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ABSTRACT

This study aims to reveal the appropriate land cover which can reduce run-
off using US-SCS Curve Number method with GIS. Four land cover scenarios are
developed to reveal which one of existing land cover types is appropriate for the
area. To make a validation of the application US-SCS Curve Number Method,
calculating observational run-off is required. Statistical analysis is than used to
test those two run-off data. The result of this study shows that actual run-off depth
is 2143, 0 mm and peak discharge is 91, 76 m’/s. The result also reveals that forest
coverage can reduce dramatically surface run-off until 48, 38 percent. Potato
increases surface run-off 1, 59 percent, on the contrary, applying cacica papaya
can reduce surface run-off 24, 6 percent. Scenario 4 is developed based on the
result of the previous scenario on run-off yield. Run-off yield result from scenario 4
is 1690, 40 mm (decrease 21, 14 percent from actual run-off). Statistical analysis
shows that there is no difference between observed run-off depth and estimated
run-off depth in the level of significance 5 %.

Keywords: US-SCS curve number method, GIS, suitable land cover

INTRODUCTION

Some parts of Indonesia suffer from natural hazards associated with high
intensity of rainfall event, such as flood and erosion. The phenomenon of natural
disasters which often happens in current days is an indication of land degradation
in some areas. Land degradation caused by various things. The main cause of land
degradation is the increasing number of population. This population growth is not
equal with the availability of land for settlement. On the other hand, increasing
population also leads to increase the need of agriculture area [ Trimurti, 2010]. This
encourages people to exploit natural resources (forest logging) and convert forest
land to agriculture and settlement.
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Some studies have shown that changes in land use or land treatment lead to
changes in amount of rainfall which change into run-off [Arysad, 1989]. Land
conversion from forest coverage into non forest coverage impact on hydrological
condition of the area. High amount of run-off triggers much natural disaster in
rainy season.

In the last twenty years, Pakuwojo Sub-Watershed (in upper part of Serayu
Watershed) experienced rapid changes in its physical condition. Before the year of
1980, upper of Serayu Watershed are mostly covered by forest. Vegetable
plantation, such as potato, cabbage etc, began to be known by local people in 1983.
This condition brings negative impact on hydrological condition of the area.
Existing land use types, hydrologic ally, result in high amount of surface run-off as
watershed respond to rainfall events. High amount of surface run-off triggers
natural disaster, such as flood and erosion, in down stream. Suitable land cover in
which can reduce surface run-off is needed to improve hydrological regime in
study area.

US-SCS curve number method combining with Geographic Information
System (GIS) technique is widely used to estimate run-off depth. Many studies
concluded that GIS is an efficient tool for data preparation required by the US-SCS
Curve Number method. Land use/land cover is an important parameter input of the
US-SCS Curve Number method. Modification on land cover can be done using this
method to determine suitable land cover for the study area.

The study area, named Pakuwojo Sub-Watershed, is located in upper part of
Serayu Watershed, Wonosobo Regency, and Central Java, Indonesia. The total sub-
watershed area is approximately 132, 60 ha. Geographically, it stretches between
latitude 7°13°43°°S to 7°14°20” S and longitude 109°55°22"" E to 109°56°20"" E.
Geologically, Pakuwojo Sub-Watershed comprises two formation, Dieng volcanic
and Jambangan volcanic. Landform formation of the study area is mostly as a
result of volcanic activities. Landform of volcanic cone slightly dissected and
volcanic foot slope slightly dissected covers mostly of Pakuwojo Sub-Watershed.
Fig.]1 present Paku wojo Sub-Watershed area based on its administrative
boundaries.
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Pakuwolo Sub Watershed
based on Administrative Boundary
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Figure 1. Administrative map of pakuwojo Sub-Watershed

Two soil types are found in Pakuwojo Sub-Watershed. Soil type in the
western area of the watershed is association of Brown Andosol and Brown
Regosol, whereas the soil type in the eastern area is Organosol Eutotrof.

