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Abstract

Soil erosion is a serious global environmental fob With an increasing human population pressure,
there is an increasing expansion in agriculturatpces to meet the increase on food demand. Hsisrh
turn led to increase in the risk posed by soil ieras Therefore, it is very essential to asseskesosion
under various land use practices, so that consenvateasures can be implemented in time. Firstig, a
common practice to estimate annual soil loss uairggage input parameters such as the rainfall athoun
rainfall interception, cover factor, ground surfacanopy cover and plant height for a year or rae$
series of years. This study investigates if thalteobtained by this approach give the same asutheof

the monthly soil loss estimates which takes intooaat seasonal variation. To analyze this, the RMMF
erosion model was used to predict annual soil lssag average parameters and the model was also
adapted to run for monthly soil losses estimatiamsg the results were summed up to derived the Yatue
the total annual soil loss. The results show thatannual predicted soil loss rates using averagiers
were relatively higher than those using the surthefmonthly predicted soil losses. The averagelesd
prediction for the study area using the annualayeinput factors was 23.43 tha‘and that of the sum

of the monthly predicted soil loss was 12.01 t lya*. With regards to the different land uses, the
prediction with the average values predicted tighdst soil loss in the tobacco fields with an agersoil
loss of 43.56 t Hayr™ and for the sum of the monthly soil loss, the bigthsoil loss was in the dry land
agricultural field with an average soil loss of 3.t ha yr'. The results also revealed that 18, 9122 tons
in an annual basis of soil is lost from the sturtBazannually using the average parameters. Whelossi
was computed on a monthly basis, the results shahetdl12, 0278 tons of soil is lost per year. From
these results, there was a significant differentehie results derived from the two methods. This
conclusion was drawn based on a statistical compario establish whether the differences in the
different predictions are statistically significafithe quantile — quantile and box plots showed that
both had about 25% of the total predictions to bg/Yow but the prediction from the averaged annual
parameters gave extremely high values wish aregmgnot realistic. The predictions from the sum of
monthly soil losses proved to give a realistic lesu

Secondly, soil loss assessment requires quanétdata. There are several approaches to acquidatae
necessary for assessing soil erosion. And impraretl enhanced modelling of this situation requires
remotely sensed data which gives information of shgface and at times subsurface conditions of the
area. And these are usually derived from sateliitages and digital elevation models. The level of
information derived this approach however deperishe availability, quality, resolution and alseth
cost of the image required. The cost implicatioouthh less frequently discussed, is also an essentia
important factor coupled with the resolution codihit the use of satellite images for recurrent

monitoring of soil erosion especially in small asdike the study area of this work. To assess osese




and readily available in small area, this studyduse Moderate Resolution Imaging Spectroradionmetter

a resolution of 500m for obtaining quantitativeamhation erosion modelling parameters such as the
cover management parameter based on NDVI for tke"dgize study area. This apparently a small area
and with such a resolution, it is believed that elitained erosion parameter would be a generatined
without any true or detailed representation of #éinea. To evaluate the accuracy and reliabilityhef t
erosion parameter derived at this resolution, erosnodelling parameters such as cover factor was
derived from NDVI values gotten from a LANDSAT im&agt a resolution of 30m. Aggregation functions
were applied to the NDIV values from the LANDSAT daacoarser resolution as the MODIS image from
which the cover factors were derived. Due to thevailability of the LANDSAT images, this analysis
carried only for one month (June, 2009), for whictages were available for both the LANDSAT and
MODIS images. A correlation was performed betwes aggregated NDVI values of the LANDSAT
image and that of the MODIS NDVI to establish atiehnship. An T of 0.66 was obtained and that shows
a good relationship and as such showed that the IB@BD0m) image which is free and cost effective
can also be used for erosion modelling study inllswatershed in the absence of high resolution iesag
But on applying it to soil loss assessment, it ade@ that soil loss derived using the MODIS c-facto
results overestimated the presence of vegetatismrcsince some fields in the area were just at the
planting and vegetative stages. And when the sss Fkesult derived for the month of September was
correlated with the soil loss prediction for thengamonth using the c- factor derived from the cgnop
cover, it gave a low value’@0.11) which showed that it's extremely low preitintis not realistic.

As a conclusion from this, the MODIS (500m) imageich is free and cost effective can be used for C-
factor mapping but the results obtained when agglesoil loss assessments could be unrealistiaand
such limits it's usefulness for erosion assessasiall watershed.

Finally, the management practice sensitivity arialysvealed that the management factor in the study
area has little or no effect on the soil loss cager but if the reverse slope terrace practice is

implemented, there would be a reduction in thelsss rate in the area.

Keywords: Soil loss, C-factor, NDVI, RMMF erosioadal.




Dedication

This work is dedicated to God. For without Him,nh &othing and can do nothing. “In Him we live, we

move and have our very being...Acts 17: 28”".







Acknowledgements

To the Almighty God; for His never ending mercigsace, love, protection, provision and kindness
towards me. His strong arms led me through itradl bmost sincerely appreciate the privileged aratg
He gave to me to undertake this study. And for ¢higne guidance and protection towards me and my

family throughout the duration of this course: y saank You Lord. My life is nothing without you.

My sincere gratitude goes to the Netherlands Gawer for the sponsorship to undertake my studies

here in ITC. Dank u voor deze gelegenhtid

My special appreciation goes to my supervisors, ruba Shrestha and Prof. Victor Jetten for their
advice, constructive criticism, supervision andamagements which brought this work to a completion

am indeed grateful.

| also want to specially thank Drs. Tom Loran and.Robert Voskuil for their help and encouragement
in my research. | would also love to thank Drs. @awijn de Smeth for his tremendous help during the
laboratory analysis. To Dr. David Rossiter who lkeljguided me in establishing my correlation factors
the R software, | am thankful. And not forgettimg,V. (Bas) Retsios, who selflessly helped me mnigri
my image processing and gave me a way forward thghLWIS software after many failed attempts; |

am indeed grateful. And to all my lecturers, | sdyig thank you.Martelijk dank.

And my heartfelt gratitude goes to my friends whade my study duration memorable one. To Olukemi
Alaba, you can never be forgotten. Thank you fbiyaur support, time and for everything. To Anietie

Ekpo, Paula Male, Olufemi Ogundele; | say a bigikhgou for been there when | needed a friend and fo
all your assistance, support for the great timesshared together. And to my fieldwork team: Paula,
Andry, Diwarkar and Nugroho Christanto (PhD stugidat all the help and team effort during the field

work.

And to all my friends esp. Jane, Inyene and Kusehamks for every encouragement you all gave to me.

To the Amazing Grace Sanctuary and Amazing Gradac@aarishes, R.C.C.G church, Netherlands; |
sincerely thank you for your prayers, love, cargoairagement and for making my stay a wonderful one
And to my pastors, Pastor Nelson Adelesi and Dedkenna Ngene with their families, may God

continually bless and reward you for your hospiyadind love.




Now to the world’s sweetest husband, Essien Affladm so thankful to God for giving you to me agon
to spend my lifetime with. For your love, care, argtanding, encouragements and prayers, saying than
you alone cannot convey my gratitude but | want gkinow that | am grateful and will always loveuyo
And my prayer is that God will keep us together &mdeach other and also for us see our children’s
children even to our great grand children. | do wansee all of them with you by my side. | loveuyo

dearly.

To my beloved family, my Dad, Mum, Emmanuel anddimtig-Valerie (siblings), | really do appreciate
all the love, support, prayers and for believingria despite the odds as it may have seemed. Ydhere

best! | could never have asked for a better fathiéyn this.

To the Oto, Paul, Naomi and Paul (jnr.) Geelennkhgou for being such a wonderful family. | reatlyp
appreciate all your kind gestures. To my aunty, Mesy Ecoma and my cousin, Eden Ecoma: thanks for
been there as a source of encouragement throadlh And to my In-laws, thank you for everythingdd

appreciate every one of you.

And finally, to myself: for not giving up on me avavhen the goings becameally tough.The MSc

journey has finally come to an ended.

“Veni, Vidi, Vici! | came, | saw, | conquered!”... Juius Caesar 47 BC.




Table of contents

1. INTRODUCTION ...ooiiiiiiiiiiiiiiiiitit ettt e e e s e e s s e e r e e e e ee e e e e e s 1
1.1, BACKGROUND......coiiiitte it mmmm et e e e s rr e e e e e e e e e s 1
1.2. PROBLEM STATEMENT .....oitiiiiiiiii i 2
1.3. RESEARCH OBJECTIVES ..ottt 3
1.4, RESEARCH HYPOTHESIS ... .. 3
1.5, RESEARCH QUESTIONS ... 4
1.6 THESIS OUTLINE ..ottt s s r e e e e e e e e 4
2. LITERATURE REVIEW ... 5
2.1, SOIL EROSION.....oiiiiiiiii ittt bbb e e a e ae e e e e e e e e i 5
2.2. SOIL LOSS FACTORS ... .ttt memte ettt ssn e r e e e e e e e e e 6
2.2.1. RAINFALL ..o e e e e e e 6
2.2.2. SOIL TYPE ... 6
2.2.3.  TOPOGRAPHY .ttt e e e 7
2.2.4. CROPS [ VEGETATION ....oiiiiiiiiitt ettt snnee e ee e 8
2.2.5. MANAGEMENT PRACTICES ........otttiiiiii it 8
2.3. SOIL EROSION MODELLING .....outtiiiiiiiiiiimmm e 8
2.4. SATELLITE IMAGERY, SPATIAL RESOLUTION AND SQI EROSION
ASSESSMENT ..o e 9
2.5. NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI).....ccutiiiiiiiiiiiiece e 10
3. STUDY AREA ..ottt ettt e e e e e an e e e e 11
G 00 X 17 N I [ 11
3.2, CLIMATE oottt e e e e e e n e e e e e e 11
3.3, GEOLOGY/GEOMOPHOLOGY ....ctiiiiitiiiiaeiireeesairreeae e et e s ee s snmee e 12
.4, SOILS ... e 12
3.5, LAND USE ... et 12
4. METHODOLOGY ...oiiiiiiiiiiiiiiiiiiiiiiiins bttt e e e e s e s sss s bn e e e eeaeaeee s 14
4.1. CROP CALENDAR AND LANDUSE .......cooiiiiiiiiiiiiiii i 15
4.1.1. CROP CALENDAR ... .ttt e 15
4.1.2. LANDUSE/ COVER CLASSIFICATION ....cciiiiumeeiieeiiiiiieieeesirie e ninree e 15
4.2. SOIL, CLIMATIC, LAND COVER AND EROSION PARAMEERS.........ccccccoiiiiinins 17
4.2.1. SOIL PARAMETERS ....ooitiiiiiiiiii et 17

vi



7.
8.

4.2.2.  CLIMATIC DAT A ettt e e 23

4.2.3. EROSION PARAMETERS ... 28
4.2.4. THE REVISED MORGAN- MORGAN-FINNEY (RMMF) ......ccoiiiiiiiiiiiiiieeec e 28
4.2.5. FLOW ACCUMULATION. .. ..ottt st 34
4.2.6. RMMF MODEL FLOW CHART ...t 35
4.3.  SENSITIVITY ANALYSIS. ..ottt 36
4.4, METHOLOGICAL FLOW CHART ...ttt e e e 40
RESULTS AND DISCUSSIONS..........ootiiiiimmmmnieieeiiir e 41
5.1. LANDUSE AND CROP CALENDAR ......ciiiiiiiiitii et e 41
5.1.1. LANDUSE CLASSIFICATION ...ccitiiiiiiiiiiieie it 41
5.1.2. CROP CALENDAR FOR RATAMBA WATERSHED, 2009.............ooooeiiiiiiiiiinnnnnn. 46
5.2. SOIL PROPERTIES ANALYSIS/DISTRIBUTION IN THEREA ........ccooiiiiiieeiiieeee e 49
5.3. DERIVATION OF LAND USE PROPERTIES AND ANALYSIS.......cccvvviiiiiiiiiiiiinine 51
5.3.1. C —FACTOR GENERATION ..ottt 51
5.3.2. RAINFALL INTERCEPTION DERIVATIVES. ..ot 94
5.4. SOIL EROSION ASSESSMENT ..ottt 56
5.5. COMPARISON AND DISCUSION ON SOIL LOSS RESULTS.........ccooiiiiiiiiiiiiie, 66
5.6 SENSITIVY ANALYSIS ...ttt e s e e e 68
5.7. C-FACTOR MAPPING USING COARSE RESOLUTION REMBBENSING DATA .... 71
CONCLUSION AND RECOMMENDATIONS ... 81
6.1.  CONCLUSION . ....coiiiit e e e e e e e e e s s eennnn e 81
6.2. RECOMMENDATIONS ... .ottt e e 84
6.3.  LIMITATIONS ... ..o e 84
REFEERENCES. ...ttt ee e 85
APPENDICES ...ttt ettt e a e 89

vii



List of figures

Figure 2-1: Monograph for Computing Soil Erodityil{) ...........oevvrieiiiiiiiiiiii e s 7
Figure 3-1: Study Area — Ratamba Watershed, Indanes..............ccccveviiieeeieiiii e 11
Figure 3-2: Monthly Rainfall Amount for 2006. .. ..ooioeeieieeeeieieiiceeeeeeeeieeevee e veaeeeeees 12
Figure 3-3: Agricultural Land Use (Cabbage with Gt and Tobacco Planting)................... 3.1
Figure 3-4: Management Practice: Outward SIopingaDes...........coovvviiiiiiiviiiiiiiiiieeeeeeee e 13
Figure 4-1: Crop Calendar ACQUISITION MELNOUS weceeervvvviiiiiiiiiiiiiiii e 15
Figure 4-2: Sample Points in the Ratamba Watershed.............ccccccciniiiiiiiiiiiiieeeee s 16
Figure 4-3: Field Texture Classification Methods. ... 18
Figure 4-4: USDA Soil Texture Field GUIAE.... . uviiiiiiiiiiiie et 19
Figure 4-5: USDA Soil Texture Triangle ..o 22
Figure 4-6: (a) Shear Vane Tester (b) Shear Vane Calibration............ccccccceeeeviniiiiiiiinnnee. 23
Figure 4-7: RaiNfall ParamMetersS ............. e eeeeeieiiiiiiiiiiininiinnn s sesesssssssssssssssessesseseses 26

Figure 4-8: Contour Map (A) Converted to Digitakihtion Model (B) of Ratamba Watershed 32
Figure 4-9: RMMF Model Methodology with ModificaticAdapted from the Modified MMF ..35

Figure 4-10: lllustration on Average FUNCHION cccecievviiiiiiiiiiiee e 37
Figure 4-11: lllustration on Maximum AgQregation............cueeuuriiiiiiiiiiiieiiee e ereeeeeeeeee s 38
Figure 4-12: lllustrating the Majority-Based Aggadiin ............cooovviiiiiiiiiiiiiiiiiiiiiienenee e 38
Figure 4-13: lllustrating the Minimum Aggregation...........ccccceeeiiiiiiiiiiiiieiiee e 39
Figure 5-1: Supervised Land Use Classification 208Bg Quick Bird Image ........................ 2.4
Figure 5-2: 2009 Land Use of the Ratamba WaterdBadjanegara District, Central Java —
[pTo o] ToTI- TP PP P PP PPPPPPPP 44
Figure 5-3 : Relationship between Rainfall Pateamd Crop Calendar...............ccccvvvveericnenna 48
Figure 5-4: Average Distribution of Soil Texturetire Ratamba Watershed ....................... 50..
Figure 5-5: Percentage Area Dominated by Soil Tiggle Study Area.......cccooeveevevieeeeieniceee 50
Figure 5-6: Linear Relationship between MODIS JUBHEactors Generated and NDVI ........... 52
Figure 5-7: C-factor Maps (a) June, 2009 (b) JOQR(c) August 2009 (d) September 2009
Generated from RESPECtiVE NDVI MAPS .ceeeeeeiiiiiiiiiiiiiieeee et 52
Figure 5-8: Derived Interception Trends for Differéand USe...........cccceeeeeiiiiiiiiiiiiven. 55
Figure 5-9: (A) Soil Detachment Map (B) Soil TrangpCapacity Map .........cccceeevviiiivivvnnsmn 57
Figure 5-10: Predicted Soil Loss Using Average Patars in Tons/Hectare/Year ..................... 57
Figure 5-11: Predicted Soil Loss Classified from 80il LOSS Map...........cccccvvviiiiiiiiii e 59
Figure 5-12: (A) Accumulated soil detached particle (B) accumulated transport capacity

(C) Accumulated soil loss from the catCchment................oooviviiiii 61
Figure 5-13: (A) Soil Detachment Map (B) Soil Trpog Capacity Map .........cooovvvvivivvvnnendd 62
Figure 5-14: Predicted Soil LOSS in TONS/HeCtar@fYe..........ccooeveviiiiiiiiiieieeeeeeeee e 62
Figure 5-15: Soil Loss Classified Map and HiStOgraml..............uuevieeiiieeieininiiiiieeeeee e 64

Figure 5-16: (A) Accumulated Soil Particle Detacimnilap (B) Transport Capacity Map ........ 65
Figure 5-17: Box and Whisker Plots of the Soil LosBredictions from the Annual Soil Loss

LU L] o PRSP UPSP 67

Figure 5-18: Quantile — Quantile Comparison Plot(f) the Soil Loss Estimates Using Average

Parameters and (B) the Soil Loss Prediction froemSbm of the Monthly Erosion..................... 68
Figure 5-19: Sensitivity Analysis for ManagementiBa...............ooooeviviviiiieiiien e 69

Figure 5-20: (A) Predicted Erosion Rate with thewzard-Sloping Bench Terrace (OSBT) (B)
Predicted Erosion Rate with Level Bench TerraceTLBC) Predicted Erosion Rate with
Reverse Slope Bench Terrace (RSBT) (D) Predictedi&n Rate with Level Retention Bench
Terrace (LRBT) (E) Predicted Erosion Rate with Narldgement Factor.............cccccevvvevenne 70..

viii



Figure 5-21: NDVI Map for MODIS (A) and NDVI Map fALANDSAT (30m) (B)........cccvvennne 72
Figure 5-22: LANDSAT NDVI Aggregated Map (A) and NDIS NDVI Map (B) .......c.cvvvvvennnne 73
Figure 5-23: Scatter Plot Showing Relationship leetvthe MODIS NDVI and LANDSAT .....74
Figure 5-24: (a) MODIS C-Factor Derived Using Wt Knijff's Equation (b) C-factor Using
the Regression Equation Based on Field ASSESSMEN ... ...uviiiiiiiiiiiiieeeeeeee e 76
Figure 5-25 (A) C-factor Generated from Van derjisi Equation (B) C-factor Generated from
the RegreSSION EQUALION .......uuiiitiiititiieses s s s e e e e e e e e e e e et ettt ettt eeeae e eeeeeeeeeeeeeesesennsennsnsnnnnas 77
Figure 5-26: (A) C-Factor Map from LANDSAT (30m Réstion) and (b) C-Factor Generated
from the Aggregated LANDSAT (480m RESOIULION) weeeeeiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 78
Figure 5-27: (A) Line Chart Showing Distribution &oil Loss Predictions (B) Correlation of
Soil Loss Using C- Factor Derived from MODIS and t-Factor Derived from the Canopy
(701 7= T o) N 11 1TSS SRS 79
Figure 5-28: Correlation of Soil Loss Using C- FadDerived from MODIS and the C-Factor
Derived from the Canopy Cover Of SEPIEMDET . .ccccaaeivvriiiiirire e 80




