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Abstract

This paper describes the application of a conceptual rainfall runoff model to investigate the peak and monthly
flows at the Sarisoo River Basin on the North West of Iran. The model was calibrated using measured stream flow
data and then validated for three years.

Calculations of level and time of peak flows are vital for designing structures downstream in the catchment areas.
The simulated peak flows were occurring in the months of February in 2003, 2006 and 2007 with approximate values
of 6.32, 9.35 and 6.13 m3s™ respectively. After calibrating 9 NAM parameters using record data of daily rainfall,
monthly evaporation and daily discharge in the period of 1" October 2003 to 31" March 2006 and validating the
model daily discharges were calculated for 12 years.

The outputs of the calibrated model are able to be used in the assessment of water resources management
models like Mike Basin, WEAP... because they normally work based on monthly flows with a large time horizon. The
results show that monthly averages of mean, maximum and minimum flows are about 10%, 2% and 33% less than
daily computed Nash—Sutcliffe coefficients, all calculated over a period of 12 years.

The optimum values of the 9 NAM parameters obtained during the calibration procedure are presented. The
reliability of MIKE11 NAM was evaluated based on the Nash-Sutcliffe coefficient (R?), Root Mean Square Error

(RMSE), peak flow (RMSE) and low flow (RMSE). The R? obtained during this study is 0.74.

Keywords: Rainfall-runoff models; Water balance; NAM parameters
estimation; Calibration; Sarisoo River

Introduction

Appropriate river flow forecasting and estimation are the
essential parameters to enable calculations of flood warning, drought
forecasting and optimal operation of the reservoirs and power plants.
There are a lot of approaches to hydrologic forecasting that have been
used in the last few decades. These are grouped into three categories:
lumped conceptual models, models based on physical distributions
and empirical black box models. Lumped conceptual models require
significant amounts of calibration data and also experience of the
user to implement and calibrate. Physical distribution based models
are not suitable for our research because they need a large amount
of data about topology, soil, vegetation and geological characteristics
of the catchment areas. The quality of the observed data plays the
main role in the accuracy of empirical black box models and they are
useful operational tools where there are not enough meteorological
data available Babovic and Bojkow [1]. Precipitation distribution,
evaporation, transpiration, abstraction, watershed topography, and soil
types are implicit and explicit factors which are affecting the rainfall-
runoff process in the modeling Dawson et al. [2].

The Rational Method McPherson [3], Soil Conservation Service-
Curve Number Method Maidment [4], and Green and Ampt Method
Green and Ampt [5] are the widely known rainfall runoff models
identified. The Genetic Danish MIKE11 NAM (1972) is one of
the complex models identified which should provide better runoff
estimation Supiah and Normala [6].

Lumped conceptual type of models have been developed based on
conceptual representations of the physical processes of the water flow
lumped over the entire catchment area. Examples of this type of model

are the Sacramento model Burnash [7], the Tank model Sugawara [8],
the HBV model Bergstrom [9], and the MIKE 11/ NAM model Nielsen
and Hansen; Havno et al. [10,11]. Model calibration is needed because
the parameters of such models cannot be obtained directly from
measurable quantities of catchment characteristics. A trial-and error
parameter adjustment is made in the process of manual calibration.
In this case, comparing the simulated and the observed hydrographs
based on a visual judgment is used as a basis for the calibration process.
In automatic calibration, parameters are automatically adjusted
according to a specified search scheme and the resulting numerical
measures of the goodness-of-fit Madsen [12].

MIKE 11-NAM is a rainfall-runoff model that is part of the
MIKE 11 RR module. It has been used by many researchers [13-18].
MIKE 11-NAM, MIKE SHE and WATBAL models are validated on
three catchments in Zimbabwe for water resources decision making
by Refsgaard and Knudsen [13] where at least one year’s data were
available for calibration.

The runoff hydrographs for the ungauged Nzhelele River were
simulated by using the MIKE 11-NAM model and the Australian
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Water Balance Model (AWBM) by Makungo et al. [18]. The simulated
runoff hydrographs can be used in water resources planning and
management, and water resources systems operation. The rainfall-
runoff relationship in the Strymonas River catchment was studied by
Doulgeris et al. [19] using the MIKE 11-NAM model. MIKE 11-NAM
was used as well for the simulation of rainfall-runoff process in the
Strymonas River and Lake Kerkini by Doulgeris et al. [20] for water
resources management aspects.