The relief of Pakuwojo Sub-Watershed is varying, from flat to steep and
almost 45 % of the watershed area is located in extremely steep area.
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Data Sources

Data required in this research consist of primary data and secondary data.
Kinds of primary data are land cover types, flow velocity in various water level,
and infiltration and soil texture data, while secondary data are rainfall data, daily
water level, discharge data. Soil map at the scale of 1: 50.000 produced by Land
National Agency of Wonosobo Regency is used to identify soil type of the study
area. Digitized land cover map is done by combining two methods. First by
delineating land use boundaries from google earth, then field survey is done to get
detailed information of actual land cover including its land treatment/practices in
Pakuwojo Sub-Watershed. Information of slope condition in the study area is
derived from contour map produced by BAKOSURTANAL at the scale of 1:
25.000. Daily rainfall data (from November 2009 — October 2010) and daily water
level are obtained from logger settled in the study area. Infiltration rate and soil
texture are collected from the study area during fieldwork.

Instrument and software’s used for data processing
Instruments used in this research are GPS resifier, note book, double rings
infiltrometer, compass, and camera.

Arc GIS version 9.2 is used for creating, managing and generating of
different layers and map needed in data processing and analyzing. The SPSS
software is used for statistical analysis, while Microsoft Excel is used for
mathematical calculations.

Methodology

Data collecting is done by combining two methods, remote sensing
technique for boundaries delineation of each land use type and field survey for
determining land cover types and its land treatment. Field survey is also conducted
for other data collecting (soil texture, soil infiltration and river flow velocity).

Identification of actual land use and land cover

Detailed information of land use in the study area is obtained by combining
two methods. First by delineating land use boundaries from google earth, then
field survey is done to get detailed information of actual land cover including its
land treatment/practices in Pakuwojo Sub-Watershed.
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Generating Hydrologic Soil Group (HS5Gs) Map

Hydrological soil group map is generated by imputing infiltration rate of
each land unit to land mapping unit. Hydrological soil groups used in this study are
hydrological soil groups from US-SCS as presented on Table 2 US-SCS divided
soil into four groups based on its infiltration rate and soil texture. The generated
map consists of individual polygons of the characterized hydrologic soil group.

Table 2. Hydrological soil groups

HSG Explanation Infiltration Soil
rate texture
{cm/hour)

Group A Soils having high infiltration rates when thoroughly g§-12 Sand, loamy
wetted and a high rate of water transmission. Examples sand, sandy
are deep, well to excessively drained sands or gravels. loam

GroupB  Soils having moderate infiltration rates thoroughly wetted 4—8 Silt loam,
and a moderate rate of water transmission. Examples are loam

moderately deep to deep, moderately well to well drained
soils with moderately fine to moderately coarse textures

Group C  Soils having low infiltration rates when thoroughly wetted 1-4 Sandy clay,
and a low rate of water transmission. Examples are soils loam
with a lays that impedes the downward movement of
water or soils of moderately fine to fine texture.

Group D Soils having very low infiltration rates when thoroughly 0-1 Clay loam,
wetted and a very low rate of water transmission. salty clay,
Examples are clay soils with a high swelling potential, loam, sandy
soils with a permanently high water Table, soils with a clay, salty
clay pan or clay layer at or near the surface, or shallow clay, clay

soils over nearly impervious material.

Source: Anonym, 2004 and Asdak, 2007

Generating Curve Numbers (CN) Map

Curve number map is generated by overlying (intersection) the hydrological
soil group map and land cover map. Before uploaded to GIS software, actual land
cover of the study area has to be reclassified based on land cover classification of
US-SCS. Parameters taken into account in US-SCS land use reclassification are
classification of cultivated area, land treatment/practices, and hydrological
condition. The result of intersection between reclassified land use map and
hydrological soil group map is a new polygon that representing the merged
between soil hydrologic group and land use map. The appropriate CN value from
US-5CS can be assigned.
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Antecedent Moisture Condition (AMC) Class

The condition of soil moisture before run-off occurs is one parameter have
to be considered in determining final value of curve numbers in the area. This
moisture condition is called Antecedent Moisture Condition (AMC). The calcu-
lated CN value for each polygon is for Antecedent Moisture Condition Class II
(average condition). Antecedent Moisture Condition is divided into three classes
and each class is generated in the basis of 5-day antecedent rainfall on the
watershed. To determine which Antecedent Moisture Class is agreeing with the
area, daily rainfall data is needed. Table 3.2 below presents the value of rainfall

limit of each AMC Class.

