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Abstract— Overtime, science has been developing and trying to use modelling system in the management of hydrology. In this paper,
we present a sensitivity analysis for the HEC-HM S rainfall-runoff model. Sensitivity analysis is used to determine the parameter
which most influences the result of the model. The main objective of this research is to investigate the sensitivity of parameter in
model and to analyze the influence of the graph types used for unit hydrograph. In addition, we also compar e the result of lumped
and semi-distributed models based on stream order to analyse a common watershed issue. This study will make a model of rainfall-
runoff using a sub-catchment distribution method based on stream order. ArcGlS and HEC-HM S were used as softwar es to process
data. The data needed in this study come from secondary data sourced from various sources. The data that will be processed first is
DEM (Digital Elevation Model). DEM used in this study was sourced from the Geospatial Information Agency or commonly referred
toas DEMNAS (The National DEM). ArcGISwill process geospatial data in the form of DEM which data results can be used directly
to make model in HEC-HM S. Then, theresults of the rainfall-runoff model will be calibrated using observed unit hydrograph. From
the result of sensitivity analysis, it was concluded that impervious is the most sensitive parameter. Moreover, this paper also can be
used as guidelinesfor usein rainfall-runoff modelling on HEC-HM S.

Keywords— sensitivity; moddlling; rainfall-runoff; stream order; HEC-HMS.

owned by the semi-distribution model in each sub-catchment
I. INTRODUCTION are different [4]. In this case, the number of sub-catchments

Over time, science has been developing and trying to useaf'fects the simulation results. The geographical and physical

a modelling system in the management of hydrology characteristics of different watersheds will change the
Hydrological modelling is used to explain the process of hydrological response of the watershed. It causes the lumped

changing rainfall into a river discharge by considering the and semi—di.stribut.ion model  will produce different
charzgctgristics of a watershed. This ?nodgl can simpli?y the ydrograph simulation results [S]. The different hydrological

hydrological system so that what is needed in the system caf€SPOnses between the lumped model and the semi-

be determined by simply entering the required parametersfjismbuuon model provide an understanding that it is very

[1]. Rainfall-runoff modelling is an example of important to search for how well parameters should be
hydrological model. This rainfall-runoff model can be used included in the model to describe the watershed system [6].

as a tool to monitor and evaluate discharge by the existing The dhevelopmg(;lt of a ra}lr:fall-run_off model usm% man_)lfh
surface water resources [2]. approaches provides special attention to researchers. The

The development of methods in processing the neWdeveloping model causes researchers need more effort in
rainfall-runoff model is still very much needed. The redgcmg th_e uncertainty value in the hydrologlc_al model by
development of the methods is expected to produce resultdesting the influential factors, starting from the internal and

suitable with observed conditions. The concept of a |umpedexternal factolrs of a model. Changmg the parameter value
models and semi-distribution models is one of the basiccauses the discharge of the simulation results to be much
classifications of model types applied to hydrological different. In this case, researchers are encouraged to conduct

models [3]. In general, the hydrological model often created & constitutipnal anglysis to determine the parameters that
is still in lumped model form in which the geographical and were most influencing the results of the model, so that they

physical parameters of a watershed are still represented b)pecom_e the most effectl\_/e m_odel. In othe_r words, sensitivity
one value parameter. In fact, in the hydrological model, aanaIyS|s can help the calibration process in the model [7].