List of tables

Table 4-1: Particle Size Calculation (Van ReeUZ02)..........cccceeeeeeeeiiiiiiieeeee e 21
Table 4-2: NDVI Bands for MODIS and LANDSAT IMaQES.......cutuiiieieeiiiiiiiiiiiiieeeeeeeeenns 25
Table 5-1: Error Matrix of the 2009 Supervised Giasation from Quick Bird Image................ 43
Table 5-2: Land Use Percentage Cover in the Ara............oooiiiiiiiiiiiiiiieee e 44
Table 5-3: Accuracy Assessment [Source: Andry RIGSED10].......coeevevvieeririiiiiiiiiiiieieieeene 45
Table 5-4: Crop Calendar for Pejawaran, 2009 [Saufeldwork 2009]...........coovvvvvvvivieiiiens 46
Table 5-5: Derived from the Meteorological StatiBanjanegara - Central Java, Indonesia....... a7
Table 5-6 : Average Distribution of Soil Texturetire Ratamba Watershed........................49.
Table 5-7: Monthly Average Canopy Cover Estimatetfie Study Area.............c.cooeeenvninee 53
Table 5-8: Showing the Average C-factor Valuesienth in the Study Area. ...........ccceeene... 3.5
Table 5-9: Average Monthly Rainfall INterception...............vvvviiiiiiiiiiiiiiii e 55
Table 5-10: Average Annual Soil Loss Predictiolifferent Land Use for 20009.................... 8.5
Table 5-11: Average Soil Loss Prediction in Difieréand Use for 2009 ...........ccccevviininnnes 59
Table 5-12: Average Soil Loss Prediction in Difigréand Use For 2009 .........ccccoevvviiiiiieees 63
Table 5-13: Average Soil Loss per Month in the StAtea........cccoeeeevee e, 63
Table 5-14: Soil Loss Classes for Different Lan@US............cccerviiiriniiiiiiieieee s 64
Table 5-15: Comparative Soil LOSS SUMMAIY ...cccuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiin s 66
Table 5-16: Summary of SOil LOSS COIMElatiON .ceeeeevvvvviiiiiiiiieii e 66
Table 5-17: Correlation of Aggregated LANDSAT NDWith MODIS NDVI.........ccccccvvvvvivinnnne 73
Table 5-18: Summary of COrrelation ...........cceeuuiiiiiiiiiiiiiieie e 75
Table 5-19: Summary of Soil Loss Predictions Usiig-actor Derived from MODIS and the C-
Factor Derived from the Canopy Cover Of JUNE .o 79
Table 5-20 : Summary of Soil Loss Predictions UsiAg-actor Derived from MODIS and the C-
Factor Derived from the Canopy Cover of September............viiiiiiiiiii e 80




ABBREVIATIONS

USLE
ANSWER
AUSLE
AGNPS
RMMF
DEM
NDVI
ISODATA
LAI
SMAX

Universal Soil Loss Equation

Areal Non-point Source Watershed EnvirontaeResponse Simulation
Adapted Universal Soil Loss Equation

Agricultural Non-point Source Pollution

Revised Morgan-Morgan-Finney model

Digital Elevation Model
Normalised Difference Vegetation Index

Iterative Self-Organizing Data Analysis
Leaf Area Index

Canopy Storage Capacity

Xi



STUDY OF THE EFFECT OF SEASONAL VARTATION OF VEGETATION COVER ON SOTIL EROSION IN THE RATAMBA WATERSHED
BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

1. INTRODUCTION
1.1.  BACKGROUND

Soil erosion is a major global environmental protlét is the removal of the soil by denudational
agents such as water and wind. The natural prceegsmil removal either within or out of its irtsi
environment could be slow. It however becomes mgemproblem when human activity causes it to
occur much faster than under natural conditions.

Soil erosion can be termed as a form of land degi@ad which lowers the capacity of the soil to
support fertility and productivity. Lal (2001) demes it as a stimulant of land degradation where i
lowers soil quality thereby triggering soil degrida or vice versa where it could also be caused by
the weakening of soil structure and is said to beagerialization of soil degradation. It could be a
natural or human induced process which maybe slomay occur at an alarming rate leading to the
loss of topsoil. By removing the most fertile tojpserosion reduces soil productivity and wherdssoi
are shallow; it may lead to an irreversible lossatural farmland. Even where soil depth is goosis |

of the topsoil is often not conspicuous but nevaess potentially very damaging. Soil erosion has
adverse effects not only to agriculture but theirstenvironment as a whole.

But with an increase in human population growthréhis also an increase on the demand of food
production thus there is an increase in agricultoiractices in order to satisfy this demand (Steid
Goudriaan 2000). This also implies that the landase used for agricultural practices is also
increasing. However, in as much as an increasgrioutural practices seems to meet the demand on
food to a reasonably extent, it also, on the olfaerd, exposes the land to hazards such as degradati
and soil erosion in particular if measures of covesgon and management are not properly

implemented.

Furthermore, soil erosion potential is increasethd soil has no or very little vegetative cover of
plants and/or crop residues. Plant and residuerqmegects the soil from wind and raindrop impact
and tends to slow down the movement of surfaceffamul allows surplus surface water to penetrate
the ground (Abegunde et al. 2006). However, sevabrs control the rate and amount of soil loss.
These are: rainfall amount and intensity, vegetatibe slope of the terrain, organic matter content
soil storage, structural stability of the soil atiet particle size of the topsoil actually indirgctl

through soil strength and hydrological parametbtsrggan 2005). Due to the damaging nature of sail

erosion, an assessment of the process is essential.

There are several methods for assessing soil Téese could either be by quantifying erosion from

experimental erosion plot measurement or by integyaspatial data on erosion factors by using
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erosion models. Several studies show that erosmateta require a lot of input data which may not be
readily available in most areas and remote serfsasgproven to be a very good tool in proving the
input data required in erosion. Shrestha (2000)dfoee, integrating various gquantitative data in a

GIS environment have shown to be an effective itoerosion modelling.

1.2. PROBLEM STATEMENT

Soil erosion in the Central Java district of Indsiads one of the nation’s most serious environ@dent
degradation problems (Ambar and Mitchell 1997). Begayu watershed and the study area of this
thesis, the Ratamba catchment is a part of isddcat Central Java. Moreover, erosion may increase
as the population increases because most of tdewdihundergo several land use/cover changes due
to the encroachment of marginal lands for agricaltpurposes. In the agricultural areas, soil iess
being accelerated by inappropriate implementatibrcanservation measures in the agricultural
practices in the area and also, these differergtagign/plant coverage have different rate of ks

(Lal et al. 1990). Vegetation canopy protects thié fsom the impact of falling raindrops and also
helps in decreasing soil detachment by runoff. &utopy cover is dynamic especially in agricultural
fields where the soil surface may be bare at thginbéng of crop growth and as the vegetations
grows, the canopy cover increases. Then when tpsa@are harvested, soil is again bare. Erosion is a
highest rate when intensity of rain is high and wheil is bare (Shrestha et al. 2005). Thus, therco
factor shows continuous changes which needs tpbtmally estimated in order to assess soil loss in

the area.

Assessing the extent and seriousness of soil todsei Serayu watershed remains a difficult tasi as
management challenge arises not only because lofolaonderstanding of soil erosion process and
lack of data but also due to difficulties in thephpation of erosion models (Ambar and Mitchell
1997). Therefore, looking for an appropriate mdtiogy that can be applied for predicting the rate
of erosion in the study area is one of the majallehges of this work. This research is aimed at
assessing the role of changing canopy covers frelift agricultural seasons and to assess its role
together with the managerial practices on the Iss# in the area. With a proper evaluation on the
aforementioned, a better and improved soil consiemvaand management practice can be
implemented for sustainable crop harvest in the.aBait there is still a question of which erosion
model will be most suitable for this study. Sevaraldels have been used for erosion assessment in
Indonesia. Among these are the USLE (Universal Bodls Equation), ANSWER (Areal Non-point
Source Watershed Environmental Response Simuladind)AUSLE (Adapted Universal Soil Loss
Equation) which were studied and compared to sstggkich of the model gives a better prediction
(Moehansyah et al. 2004) and the AGNPS (Agricultivan-point Source Pollution) was used by
(Ambar and Mitchell 1997). The USLE model (Wischareand Smith 1978) is a field based model
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and is a commonly used model to predict soil lassthis limited to only average soil loss prediatio
by sheet and rills. It however, disregards trarnispapacity and flow accumulation and therefore, it
cannot simulate deposition. Transport capacityniessential parameter in erosion assessment which
enables one to know the available transport availtdy the detached soil particles. The ANSWER
model (Beasley et al. 1985) is an hydrological nhodhich incorporates sediment detachment,
transport and also routing capacity and was deeelgnd validated on watersheds containing soil
and eighty percent crop cover but on the other ladata intensive and is mostly used for watershed
not less than 1800 hectares. AGNPS model alsosessesil erosion in within a watershed taking into
in consideration the sediments and transport lsutintitation is the large data requirements. The
Revised Morgan-Morgan-Finney (RMMF) model (Morgab03) simulates soil detachments both
from raindrops and runoff, it also takes into aadotransport capacity of runoff and considers
components such as the plant height, canopy cawkteaf drainage and yet still considered a simple
model. The RMMF was selected for this study becaliseesearch focuses on understanding annual
soil loss response in relation to seasonal vanatiothe erosion parameters. And the RMMF model

could be easily adapted to meet the objectivekisfwork.

1.3. RESEARCH OBJECTIVES

The main objective of the research is to study eéffect of seasonal variation of vegetation of
vegetation cover on soil erosion in the Ratambagaed of Banjanegara District, Centarl Java.
The specific objectives are:
1. To estimate if the annual computation of soil lasgng average parameters is the same
as the sum of the monthly estimates.
2. To assess the role of the management practiceildos®in the area.
3. To assess the effectiveness and applicability ofgusoarser resolution remote sensing
data such as the MODIS (Moderate Resolution Imagdgdpgctroradiometer) NDVI

images for C-factor mapping in small catchments.

1.4. RESEARCH HYPOTHESIS

1. The RMMF estimated annual soil loss from averaggdi parameters is different from
that of the summation of monthly soil loss predioti

2. The management factor decreases the effect ofossilin the area.

3. The MODIS images are applicable in c-factor mappingvery small areas as the

Ratamba watershed.
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1.5. RESEARCH QUESTIONS

1. Is the annual soil loss using average parametersaime as sum of the monthly soil
loss including seasonal variations? If no, whateatthe difference?

Which crop has a seasonal calendar that genetetdsghest soil loss and why?

Is the highest soil loss of the area in months withhighest rainfall?

Do the management practices in the area reductssiln the area?

a > 0D

Can the estimated cover factor derived from MODitgeries be useful soil loss
assessment in small areas where detailed informaidost? If yes, how well can

this it be done?

1.6. THESIS OUTLINE

The thesis consists of six chapters and the répad follows:

Chapter 1:Gives a general introduction of the thesis, amae® of the problem statement, research

objectives, hypothesis and the research questions.

Chapter 2:Contains literature review giving background imfation on the focus of the thesis; soil

loss, causative factors and modelling processes.
Chapter 3:focuses on the introduction of study area; theale, soils, land uses and geology.

Chapter 4: Presents the methodology used for the researclis Thapter extensively and
systematically describes each procedure taken hiewe the objectives and also to answer the

research questions.
Chapter 5:Analyses and discusses the results of producédlebghapter 4.

Chapter 6:This is the finalchapter and it presents the major conclusions difsgm the study and

recommendations of the report.
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2. LITERATURE REVIEW

2.1. SOIL EROSION

As a way of definition, soil erosion is removalgafil by the action of water or wind. This processild
take place naturally or mechanically which is mpsibduced by human activities. The action of sodd

is not only detrimental to agricultural practicag ko the natural environment as a whole. Soil ieros
could be a complex problem; it detaches top soictwiserves as a platform for agriculture, transport
and deposits it elsewhere especially in places evitecould become a problem like sedimentation in
reservoirs (Jain et al. 2001).Either way, soil eneshas both onsite and offsite problems. As earlie
mentioned, soil erosion could be engineered byeeitfater or wind but soil erosion by water is d@es
universal problem and these enhances the removptaofuctive topsoil and most often deposits the

detached particles in the lakes and oceans (Angtrah 2003).

Soil erosion by water results from the processataching and transporting of soil particles fromiit-

situ environs to elsewhere. The detachment angp@atation could be in the form of sheet, rill anll@
erosion. Sheet erosion entails the removal of @&m éhin layer of soil either by splash or water-afih

The process is gradual which depletes soil thaenttr in the top soil and could have adverse edffect
terms of agriculture. It however, could look neiillg until it approaches the rill phase. The rillgse
develops as runoff begins to concentrate throughllsthannels. Rills often occurs on exposed soil in
sloping areas (Suriyaprasit 2008). When rills agepr than 30 cm depth, they are termed gullies.
Gullies are the extremely observable form of enosithey are large, deep incised and vertical walled
channels on the land surface caused by concentoatrthnd flow. Here, a vast amount of soil is been

detached and transported by running water.

Despite an increasing and alarming rate of erosiowater, if the right prevention and control measu
are implemented, it could be curbed since the o#tsoil loss is governed by certain factors. These
factors include: rainfall, soil type, topographypps and management practices.

By definition, (Wischmeier and Smith 1978) defingail loss as a product of rain erosivity, Soil

erodibility, the length of the slope, cover facémd the management factor (annual soil loss ighantr).
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2.2. SOIL LOSS FACTORS

2.2.1. RAINFALL

Rainfall can be described in terms of the amountadififall, the intensity of the rainfall, duration,
distribution and the kinetic force when it reacties ground. Rainfall, thus, plays an important riole
soil erosion. However, soil detachment by rainallld be done either by the falling drops in tewhs
the size and the velocity of fall or could be byatf water (Shrestha 2008). When the intensity of
rainfall is high and the amount exceeds that oftiafion, it tends to cause runoff. And an incress
runoff on exposed or less vegetated soils, soilk litile or no organic matter, loosely aggregaseds
leads to the detached of soil materials in the.dvie also, with all these factors in play, thadktic
impact of rainfall contributes to soil detachmemhe size and the velocity of the raindrop play an
important role in soil detachment. A high velocitgd large drop size of rainfall could disaggregate
less resistant soil particle thus having a higlsiwepower. According to (Wischmeier and Smith 1978
rain erosivity is a product of the total kineticeegy and the maximum 30-minute storm depit) (hich

is summed for the whole year. However, Morgan (3@Qggests that the best expression of the ergsivit
of rainfall is as an index which is based on theekic energy of the rain. This means that erosigfty
rainstorm is a function of its intensity and dupatiand also the mass, diameter and velocity of the
raindrops. And thus, to determine erosivity, raioglsize distribution must be analyzed. Svorin @00
suggests that data are often too sparse for theoagqip implement by Morgan and as such looked at
other ways of estimating rainfall erosivity whiaciuded estimation from an Iso-erosivity map arsbal

from a relationship from Tuscany between annualfadi and R-factor.

2.2.2. SOILTYPE

Soil erodibility refers to the susceptibility ofsail to detachment and transportation (Morgan 200%
based particle size distribution, organic mattemtent, soil moisture holding capacity, soil struetu
infiltration capacity, bulk density, etc. Theserigiites serve as indicator for soil erodibility. i$h
process is greatly enhanced by the texture of tlile grganic matter content and also the structure.
According to (Wischmeier and Smith 1978), soil ébddy, K depends on particle sizes distribution,
organic matter, soil structure and permeabilitycéwcing to Morgan (2005), despite the fact that soi
resistance to erosion depends to a large extetiteotopographic extent, slope steepness and thardmo
of disturbance, the most important, he indicatestle soil properties. Soils like Sands and Laaen

less likely to erode when compared to silt and V¥erg sand. The larger the particles are more tasie
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to transportation because high rainfall energyeguired to move them and so also, the finer paditb
detachment because of cohesion between the partititpure 2-1.shows a monograph for computing the

k value to derive soil erodibilty for use in theilrsal Soil Loss Equation.
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2 fine granular
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that sequence. Interpolate between plotted curves. The
dotted linza illustrates procedure for a soil having: sf + vis
65%, sand 5%, OM 2.8%, structure 2, permeability 4.
Solution: K = 0.41.

Figure 2-1: Monograph for Computing Soil Erodibility (K)

2.2.3. TOPOGRAPHY

This takes in account the slope gradient and slepgth. These factors have a strong correlatioh wit
soil erosion (Shrestha 2008). A steeper slopdstén have more erosion due to the eroding power of
runoff but if the slope length is short, it couldvie a much lesser erosion effect. However, highieno
could also be experienced with a gentler slopeaatwhger slope length. The topographic surfacénef t
earth could also be spatially represented usinggigalelevation model (DEM). Thomas et al (2001)

noted that topographic factors such as slope gngdstope aspect and slope length could be easily
derived from a DEM.




STUDY OF THE EFFECT OF SEASONAL VARIATION OF VEGETATION COVER ON SOIL EROSION IN THE RATAMBA WATERSHED
BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

2.2.4. CROPS/VEGETATION

This depends on cover percentage and also ondpe sf the plant growth. Vegetation plays a keg rol
in not only directly protecting the soil surfacerfr rainfall but acts a buffer against soil erogiGyr et

al. 1995). It is said to be a buffering layer besmii separates the soil from the atmosphere astdqis
the soil surface from the initial rainfall impaatdaleads to an increase infiltration thus reducod
runoff and also a decrease in soil loss (Yazid®iBoil erosion tends to increase on soils witkelor

no vegetation cover. (De Asis and Omasa 2007) #dlsit also it binds the soil mechanically and
maintains the roughness of the soil. However, ffieiency of this factor to prevent soil loss domst
only depend on the percentage of cover but on tbengl biomass, surface litter, surface roughneds an
cover during erosive rainfall period. Canopy coerly intercepts rainfall but does little or nothialgout
the rain that reaches the ground. That is whererd#rtors such as ground cover such as plant, litte
stones, mulch, plant roots and ground biomass asdjuried residues comes into play. The plantsroot
help in holding the soil together and as such deesoil particle detachment that could be trartegor
by runoff. In densely vegetated areas, the volufrithe runoff velocity is reduced and mass movement

of soil particles trapped.

2.2.5. MANAGEMENT PRACTICES

This factor has a varying effect on soil loss.dbd and proper management activities are implerdente
soil loss is reduced. With the everyday increasepapulation, there tends to be an increase in
agricultural land to satisfy the present demand. iRstance, there been a lot of land reclamatian fo
agricultural purposes where farm activities arenedone on steep terrain(Yazidhi 2003). Certain
measures such as terracing, etc are implementaid o sustainability of the farming project buetie
changes if not properly managed could have adwffeet on the structure and soil aggregates and in
turn causing soil loss. Despite having these chgnieconservation measures are implemented, a

decrease in soil loss could be witnessed.

