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Abstract— Changes in land use and climate changed had a direct impact to the flow characteristics and the availability of 
water in a watershed. In terms of utilization of water resources of a river or surface water, the design will be based on 
historical data (time history) debits. By knowing the river discharge data in the time period, it can be foreseen the magnitude 
of the discharge at the future. The mistakes which implied in data of rain and discharge, parameter yielded become less 
optimum of the models. Therefore it was required a phase calibrate to evaluate the model. Data of rain, climatology and 
discharge in Kodina River were enough to run the models. From two methods were applied in the calculation, It was shows 
the Nreca models are more similar with observed data. Therefore the calibration model was only tested the Nreca Models. 
The result of the calibration models shows the errors is 4.81%, coefficient correlation is 0.736, Initial SMS is 200 mm, and 
Nominal is 835.8 mm. After running the Nreca model, the it was calibrated and validated concerning to land use changed the 
model are tested again. The result of calibration shown, the maximum discharge is 33.33 m3/s while the observed data is 
32.96 m3/s. The minimum debit is 2.55 m3/s and observed discharge is 3.29 m3/s. The average of discharge for the model is 
6.12 m3/s while the observed data is 15.58 m3/s. 
Rainfall and discharge model of hydrology stream used Nreca method, with three especial parameter. Result calibrate to 
indicate that value of parameter to: make an index to soil moisture storage capacity (Nominal) = 835.8 mm ; PSUB = 0,91 ; 
Percentage of the pool of groundwater flowing into the river as the base flow (GWF) = 0.18. While correlation coefficient 
value (r) = 73.59 %, and number of error is 4.81. The results shows the relation of observed discharge and the model result 
are very close. Assess the parameter serve the purpose of assess characteristic of catchment area having an effect on to 
occurence of stream in DAS Kodina. 
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I. INTRODUCTION  
 
Water resource development activities could not be 
separated from the evaluation and analysis of 
hydrological phenomena which are always consider 
the local conditions such as land cover and 
climatology. Important step in this study will provide 
an overview of the output water discharge (inflow) to 
the river so that water availability is expected to be 
able to meet human needs (outflow), and indirectly 
also will help determine the direction of the 
development strategy of water resources in a 
comprehensive manner. 
Changes in land use and climate changed had a direct 
impact to the flow characteristics and the availability 
of water in a watershed. The pattern of land use 
changed are generally converted the forests to 
agriculture, plantations, and continues to settlements 
referred to the development of the region. Such a 
change obviously affects to the water balance of the 
area and watershed hydrology regimes concerned. 
The sensitivity of hydrology system to changes in 
land use and climate change in a watershed can be 
evaluated by using models of hydrology that it 
concerned by the biophysical properties in the 
regions. In the case of Kodina/Mayoa Watersheds 
would be simulated by Mock’s Model, Nreca’s 
models and models calibration. 
Mock’s and Nreca’s hydrological models is an 

approach models which is simulate and predict the 
hydrological events that occur by using specific 
hydrological data recording. The main input data in 
the hydrological model are referred to precipitation, 
climatology (the calculation of evapotranspiration), 
watershed areas and related parameters while output 
in the form of flow models. Then the models will be 
calibrate, verification and validated until it obtained 
the optimal parameters of a hydrological model. 
The Components of water balanced is analyzed 
surface flow, base flow, percolation and 
evapotranspiration. In some of the literature describes 
the narrower of the watershed the more significant 
effects of the percentage changes in runoff 
components. In general, the existence of forest cover 
affect the water balance in regions which are reducing 
surface runoff however it affected the raise of base 
flow, percolation and evapotranspiration. While the 
broader watershed’s had the declining impact on 
water balanced regarding to the presence forest cover. 
Characteristics of river discharge generated from the 
model will be validated and calibrated by the flow 
measured at the study sites, so the trend will be 
obtained from the model to the actual discharge. The 
ratio of discharge should be observed that the 
accuracy of the model can be compared against the 
average monthly discharged. The important indicator 
to assess the hydrological characteristics of a river is 
a specific discharge per unit area. 
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The Land use pattern in the upland Kodina’s 
watershed in 2014 was still dominated by forests and 
plantations partially shown in Table-1. 
 

