s__..7___a’
(2o )| [Scanner
96MB |

7 [gEal-r 8 8]
== == CCT Reader Color Printer
- workstation : :

- Erdasor

"ERMapper

Ploile? g

DJgitizer AQ

phase 11

Figure 9.4 System configuration for phase I |

In this stage a remote sensing system will be added to the present

configuration making the center a fully equipped remote sensing and GIS to
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work as an independent body. A system as in Figure 9.4 can be considered at

this stage.

ficld. Consideration can be given to send the person abroad or invite
speciatists for short period to work together. This phase may run for one year
adding one more year to the center. In these two stages the analysis could be

carried out to characterize water induced phenomena, damage assessment and -
hazard mapping. Note that there should be sufficient disk space for remole
sensing analysis as the data itself occupies consi.derable amount of memory,

(Landsat {ull scene is about 250 MB).

Phase J1I

orkstatior O . 0
RCANF B _

arcfinfo

| D AutoCad

PO Pentium [ l/'

Digitizer AD - |
T g -

/ Erdas ot : ‘
anber . CCT Reader  Cotor Printer
High Power for
-simulation

workstation
Phase 111

Figure 9.5 System configuration for phase I11
This phase is considered as more advanced step of the compuer assisted

planning, monitoring and forecasting of water induced disasters in Nepal. Itis

suitable to include the forecasting technology by simulation of natural hazards
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for inform the society in advance. The system shouvld be upgraded with
additional computer, preferably a high performance workstation for CPU
intensive simulation. Simulation models could be developed in house or
supported by foreign experts. In this phase, Figure 9.5, the system enable to
integrate simulation results with GIS database for forecasting of natural
hazards, iden’iifying vulnerable areas and better ways to avoid large scale loss
of life and property. Training of personnel in forecasting could involve
expettise from different fields of applications; soil erosion, geomorphology,
geology, mathematics, fluid dynamics, hydraulics etc. and may not be able to
accomplish within a short time. The required technology have to be

transferred from sponsor organizations, at least at the beginning.
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