o : . This study will combine ArcGIS as GIS software with
watershed can be divided into parts or often called a semi- .
distribution model. Unlike the lumped model, the parameters HEC-HMS to model the hydrology. ArcGIS analyzes digital
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terrain information in the form of DEM (Digital Elevation Il. MATERIAL AND METHOD
Model) into the structure of river geographic data and
watershed boundaries that are ready to be processed. THe: Study Area
results of the physical characteristics of the watershed from The location of this research will be conducted in one of
the modelling process in ArcGIS can be entered into athe sub-watersheds of the Bongka watershed, the Malino
hydrological modelling system for rainfall-runoff, which is watershed, which is located in Central Sulawesi Province.
HEC-HMS. HEC-HMS is very powerful and flexible The area of the Malino watershed is 124.93 km2 with the
software, with sufficient and accurate hydrological data, length of the main river is 19714.58 m. According to the
HEC HMS can run several models in it [8]. The Malino description of the condition in Malino Watershed, the
watershed in Central Sulawesi Province was chosen as th@verage land slope is 11.34% with elevation ranging from 16
area to be studied. The output from the HEC-HMS will be m to 2214 m.
compared with the unit hydrograph from each watershed. The condition of the watershed has a good type of land
The results of the rainfall-runoff model on the HEC-HMS cover, where the upstream part is still covered with primary
display the Nash-Sutcliffe value for each rainfall-runoff forest and its downstream is dominated by agricultural land.
model. Four rainfall-runoff models are created based on the
distribution of stream order. Different treatments in each
model will affect the results of the simulation model. It
comes from the structure of each model that created
differently. The structure of the model consists of
components which are simplify the watershed conditions
such as reach, sub-catchment and junctions, which each
component will represent each inputted parameter value.
Each model will be tested first with initial parameter values
according to the available data conditions. Then the model
will be tested again with several new parameters for each
loss method and the transform method. Each model will *
produce a different hydrological response. From many
variations of parameters given in the model, certain
parameters will provide the greatest influence on the changes B e —
in hydrological response that occur. Thus, this study can be e ey =
used as one of the guidelines in determining the parameter Fig. 1 Location of study area
values to be modelled on HEC-HMS.
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Which with this land cover condition, the Malino watershed classified into class C (silty-loam, 59.76%) and D (clay,
is a well-conserved watershed [9]. The Malino watershed is40.24%). In this condition, it can be concluded that the soil
chosen as a research location because the conditions of thia the Malino watershed has a small loss rate.
river flow path are still free and there has not been any The last data needed is the hydrology data, the most
collection for water needs, nor water structures along with important data to create a rainfall-runoff model. The
the river flow. hydrological data needed include rainfall data as the input of
the model and observational discharge data for calibration
B. Research Data and comparison between the simulation model and the
The data needed in this study come from secondary databservation discharge. In this research, the recorded
sourced from various sources. The data that will be discharge from AWLR (Automatic Water Level Recorder)
processed first is DEM (Digital Elevation Model). DEM has been processed into the unit hydrograph of Malino
used in this study was sourced from the Geospatialwatershed and is defined as a direct runoff hydrograph
Information Agency or commonly referred to as DEMNAS generated by one-unit rainfall that occurs by 1 mm of
(The National DEM). The National DEM was built from effective precipitation in one unit of time. Therefore, the
several data sources including IFSAR data (the spatialprecipitation data inputted for the rainfall-runoff model is 1
resolution: 5m), TERRASAR-X (the spatial resolution: 5m) mm, it is done to adjust the discharge data obtained.
and ALOS PALSAR (the spatial resolution: 11.25m), by
adding Mass-point data from the result of stereo-plotting. C- Research Model Tools
The DEMNAS spatial resolution is 0.27 arcsecond, using the 1) ArcGIS.The hydrological model also requires explicit
EGM2008 vertical datum [10]. _ _ specifications of spatial parameters related to geology, land
For this study, the land use data used is shapefile ofyse soil, and topography. These data can be developed into
Central Sulawesi province's land use in 2011 sourced fromg  model element that can be reprocessed again
the Central Sulawesi government geoportal website. Thehydrologically. To be able to handle both hydrological and
shapefile data is cut to adjust the Malino watershed gpatial models, it needs to be combined into one integrated
boundary. The land cover conditions in the Malino mogel [11]. Spatial modelling using GIS becomes the most
watershed consist of primary dryland forest (52.06%), important role in determining the parameters of the

secondary dryland forest (22.87%), dryland agriculture pyqrological model with the concept of semi-distribution.
(14.02%), shrubs (11.01%) and paddy fields (0.03%). The

soil data was obtained from BAPPEDA of Central Sulawesi
Province in 2015. If soil is grouped by hydrological soil
group, the soil conditions of the Malino watershed are

a. HEC-HMS Model for 1 Stream Order
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c. HEC-HMS Model for &' Stream Order