Table-1. Land Use in the Study Area at 2014 

 
 
The vegetation impact on watershed hydrology 
mainly affected to the forest role. That was could be 
holding / storing rainwater, and avoid the occurrence 
of floods and drought, which seems to be explained 
by the laws of causality. The Assessment of 
sensitivity of hydrology system in the watershed due 
to changes in land use can be done in three stages: (i) 
development of land use change scenarios; (ii) 
simulation of the hydrologic region; and (iii) 
evaluation of the impact of hydrological variations 
produced water resources system that includes 
aspects of the development and management as well 
as assessing system performance due to disasters such 
as floods and droughts, the operation of rivers, canals, 
water quality, and environmental issues 
Pawitan (1999) stated that the changing of land use 
has an impact to the declined on availability of water 
regions due to increased seasonal fluctuations with 
symptoms of floods and droughts, and the watershed 
dimensions as well as the storage capacity either on 
the surface (plants, rice paddies, swamps, lakes / 
rivers, and streams) and subsurface (soil and water in 
the earth), will be the dominant factor in determining 
vulnerability and the carrying capacity of water 
resources system to climate change in the regions. 
Regard to the new paradigm from the management of 
the water resources of blue water into green water to 
be relevant today. 
One of the watershed management planning programs 
is needed to know in advance the local hydrological 
conditions. However, most of the watershed that will 
be manage has not available the sufficient 
hydrological data, so that to solve this problem it was 
required an approach through hydrological modeling 
in accordance with biophysical conditions sub 
watershed / watershed. The results of the model are 
expected to be applied to the Watershed which has 
some similarities biophysical conditions. With the 
appropriate hydrological model the evaluation of 
watershed characterization can be easily done. 
Hydrological modeling has been applied for a long 

time. Hydrological models are mostly developed in 
temperate regions, and a few are developed in the 
tropics. Whereas the tropical regions was also needed 
their hydrological model. Hydrological model 
developed in temperate regions is not necessarily 
appropriate when applied in the tropics because in 
addition to climatic differences are also differences in 
soil and vegetation cover. 
A model of watershed hydrology generally used the 
unit as a whole area of research. In response analysis 
of the watershed, the watershed is a hydrological 
system in which there is a very close relationship 
between every input in the form of rain, hydrological 
processes, and outputs such as the river discharge and 
sediment transported. Referred to hydrological 
processes in a watershed, it can be concluded that the 
distribution of rainfall into streams directly instead 
are influenced by the physical properties of the 
surface of the watershed are also influenced by the 
properties of the rain. Rainfall that occurred in the 
wet tropical climate have considerable variation in 
space and time, the study of rainfall and runoff 
relationship and how their influence on the response 
of a watershed is very necessary, given the 
measurement of hydrological phenomena, especially 
areas without hydrological data recording either 
because of limited funds or human resources, we 
need a model of correlation between variables, so that 
the existence of a model, it can be reduced 
measurement of the hydrological phenomenon. 
 
II. LITERATURE REVIEW AND METHODS.  
 
2.1. Data of the Research  
To create the models it is necessary to have a 
completed and accurate data, so that the model can be 
applied to the area which has some similarities both 
biophysical and socio-economic conditions. In this 
study will only be tested on an empirical model that is 
one part of a model deterministic. This model is 
generally presented the relationship between two or 
more factors hydrology based on observations in the 
Automatic Water Level Records (AWLR) and field. 
The empirical model is usually a mathematical 
equation based on information obtained from 
research. 
Location of the study is the upland of Kodina 
Watershed, the south of Lake Poso. The size of 
watershed is 28.800 ha and it is located at the 
coordinates 2o 8'02 "- 2°14'52" South latitude and 
120o40'18"- 120o51’16” East Longitude. 
 