Table 3. Rainfall limit for AMC Classes based on US-SCS Method

AMC Class Description 5-day antecedent rainfall (mm)

I The soil in drainage basin are =23
practically dry

It Average condition 23-40
The soil in the drainage basins =40
are practically saturated

Source: Anonym, 2004
Estimating run-off depth

After CN map with appropriate AMC Class is generated, run-off depth of
the study area could be calculated by using the equation developed by US SCS.

(P -Ia)®

0g=-—— wmiil =025

P-Ja+8S

25400
S(mmj = —_— 254
weighted CN

Where:

Q (mm) : Accumulated run-off depth

P (mm) : Accumulated rainfall

I(mm) : Initial abstraction

S (mm) : Potential Maximum Retention

Estimating peak discharge and the time distribution of the direct run-off

In this part, estimation of peak discharge and time distribution of the direct
run-off is employed using the concept of unit hydrograph. This method is
commonly used in the ungauge watershed where no run-off has been measured.
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US-SCS developed formulas using empirical coefficient within connect unit
hydrograph elements and physical characteristics of watershed. Element of unit
hydrograph are lag time, time to peak, peak discharge and base time. Physical
characteristic of watershed are watershed area (A), maximum length of travel (L),
and slope of the watershed (S). Equations developed by the HSS-US SCS to
calculate peak discharge is presented below [4nonym, 2004].

AQ
gp =0, 2008 T
Tp
where Tp=0,7Tc
(qp is peak discharge of unit hydrograph (m’/s), A is watershed area (sq.km), Q is
run-off depth, tp is time to peak (hour), and Tc is time of concentration)

Time of concentration can be described as the time of run-off to travel from
the most remote point of the watershed to its outlet.

The following formula explains the way how to obtain time of
concentration (Tc).

Te = 0,021 %77 0385

(Tc = time of concentration (minute), L = maximum length of travel (m), S = slope.
Slope is obtained by divided H/L, H is the elevation difference between the most
remote point in the watershed and the outlet)

Generating land cover scenarios

Some land cover scenarios are developed to identify the catchments
response to land cover change on run-off yield. These scenarios is useful to
determine which land cover type should be improved to meet better hydrological
condition in the study area.

Four scenarios are developed in the study area. Scenario 1, 2, 3 are
developed to reveal the impact of some main existing land cover types on run-off
yield. Three land cover types, forest, potato, and carica papaya, are investigated its
impact on run-off yield. Forest is estimated as the best cover types in term of
reducing run-off yield. Potato is estimated as the highest contributor on run-off
yield. Carica papaya is alternative commodity which can substitute potato. The
comparation of its impact on run-off yield among those vegetations would be
known by applying into the models/scenarios.
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More rational and acceptable scenario for local people is applied in scenario
4. This scenario is developed based on the result of the previous scenarios on run-
off yield. This scenario consists of five types of land coverage i.e forest, settlement,
potato, and carica papaya and mix garden). An expansion on forest and carica
papaya coverage in this scenario is expected will bring better condition on
hydrological regime in the area. In this scenario, local people still can have some
areas for vegetable plantation (potato and mix garden) for daily needed or for
commercial. This scenario is expected can reduce run-off yield in the study area.
Comparing and analyzing the effect on run-off between actual land cover and
applying land cover models

After applying land cover scenarios for the area, estimated run-off of an
applying land cover models are compared to estimate actual land cover run-off.
The model that can reduced run-off significantly is proposed as the best land cover
for the study area.

Observed run-off depth of Pakuwojo Sub-Watershed
In order to verify the result of run-off estimation using US-SCS Curve
Number method, an observational run-off data is required to make a comparation
between them. Observational run-off data is obtained from field data analysis.
Main data needed to measure observational run-off are river discharge (in
m’/second) and water level data.
e Water level data (m)
Water level data are obtained from the field using logger which settled in
the river outlet. This tool notes water level alteration each ten minus.
e Flow velocity in various water level (m/second)
Flow velocity in various water levels is measured using current meter
e Discharge data (m’/second)
Discharge data is obtained by multiplying flow velnmty in various water
level (in m/second) and river cross section (in m %). Discharge data and
water level are used to generate rating curve “river discharge — water level”
The more flow velocity is measured, the better data will be obtained.
The equation result from rating curve then can be used to calculate river
discharge in various water levels obtained from logger.