2.3. SOIL EROSION MODELLING

According to (Oldeman and Van Lyden 1994) in a repm the Global Assessment of human-induced
Soil Degradation, GLASOD project, soil erosion affea vast land area of the earth’s surface arsd thi
trend is highest in the Asian continent. Generadlyi) erosion particularly by water is a severebglo

problem which has increased during thd' 2@ntury (Angima et al. 2003). As a result sevefforts
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worldwide have been put into understanding the ggsof soil erosion, modelling and also in prediti

it (Fu et al. 2005).Different approaches which urtd empirical, physical and a combination of phgisic
and empirical approaches have been developed telrsoi (lecture notes on erosion modelling - 2009,
Geo-Hazards Empirical Modelling 2007 of D. ShrestiaC). However, despite the availability of
several erosion models, a problem on the applicatiothe right model to use in a given area arises,
since the applicability of most of the models a&stricted to certain locations or may require éertiata
input may not be obtainable in the research aréazighi 2003). It is, therefore, necessary to ustierd

the model and the environment in which the modebidve applied. In the 1970s, the United States
Department of Agriculture developed the Universail 8oss Equation (USLE) which has been applied
not only in the United States but in other regiofishe world. Erdogan et al.(2007) used the USLE to
predict the soil loss in Kazan watershed locate@entral Anatolia of Turkey and it yielded satistag

soil loss estimation. In a researched carried guA\lhgima et al (2003), the RUSLE proved to be an
efficient tool for estimating erosion and it ale@s able to delineated clearly areas highly prane t
erosion for different cropping patterns and managenpractices. This is because the effect of
vegetation is accounted for in the cover factoRWSLE (Renard et al. 1997). In relating canopyetov
to soil loss, Nearing et al. (2005) studied thegpoase of seven models of soil erosion and runoff to
changes in precipitation and cover. The Revised gslmiMorgan-Finney (RMMF) model has also
proven to be useful since it actually incorpordtes rainfall leaf drainage from and direct throdgh
(Morgan 2001). The RMMF is a revised version of tMergan-Morgan-Finney which developed to
predict soil loss from field sized areas on hibm#s (Morgan et al. 1984). However, Morgan and
Duzant (2008) modified the RMMF to incorporate gudlrticle size distribution to assess the effect of
vegetation cover to soil loss. The revised versibthe Morgan-Morgan-Finney model will be applied i

this study.

2.4, SATELLITE IMAGERY, SPATIAL RESOLUTION AND SOIL ERO SION
ASSESSMENT

Spatial resolution as defined by Floyd Sabins (209The minimum distance at which two objects can
be distinguished. It could be said to relate toghmllest area that can be seen and identifieduat.a

Spatial resolution of images could be said to lghhimedium or low resolution. And depending on its
application, different image resolution could bedisn assessing soil loss in small catchmentgjuesde

ground information needs to be remotely sensedd #nsuch an image with a high resolution will give
optimal interpretations. However, several studiage been done to assess the effects of imagealspati
resolution on soil mapping. Wang, George et al0&Ghowed that in monitoring the dynamics of soil

erosion, it is important to determine the optimaatsal resolution in terms of the extent of sanyllets
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used for the collection of ground data and the sfzgixels for mapping. Vrieling and Rodrigues (80
analysed the effect of spatial on directly detaergnosion features and reported that data avathabihd
quality of the spatial resolution of the satellibeage are important factors. Quite a humber ofistid
have outlined the advantages of using high spasallution images for erosion. However, Vrielingke
(2008), noted that the price and volume may bemdtdtion to its applicability and as such a multi-
temporal approach to assessing erosion may beraoresi owing to this factor. It further applied tinse

of NDVI time series derived from a frequent andtdose coarse spatial resolution image (MODIS —
Moderate Resolution Imaging Spectroradiometer) @mtluded that these images could be also useful
in the study of erosion controlling factors. Howevié is most likely applicable in large areas were
homogeneous spatial and spectral variation couldebected. Vrieling (2006), also notes that duthéo
inability of detecting individual erosion featuras a result of the spatial extent of the such feafu

assessing erode area from satellite images havedeetively applied.

2.5. NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI)

Normalized Difference Vegetation Index has beenmonly used to assess vegetation density. NDVI
however, has a wide applicability from investigatiabout vegetation health, crop yields, and cover
percentage. The possible values of NDVI lie betwdee range of -1 and 1 where O indicates no
vegetation where 1 or values approaching 1 repteslemse vegetation. This means that vegetated area
have high reflectance in the near-infrared and leflectance in the visible red (Zihni 2000) . NDiI
usually derived from bands that are susceptibleegetation information such as the Near Infra-red
(NIR) and the Red bands
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3. STUDY AREA

Eandanghaur

+8 |z

Figure 3-1: Study Area — Ratamba Watershed, Indonéa.

3.1. LOCATION

The Ratamba watershed lies within the Merawu whegtswhich belongs to Serayu basin in Central
Java in Indonesia. The Merawu water basin has ea @fr 219krh(Suwartha et al. 2006). The Ratamba
watershed constitutes about 17kof the Merawu watershed and is bounded by lat&utia4’ to 7.21°

S and longitudes 1083° to 10981° E and has an alternating altitude between 1300+h60

3.2. CLIMATE

The study area has a tropical climate with wet drydseasons. The rainy season begins in October and
spans through to March while the dry seasons begiAgril and ends in September. About 85% of the
total rainfall in the area is experienced during thiny season. The area has mean annual temgecétur

19°C with February, March and April as the hottest thenThe area receives mean annual rainfall of
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3,500mm (Suwartha et al. 2006). Figure 3-2 shotypizal rainfall pattern in the area for one yead a

was obtained from the Badan meteorological staidBanjanegara, Indonesia.

Rainfall for 2006
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Figure 3-2: Monthly Rainfall Amount for 2006.

3.3. GEOLOGY/GEOMOPHOLOGY

The area is predominantly made-up of clay stoneab raarls of the marine facies of the Merawu
formation which belongs to the Miocene periond. @ephologically, the area is characterized by the
presence of denuded hills and slopes with severes movements (Linden 1983) and also volcanic

materials.

3.4. SOILS

There are several soil types in the area such @®dRé Litosol, Andosol, Latosol, Grumosol and
Podizolik. The Regosol and Latosol are howevergtiecipal soil types in the area (Suwartha et al.
2006). The regosol soil at the watershed was deifreen sedimentary rocks. The Latosol soil is retdi

brown in colour and they result from volcanic rabkough percolation water transporting soft materia
from soil surface to sub-surface soil and theygoed for agricultural purposes (Indrajaya 2006)e Th

soil texture of the area is predominantly loamglagwn below:

3.5. LAND USE

The land use is mainly carrots, potatoes, grees,peaize and cabbage which are mostly cultivated
fields in the upper reach, bushes/forest in thedieidrea and rice fields in the lower reach. Tresps
area grown both for commercial and house hold aopsion. Most crops are grown together and they

are mostly planted along the slope. This is donstimdo cover any bare soil between the ridgesand
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such as a preventive measure against erosion. 0@l sloping bench terrace is also implemented in
the agricultural areas to trap any moving sedimdriggure 3-3 shows some practices in the area. (see

appendix 2 for more pictures).

Figure 3-4: Management Practice: Outward Sloping Teraces
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4. METHODOLOGY

This research began with collection or relevanbrimfation and data concerning the Banjanegara distri
of Central Java in which the Ratamba watersheddatéd. Such data included information from past
literatures concerning the area, satellite imatmsographic maps, geological maps, geomorphologic,
road maps, river maps and contour maps of the (@ea appendix 3 for details of available materials
and softwares used).
Following the scope of the work, the methods wereug in a systematic approach to achieve the
objectives. It is as follows;
» The main objective of the research is to study #féect of seasonal variation of vegetation of
vegetation cover on soil erosion in the Ratamba erahed of Banjanegara District, Centarl
Java.

To achieve this objective, the following specifigj@ctive was combined in this phase.

» To estimate if the annual computation of soil lossing average parameters is the same

as the sum of the monthly estimates.

To study the role of seasonal variation of vegetatiover, a variety of approaches exists. Thisccbel
done by using remote sensing approach to derivainanput parameters. This approach entails image
classification, deriving NDVI, cover factor, LAl dnother input parameters which are combined with
other field and laboratory parameters for soil lassessment. The necessary input parameter will be
discussed extensively in this chapter. The rebewailt predict the annual soil loss using the Redis
Morgan-Morgan-Finney model (RMMF) and will compaaed analyze the results derived from a one
step simulation of erosion for the whole year witie results derived from the sum of the monthly
predicted erosions in the area
Having established the objective, the soil lossretton took the following steps were;

a) Developing a detailed crop calendar, land use ®@fbtiea

b) Deriving soil, climatic, land cover and erosionumparameters

c) Sensitivity analysis of the management factor.

d) Prediction and comparison of annual soil loss fthencatchment

14
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4.1. CROP CALENDAR AND LANDUSE

4.1.1. CROP CALENDAR

The objective of the research is to evaluate if dgbmputation of annual soil loss using average tinpu
parameters is the same as the sum of the monttlipss. To do this requires monthly satellite iraag

to derive the cover factor for each month. This wasfeasible due to cloud coverage in the images i
most months. As a result of this, the crop calemsl@an option this study used in deriving the minth
cover factor (this will be later discussed in tloisapter). The crop calendar was developed from
informal interviews using a well defined questioimagsee appendix 4) with eleven (11) farmers and
also from the office of the Ratamba farmers dugngeeting with the head of the farmers in the géla

At the head of the farmers’ office, map delineaticars done to show where long term crops like tobacc
were grown (see figure 4-1). However, due to laggueonstraints, an interpreter was used to translat

the questions to the farmers and also to trangiatanswers to English.

Figure 4-1: Crop Calendar Acquisition Methods

4.1.2. LANDUSE/ COVER CLASSIFICATION

Land use classification could be done in two waysupervised and supervised classification. However
before embarking on the field work, a pre-imagessification was earlier derived using the
unsupervised classification in the ERDAS IMAGINB 2. Software. Here, a pre-knowledge of the area
is not required. The classification is done using data preparation tool in ERDAS and was based on
the 2001 LANDSAT image of the area due to availpbibf the 2009 LANDSAT image before

embarking on the field work.
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Figure 4-2: Sample Points in the Ratamba Watershed.

This uses the ISODATA algorithm for its executi®ODATA stands for Iterative Self-Organizing Data
Analysis Technique which uses the minimum spediistance to create clusters and automatically
generates the signature file. However, the usane®etthe number of classes, maximum iterations and
other parameters. This classification gives a thiazowledge on the different land covers and ateo t
area. In the field, training samples were collédiar different land use types; the agriculturalds,
tobacco fields, forest area, shrubs and plantdiédds. This serves as ground truth informationdufe

the supervised classification. This was used indigervised classified land use which requires the
users’ expertise and prior knowledge of the arestudy. Figure 4-2 shows the sample point locaition
the area.

The supervised land use/cover classification usedhis work is for 2009 and was derived using the
signature editor using the ERDAS IMAGINE softwaretotal of 83 samples were collected for this
analysis. 60 of the samples were used as traigimpkes for the classified land use and 23 sampége w
used for validation. The landuse/cover classesidesl shrubs/plantation, cabbage with carrot, petato
with maize, green peas, tobacco, bare land and sdtements and roads. In the signature editor,
different land cover types were digitized and mdrged assigned different colours to differentiae.
These classes were merged together mostly bechagewere grown together and as such a clear
distinction could not be made. For classificatithe maximum likelihood classification option wasds

to produce a classified land use map of the area.

The classified land use was done using a quickibiegdje with a resolution of 2.4m. The high resaolati
image made it easy to identify the different langar types in the study area. However, due to rtiedls

sizes of the individual field, proper delineatioh aertain land uses was difficult. And followingeth

16



STUDY OF THE EFFECT OF SEASONAL VARIATION OF VEGETATION COVER ON SOTIL EROSION IN THE RATAMBA WATERSHED
BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

objective of this study, map aggregation from LANEISto MODIS resolution is required which will be
further used in the erosion modelling, a land udlk also be necessary at the scale of 30m from the
LANDSAT image. Following this, the study area lamk for 2009 previously derived by a colleague in
the institution will be use which has the followinkasses; build up, dryland agriculture, foresbaizco,
shrubs and plantation. The bare lands in the asra eombined with the dry land agriculture sincré¢h
were bare as a result of a previous harvest. Ttedlismimages however, were not only used for lesed
classification, they use to derive NDVI values whigere further used to obtain cover factor whichris

input for the erosion model.

LAND USE ACCURACY ASSESMENT

A contingency matrix was performed on the land geseerated from the quick bird image using 60 field
samples points and also on the 23 samples usedaglation set. This was done using the maximum
likelihood parametric rule and considering only gdippercentages in calculation. Also an accuracy
assessment on the land use derived from the LAND®#dge done by Andry Rusanto, 2009 for the
area was done using the GRASS GIS 6.4 RCS. Thistlser described in chapter 5.

4.2. SOIL, CLIMATIC, LAND COVER AND EROSION PARAME TERS

4.2.1. SOIL PARAMETERS

These includes soil texture, soil erodibility, store content at field capacity, effective hydradady

depth of the soil, bulk density, cohesion of theae soil, organic matter and soil locations.

SOIL TEXTURE ANALYSIS

Soil texture describes the proportion of differgrdin size of mineral particles in a soil are gredijinto
three classes a namely clay, silt and sand. Andast cases, a fourth class is added which is #@@.lo
And the proportion of these classes in a soil deitegs the type of soil. These were analyzed bothen
field and in the laboratory. In the field, soil tese was analyzed through the feel method. Heeestil

is felt and the texture class is given in respaséhe stickiness and flexibility of the soil whidh
determined by the amount of sand, silt and clagufé 4-3 shows the different soil rings and the
corresponding texture classes. Here, a handfsbibis held in the hand, broken up with the firggand
water dropped into it and the mixture made intaal &nd tried to make the shapes shown in figug 4-

and figure 4-4 shows a systematic flow approadie¢bmethod.
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Figure 4-3: Field Texture Classification Methods
Source: FAO Document Repository (www.fao.org/docrep06/x8234e/x8234e06.htm)

When the soil remains loose and cannot form angtkiien it is sand (A), if it easily forms a balltbu
cannot be rolled and has a gritty feel, then asady loam (B), if it could be rolled into a shtrick
cylinder with a smooth feel, then it is C whicht &glam. It is D which is loam if it can form a 15aqwil
without breaking but cannot form a horse shoe withareaking. It is E which is clay loam and can
easily form a horse shoe without breaking but bseaken trying to make a circle out of it. And FjG

clay which easily forms a circle ring without bréak
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Soil Texture Analysis Flow Chart
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Figure 4-4: USDA Soil Texture Field Guide

[SOURCE: http://soils.usda.gov/education/resoutessbns/texture/]

However, the field test may be fast but less adeunas little or no practice with it. Based on tlaigotal

of eight (8) representative sample of the textuegved in the field were analyzes at the ITC soill a

water laboratory for validation of the assigned smiture classes. The procedure was as follows:
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Step 1: Oxidation of Organic matter

This was done to remove carbonate contents. 28geafample was put into beakers. And 15ml of water
with 15 ml of HO,30% added, then let to stand overnight. The ney ttee beaker was placed on a
water bath of 86c and 5-10ml of K0,30% was added regularly until decomposition of aiganatter
was complete. Then, 300ml of water was added asmkmn a hot plate for about one hour to completely

remove any remaining @, This was allowed to cool and samples were cemgeifuand decanted.

Step 11 Dispersion
After centrifuge and decanting, the remaining sasp¥ere transferred to polythene bottles and 26tml
dispersing agent and water to make the volume a@0imnl. Each bottled capped and was left in the

shaking machine for 16 hours at a speed of 30 rpm.

Step 111:Separation of Fractions
The suspension was passed through a 50 um sievevated added to the 1 litre mark. Then sands

fraction remaining in the sieve was washed into@lain dish and dried for at least one hour.

Step 1V:Determination of Sand Fractions
The dried sand was the top sieve of a stack ofdlf@ving sets: 1000um, 500 pm, 250 um, 100 um and

50 um. After about 10 minutes, the different samd materials were emptied and weighed.

Step V:Blank Determination

The blank cylinder was pipette with the same praceds that of the silt and clay fractions.

Step V1:Silt and Clay Fractions Separations

After removing the sand fraction, the cylinder vediken and 20ml was immediately pipette from the
centre and the aliquot transferred and treatedesqus with a slight change of drying overnighhis

was done to separate fractions <50 um. Subsegquehd cylinder was shook and a five minutes
interval was observed and 20 ml was pipette aratddeas previous sample. This was to separate the
fractions <20 um. And finally, the cylinder was skaagain and allowed an interval of 5 %2 hour before
another 20ml was pipette to separate the fractithgim. All collected samples of clay and silt were
treated alike.

The fractions were obtained using the following:

Clay (<2 um) = (H x 50) — (Z x 50) (wt.K)
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Silt (2-20 pm) = (G x 50) — (Z x 50) — K
Silt (20-50 pm) = (F x 50) — (Z X 50) = K — L
Sand (>50 um)= A+B+C+D+E
Sample weight =K+ L+ M + N

Where

A through E = weight individual sand fractions

F = weight 20ml pipette aliquot of fraction <50 pum
G = weight 20ml pipette aliquot of fraction <20 um
H = weight 20ml pipette aliquot fraction <2 pm

Z = weight 20ml pipette of blank.

(W)
(W)

(all weights inagn)

And the proportion amounts of the fractions werewated using the equations in table 4.1

% Clay (2 um) % x100
sample_wit.

% Silt (2-20 pm) :+t x100
sample w

% Silt (20-50 pm) * x100
sample_w

% Sand (>50 pm) % x100
sample_w

Table 4-1: Particle Size Calculation (Van Reeuwijk002)

21



STUDY OF THE EFFECT OF SEASONAL VARIATION OF VEGETATION COVER ON SOIL EROSION IN THE RATAMBA WATERSHED
BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

Thereafter, the results were analyzed using theVBRBoil Plant Atmospheric Water) model and the
USDA triangle (figure 4-5).

100

70

®
4
: S
/ clay
o i

@,
?'U‘
%
2,
<,
e

o
&
& )
& <
:’ 50 silty
@
& sandy’ clay S <+
/' 40/ clay
/ silt
2 \, clayloam \clay Igam L

sandy clay loam
&

20

silt loam $
10 sandy loam
sm st
3 & ® 3 ® % % % v b
- Sand Separate, %

Figure 4-5: USDA Soil Texture Triangle
[SOURCE: http://soils.usda.gov/education/resoutessbns/texture/]

SOIL ERODIBILITY

Erodibility of a soil refers to its susceptibility detachment and transportation. This parametebban
extensively discussed in chapter two (2.2.2). Tiinege this parameter using the monograph, organic
matter is essential. However, due to time restsainrganic matter could not be analyzed in the
laboratory and as such typical values for the dhffi¢ soil textures where derived from a literatdriee
erodibility values were assigned to the differamit §/pes and were created as a soil attribute osapg

the ILWIS software which was an input map for rurgnthe erosion model .
SOIL COHESION

This was carried out in the field using the sheanevtest. The shear vane tester is calibrated
instrumented (see figure 4-6) and has which hasliades. This is gently pushed in the soil surfaca
depth of 2cm and rotated gently until there is @astbreak. A reading is taken at the shear fadnkis
immediately calibrated again to zero for more regsli A total of five readings were taken for each
location and an average value used to represemptiesion value and it is quantified in Kpa. Thissw

used to represent the soil cohesion of the arem.obtained values for each soil type were averaged
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used to as a representative value for that sod.tyfiine final cohesion map was created as an atribu

map in the ILWIS software and was used as a paarretunning the erosion model.

A0-T174

Figure 4-6: (a) Shear Vane Tester (b) Shear Vartgalibration

[Source: www.groundtest.co.nz/shearvane/shearvgedpzhp

Furthermore, due to insufficient field work toolnameters such as effective hydrological depthk bul

density and moisture content at field capacity weeved from literatures.

4.2.2. CLIMATIC DATA

This was made available through the Badan metegiaabstation in the Banjanegara. The information
derived here included the rainfall amount and thmimer of rainy days. And the rainfall data spanned
from 1995 — 2009. However, due to non-availabitifydata, the climatic data from one rain station i

Pejawaran where the study area is located is ustdriform rainfall is assumed from for this resdar

4.2.3 LAND COVER PARAMETERS
This includes canopy cover, ground cover, plangieicrop cover factor, rainfall intercepted by ro

cover, ratio of actual to potential evapotranspiratind effective hydrological depth.