Guzha and Hardy [21] used distributed models together with GIS-
based data, which enables subdividing the watershed into as small units
as found necessary to utilize the available geospatial data. They applied
the TOPNET model to the Big Darby Creek watershed in Ohio, USA.
RVCA (2007a and Ahmed [22,23] used the Mikel1l models for RVCA
watersheds. It has recently been modified for smaller lake-dominated
basins (as required by practical needs) and used for calculating design
floods, stage-discharge rating curves, flood risk elevations, etc. (RVCA
2011a, b, 2012a, b) [24-27].

In this paper, using lumped conceptual rainfall-runoff models,

a long term daily and monthly discharge (1996- 2008) has been
calculated for the Sarisoo River catchment based on the available
rainfall and evaporation data. For this purpose, the MIKE 11-NAM
model was adopted in order to be able to do better auto calibration
of Nam parameters. The calibration and validation procedures of the
model were carried out to provide a satisfactory estimation. The subject
matter of this paper is the application of a rainfall-runoff model for the
Sarisoo River watershed on the northwestern part of Iran. Its location
on the map of Iran is shown in Figure 1.

Theory and Methodology

The NAM (Nedbor Affstremnings Model) model is a deterministic,
lumped conceptual rainfall-runoff model which is originally developed
by the Technical University of Denmark Nielsen and Hansen [10].

In this model, the hydrological cycle is the basis of the quantitative
simulation of water storage and flows in the watershed and its
parameters represent an average value for the whole watershed. The
general structure of the model with its four different and mutually
interrelated storages and their corresponding flows is shown in Figure 2.
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The snow storage, surface storage, lower zone storage and underground
storage are four storage layers and the flow (QOF), interflow (QIF) and
underground flow (QBF) are three flows surface. Generally, rainfall,
potential evaporation and temperature are the input data needed for
this model and the output of the model is the watershed outflow over
time DHI [28].

To estimate the final NAM parameters the model must be calibrated
by a time series of hydrological observations which can be done either
manually or automatic. The auto-calibration is done to optimize two
objective functions: (a) minimizing the water balance error (%YWBL) to
achieve agreement between the average simulated and observed runoff;
and (b) minimizing the overall Root Mean Square Error (RMSE) for
the entire flow spectrum to achieve overall agreement of the shape of
the hydrograph, by (Madsen 2000, 2003) [12,29].

The NAM auto calibration is implemented by giving all objectives
equal weightage and by searching the solution by the shuffled complex
evolution algorithm to avoid the optimum solution becoming
entrapped in local optimums (Madsen 2000, 2003) [12,29].In this
paper, the calibration scheme includes the overall volume error and
the overall root mean square error (RMSE) performance statistics
(Madsen, 2000; DHI, 2009) [12,28]. Calibration of the rainfall-runoff
model (RR or NAM) is done by adjusting nine NAM parameters and
by finding appropriate parameters for describing the initial conditions.
Initially, the NAM model was setup using nine parameters (surface-
root zone, groundwater). The catchments’ parameters were estimated
with a calibration procedure that was based on available discharge data.
Two extended groundwater parameters (recharge to lower reservoirs
and a time constant for routing lower base flow) in order to simulate
a slower base flow in catchments were chosen to improve the model
performance. The estimation of these parameters was achieved by the
auto-calibration procedure.

Calibration of the NAM 11 RR model was then done for a two and
a half year period from October 1st, 2003 through March 31, 2006,
using measured flow data at Bazergan (19007) station.

The first stage of the application of the NAM model for rainfall
runoff estimation is the calibration process to determine the optimum
values of the model parameters. The second stage is the discharge
simulation and the prediction based on the estimated model parameters
during the calibration process.