River discharge consists of base flow and direct run-off. Separation process
is then needed to get direct run-off in various rainfall events. Method used to
separate river discharge into its base flow and direct run-off is Straight Line
method [Seyhan, 1995]. This is done by making a linear line, start from the decline
of the hydrograph until the the change of slope. The slope change point is obtained
by plotting discharge data and observation time into the graph. Base on hydrograph
separation result, run-off volume could be calculated. Run-off depth is then
determined by dividing run-off volume with the watershed area.
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Validation for the application of Curve Number Method in the Study Area

The result of run-off estimation using curve number method from US-SCS
will be compare with the run-off observation result from field data analysis. Run-
off observation result from field data analysis is recognized as “true” value of run-
off depth. This is done to examine the suitability of US-SCS Curve Number
method for run-off estimation in the study area.

Statistical test, student’s t distribution test (t-test), will be used to
investigate the suitability for the application of US-SCS Curve Number Method in
the study area. Statistical analysis is conducted using SPSS software.

Some statistic equations used in this statistical test are:

N1Si* + NaS;*
o= g
Ni+N;-2
Where:
o : deviation standard of population

N : amount of samples
8 © sample variants

| Xi-x |

t:
a(1/ N+ 1/ Np) 2
Where:

t: student’s distribution
x : samples mean

If the value of “t" is less than “t;” (t < t), this means that between two
samples (observed run-off depth and estimated run-off dept) have no differences in
the level of significantly chosen. This can be concluded that US-SCS Curve
Number method is suitable to be applied in the study area for run-off depth
estimation.

RESULTS AND DISCUSSION

Actual land covers of Pakuwojo Sub-Watershed

Field ground check is conducted on October 2010 to get detailed land use
types and land cover type of Pakuwojo Sub-Watershed including its land
treatment/practices. Table 4.1 shows the area of each land cover of Pakuwojo Sub-
Watershed and Fig. 2 presents land cover map of Pakuwojo Sub-Watershed.
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Table 4. Land cover and its land treatment/practices of Pakuwojo Sub-

Watershed
Nr Land use Land treatment/practice Area (ha) Area Presents to Total
Watershed (%)
1 Bare land Land terraced .73 5,83
2 Cabbage Land terraced 2,21 1,66
3 Cabbage Rockwall terraced 15,64 11,80
4 Cabbage Mon terraced 2,26 1,71
5 Carica papaya Land terraced 4,78 3,61
& Carrot MNon terraced 0,37 0,28
7 com Land terraced 4,90 3,70
8 com Rockwall terraced 2,38 1,80
9 Forest - 48,75 36,76
10 Mix garden Land terraced 14,45 10,90
11 Mix garden Rockwall terraced 5,00 3,82
12 Mix garden MNon terraced 0,15 0,11
13 Potato Land terraced 17,60 13,28
14 Settlement - 1.90 1,43
5 Shurub - 1.69 127
16 tobacco Land terraced 2,44 1,584
17 tobacco Mon terraced 0,29 0,22
Total 132,60 100,00

Source: GIS computation of actual land cover map, 2010
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Figure 2. Land cover map of Pakuwojo Sub-Watershed
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Hydrological Soil Groups map

Hydrological soil condition is generated based on infiltration rate or soil
characteristic (soil texture) of each land mapping unit. Infiltration rate is obtained
from each land unit using double rings infiltrometer. Hydrological Soil Group of
the study area is presented in Fig. 3
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Figure 3. Hydrological Soil Group (HSG) map of Pakuwojo Sub-Watershed

Curve Number (CN) map of Pakuwojo Sub-Watershed
Main data needed to develop curve number map are hydrological soil group

map and land cover map. Table 5 presents reclassified land cover of pakuwojo
Sub-Watershed
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Table 5. Reclassified land cover of pakuwojo sub watershed