CANOPY COVER

Canopy cover which is usually represented as CE€ a&ta protective layer which buffers the soil from
the kinetic energy impact of the rain. This coult/é been measured using a densitometer but it was
realized in the field that it was more applicaldddrest areas and not to the agricultural areat@get

a uniform approach to measuring this factor, itakdted in two forms: visual estimation and alsmgs
reference measurement. A known square measurensntaken of a representative area for various
land cover types in the field and the percentagerame by the canopy was adopted to represent the
entire field. This method was backed up by visusingation of the canopy cover of the area. For the
entire year, the canopy cover was estimated froenctiop calendar which assumes different CC for

different crop growing period and a constant vdhreforest and shrubs throughout the year. The crop
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calendar gives the cycle for the crop growth in éinea. During the acquisition of the crop calendar,
rough estimates of what the canopy coverage at gamkth would be. From this information, canopy
cover estimates were made for each month and stmredtable format which would to create attribute
map for the canopy cover used in running the erosiodel and also serve information for the derorati

of other parameters such as leaf area index andrdactor. This will be discussed further in this

chapter.

GROUND COVER (GC)

This was basically estimated visually. Also, duritigg crop calendar acquisition, information was
derived on the practices that were done after plgritad begun. This was necessary to estimatewf ho
much changes take place in the agricultural areaddn the forest, shrubs and plantation. A uniform

ground cover is assumed for the whole year anddhe derived in the field was used.

PLANT HEIGHT (PH)

The plant height required by the RMMF model. Thiaswdone using two approaches: measuring the
plants with a measuring tape and also from heightvasual estimation. The second approach was used

for plants that could not be directly measured tuheir heights.

LAND COVER FACTOR (C-FACTOR)

Several factors affect soil erosion but vegetatioas play an important role in soil erosion. Aregth

no or little vegetation are assumed to be moregtorerosion than areas with high vegetation. Afhsu
cover factor maps are necessary for erosion assassnC-factor generation could be done in differen
ways (Zihni 2000). It could be derived from satellimages, from field work assessment (Suriyaprasit
and Shrestha 2008). But deriving C-factor dire¢tym satellite images may not use accurate results
however, (Suriyaprasit 2008) established a coireladf an adjusted R of 0.78 between the C-factor
derived from satellite images and the C-factor e@alfrom training samples. Based on this result, the
study focuses on C-factor generation derived framelbte data due to non availability of data. Tdes
were calculated from the NDVI maps generated fro@D\S images of June through September, 2009.

The NDVI maps were calculated using the algorithm:

Equation 1 NDVI = (NIR — RED) / (NIR + RED)

Where NDVI = Normalized Difference Vegetation Index
NIR = Near-infrared band
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RED = Visible band

Table 4-2 shows the respective bands used in thél M&lculation.

MODIS BANDS LANDSAT BANDS
Red Band 1 Band 3
Near-Infrared Band 2 Band 4

Table 4-2: NDVI Bands for MODIS and LANDSAT Images.

There are different C-factor generation technidua®s satellite data which includes:
i)  Using the Van der Knijff's (1999) equation:

_ (NDv1)
Equation 2 C=e (p-NOVI)

Where C = C-factor

NDVI = Normalized Difference Vegetation Index

B anda = Parameters that determine the shape of the ND¥lrve (the
values 1 and 2 are given respectively) (Van defflet al. 2000)
i) De Jong’'s (1994) equation:

Equation 3 C = 0.431- (0.805* NDVI)
Where C = C-factor

NDVI = Normalized Difference Vegetation Index

iii)  Using the regression equation based on field aswr# of C factor (Suriyaprasit and Shrestha
2008)

Equation 4 C =0.227* el-7387NDVI)
Where C = C-factor

NDVI = Normalized Difference Vegetation Index
These three methods were used to generate C-fmetps in the ILWIS interface and the best optimal
result was used in this work. Firstly, in the opiera list, NDVI operation was used where the diéfetr
corresponding bands were made as input and comdsgpNDVI maps were created. Thereafter, a map
calculation (see appendix 5) was used to genehateCtfactor maps using the previously mentioned
equations and the generated C-factor maps wereemhassing the boundary for the study area.
And due to unavailability of images for all the niiasin the year, monthly C-factor was generatethfro
the canopy cover with inference to the crop calegéaerated from the area.

Equation 5 C - factor=1-CC

Where cc =canopy cover. This is based in the assamthat when canopy cover is 100%, c-factor is 0

and when canopy cover is 0, c-factor is 1.
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Based on this, estimated valued for the monthlyecdactor was derived.

RAINFALL INTERCEPTION (A)

Precipitation plays an important role in soil eossstudies. As earlier stated in chapter two, edinits
effect could be indicated in the detachment of gaiticles on reaching the ground surface. Howeer,
Jong and Jetten (2007) noted that not all predipitareaches the soil surfaces: a fraction of it is
intercepted by the vegetation and ground littee (Bgure 4-7). And the fraction of the total raithfa

intercepted by the vegetation and litter is refét@as interception.

Precipitation

Figure 4-7: Rainfall Parameters

Interception also plays an important role in thé soosion modeling as it reduces the impact of the
kinetic energy that reaches the ground. Howevergsio (2005), also explains that stem flow and large
rainfall drops formed from as a result of interéeptcould largely contribute to detachment by dplas
and runoff on reaching the ground. To derive titerception parameter, an equation by Aston( 1979)
was used (De Jong and Jetten 2007).

Equation 6 | = C, Snax (1-g7P/Smay
Where | = interception

C, = Canopy cover fraction

Snax = Canopy storage fraction
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K= the fraction of rainfall that falls on the caryop
P = cumulative rainfall (mm)

The final interception value was derived followiageries of calculation steps and procedures;

1. Deriving the leaf area index (LAI) of the plamshe area

2. Estimating the storage capacity of the leaves

3. Calculation of the fraction of rainfall thatabn the canopy

4, Compilation of cumulative rainfall

5. Calculation of rainfall intercepts using the edoutlined parameters

» Leaf area index (LAI)

According to Chen et al (1997), LAl is one halftbé total green leaf area per unit ground suréaea
while Boyd et al (2002), defines it as just a meaaf leaf area per unit of ground area. LAI cobé&l
derived directly in the field and could also beided indirectly from canopy cover. Gower et al 999,
investigated and compared results derived diresttyindirectly. This study derives LAl indirectiypm
canopy cover using the Lambert — beers equatiooy({Et al. 2002):

Equation 7 Lint = 1-e7* A
Where k = 0.46 (an attenuation coefficient)

Lint is the percentage PAR intercepted and is ctamsd to be the same as ground cover. However,
according to Boyd et al (2002), Firman and Alle882) concluded that ground cover hardly takes into
consideration, canopy density and as such shoulthenased to calculate LAI and however, suggested
that canopy cover be used instead. Based on li@sesearch, replaces the Lint with canopy covénén
equation 7

Thus; Equation 8 Cover = 1-g* 4

From equation 8, the leaf area index was derived.
Equation 9 LAl =In (1-cover)/-0.46

Where cover = canopy cover (see 4.2.2.1)

» Canopy Storage Capacity (Sax)
Shax refers to the intercepted rainfall storage in ¢heopy cover. De Jong and Jetten (2007), reviewed
different statistical methods on deriving.gand showed that there exist a relationship betvee@opy
storage capacity and LAI. This research uses ontbeoftatistical equations which incorporates grass
and low shrubs and also gave a good relationshipees $., and LAl (¢ = 0.82): (De Jong and Jetten
2007)
Equation 10  Syax = 0.3063LAl + 0.5753
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» The fraction of rainfall that falls on the canopy K)
This parameter was measured using an equation:
Equation 11 K = 0.065LAlI

According to (De Jong and Jetten 2007), k valuesohtained from a series of rainfall experiments on
trees but Aston (1979) derived k by matching stated and measured interception using this parameter
to obtain the best fit. However, this was deriveithweference to eucalypt species; the study will
evaluate its applicability to vegetation crops too.

» Cumulative rainfall (P)

This parameter was obtained from the meteorologigsion (refer to 4.2.2)

Other parameters such as ratio of actual to patieeniapotranspiration and effective hydrologicabttie

were derived from literature review (Morgan 2005).

4.2.3. EROSION PARAMETERS

4.2.4. THE REVISED MORGAN- MORGAN-FINNEY (RMMF)

The RMMF model is a revised version of the Morgaarlyan-Finney (MMF) model which takes into
account soil particle detachment by raindrop ad usethe original MMF model but also the plant
canopy height, leaf drainage and the soil partid&chment by flow. And also, some input parameters
which were difficult to determine in the original\¥F model such as the top soil rooting depth (RD) is
replaced by the effective hydrological depth of sl (EHD). The effective rainfall is also spliitd
two: the kinetic energy of direct through fall (k# and the kinetic energy of the leaf drainage (RE
and the total kinetic energy (KE) is the sum oftb@€Eyr) and (KEp) Morgan (2001). The RMMF was
selected for this study because the research fecoseunderstanding annual soil loss response in
relation to seasonal variation of the erosion patans. And the RMMF model could be easily adapted
to meet the objectives of this work. It is adaptedlso run on a monthly basis for the one yeahén
Ratamba by using monthly derived factors. The maglelivided into two phases: the water phase and

the sediment phase. They are described as follows:

The Water Phase:

This phase entails the following:

» Estimation of rainfall energy
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Firstly, this uses the mean annual rainfall to ulate the effective rainfall after permanent inegrton.
The effective rainfall is then split into two partee leaf drainage which takes considers the piigro
of the rainfall that reaches the ground surfaceraftterception by the canopy cover and also thectli
through fall which reaches the ground surface withioterception. And each individual kinetic energy
then derived in order to estimate the total kinetiergy of the effective rainfall. The kinetic egyeof
the direct through fall is a function of rainfatitensity and that of the leaf drainage is a fumctib the
plant height. And the total kinetic energy is thensof the two.
Equation 12 ER = R*A

Where ER = Effective Rainfall
R = total annual rainfall (monthly rainfall amoumés derived from the meteorological data)

A = the rainfall interception by vegetation cover

The rainfall interception was a value range comgutsing Smax and canopy fraction.
The ER is then split into that which reaches thmugd surface as direct through fall (DT) and thhick
is intercepted by the plant canopy and reachegtbend as leaf drainage (LD). The split is a direct

function of percentage Canopy Cover (CC) - betwand 1

Equation 13 LD=ER x CC
Average monthly Canopy cover for each over clask) (@as estimated based on the field work data and
the LD was then used to calculate the part thathesthe ground surface without interception knaan
the direct through fall of the effective rainfdliT.

Equation 14 DT=ER-LD

The kinetic energy of the direct through fall (KEDI'/m2) is determined as a function of the
rainfall intensity (I: mm/h) and the value of 30 ¢kgan and Duzant 2008) for strongly seasonal
climates was applied which characterizes the afestunly. And to estimate the total kinetic
energy of the area, the kinetic energy of leafrdrge, KE (LD) and that of the direct through

fall, KE (DT) were first estimated as

Equation 15 KE (DT) =DT x (11.9 + 8.7x log 1)

The kinetic energy of the leaf drainage (KELD:; %/ia dependent upon the plant height (PH; m).
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Equation 16  KE (LD) = LD x (15.8 x PH??) - 5.87

The total energy of the effective rainfall (KE; JJris given as follows:
Equation 17 KE = KE (DT) + KE (LD)

» Estimation of runoff
Annual runoff is dependent on the mean annual alijrdoil moisture capacity and also the mean rainy
days. According to Morgan (2005), a study showrKbpy (1976) shows that runoff occurs when daily
rainfall exceeds storage capacity and the storagadity if depends on a number of factors which
include soil moisture at field capacity, bulk dignseffective hydrological depth and evapotranafdim

while the mean rainy days is a function of totat@a rainfall and the number rainy days in a year.

The soil moisture storage capacity is estimateohfro
Equation 18 RC = 1000 x MS x BD x EHD x (Et/E0)

Where RC = soil moisture storage capacity

MS = soil moisture content at field capacity (Y%oww.)
BD = bulk density (g/cm3)

EHD = effective hydrological depth (m)

Et/Eo = ratio of actual to potential evapotransjira

The mean rainy days is calculated from:
Equation 19 Ro= R/Rn

Ro = mean rainy days
R= annual rainfall

Rn = number of rainy days in a year

The total runoff is:

Equation 20 Q=Rx exp (-RC/R0)
Where Q = annual runoff (mm)
R = annual rainfall

Ro = mean rainy days
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The Sediment Phase

This considers the detachment of soil particlesrdipdrop and also by runoff. Soil detachment by
rainfall is a function of the kinetic energy of thedfective rainfall and soil erodibility. And the
detachment by runoff takes into account the groooder, soil resistance, and runoff and slope
steepness. And the total particle detached is anstion of both the particles detached by raindeoms

runoff.

» Solil particle detachment by raindrop
The detachment of soil particles by raindrop img#&ctkg /nf) is a function of the kinetic energy of the
effective rainfall, the detachability of the sd{;(g/j)
Equation 21 F=KxKE x 107

Where F = soil particle detachment by raindrop iotgglg/nt)

K = soil erodibility (g/j)

KE = total kinetic rainfall

This model assumes that soil detachment by rundif applies to areas where the soil is not protkcte

by ground cover.
» Soil resistance
Equation 22 Z=1/ (0.5*COH)

Where Z = soil resistance

COH = soil cohesion (kpa)
» Soil particle detachment by runoff

The soil particle detachment by runoff is a funetaf the runoff (Q), slope angle(S), soil resis&L)
and the percentage of the ground covered by veget@C: %)
Equation 23 H =Z x Q*®x SIN(S) x (1- GC) x 18

Where H = soil particle detachment by runoff (kgfkm
And S= slope which was derived from the DEM maghefarea.

The DEM map (figure 4-8) was created in the ILWéStware using the contour map of the area
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Figure 4-8: Contour Map (A) Converted to Digital Elevation Model (B) of Ratamba Watershed

Then linear filters in the X and Y directions wexgplied to the DEM to give height differences ie th
and Y directions. These filters were used to geretee slope map in percentage and this was cawert
to slope in degrees. However, to have a good reptaton of the slope, it was converted to radiance

for the erosion analysis. This could be seen irstigt used to run the model in the Appendices.

» Total particle detachment
Where D = total soil particle detachment (k/m
Equation 24 D=F+H

The total detached soil particles from splash ambff was accumulated know the total concentrated i
the flow. Without accumulation, the detachment ealjust the sum of the materials detached per cell
unit but with accumulating this material, it givd®e influx of detached materials from the upslope
element and the detached materials from the upsiopdirected down slope in the same way. (Se& 4.2.
for further explanation). The accumulation process done using the PCRaster software. The total
detachment map was first exported from the ILWIS eanverted in an ASCII file which is a PCRaster
readable file. And the accumulation was carried iouthe nutshell interface of the PCRaster (see

appendix 6 for script)
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TRANSPORT CAPACITY OF RUNOFF

It is estimated from the cover factor (which isumdtion of C-factor and the management practice),
annual runoff and the slope. According to Van kjff et al. (1999), the C-management factor here
refers to the ratio of soil loss from land and épeindent on vegetation cover and management gractic
And Renard et al (1997) noted that for proper esmtiom of the C-factor, canopy cover, surface
roughness, surface cover, soil moisture and pré@ of the land should be taken in consideration.
However, Van der knijff et al (1999) not disputitige fact that these parameters are necessarydpeipr
evaluation of C-factor, mentioned that it is hargbssible to use the RUSLE approach for estimaiing
factor especially at a national scale due to ldckufficient data. And as such, used NDVI derived C
factor values though noted that relying solely ba NDVI could give incorrect results but despite it
errors and no availability of adequate data, thchhique was applied.

De Asis and Omasa (2007), suggested that lineactspp mixture analysis is better technique to
estimation C-factor where a correlation factor &40with the values measured in the papers stugly ar
was obtained. Transport capacity of runoff is citan is as shown below:

Equation25 TC=C x Q x SinS x 16

Where TC = transport capacity (kg/m2)

C = surface cover factor (c-factor) which is a fiime of c-factor multiplied by the management facto
C-factor map was derived from NDVI values generdredn satellite images. And the management
factor used here is 0.05 indicating that the revémnch terrace is implemented in the area. Theeval
was derived from Morgan, R.C.P (2005) .

Q = total annual rainfall

S = slope (appendix 9 for slope map)

The transport capacity was also exported to the &@&R software for accumulation like the total
detachment. This enabled one to know how much piahss available to transport the soil out of the
water watershed. Where the transport capacity aaesrlthan the detachment, the soil transporteldds t
same value as the transport capacity and the rergamaterials deposited. As such, the deposited

material is excluded from the total soil loss frim catchment.

Estimation of soil erosion

This is estimated by comparing the amount of maltetélivered to the flow, which is the soil partcl
(D) with the transport capacity (TC). The minimumtieen the two parameters equals soil loss. This
was done in two ways: 1) summation of the monthlydted soil loss 2) one year prediction using

average values for the whole year.
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Equation 26  Soil loss = min (D, TC)

Soil loss rate is in kg/ AfiThis result was converted to both ton/year and/fuectare/year]
Figure 4-9 shows a flow chart of the whole RMMF huet.

4.2.5. FLOW ACCUMULATION

To estimate the flow accumulation of the areas suggested in Morgan (2001)that the entire wagekrsh
be divided into elements of homogenous charactegrims of soil, slope and land cover. Here, thaltot
runoff of (Q;) in element (i) is the sum of the runoff generatedthat element and the runoff received
from the element upslope. The accumulation is usedalculate the flow detachment and transport
capacity of that element (i). And the total matedatached in that element is the sum of the nelteri
detached in that cell and the influx of detachedemi@s from the upslope element and the detached
materials from the upslope are directed down sinpihe same way. The total runoff accumulated at th
outlet will give the runoff generated from the datent which should correspond to the dischargbeat t

stream outlet of the watershed.
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4.2.6. RMMF MODEL FLOW CHART
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Figure 4-9: RMMF Model Methodology with Modification Adapted from the Modified MMF
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4.3. SENSITIVITY ANALYSIS

The third objective of the research is:

> To study the influence of the of the management gliae on soil loss in the area.
This effect will be analysed through a sensitiahalysis.

A sensitivity analysis was done for the managermpeactice in the whole catchment to understand how
these practice influencing soil loss in the areantthe field work, it was noticed that only one
management practice is implemented in the areattzatdis the outward sloping slope bench terrace.
Agricultural terraces are levelled part of hillsiath serves soil conservation measures implemerted t
protect the soil from erosion by reducing the spatedhich water flows down. Terraces could be radtur
or man-made. For conservation and creating morenrfmr crop cultivation, man-made terraces are
created. There are different types of agriculttealaces and each terracing has different effettsod
erosion in the areas where it is implemented. TMMR model allows effect of this management
practice to be taken into account. This is strwduin the transport capacity of the model (refer to
4.2.4.1). Four soil erosion management factorgaken into consideration in the sensitivity analyesnd
these are:

% The reverse slope bench terrace with a value & 0.0

% The level bench terrace with a value of 0.14

% The outward sloping bench terrace with a value.850

« Level retention bench terrace with a value of 0.01
The values for this management practices are thkem Morgan (2005). For the sensitivity analysié, a
the input variables for the RMMF model was keptstant with only changes in the management factor
to assess which how effective the outward slopémgate is in soil conservation of the area and tso

proposed an alternative if otherwise.

And the final objective for this research study is:

» Assessing the effectiveness and applicability oihgscoarser resolution remote sensing data
such as the MODIS (Moderate Resolution Imaging Sprecadiometer) NDVI images for C-

factor mapping in small catchments.

