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true: the river basin that we live in determines everything we do from what kinds of plants we
can grow, the number and kinds of animals that live there, and how many people and livestock
can be sustainably supported by the land (international rivers, 2013). The present study focuses
on a temporal soil loss analysis of the Markham River Basin using Remote Sensing and GIS
techniques. Altaf et al., (2013) defines morphometry as the measurement and mathematical

Koloa, C. and Samanta, S. | MJGPS | Volume 1, 2015



Melanesian Journal of Geomatics and Property Studies | _
Department of Surveying and Land Studies, ISSN: 2414-2557 Measion e ofGomats nd PrpertySuds

analysis of the configuration of the earth’s surface shape, and dimension of its land forms. In the
higher slopes of the Markham river basin, there has been an increase in mining, agriculture,
logging and other infrastructure and developments from the higher slopes, alongside the
magnificent Markham River to the coast where the country’s busiest port is currently
undergoing expansion. According to field surveys/interviews were carried out at the Labu 1
community living alongside the port and near the mouth of Markham River, concerns of flooded
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frequently. The Yasua and ,---- -o Wa par G living Iong5|de Morobe’s infamous
Markham Bridge have spmilarconcgrns as tifiayof the dabu
For a sustainably stfong envimeameqt@nd economic8lly ce, e

the utilization gfetrrentand echietogical-methags uch IS
d siorpho etr'cterlstlcs of the catc

hydrological/ar etric
the chanan use / ang-cover patterns and fluvial activities ths

as these will surely result to better management and plani
Jgtries and developers who an -he engaged in the Markham R

/.//A/ﬂ\\s\\.\\\

h/focuses on utlllzm RS2 palyze temporal soil\oss pattern
derstand its cort mm far better ma -\.Mo loss is a fg

ctl ve research and
te Sensmg for
req

erosion where sol is”bging ;’q ﬁ’.o vind ar water-and is ond'o
egosystemns in the/tropi ainly ‘in R,: ed| by erosion a d its deposi

ol Z0F 1K S o s ok e
B.ts‘in oo s w plzoo

cam . us
higher slopell has no pI [ 'u‘,-x v here men’s a iv :
the hlgh rate at which-% .,\\\Q\“W Faed.— )

EM) (De Roo, Wesseling, & Ritsema, 1996) , European 30il
et al., 1998) and Revised Morgan Morgan a
era A

- fr@ nd i
i qua é) plication
of distribut % & weaknesses
of USLE is its bllmxoe oun 1.8
Paudel, 2010). I I|m|teP it isupeble to predict soil
loss on daily, Weekly anghbmonthly ba evised Universal Soil Loss

Equation (RUSLE) (Rena
weaknesses.

n Predlctlon Project (WEPP) (Flanegan & Nearing, /

RUSLE was developed as an update to the USLE, with development work beginning in the late
1980s. The need for a USLE update became apparent as users demanded more flexibility in
modeling erosion for new conditions, which clearly did not work well within the standard USLE
(Wischmeier, 1978). In addition, new research and analysis provided scientists with the power to
improve the USLE's performance for both new and old land management schemes (Renard et al.,
1991). Suja et al., (2013) concurs that among numerous mathematical models used to estimate or
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simulate soil erosion, the RUSLE model is widely accepted and used. The extensive use of the
USLE overseas and initial response to RUSLE indicates that RUSLE will also serve as a useful
modeling tool internationally. These results indicate that RUSLE can be used almost without
limit to model sheet-and-rill erosion on disturbed lands, that calculates the long term average
annual rate of erosion on a field slope based on rainfall pattern, topography, crop system, and
management practices through the following factors; Ralnfall erosivity factor (R factor), Cover
management (C Factor) K factor (Hydrologi exture), Slope length (LS factor) and
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Tablel. List of dataused in the study

Collateral data Scale/ cell size Year Source

Landsat-7, TM,ETM+ 30m 1992, 2001 University of Maryland

National soil atlas 1:2500000 1975 Commonwealth Scientific and Industrial
Research Organization