Nr

10

11

12

13

14

15

16

17

Actual Land US-8CS Area
use/land cover LU ha o
Land  Practice LU Practice  Class (ha) %  Classification 4
COVET Classification
Bare Land Fallow Straight poor 7, 5
land terraced oW 70 80
cabbage Land Row crops terraced poor 2 1, Fallow straigh e 5,
terraced 16 63 t row_poor 70 R0
cabbage Rockwal Row crops terraced good 15, 11, Row < e
1 terraced 44 64 crops_terraced 39 67
_poor
cabbage - Row crops contoured  good oo 1 Row 17 13
08 57  crops terraced 77 40
_good
Carica Land Row crops terraced poor 4, a4 Row 2, 2,
papaya  terraced 64 54 crops_contours 73 06
d_good
Carrot - Row crops contoured pgood O, 0, woodlands 50 37,
36 28 14 81
com Land Row crops terraced poor 4, it Farm 4 3
terraced 85 66 woodlots good 96 74
corm Rockwal Row crops terraced good 8 15 Farm 14, 10,
1 terraced 33 76  woodlots_fair 19 70
Forest . woodlands - goed 50, 37, Farm 0, 0,
14 81 woodlots poor 16 12
Mix Land Farm - fair 14, 10, farmstead 1,
garden  terraced woodlots 19 70 93 46
Mix Rockwal Farm - good 4, 3, Pasture 1, 1,
garden 1terraced woodlots 96 74 range contoure 65 25
d_fair
Mix — Farm iy poor 0! ﬂ!
garden woodlots 6 12
Potato Land Row crops Terraced poor 17, 13,
terraced 29 04
Settlem - farmstead - - 1,
ent 93 46
Shrub Land Pasture range  contoured fair 1, 1,
terraced 65 25
Tobacco Land Row crops Terraced poor 2, 1.
terraced a9 20
tobacco - Row crops contoured  good 0, 0,
28 21
132 100, 132, 100,
60 00 60 00

Source: GIS computation of Reclassified Land Cover Map of Pakuwojo Sub-Watershed
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Figure 4. Curve number map of Pakuwojo Sub-Watershed

After reclassified land use is obtained, the next step is determining Curve
Number (CN) of Antecedent Moisture Class II. This was done by intersected
Hydrological Soil map (HSG) and Reclassified Land Cover. The generated map as
shown in Fig. 4 consist of new polygons representing the merged of soil hydrologic

group and reclassified land use.

Antecedent Moisture Condition (AMC)

Antecedent Moisture Condition (AMC) is calculated everyday based on 5-
day antecedent rainfall (i.e. the accumulated total rainfall preceding the run-off
under consideration) [Anomym, 2004].
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Run-off dept of Pakuwojo Sub-Watershed
Result processes of calculating daily run-off depth of Pakuwojo Sub-
Watershed is presented in table 6 below.

Table 6. Actual daily run-off of Pakuwojo Sub-Watershed

Mouth Daily Run-off depth (mm)
/ Nov Dec Jan Feb March April May June July Aug Sept Oct Ann
Date val
1 - - 1,30 4,39 0,1 349 - 5.0 2,1 - 507 16,16
z - 044 507 0,7 1,65 1,16 62 B3 - - 10,00
3 - - 3,99 1,09 4.7 1,02 - 3.5 170 1982 - 6,73
4 15,52 2,65 1,24 024 2.2 LT - 4.8 2,0 16,65 - 8,13
5 18,51 344 057 090 49 128 6,538 3.5 7.2 17,72 3510 749
6 - 0,78 1,89 14,50 4.6 4,66 - 4.8 5,2 - 021 3,85
7 - 428 238 5030 135 417 - 3.5 4,0 - 4,59 7,65
8 1548 507 0,57 444 0,1 830 673 58 - 1835 1,18 11,52
B - 507 0,09 - 0 - 011 83 78 1726 052 630
10 - 1999 238 491 53 1548 097 401 20,0 1999 - 7.97
11 - - 3,85 1940 5.8 734 000 21 16,5 - 47,00 8,30
12 18,51 - 0,26 2,18 3,1 1463 332 36 - 15,77 60,30 o
13 9,26 - 3,58 3,05 5.1 1533 3,522 23 14,6 - 3,71 830
14 6,88 - 17,00 035 54 1,04 062 15 18,0 - 444 364
15 4,28 - 249 0,00 0,7 L1z 052 0 - 1982 21,30 1,89
16 002 17,11 12,60 4,59 4.4 1,80 014 25 200 1726 491 4,44
17 3,27 - 1 R R S R 19,7 - 20,00 0,34
18 1,80 - 507 226 0,0 507 507 08 9.9 - 3,58 0,72
19 2,83 - 1,30 4,38 0,0 1,02 0,03 4,7 - 926 358 371
20 0,04 1058 41,62 2,60 0.6 0,00 044 - - TRIs=2 T -
21 2,87 451 30,10 9,03 0,0 507 002 - - 562 14,00 0,04
2 0,04 7,81 - 507 13,7 486 1,89 - - 047 249 58,00
23 0,04 5389 - 4,28 29 096 3,61 - - 1,54 17,80 1,98
24 327 334 - 428 33 3.58 332 200 - 260 7,00 4,29
25 444 3,07 - 5,18 1.0 3494 399 20,0 174 260 123 507
26 162 044 054 2930 01 - 1,25 123 1L6 1,23 450 072
27 507 2920 17,71 4,86 i 072 208 193 200 082 3162 D15
28 0,29 004 1557 238 22 294 502 195 - 2,60 23350
29 Tad: LSz 047 - 0511 BT B0 Lot . 1,00 507 3,19
30 D50 8 L - 0,7 . 3,74 383 - 001 708 6,78
31 57 3,26 - 0.6 - 4,28 - - 3020 . 6,93
Total 111,8 1253 1730 2912 1014 1489 715 1766 2213 2285 2836 2099 214
RO 29
depth