To assess the effectiveness and applicability afigushe MODIS (Moderate Resolution Imaging
Spectroradiometer), NDVI images for C-factor magpam very small watersheds, a LANDSAT image
for June, 2009 was also acquired to weigh the biditia of the cover factor derived from the MODIS
images. These maps were first downloaded and imganto the ILWIS software analysis. NDVI maps

were derived from the LANDSAT and MODIS images aodestablish a correlation between the
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MODIS and the LANDSAT C-factor maps, the LANDSATIMage was re-sampled from a 30x30 grid
cell to that of the MODIS .Several methods exist dggregating a fine resolution image to a coarse
resolution. Bian and Butler (1999), discussed theebniques for aggregation which includes avegagin
central-pixel aggregation and the median aggregafimction. However, there are many other
aggregation techniques which include the maximumntdunction, sum aggregation, majority rule-

based aggregation, standard deviation aggregatidmh& minimum aggregation.

AVERAGE AGGREGATION
The average aggregation function computes the \@ltlee output map by the value of the nearestlpixe
in the input map. In this study, it takes into aaubthe 16 specified input pixels (see illustratian

figure 4-10) by simply calculating their mean arikg the output value.

2(5[3]2
2(6(4]9 4
3|16[1(1 —
2(2(8]8
Original Image (30m) Aggregateklinage (480m)

Figure 4-10Q lllustration on Average Function

CENTRAL — PIXEL AGGREGATION
The central-pixel aggregation takes the centraélpwalue of the specified window and assigns tbat t
the output column while the median aggregationgassthe median value of the input window to the

output cell.

MAXIMUM AGGREGATION
The maximum function simply takes into account m@ximum reflectance pixel values in the sixteen

input pixels involved to give a single output value
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Figure 4-11 lllustration on Maximum Aggregation

The maximum aggregation of the LANDSAT (30m) to #B@hen applied resulted in very high output
pixel values in the coarse resolution grid whickussed that the area was covered mostly by forest.
From the resultant values, it could be said to estémate the percentage coverage of the forest olas

the area and as such also underestimated the peeskather land use classes in the area.

MAJORITY-BASED AGGREGATION

The maximum aggregation is different from the mijdnased aggregation which only takes in account
the most frequently pixel values in the specifiednputing input window. This function is also known
as the predominant aggregation. This also resiteery high values and it tends to overestimate th

presence of vegetation and also underestimateathlee representative pixel values.

Nl W N DN

| k| & W

| Rl ©O N
N

N| O o] Ol

Original Image (30m) Aggregated Imag&80m)
Figure 4-12 lllustrating the Majority-Based Aggregation

MINIMUM AGGREGATION
For the minimum aggregation, it took into accountyahe lowest value in the computing window and
assigned that to the output image. This functiond¢eto underestimate the presence of higher

representative pixels.
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Figure 4-13 lllustrating the Minimum Aggregation
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5. RESULTS AND DISCUSSIONS

The results will follow the same format as the roéthlogy to achieve the research objectives.
The following research objectives results wereukised in the phase of this chapter;

» The main objective of the research is the studyhef effect of seasonal variation of

vegetation cover on soil erosion
The following specific objective was combined wikle main objective:

» To estimate if the annual computation of soil losig average parameters is the same as

the sum of the monthly estimates

5.1. LANDUSE AND CROP CALENDAR

The main objective of the research is the studhefeffect of seasonal variation of vegetation care
soil erosion. For this it is necessary to geneeatand use map and Crop calendar of the study area
(Ratamba watershed). This will enable in the untdading of the cropping season and how they affect

soil loss.

5.1.1. LANDUSE CLASSIFICATION

A land use classification of the study area wasi@dout in ERDAS imagine 9.3.2. Figure 5.1 sholes t
classification result. The maximum likelihood aligom for the supervised classification was perfaime
using sixty (60) field sample points out of the @8nts and the remaining 23 field points were used
accuracy assessment. The first supervised cleat$ifn was done using the QUICKBIRD image at a
resolution of 2.4m (figure 5-1). From this clagsifiion, it was realised that only the shrubs, ibane,
tobacco and villages could be properly delinealét: agricultural fields such as cabbage with carrot
potatoes with maize and green peas had a lot afdnixxels due to the small sizes of the field. Ashs

for simplicity, the crops expect the tobacco fieldB all be group as dry land agricultural field.
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The error matrix of this classification is showrtable 5-1 below.

ERROR MATRIX: Reference Data

Classified

Data Bare Land Shrubs/Plant Cabb&gtatoes
Bare Land 86.42 0.08 0.80 5.16
Shrubs/Plant. 0.25 90.15 3.07 4.38
Cabbage 0.00 0.9361.92 21.24
Potatoes 7.78 442 123. 57.46
Green Peas 1.85 0.27 7.16 6.38
Road 3.09 1.14 1.79 2.22
Village 0.62 0.54 0.04 0.33
Tobacco 0.00 2.47 12.102.83
Column Total 810 5178 2736 1803

Reference Data

Classified

Data Green Peas Road Villagebacco
Bare Land 5.79 10.72 2.03 0.00
Shrubs/plant. 3.38 6.90 0.68 9.43
Cabbage 33.11 6.95 0.34 19.71
Potatoes 11.74 12.73 075. 2.73
Green Peas 37.01 8.58 0.68 3.56
Road 3.13 46.11 20.95 0.21
Village 0.21 5.64 70.27 0.21
Tobacco 5.64 2.38 00.0 64.15
Column Total 1951 2145 296 477

----- End of Error Matrix -----

Table 5-1: Error Matrix of the 2009 Supervised Clasification from Quick Bird Image

As earlier discussed in chapter four, because ikeaneed to generate a land use map a 30m resolut
for the research, the land use map used for thk iw@ 2009 land use generated from LANDSAT (30m)
(figure 5-2) by Rustanto (2010)with a prior knowgedof the area was used. Figure 5-2 shows the
different land use classes in the area and alssaimple location points. Table 5-2 shows the péacgn

area of each land use
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Figure 5-2: 2009 Land Use of the Ratamba Watershe8anjanegara District, Central Java —

Indonesia [source: (Rustanto 2010)]

Land Use Area in Percent (%) In hectares
Build Up 3 51
Tobacco 10 170
Dryland Agriculture 52 884
Forest 5 85

Shrubs 6 102
Plantation 24 408

Table 5-2: Land Use Percentage Cover in the Area

The table shows that the dry land agriculture co&2 % percent of the study area predominantly
agriculture, followed by the plantation class w24h % area coverage, then the tobacco fields witk10
area coverage while the shrubs, plantation , faedtbuild up area have the lest area coveragdeein t

area.

VALIDATION /ACCURACY ASSESSMENT

The error matrix obtained for the classified larmk wenerated using the LANDSAT image from Mr.

Andry Rustanto, an accuracy assessment of 85.7@8&6obtained (see table 5-3). A validation data set
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was also derived for the land use generated freamLANDSAT image using the same procedure as that

of the land use classification.

ACCURACY ASSESSMENT

LOCATION: Upper_Serayu Watershed, Banjanegara Distrienti@l Java — Indonesia
Date: Sat Jan 23 12:31:12 2010
MAPS: MAP1 = Accuracy Assessor Points

MAP2 = Classified Image
MAP Category Description
Built Up Area
Paddy Field
Water Body
Dryland Cultivation
Forest
Shrub

Plantation

Bare Soil

Kappa Kappa Variance

0.826475 0.000580

Obs Correct Total Obs% Observed Correct
265 309 85.760518

Table 5-3: Accuracy Assessment [Source: Andry Rusém 2010]
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5.1.2. CROP CALENDAR FOR RATAMBA WATERSHED, 2009
Crop Jan | Feh March | April | May |June |July |Aug | Sept | Oect Mov Dec
type
Cabhage * > [ >
A PR PR eam— i | i
Potatoes = >
b = | -
Catrot * > 2 -
- e (— A e
Tobacco [« >
- S -
M aize o *
_ . - | > | —>
P p—— * -
Green - »
d—p | A | A
peas = o < =
- | —p = | =P 4

Table 5-4: Crop Calendar for Pejawaran, 2009 [Soure: Fieldwork 2009]

A

v

Is the Widharop cycle

v

Is the planting/ starting period of the crop.

Is the young vegetative stage

A

v

Is the advanced vegetative stage

A

v

Is the harvesting stage

The cropping pattern in the area entails clearirggland which is mostly done prior to planting
and after harvest. Table 5-4 shows that fallowgasr are mostly in between harvest and pre-
planting season which can last for one or two med#pending on the crop to be planted.

Most fields except for the tobacco fields had iatepping which is mostly the case in the area.
These, the farmers assume helps economically andpatvent soil loss as the ground surface in
between the crops is covered. In most fields, it whserved that cabbage and carrots were
grown alongside and also at different crop stappe. arops were grown in between each other to
keep the soil covered and the carrots area ushatlyested first. After harvest which is mainly
in the dry season or at the beginning of the ra@gson, the land can be left fallow or maize
could be planted to serve as a cover to protecisttilefrom erosion. This was the same for
potatoes and green peas. The farmers had maizgrotgrown alongside and in between them.

However, the potatoes are only grown in the drysseaand harvested just before the rainy
season sets it since it doesn’t require much water.
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The tobacco takes the longest crop cycle in tha angl is mostly grown alone because space are
needed in between to enable the farmers trim theenwmecessary.

In an interview with the head of the farmers (paeacommunication), he noted that tobacco
and tea were the only crops grown in the area tywserirs ago and as at that time the experience
so much soil loss. But a change to the croppintesysvas made. Tea and most of the tobacco
fields were replace with inter cropping farming wer variety of crops are planted together. The
various crops in the area can be seen in the atgmdar (table5-4). It was noted also that new
farming system implemented which is the outwargislg terraces in combination with growing
of crops in between each other was implement arslithhis opinion , had tremendously

decreased the rate of soil loss in the area

Relation between the crop calendar and rain fall

In relating crop calendar to soil loss, it necegd¢arcompare the ground and canopy cover with i@spe

to the rainfall variation. The rain fall is estiredtat 3,500mm annually (Suwartha et al. 2006) leT'atb

and figure 5-3 shows the rainfall pattern of theaar
Month | Jan. | Feb. | Mar. | Apr. | May. | Jun. |Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
09 09 09 09 09 09 09 09 09 09 09 09
Amt 579 | 601 | 282 192 104 44 55 35 73 43p 535  3%0

Table 5-5: Derived from the Meteorological Station, Bajanegara - Central Java, Indonesia

And using the previous year rainfall together vitik rainfall data of 2009, figure 5-3 shows thastraf

the crops in the area are dependent on rainfalcfittivation except the potatoes that grown in dry

season and the reason being that it needs just Wtter for cultivation. It mostly makes use ofl so

moistu

re content of the soil from the just endedyraeason.
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Figure 5-3 : Relationship between Rainfall Patterrand Crop Calendar

<> represents the whole planting through harvestiag@e

However, the irrigation system implemented in theaawhich is a recent development enables different
crop cultivation (especially for those that are @gent on rain) throughout the year. As earlier
discussed, most of the fallow periods are durireydhy season and especially between June and July
(see figure5-3). During this period, some farm ara@ bare, unprotected, exposed to erosion agedts
the infiltration rate high but with little or noirdall, it can be said to experience very little rar soll

loss. Immediately after the fallow periods cropnpilag begins again. But the specific choice of crop
depends on the farmer and also differs from theipusly harvested crop. The tobacco fields in tteaa
don’t undergo any crop rotation system. When thmd¢oo plants are harvested, the fields are lefi wit

the residue of the harvest until the planting sedsgins again and that is after the rains havtesta
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For the potatoes field, since the crop does natiregnuch water, it is only grown after the raires/é
stopped, in the dry season. Subsequent monthsebeff after the potato crop cycle, other cropscoul
be planted in the fields and that again is basetherfarmers’ decision but must be a crop that kil
harvested at least one month before the dry sesstnin. The one month interval will expose the
ground to moisture which will be used by the potatap when planting begins in the dry season. Also
during most parts of the rainy season, the vegetatovers are high expect in most like January, and
February where some crops in the area are eithibemmtplanting or vegetative stage. Thus, the amea
general could be said to have little soil loss nigiihe rainy season because of high ground cowkr an
also because of the management practice implemeBtexdpt for months like January and February

where there is high rainfall and little surface eov

5.2. SOIL PROPERTIES ANALYSIS/DISTRIBUTION IN THE A REA
Based on the field work, the soils in the studyaazensist of having mainly silty clay, loam, sarutiyy
and loam but the textural. But the laboratory asialyesults show that silty loam and loam are theanm
soil types in the area (table 5-6). Figure 5-4 shtlve average distribution of the different soittjuée

size in the water shed.

Land use %clay %silt %sands Texture class
Dry land | 21 34 45 Loam
Cultivation

Tobacco 20 35 45 Loam

shrubs 15 67 18 Silty clay
plantation 21 34 45 Loam

Forest 16 66 18 Silty clay

Table 5-6 : Average Distribution of Soil Texture inthe Ratamba Watershed
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Figure 5-4: Average Distribution of Soil Texture inthe Ratamba Watershed

As seen in Table 5-6 and figure 5-5, the shrubsfarest areas show the highest silt percentagesnont
and the lowest percentage sand contents in the Bngmwas based on the laboratory results. The Dry
land cultivation, Tobacco and plantation have ldlv ®ntent, moderate clay and high sands. These
proportions however, encourage cultivation.

The texture classes mentioned in Table 5-6 arevelttising the SPAW (Soil Plant Atmospheric Water)
model which requires individual texture class patage for each soil sample values to determine the
soil type. The USDA soil texture triangle was usdsb to verify the soil type gotten from the SPAW
model. Each soil sample texture percentages wacedrto know the soil type. The soil samples ueed f
the laboratory analysis were representative sangfladi the different soil types in the field. Figu5-5

indicates that the loamy soil is the pre-dominanilttgpe in the study area.

@Loam

62% 38%

| Silty loam

Figure 5-5: Percentage Area Dominated by Soil Typia the Study Area
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5.3. DERIVATION OF LAND USE PROPERTIES AND ANALYSIS

5.3.1. C-FACTOR GENERATION

The research focuses on predicting annual soilusgsy average input parameters derived for the yea
and also using the sum of the monthly predictetigss. For the latter option, this however, catyde
achieved if there are available monthly parametiensin the model such as the cover factor and other
erosion modelling inputs (see appendix 3 for adfghe erosion parameters). As such, the study tio
derive satellite images for each month and alsmeastd monthly cover factor from the assumed canopy
cover which was derived from the crop calendar.tRersatellite images, the MODIS images were used
since they are cost effective and readily availableese images were acquired but could not bearse f
the whole duration of twelve months due to clouderage in most months. Nevertheless, the research
was able to obtain average monthly cover factoneshwith reference to canopy cover derived from the
crop calendar for a whole year. The steps to géngréhe c-values were (1) from NDVI maps were

images were available and (2) as a derivative tanopy cover.

C - FACTOR GENERATION FROM NDVI GENERATION

As earlier stated, cloud coverage in most to thethip satellites image limited the use of monthly
remote sensing data to obtain monthly ¢ — factopsrfaom NDVI. The most available data for this
analysis were the MODIS images (500m resolutiommfrJune to September 2009. These were
downloaded for free from the National Aeronautiasd aSpace Administration (NASA) website
(ftp://e4ftl0lu.ecs.nasa.gov/MOLT/T.he downloaded images were geo-referenced to d (WGS

84) co-ordinates using ERDAS IMAGINE. On geo-refaiiag, it was realized that the grid-cells of
500m x 500m decreased to 468.13 x 468.13m. Thesgrés were thus, re-sampled to a pixel size 480m
x 480m which could also be attained when re- samgpghe LANDSAT 7 image which will be used later
in this work for comparison which will attempt tasaver the last objective of this research. The gsag
were then imported to the ILWIS software for getieraof NDVI and c-factor maps. In the ILWIS
software, the normalized difference vegetation x¢(DVI) maps were derived from the red (which is
the chlorophyll sensitivity) and near-infrared (eiihas less water vapour absorption) bands of isnage
using the equation, (NIR-RED) / (NIR+RED) where Ni&ers to the near-infrared band and RED is the
visible band. A map calculation based on Van deifijfg1equation (refer to equation 2) was used to
obtain the c-factor maps (see figure5-7) sinceaitega more realistic linear relationship with NDVI

value.
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C- FACTOR GENERATION FROM CANOPY COVER

Firstly, an average monthly canopy cover was ddrivem the area. This was done based on the both

the field observation and also on the crop caleimd#ine area. Canopy cover based on field obsenvati

was derived for both the months September and NbgenOther months were derived from the

information derived in the field concerning themgiag duration which includes start of planting sas,

vegetative duration and the harvesting periodse&8am this, a relative canopy cover representieg th

different crop calendar seasons were derived feryébar. Table 5-7 shows the average canopy for the

different land use types in the area

Croptype| Jan| Feg Mar Apr May Jun Jul  Aug Sept Odlov | Dec
Built up

Tobacco | 0.20 0.30 0.4p 0.50 0.60 0470 080 0.800 0.3.20| 0.20] 0.1d
Dry 0.43| 0.20f 050 0.34 0.5F 0585 0.60 053 066 0.56000.63
Agric.

Forest 09| 09| 09| 09 09 09 09 09 09 049 0809
Shrubs 80| 80| 80/ 80 80 80 8p 80 80 8§80 3.8.0
Plantation| 0.70 | 0.70| 0.7 0.70 0.70 0.70 0.yO 0,70 070 0.70000.70

And from the canopy cover estimations, an averagetity C-factor was derived for the study area (see

Table 5-7: Monthly Average Canopy Cover Estimate fothe Study Area

table 5-8) using the equation:

Equation 27 C - factor=1—-CC Where cc =canopy cover

Croptype | Jan| Feb Mar|  Apr May  Jun Jul Aug Sept OcWNov | Dec
Built up 0 0 0 0 0 0 0 0 0 0 0 0
Tobacco | 0.80, 0.70| 0.60 0.50 040 030 0.20 0420 00.0.80 | 0.80| 0.90
Dry Agric. | 0.57 | 0.8 0.50 | 0.66 0.43 0.45 0.40 047 034 0504 0. 0.37
Forest 0.05| 0.001 0.001 o0.00p 0.0p1 0.001 0.p01010.@.001|0.001| 0.001 0.001
Shrubs 0.01f 0.01| 0.0y 0.01f 001 001 0.01 0/01 O@O1 | 0.01| 0.01
Plantation| 0.10| 0.10| 0.10 0.10f 0.10 0.0 0.10 0{1010 | 0.10 | 0.10| 0.10

Table 5-8: Showing the Average C-factor Values pdvionth in the Study Area.
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5.3.2. RAINFALL INTERCEPTION DERIVATIVES

This factor was generated from an equation by #{si®79) was used (De Jong and Jetten 2007).
Equation 28 | = Cp Shax (1-e‘k p/Sma>)

Where | = interception (value between 0-1)

C, = Canopy cover

Shax = Canopy storage fraction derived

K= the fraction of rainfall that falls on the canopy

P = cumulative rainfall (mm)

(See appendix 7 for table of values for each patemstated above and chapter 4.2.2.5 to see h@e the

parameters were derived).

However, the average interception values derivedtiie study area is seen in table 5-14 and the it
showed that forest class had the highest rainifitdrception ( also see figure 5-13) ranging betwee
0.089 — 0.22 and the agricultural class with theest interception values ranging between 0.004 —
0.059. With reference to past literatures, theselte could be said to be acceptable. Morgan (2005)
gave the interception values for forest to rangeveen 0.15 - 0.35 and Jetten (1996) in a study of
throughfall rates for dry evergreen forest andeadiXorest in Central Guyana (South America), gave
interception values of 0.173 and 0.16 respectivEtyr the dry agricultural rainfall interceptiomet

value obtained here is that of a mixed variety mfps, so the study will use the value as obtained.
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Crop type| Jan Feb Mar Apr May| Jun Jul Aug Sept OdgtNov Dec
Builtup | O 0 0 0 0 0 0 0 0 0 0 0
Tobacco | 0.004%0.0087| 0.0222| 0.0379| 0.0660( 0.0977| 0.0733| 0.1010| 0.0118| 0.0047| 0.0047( 0.0015
Dry 0.0173| 0.0044| 0.0352| 0.0170| 0.0584| 0.0536| 0.0369| 0.0373| 0.0594( 0.0244| 0.0348| 0.0514
Agric.