The materials needed to support this study include: 
- Map of land use 1: 50,000 scale,  
- geological map scale of 1: 500,000,  
- soil maps scale of 1: 100,000,  
- Landsat Imagery  
 
The data used were obtained from BWS III Central 
Sulawesi which is specific to Kodina Watershed such 
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are: 
1. Rainfall data from 2002 – 2014  
2. Climatology data  
3. Discharge Data Recorded  
 

Table 3: Monthly Rainfall Data Sta.Mayoa 

 
 

Table 4: Discharge Recorded at Sta.Mayoa 

 
 
Table 2: Average Climatology Data at Sta.Mayoa 

 
 
2.2. Literature Review and Procedure 
Watershed is an area where all the water flows into a 
river. This area is generally restricted by topography, 
which means determined based on the flow of surface 
water. This limit is not set based on underground 
water because the water table is always changing with 
the seasons and the level of user activity. Aside from 
watershed functions, the flow of water in the 
watershed is also greatly influenced by the shape of 

the watershed, watershed characteristics, rainfall and 
runoff areas that become unitary flow that passes 
through a river body per unit time. 
Water balance is a balancing system of water in one 
place at a certain period, so that the information 
excess (surplus) or shortage (deficit) of water can be 
easily to know. The concept of water balance 
basically shows the balance between the amount of 
water if flow, available, and outflow from the specific 
system. In general, the water balance equation 

 
 
The water balance is specifically formulated with 
(Handayani, 2010) 

 
 
Evapotranspiration is the total amount of water that is 
returned to the atmosphere from the surface of the 
ground, bodies of water and vegetation by the 
influence of climatic factors and physiological 
vegetation (Adsak, 2007). Evapotranspiration is 
closely related to water requirements of plants. Crop 
water needs is a certain amount of water needed to 
replace the water lost through evaporation. 
Evaporation in this case is the evaporation of surface 
water and the leaves of the plant (Montarcih, 2010). 
There are several ways of calculation and 
measurement or evapotranpirasi among others 
(Adsak, 2007): 
a) Pan evaporation  
c) Measuring tools lysimeter  
d) Thornthwaite methods  
e) Blaney-Criddle methods  
f) Penman methods  
 
Generally potential parameters for evapotranspiration 
calculation as follows (Montarcih, 2010): 
- The average monthly temperature  
- monthly relative humidity average (RH)  
- The montly sun brightness (n/N in percent)  
- monthly wind speed average (U in m/s)  
- Location of latitude regions  
- The number of correction (C)  
 
The Calculation of potential evapotranspiration using 
Penman Method received a recommendation from the 
UN Food and Agriculture Organisation. The general 
principle of the calculation of potential 
evapotranspiration in accordance with the following 
formulation: 
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E = C *(W*Rn + (1-W)*f(u)*(ea-ed)) ......... (3)  

 

  
 
Based on the formula of Penman Modification and 
the data from Mayoa Climatology station, therefore it 
calculated the evapotranspiration, so that the results 
are follows: 
 

Table 4: The Calculation of Monthly Et 

 
 
2.2.1. Nreca Methods 
The amount of discharge is calculated using 
simulation models Nreca. Nreca principle is to 
estimate the amount of river flow due to the rain that 
fell in the Catchment Area taking into account the 
soil conditions and topography of the catchment. In 
the model Nreca there are two (2) types of reservoirs, 
namely the storage humidity (moisture storage) and 
soil water storage (groundwater storage). humidity 
storage is determined by rainfall and actual 
evapotranspiration, while the soil water storage is 
determined by the excess moisture (excess moisture). 

 
 
Input is needed from the model of rain - lmpasan 
Nreca are as follows: 
- The average rainfall (P)  
- Potential evapotranspiration (PET)  
- The capacity of the storage moisture (NOM); can 
be estimated: NOM = 100 + 0.2 x average annual 
rainfall.  
- PSUB, with values ranging from 0.3 - 0.9.  
- GWF that ranged from 0.2 - 0.8  
- The initial value of the storage soil moisture 
(SMSTOR)  
- The initial value of the ground water reservoir 
(GWSTOR)  
- crop factor (Cf),  

 
 
NRECA models carried out in phases: 
- Calibration of model parameters with discharge 
data that existed at an expected post water  
- Verification of the model parameters on several 
posts had expected existing water in the study area,  
- Generation of a synthetic discharge data for each 
cacthment area that is not on the measurement data or 
the data amount is less.  
- NOMINAL = 100 + C * (average annual rainfall), 
where C = 0.2, for areas with rain throughout the 
year, C ≤ 0.2, for areas with seasonal rains.  
NOMINAL can be reduced up to 25% to areas with 
limited vegetation and ground cover is thin.  
 