Data Sets

The Sarisoo River watershed is located on the northwestern part of
Iran and occupies a total area of 2470 km?. The available meteorological
and hydrological parameters in the Sarisoo River catchment were

analyzed and used in the calibration and validation of the hydrological
model. Precipitation and temperature data were gathered from the
Bazergan (19007) and Sangar-Sarisoo (19073) stations. The average
annual precipitation is 335 mm. Observed discharge measurements
were obtained from the Bazergan station (19007) along the Sarisoo River
and the mean annual discharge there is 1.35 m’s* in a simulation for
a period of 12 years. Hydrological (i.e., discharge) and meteorological
(i.e., precipitation, temperature and potential evapotranspiration)
data were input into the NAM model. In the NAM model, the actual
evapotranspiration is calculated by the model and based on potential
evapotranspiration (maximum rate of actual evapotranspiration) and
on the model’s parameters [28].

Results and Discussion

The MIKE 11-NAM model is used to estimate the daily runoff to
the Sarisoo River catchment. The calibration period has been from
10/10/2003 until 31/03/2006 and the validation period from 01/09/2007
until 29/02/2008. Following the auto-calibration procedure for the
NAM model parameters, a set of NAM model parameters is calculated
and then the simulated discharge is compared with observations.

By considering the structure of the NAM model, it seems that the
final calculated values of model parameters represent hydrologically
the catchment’s characteristics in the range of predefined bandwidth
during the auto-calibration procedure. The final values of NAM
parameters that have been adjusted in the calibration process are
illustrated in Table 1.

Figure 3 is showing a graphical evaluation of the MIKE 11-NAM
model’s results, for the 2003-2006 calibration periods and for the
Bazergan station. It shows the result of auto-calibration yielded %WBL
and R? values of 0.0 % and 0.74 respectively.

The runoff peaks and the dates at which they appear are simulated
with precision by the NAM model, in spite of the inability to simulate
the higher peaks in some cases (April 2004 and 2005). However, in this
paper we are mostly interested with significant precision in the runoff
peaks and the dates and mean monthly runoft of the Sarisoo River.
We are interested as well in the prediction of the daily and monthly
discharges during the four years which are missed in historical time
series of observed discharges, the years between 2000 to 2003 and 2006-
2007.

Daily discharges were predicted for the period of 1" September
2007 to 29" February 2008 to validate the MIKE 11-NAM model
using the model parameters estimated during the calibration period.
A comparison between observed and simulated discharge for the
validation period is illustrated in Figure 3.

Parameters Description Upper Bound Lower Bound Final Value
U, (mm) Maximum water content in surface storage’ 5 35 5.01
L o (MM) Maximum water content in root zone storage 50 350 51.2
CQOF (-) Overland flow runoff coefficient 0 1 0.127
CKIF (hr) Time constant for routing interflow 500 1000 780.6
CK1,2 (hr) Time constant for routing overland flow 3 80 79.9
TOF (-) Root zone threshold value for overland flow 0 0.99 0.90
TIF (-) Root zone threshold value for interflow 0 0.99 0.00015
TG (-) Root zone threshold value for GW recharge 0 0.99 0.412
Ccléil\jv([ir)) Time constant fqr routing base flow Lower base flow/recharge to lower reservoir Time 580 6100000 5692571
Cklow (hr) constant for routing lower base flow 1000 30000 18108

"See DHI [28] for details

Table 1: NAM parameters determined during calibration of Sarisoo catchment.
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Figure 3: NAM Autocalibration at Bazargan station (19007).

The discharge series are simulated based on the daily rainfall and
using parameters that were calculated during the calibration period for
the 12-year period, 1996 to 2008. As there are four years of lacking data
(Oct 2000 to Sep 2003 and Oct 2006 to Sep 2007) on the daily discharge
of the Sarisoo watershed, it was important to know whether the peak
flow could have been occurred in these periods. The results shown that
the simulated peak flows were occurring in the February months of
2003, 2006 and 2007 with approximate values of 6.32, 9.35 and 6.13
m’s’ respectively. It means that the peak flow will not be occurring in
the data gap periods between 1996 to 2008. Simulated daily discharge
data were compared with the observed daily flows that validated the
peak flow dates and values. The peak of the observed daily discharge
was measured 8.8 m’s™ in February 2006. The average, minimum and
maximum discharges in the gap years were calculated to be 0.99, 0.11
and 6.32 m’s and 2.52, 1.73 and 6.14 m®s for the period of Oct 2000
to Sep 2003 and Oct 2006 to Sep 2007, respectively.