Source: Computation result, 2010
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Table 7 shows an overview of hydrological processes in Pakuwojo Sub-
Watershed relate to rainfall-run-off relation from November 2009-December 2010,
In this time period, total rainfall depth is 4062 mm and 52, 76 percent (2143, 00
mm) of total rainfall becomes surface run-off. This condition shows that the
hydrological regime in the study area is bad.

Table 7. An overview of hydrological processes in Pakuwojo Sub-Watershed

Period Watershed Total Rainfall Total Run-off Rumoff
Area (ha) Percentage
(%)

Depth Volume Depth{imm)  Volume (m3)

(mm) (m3)
Nov2009- 132,60 4.062,00 5.386.321,67 2.143,00 2.841.675,86 52,76
Dec2010

Source: Computation result, 2010

Estimating peak discharge and time distribution of the direct run-off

Table 8 presents the result of physical characteristic calculating of the
watershed and also the result of calculating peak discharge of the study area. The
calculating processes are computed using GIS analysis.

Table 8. Peak discharge calculation of Pakuwojo sub-watershed

Watershed Calculating  Tc(0,0ZL""'S"  Tp(0,7 Tc) Runoff(Q) Qp(0,208A.Q/Tp

characteristics result PO e ) (hour) {mm) (m’/s)
Arca (A) 1,33 sgkm 9,20 6,44 2.143,00 91,76
Maximum 1.795,12 m

length of

travel (L)

Elevation 701,00 m

difference (H)

Slope (H/L) 0,39

Source: Computation result

Peak discharge of Pakuwojo Sub-Watershed based on unit hydrograph method
developed by US-SCS is 91, 76 m*/second.

Land cover scenarios of pakuwojo Sub-Watershed
Comparison among scenario 1, 2 and 3

From Table 9 and fig 5, it is shown that if forest, potato (land terraced) and
carica papaya are applied in the same area (130, 7023 ha), each of them gives
different impact on run-off yield. Forest (scenariol) can reduce significantly run-
off until 48, 38 percent from actual run-off depth. In the contrary, potato (scenario
2) is enhancing run-off depth about 1, 59 percent. Carica papaya (scenario 3) also
gives positive impact on reducing run-off yield in the study area. By applying
carica papaya scenario, run-off depth is decrease about 24, 68 percent.
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Table 9. Run-off comparison among scenario 1, 2, and 3

Month Run-off Depth
Actual RO depth Scenario 1 Scenario 2 Scenario 3

Movember 111,80 543 162,5 72,50

December 125,30 70,7 274.7 81,60
January 173,00 51.7 189 129,20
February 291,20 207.5 323,35 236,70
March 101,50 2196 256,8 205,20
April 148,90 68,3 167,2 138,90

May 71,50 332 1154 67,90
June 176,60 80.6 181.4 162,00
July 221,30 109,5 392.1 150,00
August 228,50 95,9 265,5 147,00

September 283.50 34,6 322.7 Of.40
October 209,60 80,4 2254 124,30

Total RO dept 2.143,00 1.106,30 2.876,20 1.614,20

Source: Computation result, 2010

350000 —m -l S L 5 e el

N R 287620

2.500,00 +—
| 2.143,00

2.000,00 -+

- 1.614,20
1.500,00 -

Run-off depth (mm)

1.000,00 +-

500,00

Actual RO depth  Scenariol Scenario 2 Scenario 3
Lar_\d Cover Scenario

Figure 5. Comparison result among scenarios 1, 2 and 3
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Land cover scenario 4