Soil data 1:500000 1975 PNGRIS

Koloa, C. and Samanta, S. | MJGPS | Volume 1, 2015



Melanesian Journal of Geomatics and Property Studies SSliwyz=
Department of Surveying and Land Studies, ISSN: 2414-2557 Measion e ofGomats nd PrpertySuds

Rainfall Point data 1972-2002 weather-forecast.com report
DEM data 30m 2003 ftp://e0srpOlu.ecs.nasa.gov

The model used to carry out the soil loss estimation for Markham basin was the RUSLE
MODEL using the software Erdas Imagines model maker. The model equation is as following-

A=R*K*LS*C*P

Where, A= annual soil Iost"' and ril erosion""re/year R is rainfall runoff
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Table 2. K Factors for different soil erodibility class
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Topographic factor (LS) is the combined effect of slope gradient (S) and slope length (L),
expressed as LS factor in the equation 2.

LS=([Flow Accumulation]*Cell Size/22.13)" *(Sin([Slope of DEM]* 0.01745)/0.0896)™*1.4...(2)
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Flow direction was derived from ASTER DEM with 30 m resolution and used as an input to
develop flow accumulation data set for Markham watershed with the help of the raster calculator
in ArcGIS spatial analysis platform. The grids of flow accumulation correspond to the drainage
in the catchment in a DEM. The values n = 0.4 and m = 1.4 were used in the present study.
Finally LS was calculated in ArcGIS raster calculator as shown in figure 3.
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In the next step all input factors that were used in the RUSLE model was used to calculate for 14
sub basin separately. All average value of R, K, LS, C and P factors for individual sub basin are
shown in table 5.
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Table 5. Average input factors according to individual sub basin

Sub basin Area (Acre) R K LS C P
1 254522.42 145.2 0.28 19.68 0.022 0.873
2 205607.51 186.5 0.35 29.26 0.006 0.958
3 164405.22 208.1 0.28 34.74 0.004 0.975
4 140497.61 1385 _| 1753 0.019 0.83
5 98763.06 4 - 0.34 6 0.035 0.809
6 8476 5.7 M.soo 289 0.042 0.845
7 6.1 0 339 18.9 ~0.009 0.89
8 7 441960.49 paE—— 18’ _0:0%0 0.873
9 1 y2199%§11 =312 0.25 ] 0.0120\] 0.938
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Fig 1. R-factor obtained from rainfall data

Fig 2. K-factor obtained from soil data base
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Fig 5. Support practice factor data set obtained after calculating up and down slope
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3. Results and discussion

Different mandatory inputs parameters like rainfall and runoff factor (R), soil erodibility factor
(K), slope length and steepness factor (LS), crop management factor/cover factor (C) and
conservation practice factor (P) used to estimate average soil loss, were derived either from
remote sensing data or from conventional data collection systems. The mean LS factor of the
study area was calculated as 18.55 from digital elevation model, which was high. Annual soil
erosion rate of the watershed uvmmmna.. together with the geospatial

data sets and techniques. The-avVeragessoil IBss of the area calCuated as 8.4 ton/acre/year and
total soil loss of 264944 jons/ for han? River, asi6). Spatial soil loss
characteristics of the'watersNedwrea at® shown in figlire d colaitpixelsndicates high rate of
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12 159.9 0.30 23.15 | 0.018 | 0.937 14.73 4296903.21
13 176.3 0.27 | 20.44 | 0.007 | 0.903 4.97 681868.89
14 1474 | 021 | 550 [ 0.042 | 0.696 6.13 2737143.32
Markham 8.4 26494472
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A comparative analysis of anntaliseil erosion rate of the watershed"was ascertained for the years

1992 and 2001, respectively, with the ogether with the geospatial techniques.
Two sub basins were selected for this purpose, namely sub-basin 11 from upper Markham basin
and sub-basin 14 from lower Markham basin. Land use / land cover was a leading factor for
difference of annual soil loss according its seasonal and annual phonological changing pattern.
All statistics related to land use / land cover change during 1992 to 2001 is tabulated in table 7.
Land use / land cover map of sub-basin 11 (1992 and 2001) is shown in figure 7 (figure 7a and
7b) and sub-basin 14 in figure 8 (figure 8a and 8b).