2.2.2. F.J Mock Methods 
In principle, the Mock method is considering the 
inflow and outflow and soil storage. The volume of 
incoming water are rainfall, otherwise the most 
dominant of the water that comes out is infiltration, 
percolation and evapotranspiration. Overall, the 
computation of availability of discharge by Mock 
models refers to water balance, where the total 
volume of water on earth is fixed, only the circulation 
and distribution varies (Bappenas 2007). 
Mock models are mainly considered the calculation 
of the actual evapotranspiration, water balance, run-
off and groundwater, total stored volume and surface 
runoff. 
 
Criteria calculations and assumptions are sorted as 
follows. 

a) meteorological data  
b) Monthly rainfall data (R) for each year Data 

on the number of monthly rain days (n)  
c) m = Percentage of open field  
d) K = Catchment Area resession Factor)  
e) Vn-1 = the initial storage (initial storage).  
f) Calculation of evapotranspiration, the 

method of Penman Modification were used.  
g) Soil Moisture Capacity  
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2.2.3. Calibration and Validation 
Calibration parameters of the model performed in 
order to find the parameters that best fit the 
characteristics of the watershed basin concerned, so 
hydrograph simulation approach observation. Phase 
calibration is highly dependent on rainfall data and 
discharge, because the main input is the data model of 
rainfall and discharge data for calibration. There are 
two parameters that need to be calibrated such as 
PSUB and GWF. In addition there are other 
parameters beyond structure models such as the crop 
factor (crop factor) and the weighting factor rainfall 
station. 
 
The benchmarks closeness between hydrograph 
simulations with observations determined by: 

  
Validation of the results is done by comparing the 
total flowing water monthly / yearly results of the 
calculation of the total flow (high flow) is separated 
from the hydrograph curve recorded at the Mayoa 
rainfall station. The difference between the 
calculation results and measurement results for each 
month will be considered. The difference (error = 
(observed data – counted result) / (amount of 
observed + count)). Differences monthly average and 
an annual for observed and computing results also 
counted in the simulations. 
 
III. RESULTS AND DISCUSSION  
 
In this study the climate components include 
temperature (T), rainfall (R), evapotranspiration 
(ETo) was analyzed. Determining the influence of 
climate components to stream flow discharge data on 
Kodina watershed needed the parameters associated 
with the discharge of the river. The climate data used 
ranging from 2002 – 2014 as well as the data of river 
discharge. The calculation of evapotranspiration by 
using the table 2 related climatology in the study area. 
The results of evapotranspiration shows in table 4. So 
that monthly evapotranspirantion will be apply in the 
calculation of discharge concerned to Mock Models. 
 
The data of flow rate (Q observed) and topographic 
data was analyzed and processing by using the 
Microsoft Excel program. Water Availability are 
shown on the table below; 

 
Table 5: The Result of Discharge by Mock models 

 
 
region, shows the dependable water on region has 
some differences compared to observed data. And the 
result is shows in figure-1. 
 
For NRECA method, in addition to data 
evapotranspiration, also required monthly rainfall, the 
coefficient of P1 and P2. P1 value used in this study is 
0.5 because the land in the Kodina watershed likely 
able to detained the flow of groundwater. For P2, the 
value used is 0.4 for the same consideration when 
choosing the value of the coefficient P1. The final 
result of the calculation still needs to be multiplied by 
Kodina watershed area to obtain the final result of the 
discharge in the unit m3/sec. 
 
Table 6: The Result of Discharge by Nreca models 

 
 
The result of the calculation of the overall discharge 
Nreca models an FJ Mock models are shown in 
figure-1. The figure was compared the results of 
discharge models and observed discharge data. The 
graph shows that Nreca models are quite similar with 
observed data. 
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Figure-1. The Observed data, Mocks model and Nreca models 