The result of run-off yield after applying scenario 4 is presented in table 10
and this land cover scenario is mapped in fig. 6

Figure 6. Land map scenario 4 of Pakuwojo Sub-Watershed

land cover type :

B mix garden b ereacas
potatn tand hereces

Table 10. Daily run-off computation of Scenario 4

Mouth Daily Run-off depth (mm)
/ NMov Dec Jan Feb March Aprii May June July Aug Sept Oct Annual
Date

1 - - 255 195 1.0 5.04 - 11,8 74 - 6,67 3.24
2 - - 136 6,67 0.0 298 237 1.3 1.5 - - .66
3 - - 5,57 228 6.3 2,19 - 10,6 3372 3585 - 1,39
4 26,87 091 022 0,01 0.7 3,12 - 0.6 I4 3292 - 1,52
5 1448 499 156 2,02 6,5 2,52 2037 10,0 - 3393 051 146
6 - 1,86 326 6.61 6.2 8.00 - 1,3 9.6 - 480 1041
7 - 5,87 333 6,02 8.3 10,82 - 15,4 - - 6,18 1,48
8 31,30 6,67- 1,56 - 0,1 035 337 19 1. 35285 020 276
9 - - 0,69 651 0 - 3,77 06 36 3292 149 135
10 - - 383 002 2,6 880 0,12 5,1 33- 3350 - 1,51
11 - - 542 3,60 29 210 026 3,7 3.1 3600 391 154
12 4,48 - 105 939 46 1080 485 2,7 34 3207 1191 -
13 24,14 - 313 163 6,7 920 142 10 - - 054 1,54
14 2,89 - 044 0,28 6,7 0,70 163 08 3.6 - 603 16322

85




Indonesian Journal of Geography, Vol 42, No. 1, June 2010 : 69 - 90

15 10,95 - 395 6,18 17 006 149 07 36 3585 0,16 326
16 323 578 140 035 56 315 004 19 228 3350 065 6,03
17 4,81 - 219 070 29.2 667 6467 06 - - 0,00 1,94
18 15 - 667 131 3.0 6,67 6,67 - - - 5,13 1,78
19 432 - 2,55 407 0.3 2,19 052 - - 25,14 513 528
20 054 1869 31,74 399 1.6 0,34 1,36 - - 1493 4,20 -
21 437 11,23 444 667 0.3 667 048 - - 1280 0,73 228
22 0,54 1486 - 5.87 8.6 750 326 - - 548 395 629
23 0.54 1281 - 5,87 4.5 211 147 - - 308 041 337
24 481 9.76 - 6,78 4,9 5,13 4,85 - - 429 1,86 1,89
25 6,03 1,15 - 0,14 22 26,01 557 3.6 3.4 429 246 0,67
ol 255 136 1,531 1165 0,1 - 249 28 246 2,69 46,18 1,78
27 667 012 362 3E3 42 005 348 35 3.6 213 518  0E3
28 I 056 3135 - 3.6 445 662 36 - 420 399 0,06
29 246 1,49 497 - 0,7 087 024 34 - 250 11,88 4,72
30 00z 211 3.05 - 1,7 - 10,28 3,6 - 024 143 1,39
31 - 1,56 4,79 - 1.6 - 995 - - 3,25 1,41
Total 160,7 1018 1688 1053 1264 1385 1036 936 1068 3952 956 961 1.690,4
RO
depth

Source: Computation result, 2010

From Table 10 and fig.7, total run-off yield by applying scenario 4 is 1690,40 mm
or decrease 453 mm (21,14 percent) from actual run-off.

Actual Land Cover Scenario 4
Land Cover Scenario

Figure 7.Comparison result between actual land cover and scenario
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Validation for the application of Curve Number Method in the study area

To examine the accuracy of US-SCS Curve Number method for run-off
depth estimation in the study area, model validation is done. In this study,
parameter used to be validated is run-off depth itself. Estimated run-off depth and
observed run-off depth are compared to reveal the difference between them.
Estimated run-off depth is the result of run-off calculation using US-SCS Curve
Number Method whereas observed run-off depth is run-off value result from field
data analysis. SPSS functions are used to perform statistical analysis on data. Daily
run-off data from 4 December 2009 until 17 March 2010 (20 data) will be used in
statistical test analysis. Table 5.28 below shows the comparison between observed
run-off depth and estimated run-off depth in various rainfall events. Statistical test
result is presented in appendix 15.