Forest 0.095( 0.0888| 0.1673( 0.1858( 0.2243| 0.2239( 0.1087| 0.1525| 0.1483| 0.1030| 0.1018| 0.1420
Shrubs 0.0644 0.0604| 0.1101| 0.1215| 0.1445| 0.1443] 0.0733| 0.1010| 0.0984( 0.0696( 0.0688| 0.0945
Plantationf 0.0459| 0.0431( 0.0762| 0.0834( 0.0978| 0.0977| 0.0520| 0.0703| 0.0686| 0.0495| 0.0489| 0.0660

Table 5-9: Average Monthly Rainfall Interception
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Figure 5-8: Derived Interception Trends for Different Land Use
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5.4. SOIL EROSION ASSESSMENT

This phase deals with procedures to answer thdaiqongssed by the objective of this study:

» Is the annual soil loss using averaged annual pai@ns the same as sum of the
monthly soil loss including seasonal variations?

The RMMF model was used to estimate the annual@sslin the study area (see appendix 8 for script
used in running the model). The model was run twes. The first run was to obtain the annual soil

loss for the area using averaged erosion paramatelshe second run was to obtain the annual soil
loss for the area using a sum of the monthly ssi$l For the RMMF model analysis, two values were
obtained for each pixel, the total annual soil detaent and the total annual soil transport capacity

and the lesser of the two values gave the predstiidoss for that pixel.

(1) The first analysis was to compute annual soil losgg averaged annual input

parameters derived for year which is commonly usexbil assessment.

This was based on the average parameter valueméoyear derived from assumed canopy cover for
the whole year (see appendix 7 for tables of mgndelrived parameters). The canopy cover, cover
factor, plant height and ground surface were aw&tag give the values used for this analysis. Tile s

loss result is presented to ways in two ways: () less without particle detachment and transport

capacity accumulation. (b) Soil loss from accunedagoil particle detachment and transport capacity.

Soil Loss without Accumulation
Figure 5-9 shows the soil detachment and soil parsmap which was further used to generate the

total annual predicted soil loss for the year.
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The minimum between the two maps gives the valuéh® soil loss (figure 5-10).
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Figure 5-10: Predicted Soil Loss Using Average Panaeters in Tons/Hectare/Year

The annual soil loss prediction per pixel in thismputation ranges between 0 — 83.37 tons

per/hectare/year. (Figure 5-10). And the averagdass prediction for the whole year is 23.43 tiia
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From the results (table 5-10), the average sod Weas highest in the tobacco fields (43.56 t/hayg
lowest in the forest area (0.01 t/ha/yr). The duyd agricultural fields had the second highestayeer
soil loss of 39.85 t/halyr. The shrubs area andpthptation area also had very low average sod los
(see table 5-15). It is evident in the result; tatien does play a major role in erosion process. |
strongly affects the erosion in each class. Clags#slesser vegetation cover experienced more soil
loss. For the forest, plantation and shrubs whigth & high canopy cover and ground cover, the soll
loss predictions were either very low or a zeralftion. And for the tobacco and agricultural figld
the predictions were high due to alternating mageemd low canopy cover and also low ground
surface. This could also result from farming atié&a which involves clearing the land for planting,

weeding during vegetative periods and on harvestimg land may be left with little or no canopy

cover.
Land Use Class Area in Percent Soil Loss Rate (t/hg
Forest 5 0.01
Shrubs 6 0.05
Plantation 24 0.87
Tobacco 10 43.56
Dry land Agric. 52 39.85
Built-up 3 Masked out
Total 100

Table 5-10: Average Annual Soil Loss Prediction iifferent Land Use for 2009
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The estimated annual soil loss maps were furttassdied into five (5) severity classes which azeyv
slight (<2 t/haly), slight (2-5 t/haly), modera&eX0 t/halyr), severe (10-50 ton/halyr), very se\&o-
100 t/halyr) which was adapted from Morgan (2005).
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Figure 5-11: Predicted Soil Loss Classified from th Soil Loss Map

Figure 5-11 shows that 39.1% percent of the arksifdo the very slight erosion class, only 0.156 i
the slight erosion class, none in the moderatesckE® 4% of the study area falls into the sevesisscl
which ranges between 10-50 ton/halyr and accorttinglorgan (Morgan 1995), 10 ton/halyr is the
tolerance soil loss rate for agricultural areas B0 of the area falls into the very severe claable

5-11 shows the distribution of the land use clagg#stheir severity rates.

Land use class Areain percent | Soil Soil lozs rate (thiv) Erosion class
loss(tons/year)

Forest 5 0 0.01 Very slight

Shrubs ) 0 0.05 Very
slightfshght

Plantation 24 0.08 0.87 slight

Tobacco 10 309 43.56 Severe and very
sEVEre

Dry land Agric. 52 392 3885 Zlight, severe
and very sewvere

Built-up 3 Ifasked out Masked out

Total 100

Table 5-11: Average Soil Loss Prediction in Diffenet Land Use for 2009
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According to table 5-11 the Tobacco fields haveyuagh erosion rates as they all fall between the
severe to very severe classes. This is followetheydry land agricultural areas which fell into sl
classes ranging from slight to very severe clas$és. table also shows that forest, shrubs and

plantation fields experience the lowest soil Iates in the area (very slight to slight classes).

Soil Loss Analysis from Accumulated Parameters

Without accumulation, the soil loss per cell isrsas an indication for the soil loss on a farméekd

but the accumulated soil loss gives the total lesis of the whole catchment. The PCRaster software
was used for this analysis. It is a dynamic slomeleh which allows different routing methods. The
total detachment and transport capacity maps weseexported from the ILWIS software to ASCII
file and then imported to the PCRaster softwareafmmumulation. And on importing to PCRaster, the
ASCII files were converted to map for analysis (appendix for script). Firstly, for accumulation of
detached particles, the drainage system was maskedt is assumed that not particle detachment
takes place in it except transportation. Then #uflux’ command was applied to it instructing it
accumulate the material flowing into the downstrezsth And on accumulating the transport capacity,
the assumption is that the anything depositedthaiver, is transport depending also on the frarts
capacity else deposition takes place. The ‘accuigp@ommand was applied to the final soil loss
whish allowed it accumulate material flowing dowesim over a local drain direct network and the
results was represented in t/ha/yr. The annualessl predicted from the Ratamba watershed using th
average parameters is 18, 9122 t/halyr. Thisfstibws the regular RMMF model which gives soil
loss value as the minimum value of the total acdated soil particle detachment and the total
accumulated transport capacity. Though the transgpacity is much higher on accumulation than
the detached soil particles (see figure 5-12, ahdtliat effect is negligible since the accumulated
detached soil particle is much smaller. And theiminm value was assigned as the soil loss (figure 5-
12 C).
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Figure 5-12: (A) Accumulated soil detached particles (Baccumulated transport capacity (C) Accumulated

soil loss from the catchment.

(2) The second analysis was done using the sum ofdhthiy predicted soil loss.

This analysis made use of monthly obtained paraméte the monthly rainfall, number of rainy days
in the month, monthly canopy cover, monthly surfamwer and also monthly plant height (see
appendix 7 for tables). The canopy cover, covetofaplant height and ground surface for forest,
shrubs and trees were kept constant through ouwtiode year because in reality the variation irs thi
factors through the year is not significant.. Tesult was also presented to ways in two ways:di) s
loss without particle detachment and transport cigpaccumulation. (b) Soil loss from accumulated

soil particle detachment and transport capacity.

Soil Loss without Accumulation

The result in figure 5-14, was derived from the safrthe monthly predicted soil loss from parameters
derived from the assumed monthly crop cover foryiar. It shows the predicted soil loss in a raofge

0 — 46.89 t hayr™. Figure 5-13 shows the predicted total detachraadttransport capacity available

to compute the soil loss and the total detachmapadity is higher than the transport capacity.
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Figure 5-14: Predicted Soil Loss in Tons/Hectare/Yar

The average soil loss for whole year is estimadeoet 12.01 t hayr™. The results in table 5-12 show
that the dry land agricultural fields have the lighpredicted average soil loss (21.35t &) and
the forest class with the lowest predicted avesamgdoss (0 t yr'). The tobacco fields also record high
soil loss rates in the area while the shrubs aadbtantation record very minimal soil loss ratelsisT

zero or low predictions are as a result of thetbihitransport capacity in these areas (figure 513
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Land Use Class Area in percent Soil Loss Rate (ty
Forest 5 0
Shrubs 0.05
Plantation 24 0.85
Tobacco 10 18.33
Dry land Agric. 52 21.35
Built-up 3 Masked out
Total 100

Table 5-12: Average Soil Loss Prediction in Diffenet Land Use For 2009

The average soil loss for each month for the wiiebs is shown in table 5-13 The total soil loSees
the twelve months were summed up to give the arsaibloss prediction for the study area (see
appendix 10 for derived monthly soil loss maps).

Months Average Soil loss
January 5.12
February 5.79
March 0.14
April 0.03
May 0.00
June 0.11
July 0.04
August 0.00
September | 0.02
October 1.79
November 2.53
December 0.69

B Average Soil loss per
month
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Table 5-13: Average Soil Loss per Month in the StudArea
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The total estimate derived from a summation ofrtfuathly soil loss was classified into five severity
classes; very slight (<2 t/haly), slight (2-5 tfhaimoderate (5-10 t/halyr), severe (10-50 tonialy
very severe (50-100 t/halyr). Figure 5-16 showssibetial distribution and histogram of the soildos

classes in the area.
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Figure 5-15: Soil Loss Classified Map and Histogram

The classified map and histogram show 39.22% ofatlea falls under the very slight class, 0.17%
falls within the slight class, 3.22% in the moderalass, and 57.39% of the area falls under thereev

class and none in the very severe class. Tableshdws the different land use in the different siéye

class.
Land Use Area in percent Severity Class
Forest 5 Very slight
Shrubs 6 Very slight
Plantation 24 Very slight
Tobacco 10 Slight, moderate and severe
Dry land Agric. 52 Very slight, slight, moderatedasevere
Total 100

Table 5-14: Soil Loss Classes for Different Land s

The forest, shrubs and plantation all fall in therwlight class indicating that little or no erasits
taking place in those areas. The dry land agricalltarea falls in to most of the classes in tha déne

tobacco field is shown to fall into slight, moderaind sever classes only.
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Soil Loss Analysis from Accumulated Parameters

The same procedure was taken as discussed inrgheffialysis. The results (figure 5-16 A and B)

show that the available accumulated transport wagd than the accumulated total detachment. This
is just the same the results of the detachmentramdport capacity without accumulation. The total
soil loss from the study area is predicted as 2Z8Q/ha/yr (figures 5-16, map C). This is the ealu

recorded at the outlet cell as the total soil foss the catchment.
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Figure 5-16: (A) Accumulated Soil Particle Detachmet Map (B) Transport Capacity Map
C) Soil Loss Map from Catchment
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5.5. COMPARISON AND DISCUSION ON SOIL LOSS RESULTS

Table 5-15 shows a comparative statistics betwleemitedicted annual soil loss derived from average

parameters and that of the sum of monthly soil lsssg with crop calendar derivatives.

Soil loss prediction using the RMMF model (t/ha/yr)
Summary Averaged-annual Sum of monthly soil loss for one year|
parameters
Minimum 0 0
Maximum 83.37 46.89
Average 23.43 12.01
Standard deviation 21.64 11.57
Accumulate soil los§ 18, 9122 12,0278

Table 5-15: Comparative Soil Loss Summary

From the summary, the predictions made by usingatleeage parameters gave higher average results
than the other two methods. Also, statistical Imesgression correlation was performed between the

two obtained soil loss predictions and amalue of 0.97 was derived.

Call:
lm(formila = Average ~ Jum, data = corr)

Fesiduals:
HMin 10 Median 30 Max
-5.496 -2.104 -1.368 0.817 14.486

Coefficients:

Eztimate Std. Error t wvalue Pri>|t])
[ Intercept) 1.368369 0.114751 11.93 “Ze-1g6 *%F%
Surn 1.837975 0O.006e554 Z67.00 <ze-1lg *%%

Jignif. codes: 0O **** Q0,001 &+ Q0,01 *+*7 0,05 .7 0.1 7 1

Fesidual standard error: 4.033 on 2564 degrees of freedom
Multiple B-=sdquared: 0.39653, Adjusted B-squared: 0.9653
F-statistic: 7.12%e+4+04 on 1 and 2564 DF, p-value: < Z.zZe-16

Table 5-16: Summary of Soil Loss Correlation

The correlation was made to establish a relatignbleitween the soil loss prediction from average
parameters and that from using the sum of the mpmtérived soil loss. It shows that for every
increase in the soil loss prediction made by thm sefithe monthly soil loss, there is a 1.83 incesias

the soil loss prediction by using averaged annaaameters. Another statistical analysis, Box plots
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and quantile - quantile plot, was computed in thguiRorogramme to establish if there was any
significant difference in the predictions.

The box plot with whiskers was used to comparedis&ibution of the predicted soil loss results to
check for any abnormalities. The box plot is als@kn as a five number summary statistics which
shows the smallest and largest observation, teedird third quartile and also show the mediamim o
setting. This distribution pattern in figure 5-1fosvs for that the soil loss based on averaged &nnua
parameters (A) is strongly skewed to the rightauld be said to be positively skewed indicating tha
there are many low values and the median of tHéass prediction is mostly influenced by the highe
values (B) shows that the median is nearer thereeaftthe box for the predictions using the sum of

the monthly soil loss for the year.

soil loss prediction

o

| lvss {thatyr)

SO

(AlAverage paramsters, (BYSum of maonthly soil loss

Figure 5-17: Box and Whisker Plots of the Soil LosBredictions from the Annual Soil Loss Using

(A) Averaged Input Parameters (B) Sum of the Month}y Soil Loss for a Year

The two box plots howeder show that in both cadmsuif25% percent of the pixel values exhibit
extremely low erosion rates. Also, the box ploteag that the annual soil predictions using the
averaged values (A) gives a much higher and extestimates which can not be seen in the estimates
from the sum of the monthly soil loss (B). The tefnom the sum of the monthly soil loss for theaye

gives a more realistic prediction because the mdrdigh erosion values area avoided which are
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probably unrealistic. This gives it an advantagerdhe estimates resulting from averaged annultinpu
parameters. Another statistic parameter which & doantile - quantile (gg plot) plot was also
performed to on the results to compare the sodl l@giables with a hypothetical normal distribution
(figure 5-18).

Normal @Q-Q Plot Normal Q-Q Plot

Sample Quantiles
Sarnple Quantiles

T T T T T T T T
-3 -2 -1 0 1 2 3 -3 -2 -1 ] 1 2 3

Theoretical Quantiles Theoretical Quantiles

(A) BX(
Figure 5-18: Quantile — Quantile Comparison Plot fo (A) the Soil Loss Estimates Using Average
Parameters and (B) the Soil Loss Prediction from tb Sum of the Monthly Erosion

The quantile — quantile comparison plot shows fiiathe soil loss using average parameters (figure
18 a), the soil loss is not normally distributefdit was normally distributed, the pixel valuestbg
estimate should fall on the solid line. For thd smds derived from the sum of the monthly estimate
there seem to be a normal distribution as revesiletthe plots along the solid line. Based on this
results, the soil loss predictions from the sunthef monthly erosion rates is normally distributed a

as such it is believed to give a more reliable lesis estimate for the study area.

5.6. SENSITIVY ANALYSIS

This section is analysed to meet the third objectifvthis study.

» To study the influence of the of the managemertipeaon soil loss in the area.

A sensitivity analysis was performed on the manag@rfactor to know how much influence it has on
the predicted soil loss in the study area. The RMM&del was run four times with different
management factors while every other input paramess kept constant. The first run was with the

original management practice in place and subseéquers were done with the different value
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representing the different management practice(tef 4.4 for values). After running the model with

the different values, the predicted soil lossesewimnported to excel spreadsheet for statistical

analysis.
Mangement factor sensitivity
90
80
70 I Outward sloping bench
J terrace
= 7
= 60 7 7 Level bench terrace
2 L
%) /A -
E 50 /// - Reverse slope terrace
S 40 el
3 / / e Level retention bench
,% 30 - e terrace
8 / / -~ — — —-No management factor
a 20 { {
|
10 l J
_"}/
o S
1 247 493 739 985 1231 1477 1723 1969 2215 2461
Per pixel

Figure 5-19: Sensitivity Analysis for Management Fetor

The x-axis in figure 5-19 represents the soil lpasspixel values while the y-axis shows the sabkln
t/halyr. The figure revealed that the level bermtiacing has the highest negative effect on erosion
rates. This is followed by the outward sloping dendich is implemented in the area. This means that
management factor used in the study area hasdittt® effect to the erosion rates when compared to
the level retention bench and no management fathar level retention revealed a drastic reduction i
soil loss when implemented in the analysis. Thisildanost probably be the best management factor
to implement but the level retention bench terriscenostly associated with paddy fields which are
used to grow rice. This is because rice needs muathr for cultivation. Since there are no paddy
fields in the study area and one of the major ¢ypes which is potatoes, doesn’t require much water

for cultivation.

Figure 5-20 Shows that the predicted soil losagushe outward sloping terrace falls with the very
slight, slight, severe and very severe classes pidbably most explains the predicted high sa@slo

from the watershed as derived in the soil lossredton.
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Figure 5-20: (A) Predicted Erosion Rate with the Otward-Sloping Bench Terrace (OSBT) (B)
Predicted Erosion Rate with Level Bench Terrace (LB). (C) Predicted Erosion Rate with
Reverse Slope Bench Terrace (RSBT) (D) Predicted &sion Rate with Level Retention Bench
Terrace (LRBT) (E) Predicted Erosion Rate with No Management Factor

As a conclusion to this, the soil erosion managérmeactice implemented in the study area in reality
is one a good management practice which allowsdprd movement of water over the slope and
entrapments of upslope sediments but despite thiardage, its effect is minimal due to the high
rainfall intensity in the area and probably assulteof combination of bare surfaces in the agtical

and tobacco fields with specific rain fall that saes soil loss to be higher in some months than the
other with higher canopy coverage. But if thathié treverse slope terrace practice is implemented in

the area, there would be a reduction in the sed tate (figure 5-19).
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5.7. C-FACTOR MAPPING USING COARSE RESOLUTION REMOTE
SENSING DATA

This phase in this chapter addresses the lasttolgeaxf this work.

» To assess the effectiveness and applicability iofgusoarser resolution remote sensing
data such as the MODIS (Moderate Resolution Imagipgctroradiometer) NDVI

images for C-factor mapping in small catchments.

Deriving cover factor maps is not only the aimtd&tobjective but to evaluate how useful it coukba

be for erosion assessments. Based on this, coropaxii done between the soil losses results fer th
months of June through September when images waikalale with the soil loss of the same months
derived from crop calendar parameters. Image rdenlaffects the parameters derived from it. An
image with a 500m resolution especially in a smoatchment will most likely generalise the features
and as such no clear distinction of land cover ipatars can be made. To validate the results
generated by the MODIS image, a LANDSAT image wétlBOm resolution for the month of June,
2009 was also downloaded. The image for June wa®oily available cloud free image. The cover
factor maps were not derived directly from the lisdgeimages but rather as a derivation from NDVI

values which were derived from the satellite imagjethe area.