The existence of GIS in modelling spatial data for the
concept of this semi-distribution model can overcome the
large simplification in representing parameters at the sub-
watershed scale [12]. In this study, ArcGIS software

b.
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Fig. 3 Sub-catchment based on stream order determination
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version 10.3 is used in processing geospatial data. DEMin this study was performed by comparing the results of flow
data is processed with the Spatial Analyst Tool (Hydrology simulations with the unit hydrograph data. The parameters in
Tool) to delineate the watershed, show the direction of the model are used in proving the compatibility of the
river flow, and divide the watershed into several sub- simulation results with the available unit hydrograph data. In
catchment. Strahler stream ordering method was used fogeneral, HEC-HMS provides an automatic calibration tool
illustrating the hierarchy of stream. The Strahler method using the Nelder-Mead method, but the results of this
explains that perennial stream without tributaries called automatic calibration process do not provide optimal results
first order and when two streams from the same order joinso manual calibration was chosen for this study [15].
together, the downstream reach increases become one Calibration is conducted manually by changing
order larger [13]. Then the study area will be divided into each parameter value until the model get optimal simulation
several numbers of sub-catchment based on stream orderesults. Changed parameters must be determined based on
determination shown in Fig 2. The processing performed observations and measurements of watershed and flow
by ArcGIS will produce (1) watershed parameters in the characteristics. During the calibration process, the model
form of watershed area and each sub-watershed areaperformance evaluation value of the model must always be
(2)river length; (3)land slope; (4)stream slope; and recorded to observe changes in the suitability of the model
(5)shape and the dimension of channel cross-section. Theimulation results to the changed parameters.

results of the processed data are in the form of shapefiles . )

and attribute tables containing the values of watershedE: Sensitivity Analysis

parameters. A hydrological model is created to simplify a complex

hydrological . Th lts of this simplification will
2) HEC-HMS. In this study, HEC-HMS is used as a > oo0'¢& Process. The Tesults of s simpiicaton wi

. not produce the most perfect simulation results, but it is
software that_mode!led the hydrological Process. HEC_:'HMS hoped that the results of the hydrological model can
is used for simulating the process of rainfall-runoff in the

dendriti hed d is desianed b d .resemble the results in observation condition [3]. Therefore,
I endritic wa;erg el s_lyr?te? and Is designe ;0 HTE (l:JSHeM S”éach model created needs to be understood correctly based
arge watersheds [1]. The basin component in the "MSon the method and parameters. It causes sensitivity analysis

model is used for fulfilling the physical description of a o be an im : . :
. . portant component in hydrological modelling.
watershed. The module contained in HEC-HMS can be use his analysis is used for identifying the parameters that

fc;]r calclu][ia\t|nglsrunoﬁ VOI;]J.me’ %we;:t runoff, basel;low, and f'nfluence the results of the simulation model. No matter how
channef flow. Because this study focuses on surface runo changes are made to the parameter values, it will have a
due to effective precipitation (rainfall-runoff) so that the large or small effect on the simulation results. Thus, it is

model createq will not input the baseﬂow parameter. _HEC' important to know the most sensitive parameters in the
HMS has various types of methods in calculating rainfall- model [15]

runoff. To determine the precipitation that will occur is
conducted using the loss method. This method usuallySimulating the model Using parameters that have been

calculates runoff volume by calculating the volume of water yimizeq. The optimal parameters used are the results of the

intercepted, infiltrated, stored, evaporated, or transpired and g ipation process. The next step is to change the parameter
subtracted from precipitation [14]. Meanwhile, the effective values in the model. Variations in the parameters used by

runoff amount is calculated by the transform method. Direct changing the parameters become -30% to 30% from the

runoff Ihs (éaICL(leated basecri] on thg excess precipitation in th%/alue with a change interval of 5%. The output to be
\I/vat(ra]rs € dan rc]:oné/gr;sée preﬁpltagtlon excr:esds Into a I(’jU?O eviewed in this analysis is the peak discharge from the
h this study, the urve Number method is used for g jaion results, then compared and calculated to know the