146 15 0"E 146°30'0"E
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Table 7. Land use land cover statistics (Area in Acre) of sub-basin 11 and 14, 1992 and 2001

Sl Land use/land cover Sub-basin 11 Sub-basin 14

No. 1992 2001 1992 2001
1 Dense Forest 97765 130106 107645 10569
2 Less Dense Forest 80737 35338 112200 157434
3 Shrubs/lowland 4885 8220 124978 116178
4 Outcrop/Degraded land 2154 1565 9609
5 | Uplandgrassland "1 19381 29882~ 59767 94093
6 | Settlement / ® 7 1553 3442
7 | Lake 81 1077
8 | River " 3322 | 37996\ 31248
9 | Agricuffur: %le\ = 0 \0\\ 22866

—
L)
—

Land use/Land cover [ | Shrubs

- River - Outerop/Degraded land
|:| Lake I:l Grass cover land
- Dense Forest - Settlement

- Less Dense Forest |_| Agriculture field

[d]

Soil loss

(tons/acre/year)  [__] z0-50
- Less than 0.5 : 5.0-10.0

L5 - 1. .0 - 15,
o B os-10 [ 10e-150
?Kllametars I I 1L0-2.0 - More than 15.0

Fig 7. Land use /land cover of 1992 [a], 2001 [b] and annual soil loss of 1992 [c] and 2001 [d]
for sub-basin 11
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An extensive increase in the built-up area and agriculture land had been observed for the year
2001 when compared to that of 1992 in sub basin 14. Due to rapid agriculture activity (0.125
value of agriculture land in C factor) soil loss also increased dramatically as shown in figure 8.
Average soil loss was calculated as 6.88 ton/acre/year in 1992 and 10.57 ton/acre/year in 2001
for sub-basin 11 (figure 7 and table 8) and 3.48 ton/acre/year in 1992 and 6.12 ton/acre/year in

2001 for sub-basin 14 (Figure 8 and table 8).

[d] 4=

0 : 5
e, jlome ers
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Soil loss

(tons/acre/year) ] 20-50
I Lesthanos [ ] se-100
I os-10 [ 10-150
[ ro-20 B Vvore than 150

Table 8. Comp ysis i ‘K’&OOl
Sub- | Soil loss \% SoﬂWl -Totw:) w ~Fotal annual soil loss
basin | (Ton/acre/yearlz(Xon/acre/yiear ea 2001 (Ton/year)
11 6.88 1057 | 1422060 2185071
14 3.48 6.13"‘-—-—/1’53876 2732678

4. Conclusions and recommendations

In Papua New Guinea, Soil erosion, surface runoff, watershed analysis studies have largely been
neglected in the past. Only studies connected to specific developments, mainly mining and
hydropower, have been carried out. Some of these studies show very high intensities of erosion,
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indicating that certain areas of Papua New Guinea are among the most geomorphologically
dynamic areas on the earth. The aim of this research was to contribute to better understanding the
spatial differences in the estimates of surface runoff, soil loss and transport capacity. Soil erosion
is a significant problem being reported from various parts of the world. There is less information
available on the factors responsible for soil erosion vulnerability, which necessitates more area-
specific studies. Geospatial tools, geospatial data and spatial analysis and modelling techniques
used in this study greatly aided the delineatien-of erosion vulnerability of this watershed.
Rainfall and runoff factor (R),.seit"erodibility f .S es and steepness factor (LS),
crop management factor/egver factSij) amserutiogctlc i: (P) were used for soil
loss estimation using ode ichi wasidevglope th ited>States Department of
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