 
From the figure above it seems the result of Nreca 
almost similar to the pattern of observed flow. 
Therefore the next step, the only nreca models will be 
tested by calibration and validation regarding to the 
biophysical oh the Kodina watershed. Phase 
calibration and verification in the calculation nreca 
method need to be calibrated against the parameters 
of the Soil Moisture Capacity (SMC), the coefficient 
of infiltration, Recession coefficient, Initial Soil 
Moisture (ISM), and Initial Ground Water Storage 
(IGWS). To get optimal parameter values then used 
statistical test for correlation coefficient, volume and 
t-test error. After obtained parameters then the next 
optimal calibration results do the verification phase 
models with comparing the mean and variance   
between   discharge   data   on   the calculation and 
observed data. The validation phase is carried 
out to  see the  enforceability of  a model to be 
applied in a region based on a statistical test. The 
calibration results are shown in table 7. Itshows that 
results of the discharge are more closely to the 
observed discharge data. The average observed data 
is 15.58 m3/s while the nreca calibration models had a 
result of 16.12 m3/s. From the Figure 2, Nreca 
calibration models could be assure to predict the 
distribution of availability of water with good 
accuracy. This is caused by the correlation value R2 
of 0,736. Correlation value is greater so it can be 
trusted. 
 
Table 7: The Result of Nreca Calibration models 

 

From the test of nreca calibration it was shown the 
impact of rainfall changes was more significant than 
that caused by changes in land cover. Due to the area 
change is not significant, so that the effect of a 
change in the type of cover to other types 
hydrological was less. Of the two types of factors that 
changed, keep in mind that changes in rainfall occur 
more dynamic and repetition occurs more frequently, 
such as always there is a repeat of wet and dry years 
caused by the El nino and La nina phenomenon, 
while the land-cover change are generally more 
latent. 
Another thing to note is that the land cover changes in 
general has always evolved from dense vegetation 
cover, such as forests became sparse vegetation. 
Meeting with vegetation cover types are generally 
identical to the good hydrological functions, such as 
forests and plantation, while species with low 
vegetation cover is generally synonymous with bad 
hydrological function as well as the clearing or 
settlement. 
 
The Simulation results show that the vegetation 
changes from 2002 to 2014 as the year for the same 
rainfall will produce more water runoff, while 
decreasing the amount of rainfall on the same land 
cover by itself will reduce runoff. Effects of changes 
in land cover and rainfall to recharge the ground 
water and in showing a similar pattern, for 
groundwater recharge in a part of the shallow 
groundwater recharge and the amount was 
comparable even with a much smaller percentage. 
With the above results it appears that the rate of error 
calculation will be even greater if the precipitation 
that falls is getting smaller. 
The results above are figure below; 
 

 
Figure 2. The observed discharge, results of nreca model and 

Nreca calibration models. 
 
Effects of changes in land cover and rainfall to 
recharge the ground water and in showing a similar 
pattern, for groundwater recharge in a part of the 
shallow groundwater recharge and the amount was 
comparable even with a much smaller percentage. 
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The best results by following the test shows the Nreca 
calibration model is closed to observed data. It can be 
concluded that the calibration model gives best 
results. 
It is seen from the results of the correlation value (R) 
Nreca calibration model is best compared to the other 
methods. 
 
CONCLUSIONS  
 
The empirical Penman modification equation (EPM) 
used in this study has a much simpler form than the 
Penman-Monteith equation. And the result which is 
apply to model are good to models. Also several 
fewer intermediate calculation steps are required to 
estimate daily reference Based on the results of the 
qualitative evaluation can be seen that the pattern of 
the average monthly flow simulation results have 
similarities with observed discharge measurement 
results. So it can be said that the model is reasonable 
and logical. 
The above results indicate that the results of the 
calculation give a small error for the annual average 
and the error was varied for each month. However, 
for the information in this database have an adequate 
level of accuracy. On the other hand, for the purpose 
of using more detail, such as for the engineering 
design, it will take a more detailed study of locally 
around the site to be developed. 
Regarding on the data generated, it is known that both 
modeling scenarios the discharge may affect the 
value. Large discharge observed January – March 
2006 with increasing open space, plantation dan 
settlement with a percentage rise to 7.45 %. However, 
both scenarios are made, the Scenario 1 discharge 
data obtained at 2552.18 m3/s average 16,23 m3/s, 
while for scenario 2, discharge generated at 2514.01 
m3/s. The observed discharge data shows 2430 m3/s 
and the average is 15,578 m3/s. Based on the data 
obtained, it appears that both the scenario results in a 
differences debit is not significant, especially in 
scenario 2. So it can be said that scenario 2 is most 
effectively decrease the amount of discharge, ie by 

changing land cover to 7.45% in the form of previous 
land cover in the areas. The calibration model in 
Kodina watershed discharge can be reduced by 
changing land cover other than forests to forested 
land. 
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