NDVI GENERATION

From previous studies, It is shown that the MODifagery which is free, is been used for a series of
application especially on a large area. However,dbarseness in spatial resolution tends to lit®it i
applicability in certain fields and also in smatkas. In order to assess its usability for smahsar
such as the catchment of my research work, MODEer (500m resolution) from June to September
2009 were downloaded for free from the National dhautics and Space Administration (NASA)
website (ftp://e4ftl0lu.ecs.nasa.gov/MOLT/). Thewdtbaded images were geo-referenced to the
UTM (WGS 84) co-ordinates using ERDAS IMAGINE. Oaagreferencing, it was realized that the
grid-cells of 500m x 500m decreased to 468.13 xX&8. The grid sizes were thus, re-sampled to a
pixel size 480m x 480m which could also be attaimddn re- sampling the LANDSAT 7 image
which will be used for comparison. To attain thasLANDSAT 7 image (30m resolution) of June,
2009 was also downloaded from the USGS Global Vization Viewer (http://glovis.usgs.ggv/This

was used to establish a correlation with the MOBfithe same month. The LANDSAT 7 layers were

first converted from radiance to reflectance dasingi LANDSAT 7 reflectance conversion in
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ERDAS. The parameters needed for the conversion axailable in the header file. This was done so
as to give the LANDSAT 7 image the same parametgits the MODIS image which will aid in
evaluation of comparison. Having done that, thevedied LANDSAT 7 layers were stacked in
ERDAS IMAGINE and changed from unsigned 8 bits igned 16 bit which corresponds to that of
MODIS, geo-referenced to the UTM, WGS 84 and crdppging AOI (area of interest). Both maps
were exported to a geotiff format which makes iyeto import to the ILWIS software for further
analysis.

In the ILWIS software, the normalized differenceyetation index (NDVI) maps were derived for both
images (Fig 5-21) from the red (which is the chfiingl sensitivity) and near-infrared (which hassles
water vapour absorption) bands of images usingeth&tion, (NIR-RED) / (NIR+RED) where NIR

refers to the near-infrared band and RED is thibleidand.

(A) (B)
Figure 5-21: NDVI Map for MODIS (A) and NDVI Map for LA NDSAT (30m) (B)

Figure 5-21 shows that the NDVI values derived fild@DIS and LANDSAT at 30m resolution both
show high vegetation cover though that of MODISwgless variations in the values when compared
to that of LANDSAT. However, just mere visuallyoking at the area encircled, it can be show the
similar NDVI reflectance. For the areas with tied circle, NDVI values are low in both cases though
that of LANDSAT are much lower than MODIS. Thisjisstifiable. LANDSAT is a 30m resolution
and as such can detected cover to a 30 m areaoandyMODIS only has a 500m resolution and as
such it uses maximum or average values to refleetaalues and everything in a 500m area is seen as
an average of the mixed land cover in the area wWerg@redominant cover plays a major role in the
reflectance value. And also the areas with thergoiele show low NDVI values and area encircled

with blue show high NDVI values which suggest higlyetative cover.
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In order to establish a correlation between the N®Rnd the LANDSAT C-factor maps, the
LANDSAT 7 image was re-sampled from a 30x30 gridl ¢@ that of the MODIS. Firstly, the
LANDSAT 7 NDVI was aggregated to 480m using theraggtion techniques in chapter four.

And to know the best optimal aggregation methodde, a linear regression correlation between the
MODIS NDVI and all the aggregated LANDSAT NDVI mapgs implemented to establish the
highest correlation (see table5-17). Based on dkalts, the average aggregation method was chosen

to aggregate of the LANDSAT image to fit the coaressolution of MODIS image.

LANDSAT NDVI AGGREGATION

Aggregation Predominant Maximum Minimum Average
Technique
MODIS NDVI 0.51 0.13 0.39 0.67

Table 5-17: Correlation of Aggregated LANDSAT NDVIwith MODIS NDVI

The average aggregation had the highest correlédicior of 0.66. This technique takes into account
all the computing input pixels and as such the wut@lue is an integrated value representing the

computing window (fig 5-22a).

e —— —
e —— —
- oo m 9 2500 m

(A) (B)
Figure 5-22: LANDSAT NDVI Aggregated Map (A) and MODIS NDVI Map (B)

CORRELATION OF MODIS NDVI AND LANDSAT NDVI

The Correlation was done using the R software. ddreelation was based on the pixels values in the
same grid cells for the two images and if the datien between the NDVI values derived from the
aggregated LANDSAT 7 and that of MODIS imagery cerback positive, then MODIS NDVI could

be said to demonstrate a fairly, if not accuratgetation reflectance even in very small image areas
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such as that of the study area. This would be deddalue to any research work that needs to be don
in very small areas due its availability and al$arge-free. The scatter plot in fig 5-8 shows the

correlation between the two images.

modis

04

04 05 086 07 08 039 1.0

landsat

Figure 5-23: Scatter Plot Showing Relationship beteen the MODIS NDVI and LANDSAT

The correlation factor, r is 0.81 and(.67. The correlation value is high and shows thate is a
good relationship between the two images. The t&k8 shows the summary of the correlation, at
zero (0) LANDSAT, MODIS is 0.13. This can be traated to mean that for each increase in the
MODIS NDVI, there is also a .94 increase in LANDSAHowever, drawing from this statistical
result, it can say that there is a good correlabietween the two images despite conversion of tine 3
resolution image to that of 480m. With a correlatio the NDVI maps, the MODIS derived the C-

factor map for the area to be used to show theraffect in relation to erosion in the area.
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Call:im(formula = modis ~ landsat, data = ndvi2)
Residuals:

Min 1Q Median 30 Max
-0.118532 -0.021016 0.003776 0.020902 0.098187
Coefficients:

Estimate Std. Error tvalue Pr(¥])

(Intercept) 0.14662 0.04813 3.046 0.00342 **
landsat 0.93910 0.08487 11.065 3.22e-16 **
Signif. Codes: 0 “***’ 0.001 ** 0.01 *'0.05°.70.1‘"1
Residual standard error: 0.03594 on 61 degrees aktkdom
Multiple R-squared: 0.6675, Adjusted R-squared0.662
F-statistic: 122.4 on 1 and 61 DF, p-value: 3.2196

Table 5-18: Summary of Correlation

C-FACTOR MAPS BASED ON NDVI

Based on the methods mentioned in chapter four24.Y C-factor maps were generated for the
LANDSAT and MODIS images using both the Van derjKriL999) and the regression equation
based on field assessment of C factor. The coetorfaalues range from 0-1 where 0 indicates the
presence of very high vegetation which could traiesto no erosion and 1 indicating no cover effect

and also very high erosion effect.

v' C- factor maps for MODIS
The maps in figure 5-24(a) and (b) shows the diffielC-factor maps generated from MODIS NDVI

values.
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Figure 5-24: (a) MODIS C-Factor Derived Using Van der Kijff's Equation (b) C-factor Using the

Regression Equation Based on Field Assessment

v' C-factor maps for LANDSAT

C-factor maps for the aggregated LANDSAT map wdse generated using the different methods.
Figure 5-25 shows the different output maps. Thé&der map generated using the regression
equation based on field values had a much lowarevetian that of the Van der Knijff's equation.
Figure 5-25 (a) and (b) show the Cover maps geeefadbm LANDSAT NDVI values.
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Figure 5-25 (A) C-factor Generated from Van der Knjff's Equation (B) C-factor Generated

from the Regression Equation

Following the derivation of the respective maparfrthe different C-factor equations from MODIS
and LANDSAT images, the Van der Knijff's equatiomiah showed higher values than that of the c-

factor maps generated from the regression equatiich gave extremely small values was used.

Conclusion on C-factor Mapping Generated from NDVI

Based on the correlation between the aggregatedD$W NDVI and that of MODIS at a re-
sampled 480m resolution, it can be conclude thatNIDDIS image despite its coarse resolution show
a good correlation with the aggregated LANDSAT imaDVI values may not detect variables such
as ground cover density in forest, canopy structitter layer or management practices (Zihni 2000)
which are important factors in the estimation ofaCtor values but Suriyaprasit (2008) was able to
established a correlation of an adjustetid® 0.78 between the C-factor derived from sateilihages
and the C-factor values from training samples. Tig& as previous stated is the bases for using
satellites images where available in the reseamtt.wHowever, comparing the C-factor derived from
the original LANDSAT with that generate from thegaggated LANDSAT (figure 5-26) there seems
to be a disparity in values obtained. The valuasinbd from the aggregated LANDSAT are much
smaller than that of the original LANDSAT. This ddube said to be as a result of the window
aggregating function used the average functions Timction simply added 16 input pixel values in a

window and gave an output of one value which isatberage of the sum of all the values of the pixels
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in that window. Hence, it will not exhibit or refit the original reflectance value but it undereated

the C-factor values for the area since the land aeeer can no longer be differentiated at this

resolution.
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Figure 5-26: (A) C-Factor Map from LANDSAT (30m Resolution) and (b) C-Factor Generated from the
Aggregated LANDSAT (480m Resolution)

0 The second part of this objective is to assessuiedulness of the derived c-factor MODIS

images to soil loss studies.

The study area is only 1700 hectares and that makigicult to identify or distinguish any feates

on ground. To justify the accuracy of the obtaipadameter, a correlation factor of 0.66 was obthine
from establishing a relationship between the MODIBVI and that of an aggregated LANDSAT
(30m). There was, however a limitation in obtaingigud free images for twelve months. Only four
months had cloudless images which spanned from fhmoeigh September, 2009. Based on this
analysis done through a comparison between thelagsks results for the months of June through
September when images were available with thelesf s of the same months derived from crop
calendar parameters. Since the months through thumoagh August has roughly the same rainfall
values, it will not be necessary to show all thressults. Only the results of June and Septembléer wi

we discussed here.
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Soil Loss Prediction for the Month of June, 2009

The table below shows the summary of the soil ssved using the c-factor map from MODIS
imagery and the c-factor map derived from canopyecaising in previous analysis. Figure 5-27 (B)

shows that a correlation factof,af 0.63 exist between the two results derived. bigity the soil loss

prediction using the MODIS c-factor tends to undémeated the erosion rates in the area (illustrated

in figure 5-27 (A). It could be as a result of iheer estimation of the presence of vegetation ftioen

MODIS NDVI values through which the C-factor wagided. Though the soil loss rates using the c-

factor derived from canopy cover was also low, M@DIS c-factor gave extremely low values and

that in my opinion is not a true representatiothefvegetation cover in the area.

Soil Loss Predictions for June

Summary MODIS C-Factor Canopy Cover Derived C-Facto
Minimum 0 0

Maximum 0.50 0.0053

Average 0.11 0.0005

Standard Deviation 0.11 0.0007

Table 5-19: Summary of Soil Loss Predictions UsinG- Factor Derived from MODIS and the C-

Factor Derived from the Canopy Cover of June

0.6

0.5

0.4 1

Soil loss (thalyr)

0.1

MONTH OF JUNE

0.3 A

7

A

1

393 785 1177 1569 1961 2353 2745 3137

Pixel values

——soil loss using C-factor
derived from canopy
cover of June

——soil loss using C-factor
from MODIS image

0.006

0.005

0.004

0.003

Soil loss (halyr)

0.001 -

MONTH OF JUNE

y = 0.0047x + 2E-05

0.002

R? = 0.6286 .
*
* *
o
Iy
-8
.‘ *
¢ .
PPN Riad
R ®e ”0“ .
. oo @
* 0‘ 0‘ .‘
LR 4 *
0‘:" * o X
028 DR S RN
. ¢ ¢
o< T Nad
*

*
033 000 000%0et soed

0.1 0.2 0.3 0.4 0.5

Pixel values

0.6

(A)

(B)

Figure 5-27: (A) Line Chart Showing Distribution of Soil Loss Predictions (B) Correlation of
Soil Loss Using C- Factor Derived from MODIS and tle C-Factor Derived from the Canopy

Cover of June

79




STUDY OF THE EFFECT OF SEASONAL VARTATION OF VEGETATION COVER ON SOIL EROSION IN THE RATAMBA WATERSHED
BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

Soil Loss Prediction for the Month of September
The results from this analysis can be seen in t&8k2€. There is a disparity between the values
obtained. This can be seen in a linear regressialysis done to establish the relationship betvben

two predicted soil losses. The correlation factatamed (7=0.11) was extremely low.

Soil Loss Predictions for September
Summary MODIS C-Factor Canopy Cover Derived C-facto
Minimum 0.00 0.00
Maximum 0.09 0.14
Average 0.00 0.02
Standard Deviation 0.02 0.02

Table 5-20 :Summary of Soil Loss Predictions Using C- Factor Dé&ved from MODIS and the C-
Factor Derived from the Canopy Cover of September

MONTH OF SEPTEMBER
0.16
y = 0.6569x + 0.0168
2
0.14 R® =0.1079
*
0.12 ¢
> * *
1—; 0.1 - > o
s 4 * *
2 0.08 . . .
173
2 > . . *
= 0.06 * * > £ *
o
n > . . . . .
0.04 * < - *> >
{ / .+
0.02 s * *
> . .
0 T T T
0 0.02 0.04 0.06 0.08 0.1
Pixel values

Figure 5-28: Correlation of Soil Loss Using C- Factor Deved from MODIS and the C-Factor Derived
from the Canopy Cover of September

CONCLUSION

The conclusion from this soil loss comparison risssihow that the applicability of MODIS c-factor to
Soil loss assessments in small catchment is limiDeg to the resolution of the MODIS image used in
this study, the NDVI values showed very high vetietacover and as such the c-factor derived from it
shows little or no tendencies for erosion. THeafof other land cover parameters is underestichat
This is probably the reason why the soil loss mtolis were extremely low and cannot give a true

representation of the soil loss in the study arbilwvis a small catchment.
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6. CONCLUSION AND RECOMMENDATIONS
6.1.  CONCLUSION

Soil loss estimation and assessment especiallygiicudtural areas is essential. This will not only
delineate areas most likely affected by erosiogiee a predicted amount of soil loss but it willhe
implement good management practices and will atlahg run, lead to an optimal and sustainable
agricultural process and crop production yieldsereh assessment of soil loss and the contributing
factors are important not only on a large scalessaent but even on a small catchment level. As
such, remotely sensed data do play a major roléhisr assessment. Availability, scale and cost-
efficiency do determine the limit to which the rem@ensing data could be used. Part of the study
focus was integrating the use of available fregyeabtained coarse resolution image to assess
effectiveness and applicability for obtaining qutative parameters, most specifically, the covetda

for soil erosion modelling in small catchment. 8&son my objectives, my conclusions were as

follows:

» The main objective of the study is to assess tfex®sf of seasonal variation of vegetation
cover on soil erosion in the Ratamba watershedjaBagara District, Central Java using
averaged annual input parameters for one year amgaring the results with the sum of
the monthly soil loss for the same year.

v' Is the annual soil loss using average parametegssdime as sum of the monthly

soil loss including seasonal variations? If no, whauses the difference?

The results show a disparity between the predistédoss results. The soil loss prediction witlngs
average parameters are only estimates based osebwé input factor which is assumed to represent
the whole year. As such, it does not take into icmmation variations in rainfall amount, rainfall
interception, canopy cover, plant height and grosadace. It gives a generalised result to which
portrays the climatic, land use and soil parametdre constant throughout the whole year. Thigis i
fact not the case in the real world. There are honitith high, moderate and little or no rainfalsa
month with varying plant height; canopy and surfaoger which the average inputs do not take into
considerations. These variations were taken in wdcby the total sum of the monthly soil loss
prediction and the results derived were lower. Adtesion is drawn here is that the average input
parameters which does not incorporate rainfall atfter input variation tends to overestimate the
annual soil loss rates in the area and may givenalg erosion rates as the case may be. This

conclusion is also based on the statistical raghith was used to compare the distribution patéérn
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the different final soil loss results which revehtbat the soil loss estimates using average valass

negatively skewed and as such lacked a normallalifn in the area.

» To develop a crop calendar of the area.
v" Which crop has a seasonal calendar that generdiehighest soil loss and why?

v"Is the highest soil loss of the area in months withhighest rainfall?

The crop calendar and rainfall pattern in the ateaved that most crops are dependent on rainfdll an
the highest rainfall in the area occurs betweemidgnand February which coincides with the months
of low land cover. This apparently, suggests thaté months would have the highest soil loss in the
year. A total rainfall of 579 mm and 601 mm wasoreled for these months respectively and from the
monthly erosion analysis, these months also hadhititeest average predicted soil loss of 5.12 tthaly

and 5.79 t/halyr (based on the monthly soil logésdd for the year).

> To estimate soil loss in the Ratamba watershe, Dastrict using the RMMF model.

The soil loss estimates were derived as followsraye soil loss prediction for the study area using
the average input factors was 23.43 t /halyr aatldhthe sum of the monthly predicted soil loss fo
one year was 12.01 t/ha/yr. With regards to théeiht land uses, the prediction with the average
values predicted the highest soil loss in the tobdields with an average soil loss of 43.56 t/hafyd

for the sum of the monthly soil loss, the highest lkwss was in the dry land agricultural field tvian
average soil loss of 21.35 t/halyr. These resutimmfthe sum of the monthly soil loss for the year
seems reasonable for the study area but this céersdid to be tentative as no validation was done

the obtained results.

» To assess the role of the management factor iardee

v" Do the management practices in the area reducdasslin the area?

The results from the sensitivity analysis showeat the management factor has little or no effect on
the erosion rates in the study area. This couldlrdeom a combination of bare surfaces in the
agricultural and tobacco fields with specific réfl that causes soil loss to be higher in somethmn
than the other with higher canopy coverage buhéf teverse slope terrace practice is implemented,

there would be a reduction in the soil loss ratédhearea.
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» To assess the effectiveness and applicability wfguthe MODIS (Moderate Resolution
Imaging Spectroradiometer) NDVI images for C-fagt@pping in small catchments.

v' Can the estimated cover factor derived from MODtageries be useful soil loss

assessment in small areas where detailed informatdost? If yes, how well can

this it be done?

In relating the NDVI derived from the aggregatedNIASAT image and that of the MODIS image,
there results showed a 66% correlation. This difiee in the correlation could be said to resuinfro
the range difference in the C-factor values gepdrfiiom the NDVI which was an interpretation from
the different image resolutions.

From this result, it revealed that the MODIS imageld be used for assessing healthy vegetation and
vegetation changes on a small catchment level. thedcover factor derived from the aggregated
LANDSAT and MODIS images using the Van der Knijfégjuation gave a higher correlation factor
than results obtained using the by De Jong anddfeession equation based on field assessment.
However, it should be noted that there was a diffee in the range of the C-factor values generated
from the NDVI which could have been as a resulhtdrpretation at different image resolutions which
could not be accounted for in the correlation daieint. Nevertheless, the C-factors generated from
the MODIS image showed an average crop cover inatka for the month of June. This however,
could be feasible since it was seen to have simidues with the C-factor values derived from the
relationship between the c-factor and canopy cawneralso a was a correlation factor of 0.96 derived
for the soil loss of the month of June using thaater values obtain from the NDVI and that of the
soil loss derived using the c- factor derived aieavative from the canopy cover of the same month.
But on applying it to soil loss assessment, it aéa@ that soil loss derived using the MODIS c-facto
results overestimated the presence of vegetativarcnce some fields in the area were just at the
planting and vegetative stages. And when the eeg tesult derived for the month of September was
correlated with the soil loss prediction for thensamonth using the c- factor derived from the cgnop
cover, it gave a low value®&0.11) which showed that it's extremely low preitintis not realistic.