calculating the loss in the watershed. The CN value percentage change. The percentage change will be used to

pﬁramf(_elters ffor _Ith(;s methgdl azje obtaidned by_ prO'ges‘glnsgdetermine the elasticity ratio value) (of each parameter.
S gpe e :\)/I sol h'IataS%:nS Uan |_l|JSde atahu_smg (rjcf The elasticity ratio in the sensitivity analysis is used for
software.vieanwhile, nit Hydrograph is used Tor determining the ranking of the studied parameters [16]. The

ca:culatlfngh th_e trallnsform method. h'_l'hr:s_ mﬁth(f)d re?u!res parameter with the largest elasticity ratio value is the most
value of the time lag parameter, which In the formulation g gjiive parameter among other parameters.
there are values of flow path length, and land slope. These

two parameters are obtained from processed geographic data
in ArcGIS. The hydrological process does not only occur in
the sub-catchment area, but the condition of flow water onA. Simulation Result of HEC-HMS

the land surface also needs to be modelled in HEC-HMS. tha final unit hydrograph results from each sub-
Kinematic wave is chosen to simulate surface runoff that .4tchment distribution can be seen in Fig. 4. The simulation
occurs due to excess precipitation on the land surface. The.gits are compared with the observational unit hydrograph
parameters in the kinematic wave focus on the condition of y5¢5 First, the model uses initial parameters in calculating
the channel, so that the channel cross-section dimensionsg-~g jnit Hydrograph for transform method, SCS Curve
channel slope, and length of the reach are obtained fromy,mper for loss method, and Kinematic Wave for channel
DEM data processing in ArcGIS. routing. The inputted parameters are derived from data
D. Calibration Model obtained by researcher. Then, the model is calibrated by

. . doing “try and error” to optimize the parameter value. The
A calibration model needs to be conducted to ensure tha 9 1y P P

; . . . . rocess is conducted manually by modifying each parameter
the model created has reliable simulation results. Cahbra‘uontp yby ying P

Sensitivity analysis in this study begins by

I1l. RESULT AND DISCUSSIONS
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5,00 N smaller tht_a peak discharge value is, the longer time of peak
affected will be.

B 400 Based on the Fig. 4, unit hydrograph of the simulation

€ ' results is different from the observation unit hydrograph.

© 300 Runoff discharge that occurs before and after peak discharge

% tends to be different. To find out which model performance

S 200 is better, it can be analyzed using the Nash-Sutcliffe test.

-‘Dﬁ ' Result from the Nash-Sutcliffe shown in Table I. From the
1,00 value, all models have a satisfied result.

From that result, these values indicate that creating a

0.00 o rainfall-runoff model by dividing sub-catchment influences a
' 8298R298888888838:¢88% significant difference in the simulation results. It is closely
CHdNYLOXINOIgERQIgNe related to the parameters in the watershed and the structure
Time (hour) of the model. In the performance of the models in Table I, it
== Qobs RF 100
PRE 150 PRF 200 can be concluded that the greater the value of the stream
—=—PRF 250 —e—PRF 300 order is, the better the model performance will be.
—e—PRF 400 Standart (PRF 484)
: : : . TABLE |
Fig. 4 Simulation Result for V. PRF Val
9 imutation Result for various ae MODEL PERFORMANCE OFHEC-HMSMODEL BASED ON
NASH-SUTCLIFFE EFFICIENCY
5.50
Model Performance '\uMmper of Sub- NSE
5.00 8- catchments
5 T @ 1% Stream Order 120 0.718
g hE 2" Stream Order 51 0.713
£ a0 . 39 Stream Order 3 0.511
a 4" Stream Order 1 0.462
3.50
R?*=0.9585 "
o
3.00 B. Comparison of The Simulation Result Based on Graph
01:40 02:00 02:20 02:40 03:00 03:20 03:40
Time (hour) Type

