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Abstract
This paper studied the verification of discharge model based on water balance. Discharge
model based on water balance was influenced and considered to the model was not only rainfall
but there were many factors instead of soil water content, water loss and land use rate. The land
use rate would be the functions of forest area, irrigated rice field, residential area, farm, dry field
and shrub. Verification was carried out in Cobanrondo watershed, East Java, Indonesia. Results
could be recommended to use this model in many watersheds.
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Introduction
One of the global climate exchanges are the increasing of frequency and intensity of
climate extreme such as hurricane, flood, and drought. Some research before were shown many
indicators climate exchange as rise in sea level [1], flood, drought, some wealthy problem and
any problem in water resources development. A continuing problem in hydrology is the
estimation of discharge for design purpose on watersheds with only limited available data. The
rainfall model differentiates between high and low intensity events. The resulting rainfall
statistics were checked by comparisons with measured data. [2] Physically based rainfall-runoff
models are used in hydrology for a wide range of application such as the extension of stream
flow records, estimation of flow for unmeasured watersheds, prediction of the effects of land use
change and examination of the effects of climate change [3]
In fact, many regions had realized deficit in water. It was caused by 1) upstream of
watershed that was not well maintained would influenced the downstream; 2) some upstream of
watersheds were as critical condition; 3) human needs of water would be increasing; and 4) there
was not regional management based on water balance. There are many patterns to develop
discharge model. One of them is based on regression analysis [4]. Statistical regression is one of
the patterns for analyzing hydrological models [5]. This was intended to formulate discharge
model. This model was due to water balance so that was produced design of management land
cover which was based on water balance and would fulfill any kinds of problem in water
resources. Validity of model was needed for recommending application of this model in many
watersheds. Therefore, verification in several watersheds was considered to perform this model.

Materials and Methods
Location of this study for verification was Cobanrondo Watershed. The area was 1835.17
ha. Map of Cobanrrondo Watershed was as Figure 1.
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Figure 1 Map of Cobanrondo Watershed

The data was used for this study consisted of primary and secondary data. Primary data
was measurement of river discharge in year 2009 and soil sample of each land use. Secondary
data was consisted of: 1) daily rainfall from year 1998 to 2008; 2) topography map in scale of 1 :
25,000, 3) climate data from year 1998 to 2008, 4) digital photography for land sat and aster, 5)
digital map of land use, and 6) water level at Cobanrondo in year from 1998 to 2008.
To formulate the discharge model, there was carried out some models as the steps of
methodologies. The methodologies were consisted of: 1) to analyze watershed rainfall rate, 2) to

analyze potential evapotranspiration, 3) to analyze water holding capacity, 4) to analyze actual
evapotranspiration, 5) to analyze run off rate from January to December, it was used water
balance method; 6) to formulate discharge model. Table 1 was described summary of
formulating discharge model. Formulation of the discharge model was as below [6]:
Q(forest) = - 0,158 +0,000039 P + 0,0173 A – 0,000074 E + 0,00174 ∆S
Q(farm) = 0,337 – 0,000018 P – 0,111 A – 0,000077 E + 0,000568 ∆S
Q(residential) = -0,167 – 0,000003 P + 0,159 A – 0,000114 E + 0,000216 ∆S
Q(irrigated rice) = 0,397 – 0,000024 P – 0,103 A – 0,000284 E + 0,000661 ∆S
Note: P = rainfall, A = area of land use, E = evapotranspiration, ∆S = the change of soil water
content

Results and Discussion
Discharge model based on water balance as above was verified on Cobanrondo watershed.
The comparison discharge between output of model and observed discharge was as Table 1.
Table 1 Comparison between model and observed discharge
No

Model Discharge
Observed Discharge
(m3/s)
(m3/s)
1
0.94274
0.8500
2
0.65570
0.8000
3
1.04558
0.7406
4
0.05454
0.2100
5
1.29572
0.5048
6
0.22835
1.0200
7
0.99930
0.6300
8
1.82654
1.3104
9
0.49766
0.4889
19
0.14074
0.4800
11
0.53522
0.8855
12
0.43691
0.4139
13
0.29492
0.4800
14
0.15173
0.1300
15
0.54055
0.6860
16
0.44755
0.2520
17
0.54875
0.5083
18
0.92556
0.5900
19
0.49009
0.5787
20
0.57496
0.1726
Based on statistical analysis: tcaluculated = 0.38 < ttable = 1.684 and Zcritical = 0.38 < Ztable = 1.96,
each for level of significant = 5%, it was concluded that the samples which were used in this

research was from the same population and the average of discharge between model and
observed were not significantly difference.

Conclusions
The formulation of discharge model based on water balanced was well applied on
Cobanrondo watershed. Comparison of model and observed discharge had carried out and based
on statistical analysis as above there was no significance different between two of them.
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