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ABSTRACT

The purpose of this research was to study the effect of land use change on surface run off and to know
the capability of existing drainage capacity. Location of study was at Petung watershed, Pasuruan city,
Indonesia. The methodologies consisted of studying the effect of land use change in the year of 1995, 2000,
and 2005 and the relation between land use change and surface run off, and then analyzing the capability of
drainage capacity. Result was used as an evaluation on planning of land use change so that did not disturb
human life activity and was able to maintain environmental balance.
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Introduction

The issue of water resources estimation and use had long been of particular scientific, importance, but now
it acquired extremely acute social and political character (Shiklomadov, 2011). It is worth mentioning here that
the estimates refer to renewable resources, whose integral characteristic is river runoff, which generally
provided the major volume of water use and determined water availability for the territory and population. The
consideration of possible land use change and climate condition were used to forecast water use and water
availability, which was of great importance for the forward planning of the country’s economic development
and water supply to the population.

An urgent problem of hydrology was the revaluation of current resources of surface and sub surface in
the context of recent-day climate change. Analyzing spatial and in river runoff formation in large river basin
basins made it possible to reveal the major relationships between water balance elements, feature of surface
water recharge and the formation of natural resources under both existing and anticipated changes in climates
its main elements: precipitation, river runoff, and evaporation (Dzhamalov, 2010).

Land use planning was significant for watershed conservation and management (Chia, Ling Chang 2011).
National government needed to classify areas near watersheds according to a land use restriction strategy. Most
land use restriction strategies assumed that land use activities closed to the watershed outlet had to have large
impacts on downstream environments. However, watershed characteristics usually varied in space, land use
restrictions should depend on multiple criteria other than the watershed vulnerability distances from the
divisions to outlet. 

Materials and Methods

The study area was falls between south latitude 112o45’ and 112p55’ and east longitude 7o35’ and
7o45’.(Figure 1). Petung watershed was located in Bugul Kidul District and had number area of 12.81 km2.
The slope area was 0-1% and the height was ±4 m above sea level. Yearly rainfall was between 2400 m to
3499 m. Drainage system macro was river drainage system and included 3 rivers: Gembong river, Petung river
and Welang river. Drainage system micro was included: opened and closed channel, and roil. 

Hydrology analysis was carried out to get area rainfall (using Polygon Thiessen method), and then
maximized area rainfall was calculated using frequency analysis with certain return period. Design flood was
analysis based on the steps: analysis rainfall intensity using the formula of Monnonobe, design flood using
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rational method, discharge of dirty water. Capacity of drainage channel was analyzed due to existing condition
and then compared it with design flood. The last step was to draw the relationship between land use change
(it was expressed by runoff coefficient) and urban stream flow graphically.

Fig. 1: Map of Study Location.

Formula of Polygon Thiessen method:  (Montarcih, Lily, 2010)
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Note:  P1, P2, …, Pn was rainfall at thw rainfall station of 1, 2, ….., n. A1, A2, …., An was number area

of polygon; 1, 2, …, n. n was the number of rainfall station  (Figure 2).

Formula of rational method (Montarcih, Lily, 2010):

Q = 0.00278 C I A   (2)

Note:
Q = capacity of run off (m3/s)
C = coefficient of run off
I  = rainfall intensity (mm/hour)
A         = area number (m2)
0.00278 = factor of conversion
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Fig. 2: Polygon Thiessen.

Capacity of Channel: (Montarcih, Lily, 2010)

Velocity

V =    . R2/3.S1/2   (3)1

n

Continuity

Q = A.V   (4)

Note
V = flow velocity in the channel (m/s)
R = hydraulic radius (m)
n = roughness coefficient of Manning
A = wet area (m2)
Q = flow (m3/s)

R = A/P
P = wet circle of channel (m)

Results and Discussions

Maximized area rainfall was analyzed from 3 stations: P#GI, Puspo, and Tutur for the year of 1988 to
2005. Analysis used frequency analysis and the result of design rainfall with some return periods was described
as Table 1.

Table 1: Design Rainfall with some return periods.
No Tr (Year) Pr Cs S G G . S Log X Antilog X
[1] [2] [3] [4] [5] [6] [7] [8] [9]
1 2 50 0.6338 0.0961 -0.105 -0.01006 2.078 119.71601
2 5 20 0.6338 0.0961 0.797 0.07653 2.165 146.13139
3 10 10 0.6338 0.0961 1.330 0.12774 2.216 164.41968
4 25 4 0.6338 0.0961 1.948 0.18718 2.275 188.53735
5 50 2 0.6338 0.0961 2.375 0.22818 2.316 207.20242
6 100 1 0.6338 0.0961 2.778 0.26690 2.355 226.52656

Study of land use change in Petung watershed was carried out with descriptive method. It was meant that
the study described kinds of land use generally and then evaluated it. Evaluation was carried out in the year
of 1995, 2000, and 2005. It was intended to know how far the land use changes impacted to the run off. The
description of land use between 1995 and 2005 was described as Table 2.
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Table 2: Description of land use in Petung watershed between 1995 and 2005.
No Type of land use Area 1995 Area 2000 Area 2005 Changes 1995-2005

-------------------------- ------------------------ -------------------------- ------------------------------
km2 % km2 % km2 % km2 %

1. Real estate 3.11 24.25 5.50 42.97 5.61 43.76 2.50 19.52
2. Industry 0.01 0.08 0.12 0.92 0.27 2.12 0.261 2.037
3. Trade 0.16 1.27 0.14 1.00 0.16 1.26 -0.002 -0.015
4. Shrubs 0.69 5.36 0.10 0.77 0.35 0.38 -0.637 -4.973
5. Rice field .3.23 25.21 1.40 10.94 1.31 10.24 -1.918 \14.973
6. Dry field 0.56 4.33 0.30 2.35 0.10 0.80 -0.452 -3.528
7. Dyke 2.61 20.36 2.79 21.81 2.86 22.30 0.248 1.935
8. Road 1.49 11.66 1.49 11.65 1.49 11.66 0 0
9. Swamp 0.96 7.40 0.96 7.49 0.96 7.40 0 0

Analysis of total discharge showed that there were any changes between in the year of1995 and 2005.
Total discharge was increased due to the increment of population growth and land use change at Petung
watershed. These changes were described as Figure 3 and 4 below.

Fig. 3: Run off changes between 1995 and 2005.

Fig. 4: Total run off between 1995 and 2005.

Conclusion:

Based on land use change at drainage system in Petung watershed, it could be concluded that population
growth impacted land use and influenced the increment of runoff. It was caused there was less green land. In
fact the capacity of drainage channel was still enough, but in field there was any damage caused by way of
human acting.
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