It has been mentioned earlier that the shape of the
simulation unit hydrograph is different from the observation
hydrograph unit. Conditions that cause the shape of the
graph of the simulation results are not suitable influenced
using factors used in direct runoff analysis (Transform
Method). In the SCS Unit Hydrograph method, it defines
curvilinear in the unit hydrograph by first adjusting the
runoff percentage that occurs before the peak discharge
occurs. In this method, a standard unit hydrograph is formed
based on 37.5% of runoff discharges that occur before the
peak discharges. This standard hydrograph unit has a PRF

Fig. 5 Comparison osimulationresultbased orgraphtype

Time (Hour) ) (Peak Rate Factor) value equal to 484 [17]. The PRF value
e Qobs ot 03— aond ——ts certainly influences the shape of the simulation results
Fig. 6 Simulation Result from HEC-HMS Model hydrograph. In addition, the PRF value can be determined

based on the topographic conditions of the watershed. To
obtain the appropriate results for Malino watershed, it will

value so that it can produce compatibility between try o simulate first order model with different PRF values,
observational data and simulation results. The resultsthe simulation result can be seen in Fig. 5. Then, the

has been calibrated. Q, and t each model on a graph and calculating the

Fig. 4 is .comp.arisorS] among unit hydrograph of correlation value between that two values. The graph can be
observation, simulation of*12", 3% and 4 stream order.  seen in Fig. 6. This process is performed to determine the

From Fig. 4, the simulation result each model have a gffect of various PRF value on simulation results.
different peak discharge with different time of peak. The  From the graph above, thé Ralue for simulation result
simulation result based on first and second order distributionysing various type of PRF value for transform method is

has simulated discharge of 4.754/srand 3.612 fifs at the (9585, These results are based on the plotting between peak
same time to 02:40, for third order distribution has simulated gischarge and time of peak from simulation result. The R

discharge of 2.147 #s at 04:40, and for the last forth order yajye in Fig. 6 shows that the change of the PRF value on
distribution has simulated discharge 0f 2.028smat 05:20.  the SCS Unit Hydrograph has a large influence on the

The greater the value of reach order is, the smaller thesimylation result linearly. Based on various simulation
resulting value of the simulation peak discharge will be. The reguits, the PRF 250 was chosen to be used in the Malino
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watershed model. This value is chosen based on the resultproduced. From the comparison of simulation results for
of the peak discharge values that are the closest to thevarious types of graphs on the SCS Unit Hydrograph method,

observation peak discharge.

it can be concluded that based on thé \Rlue, the
determination of the PRF is very influential on the

40% simulation results of the model. PRF 250 was chosen used in
30% the Malino watershed model. This value is chosen based on
. the results of the peak discharge values that are the closest to
o 20% the observation peak discharge. From the results of the
S 10% sensitivity analysis conducted on the selected parameters, it
B was concluded that the impervious is the most sensitive
Ef35% 5% 2500 parameter. Hence, in rainfall-runoff modelling, small
g 0% changes in the impervious parameter can have a large effect
§ -20% on the simulation results. These parameters are also the most
@) 300 parameter that can be used to calibrate manually.
- 0
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Sensitivity analysis is performed on the parameters that 6]
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The sensitivity analysis in this study is used for evaluating
the event model. There are four parameters analyzed for
sensitivity, these parameters include the curve number,m
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From the results of the above table, from the two studied
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increase the peak discharge value when the parameter valug,
gets bigger. Meanwhile, changing the manning coefficient
parameter to the smaller value will cause the peak flow of
the simulated results greater. (23]

[14]
IV. CONCLUSIONS

Based on the analysis and discussion above, severaf15]
conclusions can be summarized as follow: In this study, the
sub-catchment distribution for the rainfall-runoff modelling
has a significant influence on the simulation results. It is
caused by the structure of the model formed based on th 16]
division of stream order. In this study, the most optimal
results are produced in models with sub-catchment
distribution based on the first order. It can be concluded that(!”]
the greater the number of sub-catchment distributions
performed is, the batter the performance models will be
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