As a conclusion from this, the MODIS (500m) imadeich is free and cost effective can be used for
C-factor mapping but the results obtained wheniagpb soil loss assessments could be unrealistic

and as such limits its usefulness for erosion assda small watershed.
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6.2. RECOMMENDATIONS

My recommendations are:

« That a further analysis and validation assessmemlione to investigate the results derived for
the soil loss to evaluate which result gave a meatistic prediction or improve on the results
derived.

* More research be done on deriving monthly modelfiagameters to estimate soil loss as
against the use of average input parameters whigtost done for convince and also due to un
availability of data.

* Due to the more frequent availability and costeifincy of acquiring the MODIS images, |
propose that a further research be carried ouguie parameters derived from a MODIS

(250m resolution) image in predicting soil lossmall catchment.

* For erosion assessment, more time and proper atiemtfor acquiring erosion modelling
parameters such be seriously considered. Quitendewof the input parameters used for were
derived from a literature which has been the casemst erosion studies. Therefore, results
obtained cannot be said to be tentative.

* Field work should be done in an English speakinmroonity and or in home country of

residence to enable proper communication and daxda@eptance in the study area.

6.3. LIMITATIONS

Language barrier in the study area posed a greatation. Interviews had to be done through
interpreters and a great deal of information lostranscribing and interpreting questionnaires and
interviews.

Due to time constraints and unavailability of fiekdrk instruments, some modelling parameters were
derived from literatures and this as earlier is aqiragmatic approach to soil loss predictionshi t
area.

Also due, to time constraints, acquisition of MOOEBS0m resolution) was not possible. The study
partly used derived soil erosion parameters fromINE)(500m resolution) which were compared to
LANDSAT (30m resolution) which are far apart in okgion. And a also a validity assessment could

not be done on the soil loss predictions in thislgt
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8. APPENDICES

Appendix 1: Field Sample Points

Sample no.

© 00 N o g b W NP

e e N s =
N~ o o0 W N B O

18

19
20
21
22
23
24
25
26
27
28
29
30

X

369915
369915
369915
369917
369390
369424
369502
369502
369529
369492
369770
369759
370074
370082
370082
370146
370140

370372

369991
369466
369466
369349
369290
369280
370012
370147
370147
370284
370057
370135

9200494
9200494
9200494
9200444
9199878
9199841
9199858
9199858
9199830
9199717
9199626
9200656
9201429
9201424
9201466
9201496
9201506

9201940

9201705
9200245
9200245
9200131
9200180
9200174
9200911
9200867
9200867
9200804
9200964
9201119

Land cover/ use
vegetation/Agricultural
vegetation/Agricultural
vegetation/Agricultural
vegetation/Agricultural
Bridge
vegetation/Agricultural
vegetation/Agricultural
vegetation/Agricultural
building/residential
Vegetation/agricultural
vegetation

building
Vegetation/agricultural
Vegetation/agricultural
Vegetation/agricultural

Vegetation/agricultural

vegetation/tree plantation

Vegetation/agricultural

Vegetation/agricultural
Vegetation/agricultural
Vegetation/agricultural
Vegetation/agricultural
vegetation

vegetation

building
vegetation/agricultural
vegetation/agricultural
Vegetation/agricultural
Vegetation/agricultural

Vegetation/agricultural

Crop type
Carrot
Cabbage
Leaf Onions

potatoes

Tobacco
cabbage

carrot

maize

grassland

village ratamba

maize

Maize

maize

carrot

Acai tree
potatoes and
maize
potatoes and
maize
potatoes
cabbage
mixed crops
grassland
grassland
bridge
cabbage
potatoes
potato
cabbage

green peas
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31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
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369960
371268
371188
371143
371089
371017
371042
370927
370750
370853
370760
370583
370583
370292
369900
371085
371054
371116
371088
370763
370513
369872
369875
369743
369740
369760
369732
369756
369768
369800
369836
369913
369924
370034
370103
369716
370789
370789
370941
370255

9200926
9201681
9201724
9201828
9201857
9201802
9201746
9201694
9201493
9201317
9201291
9201209
9201209
9201063
9200888
9200964
9200989
9200924
9200481
9200069
9199690
9199415
9199400
9200504
9200426
9200240
9200200
9200144
9200099
9200100
9200051
9200045
9200198
9201274
9201254
9199865
9200775
9200775
9200497
9200404

Vegetation/agricultural
Vegetation/agricultural
Vegetation
Vegetation/agricultural
vegetation
vegetation
village
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
Road
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
River
vegetation
vegetation
vegetation
Bare soil
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation

kinikid
cabbage
grassland
potatoes
cabbage

green peas

potatoes
potatoes
potatoes
shrubs
Carrot
Cabbage
Carrot
Shrubs
cabbage
potatoes
cabbage
maize
carrot

maize

potatoes
carrot
potatoes
carrot
tobacco
potatoes

grassland
green peas

carrot

shrubs
cabbage
cabbage
potatoes
potatoes
cabbage
green peas
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71
72
73
74
75
76
77
78
79
80
81
82
83

BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

370244
370146
369950
370914
369892
370153
370212
370212
370240
370280
370149
370149
370107

9200148
9199614
9199593
9201112
9201483
9201360
9201357
9201357
9201402
9201448
9201304
9201304
9201202

vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation

River/shrubs

green peas
carrot
potatoes
carrot
cabbage
tobacco
potatoes
green peas
carrot
cabbage
carrot
onion leaf

shrubs
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Appendix 2: Land Use/Management Pictures
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Appendix 3: Field Data Collection/Software

This shows the collection of relevant data forragearch, the data requirements and their sources.
(a) MATERIALS
- GPS
- Field equipments for field test which includes PH &hear vane tester, an auger, soil field
book, munsel colour chart, field knife, field bagggital camera, densitometer spherical and
measuring tapes.
- Satellite images, aerial photographs, DEM. The msagsed in this study are:
» Topographic maps of the study area at a scale26fa00 from Bakosurtnal Office.
» Geomorphologic map from Bakosurtanal Office.
* Geological map a scale of 1:100000 from Indone&iaalogy.
 Satellites images which include LANDSAT ETM for 2981991, 1992, 1999, 2000, 2001,
2002, 2003 at a 30 meter resolution. And also, AIDSAT 7 image for June, 2009. These
were all downloaded from USGS website.

« Aerial photographs: Available years and scale hosve below

Year scale
1946 1:50,000
1970 1:35,000
1972 1:20,000
1973 1:20,000
Source: Serayu valley Project

- Forest Ministry, Indonesia.

« Dem map of the area was created at a 10metre tiesolfiitom the contour map with
22.5metre interval.
« Digital Soil maps at a scale of 250,000 from Pualiah Office.
(b) SOFTWARES
- ILWIS 3.3
- ENVI 4.5
- ARC GIS 9.2
ERDAS IMAGINE 9.1
- SPAW( Soil Plant Atmosphere Water)

Microsoft package.
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(c) DATA USED AND SOURCES

SOIL SAMPLES

SOURCES

Soil texture

* Soil detachability, K

» Soil moisture content at field capacit
MS

Effective Hydrological Depth of the soi
EHD

Bulk density, BD

Cohesion of the surface soil, COH

Organic matter, OM

Particle size distribution

Soil locations

Field work, preceding field work results a

past literature.

ya

nd

arch

CLIMATIC/RAINFALL DATA SOURCES
* Monthly rainfall amount (mm) Meteorological stations and preceding reseg
* Number of rainy days per year results.
* Intensity,|

LAND USE/LAND COVER SOURCES

« Rainfall intercepted by crop cover, A
(EY)

evapotranspiration (Eo), Et/Eo

Ratio of actual to potentig
Crop cover factor, C-factor

Canopy cover, CC

Ground cover, GC

Plant height, PH

 Surface roughness, n

Field work, previous research and from NDVI

LANDFORM SOURCE
* Slope steepnesy(S DEM
 Length slope, LS

CROP CALENDAR SOURCES

From local farmers through questionnaires

and

from previously done researches.
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Appendix 4: Crop Calendar/ Erosion Perception Quesbnnaire

CROP CALENDAR
No:

Crop |JAN | FE | MAR | APR| MA | JUN | JUL | AUG | SEPT
type B Y

OoCT

NOV

DEC

REMARK

[Crop seasons: planting, vegetative and harvest]

QUESTIONS:
What types of crops do you grow?

What is the growth cycle for each?

How are they harvested?

Fallow activities:
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RELATING CROP CALENDAR TO RAINFALL / SOIL LOSS
1. Do you know what soil erosion is?

2. Perceptions of soil erosion

Circle the location of the field 1-Hilltop | 2-Shoulder | 3-Midhill | 4-Foothill | 5-Valley | 6-Flat (No
Hill)
Estimate the slope of the field 1-None to slight 2-abit (5-9°) 3-Medium (10°- | 4-Steep (15° +)
(0°-4°) 14°)
What type of agriculture practice
is being carried out?
How do you prepare this field for 1-Ox-plough 2-Tractor 3-Hoe

planting?

Is there erosion on this field?

0-No, no erosion

1-Yes, a little erosion

2-Yes, much erosion

What causes erosion in your

farm?

How much is eroded?

3. Relating crop calendar to soil loss

Fallow period

planting

vegetative

harvesting

When crop seasons dg
you have soil erosion?

Which season has the
highest erosion?

What do you suggest i$
the cause?

What is the size of the
crop cover/leaves?

Which season has the
lowest or no erosion?
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hec

4. Relating soil loss to rainfall
Jan | Feb| Mar Apr May Jun  Jul Aug Sept Qct Nov
When does the rain
start/end?
Which months have
the highest rainfall?
Which period has the | Fallow period Planting Vegetative harvesting

highest erosion
because of the rain?

Which period has the

lowest erosion because

of rain?

In your own opinion,
does the rain really
affect soil loss and if it
does, how?
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Appendix 5: Script for Deriving Cover Factor

i) Using the Van der Knijff's (1999) equation:

o (NDWVI)
C=e (8-NDVI)

Command: C = (EXP(-2)*((NDVI)/(1-NDVI)))

ii) Using the regression equation based on field assggsof C factor (Suriyaprasit an
Shrestha 2008)

C =0.227* e(—7.337* NDVI)

Command = 0.227*EXP(-7.337*NDVI)
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Appendix 6: Accumulation Script

asc2map --clone clone.map -S -a tc_mask.asc tc etasip

asc2map --clone clone.map -S -a d_mask.asc d_masied

report nonriv.map=scalar(accuflux(ldd.map, 1) I¢; 30

# river assumed all area above 30 cells accumulatio

report detaccu.map=accuflux(ldd.map,
nonriv.map*d_masked.map)*cellarea()/1000;

#tot detachment in ton/cell

report tcaccu.map=accuflux(ldd.map, tc_masked.neagilgrea()/1000;
#tot transport cap in ton/cell

#report test. map=min(detaccu.map,tcaccu.map)

report soilloss.map=accucapacityflux(ldd.map, datanap, tcaccu.map);
#soil loss at each cell including all sediment nmogat upstream, ton
report depo.map=accucapacitystate(ldd.map, detaegtcaccu.map);
#deposiiton, soil not transpoted, ton

report outletsl.map=maptotal(scalar(pit(ldd.map))tess.map);
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Appendix 7: Rainfall Interception Derivatives

CANOPY COVER

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct| Nov Dec

Built up

Tobacco 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 0.3 0.2 0.2 0.1
Dry Agric. 0.43 0.2 0.5 0.34 0.57 0.55 0.6 0.53 0.66 0.5 0.6 0.63
Forest 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Shrubs 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Plantation 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
LAl — LEAF AREA INDEX

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct| Nov Dec

Built up

Tobacco 0.558 0.892 1.277 1.733| 2.291| 3.010 4.024 4.024 0.892| 0.558 0.558 0.263
Dry Agric. 1.405 0.558 1.733 1.039( 2.110| 1.996 2.291 1.888 2.697| 1.733 2.291 2.486
Forest 5.754 5.756 5.756 5.756| 5.756| 5.756 5.756 5.756 5.756| 5.756 5.756 5.756
Shrubs 4.024 4.024 4.024 4.024( 4.024| 4.024 4.024 4.024 4.024| 4.024 4.024 4.024
Plantation 3.01( 3.010 3.010 3.010( 3.010| 3.010 3.010 3.010 3.010( 3.010 3.010 3.010
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SMAX — MAXIMUM STORAGE CAPACITY

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct| Nov Dec

Built up

Tobacco 0.74¢ 0.848 0.966 1.106| 1.277( 1.497 1.808 1.808 0.848( 0.746 0.746 0.656
Dry Agric. 1.006 0.746 1.106 0.893( 1.222| 1.187 1.277 1.153 1.401| 1.106 1.277 1.337
Forest 2.33¢ 2.339 2.339 2.339| 2.339| 2.339 2.339 2.339 2.339( 2.339 2.339 2.339
Shrubs 1.80¢ 1.808 1.808 1.808| 1.808 1.808 1.808 1.808 1.808| 1.808 1.808 1.808
Plantation 1.49] 1.497 1.497 1.497| 1.497 1.497 1.497 1.497 1.497| 1.497 1.497 1.497
K

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct| Nov Dec

Built up

Tobacco 0.03¢ 0.058 0.083 0.113( 0.149| 0.196 0.262 0.262 0.058( 0.036 0.036 0.017
Dry Agric. 0.091 0.036 0.113 0.068( 0.137| 0.130 0.149 0.123 0.175( 0.113 0.149 0.162
Forest 0.374 0.374 0.374 0.374( 0.374| 0.374 0.374 0.374 0.374| 0.374 0.374 0.374
Shrubs 0.262 0.262 0.262 0.262 0.262| 0.262 0.262 0.262 0.262 0.262 0.262 0.262
Plantation 0.19¢ 0.196 0.196 0.196( 0.196| 0.196 0.196 0.196 0.196f 0.196 0.196 0.196
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Interception (I) (mm) per month

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct| Nov Dec
Built up
Tobacco 2.60¢ 5.253 6.267 7.284| 6.868| 4.298 4.033 3.536 0.862 2.013 2.491 0.508
Dry Agric. 10.011 2.618 9.933 3.269( 6.074| 2.360 2.027 1.304 4.338| 10.504 18.634 17.991
Forest 54,987 53.366 47.168| 35.677| 23.332] 9.854 5.978 5.338| 10.825| 44.273 54.440 49.685
Shrubs 37.292 36.274 31.062| 23.321| 15.031| 6.349 4.033 3.536 7.185( 29.934 36.826 33.061
Plantation 26.581 25.921 21.476| 16.008| 10.174| 4.298 2.858 2.460 5.006( 21.264 26.173 23.097
Interception fraction (0-1)
Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct| Nov Dec
Built up
Tobacco 0.004% 0.009 0.022 0.038( 0.066| 0.098 0.073 0.101 0.012| 0.005 0.005 0.001
Dry Agric. 0.017 0.004 0.035 0.017( 0.058| 0.054 0.037 0.037 0.059( 0.024 0.035 0.051
Forest 0.095 0.089 0.167 0.186( 0.224| 0.224 0.109 0.153 0.148( 0.103 0.102 0.142
Shrubs 0.064 0.060 0.110 0.121( 0.145| 0.144 0.073 0.101 0.098( 0.070 0.069 0.094
Plantation 0.044 0.043 0.076 0.083( 0.098| 0.098 0.052 0.070 0.069( 0.049 0.049 0.066
Rainfall data

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Total rainfall 579 601 282 192 104 44 55 35 73 430 535 350
No. of rainy
days 27 26 28 23 19 8 3 3 6 22 27 27
Mean rainfall 21.44 23.12 10.07 8.35 5.47 5.50 18.33 11.67 12.17 19.55 19.81 12.96
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Monthly C-factor estimates from canopy cover

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct | Nov Dec
Built up 0 0 0 0 0 0 0 0 0 0
Tobacco 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.2 0.70 080 8 O 0.9
Dry Agric. | 0.57 0.6 0.50 0.66 0.43 0.45 0.40 0.47 | .340 0.50 0.4 0.37
Forest 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0010. | 0.001 0.001 0.001 0.001
Shrubs 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01 0.01 0.01
Plantation | 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10| 0.10 0.10 0.10 0.10
Monthly plant height

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct | Nov Dec
Built up

Tobacco 0.70 0.9 1.2 15 1.7 1.8 1.9 2.1 1.8 1.7 71 0.50
Dry Agric. | 1.0 0.05 0.18 0.22 0.55 0.59 0.22 0.24 0.48 0.55 0.55 1.2
Forest 16 16 16 16 16 16 16 16 16 16 16 16
Shrubs 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 75|75
Plantation | 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 70 | 7.0 7.0
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Ground cover

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct | Nov Dec
Built up

Tobacco 0.10 0.15 0.25 0.30 0.40 0.50 0.60 0.60f 00.3|0.40 0.40 0.10
Dry Agric. | 0.30 0.10 0.10 0.15 0.40 0.20 0.15 0.15 | 0.40 0.30 0.40 0.50
Forest 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Shrubs 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Plantation | 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70| 0.70 0.70 0.70 0.70
Cohesion

Crop type | Jan Feb Mar Apr May Jun Jul Aug Sept Oct | Nov Dec
Built up

Tobacco 22 22 22 22 22 22 22 22 22 22 22 22
Dry Agric. | 25 25 25 25 25 25 25 25 25 25 25 25
Forest 38 38 38 38 38 38 38 38 38 38 38 38
Shrubs 34 34 34 34 34 34 34 34 34 34 34 34
Plantation | 30 30 30 30 30 30 30 30 30 30 30 30
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Appendix 8: Script used for running the RMMF modelin ILWIS

/lcreated attribute maps of A, Et/Eo, CC, PH, EN3, BD, K, COH
/[Calculate Kinetic Energy

/[(Water phase)

//Effective rainfall

ER=rainfall map*A

//Leaf Drainage

LD=ER*CC

/[Direct Through fall

DT=ER-LD

//Kinetic Energy of Direct Through fall
KE_DT=DT*(11.9+(8.7*(Iog(30))))

/[Kinetic Energy of Leaf Drainage
KE_LD=LD*(15.8*(PH_area”0.5))-5.87

/[Total Kinetic Energy

KE=KE_DT+KE_LD

/IMean rainy days(Ro)

Ro=(Rainfall_map/91)

//Ro= R/Rn; annual rainfall/no. of rainy days igear.

//Soil moisture storage capacity (mm)
RC=1000*MS*BD*EHD*Et_Eo

/{Annual runoff (mm)

Q=rainfall map*(exp(-RC/R0))

//Soil detachment by raindrop impact (k/m2)
F=K*KE*10"-3

//Sail resistance (kpa)

Z=1/(0.5*COH)

//Soil detachment by runoff (k/m2)
H=z*Q"1.5*(SIN(DEGRAD(slope_degrees)))*(1-GC)*0.001
/[Total Particle detachment (k/m2)

detachment=F+H

/[Transport Capacity (kg/m2) where C=C-factor*magragnt practice value
TC=(C*0.35(Q"2)*(SIN(DEGRAD(slope_degrees)))*0.001)
//Soil loss((kg/m2)) converted to tons/yr

SOILLOSS= min(((D/1000)*900),((TC/1000)*900))

105



STUDY OF THE EFFECT OF SEASONAL VARTATION OF VEGETATION COVER ON SOIL EROSION IN THE RATAMBA WATERSHED

BANJANEGARA DISTRICT - CENTRAL JAVA., INDONESIA

//Soil loss((kg/m2)) converted to tons/halyr
SOILLOSS= min(((D/1000)*10000),((TC/1000)*10000))
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Appendix 9: Slope Map of the Ratamba Watershed
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Appendix 10: Monthly Derived Soil Loss Maps, 2009dr the Study Area
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