Table 11. The comparison between observed RO depth and estimated

Nr Date Rainfall (mm) Observed RO Estimated RO
depth (mm) depth (mm)
1 04-dec-09 39 5,75 2,65
2 06-Dec-09 12,3 0,38 0,78
3 16-Dec-09 5.7 1,27 17,10
4 20 Jan-10 110 37,00 41,62
5 26-Jan -10 13,7 2,79 0,54
6 28-Jan-10 8.9 5,45 15,57
7 12-Feb-10 6,9 1,81 2,18
8 12-Feb-10 12,6 0,10 3,05
9 14-Feb-10 13,2 0,51 0,35
10 15-Feb-10 5.7 4,90 0,00
11 17-Feb-10 34,5 2,07 2,25
12 18-Feb-10 37,5 2,48 2,26
13 19-Feb-10 414 4,07 4,38
14 21-Feb-10 52,8 7,63 9,03
15 01-Mar-10 16,2 0,67 0,20
16 02-Mar-10 29,7 1,04 0,70
17 04-Mar-10 37,2 3,61 2,20
18 07-Mar-10 66 10,78 13,50
19 08-Mar-10 24,6 0,87 0,10
20 10-Mar-10 474 6,34 5,30

Sources: computation Result
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Statistical test result between those two parameters reveals that ty. is less
than t in the level of significance 5 percent. The value of t obtained from statistical
test is 0,059, while t Table is 2, 0244. This means that there are no significant
differences between those two samples (observed run-off depth and estimated run-
off depth). This can be concluded that US-SCS Curve Number method can be
applied to estimate direct run-off depth in the study area.

CONCLUSIONS

1. Before the year of 1980, the face of Dieng plateau area, including
Pakuwojo sub-Watershed, are mostly covered by forest coverage. Based
on the result of field ground check, more than 50 percent land use is
dominated by vegetables plantation. The forest coverage left in study area
(36, 76 percent) is state land area. Two types of land treatment or
practices are done by local people to prevent their land from erosion
which could be triggered by high surface run-off. Those two types of land
treatment or practices are land terraces and rockwall terraces.

2. Run-off estimation of Pakuwojo Sub-Watershed result from US-SCS
Curve Number method application is 2143, 00 mm. This means that 52,
76 percent rainfall felt in the area becomes surface run-off. This shows
that the hydrological condition of the area is bad. Peak discharge
estimation is also conducted using equations developed by US-SCS5.
Additional parameter to calculate peak discharge using this method is
physical characteristics of the watershed (area, the lnngest stream, and
slope). Peak discharge result from the calculation is 91, 76 m*/second.

3. Land cover scenarios developed in the study area show that (1) forest
coverage can reduce dramatically surface run-off until 48,38 percent from
actual run-off (from 2143,00 mm to 1106,20 mm), (2) hydrologic ally,
carica papaya is better than potato. Applying carica papaya can reduce
run-off yield 24, 6 percent while potato increases run-off 1, 59 percent.
Alternative land use is applied in fourth scenario. By applying this
scenario, run-off is decrease 21, 14 percent from actual run-off depth.

4, Statistical test is done to reveal the differences between estimated run-off
depth and observed run-off depth. Statistical test reveals that there are no
differences between observed run-off depth and estimated run-off dept in
level of significance 5 percent. It can be concluded that US-SCS Curve
Number method is appropriate to estimate run-off depth in the study area.
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RECOMMENDATIONS

Forest is the best coverage for reducing run-off yield. Applying forest
scenario in the study area can reduce more than 50 percent run-off. Since the bad
hydrological condition is caused by the domination of vegetable plantation,
especially potato, alternative commodity which gives better impact to improve
hydrological regime in the study area is needed. Model scenarios applied in the
study area shows that among existing land cover, carica papaya is the most
appropriate land cover which can substitute potato taps the main commodity.
Hydrologic ally, carica papaya is better than potato.

US-SCS Curve Number method is a simple method to estimate run-off
depth in ungauge watershed. This study reveals that this method is appropriate to
be used for run-off depth estimation in the study area, and also in other places in
Indonesian country which have similar physical condition with study area.
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