Furthermore, for the assessment of water resources management
aspects, the monthly mean, minimum and maximum discharges were
calculated based on the simulated daily discharge for the 1996-2008
years. Figure 4 represents the curves of the simulated and observed
monthly mean minimum, maximum discharges. As seen in Figure
5, the Nash-Sutcliffe coefficient (R?) is calculated to be 62%, 72%
and 40% for the monthly mean, minimum and maximum discharges
respectively.

By comparing the output of the Nam model for calculating the daily
discharge correlation coefficient (R?=0.74) in the calibration of these
values, it seems that there is a significant agreement between daily and
monthly maximum discharges (R*=0.72) and the observed discharges.
And also there is an acceptable agreement between daily and monthly
average discharges (R?=0.62) and the observed discharges but there is an

insignificant agreement between daily and monthly average discharge
(R*=0.40) against of observed discharge. However, monthly averages
of mean, minimum and maximum flows are about 10%, 33% and 2%
respectively less than the daily computed Nash-Sutcliffe coeflicients
over the period of the 12 years. It means that in this case study using
the results of the Nam model to calculate the daily discharge of the
watershed from daily rainfall it is acceptable to use monthly discharges
in water management models like the Mike basin, WEAP,... in middle
term time series. Because monthly averages and maximum discharges
are more important than monthly minimum discharge to calculate the
designs of downstream infrastructures and the reservoirs in the basin
can moderate and manage the minimum flows. Figure 5 demonstrates
the simulated monthly runoff of the Sarisoo watershed.

The probabilities of exceeding the curves of monthly average flows
for simulated and observed discharges are shown in Figure 6. This
graph shows that there are three periods of time to compare the model
results with. At first there is a very good correlation between observed
and simulated data for monthly maximum discharges (the first initial
20% of the time). And also, it shows that the simulated discharge is
overestimated and underestimated by the model for monthly average
and minimum flows respectively in the second part (the next 40% of
the time) and third part (the last 40% of the time) Figure 7.

Conclusions

The estimation of rainfall runoff in a watershed is very important
when these values are required for the purpose of water resources
planning. Monthly and peak flows are the two most important criteria
to design the reservoirs and for water basin management planning.

The rainfall-runoff model (MIKE 11-NAM) was applied to the
Sarisoo catchment for a twelve-year time period. We have been
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using an automatic calibration to calculate and calibrate the model’s
parameters against the observed discharges along the Sarisoo River
over a period of two and half consecutive years. The model’s results
were significantly improved by the use of additional groundwater
parameters. Furthermore, the model was also validated for the period
01/09/2007 to 29/02/2008 and satisfactorily predicted the Sarisoo River
discharges.

In this paper there are two issues most interesting to estimate with
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significant precision: the discharge of the Sarisoo River including the
runoff peaks and their dates and the mean monthly runoff. Prediction
of daily and monthly discharges for the four years which are missed in
the historical time series of observed discharge between 2000 to 2003
and 2006-2007 years is interesting as well. The results show that the
simulated peak flows were occurring in the February months of 2003,
2006 and 2007 with approximate values of 6.32, 9.35 and 6.13 m’s’
respectively. Average, minimum and maximum discharges in gap years
are calculated to be 0.99, 0.11 and 6.32 m?! and 2.52, 1.73 and 6.14
m?s’! for the periods of Oct 2000 to Sep 2003 and Oct 2006 to Sep 2007,
respectively.

The monthly discharges including mean, minimum and maximum
flows were calculated based on the simulated daily discharges for the
1996-2008 years to assess water resources management aspects. When
comparing the output of the Nam model for the calculated daily
discharges with observed data that was a significant correlation found
(R*=0.74) in the calibration stage. However the monthly averages of
mean, minimum and maximum flows are about 10%, 33% and 2%
respectively less than the daily computed Nash-Sutcliffe coeflicients in
the 12 years period.

Monthly averages and maximum discharges are more important
than monthly minimum discharges to calculate the designs of
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downstream structures while the reservoirs in the sub basins can
moderate and manage the minimum flows. Therefore, in this case
study using the results of the Nam model for the calculation of the
daily discharges from rainfall of the watershed it is acceptable to use
the monthly discharges in water management models like Mike basin,
WEAP,... in middle term time series. The rainfall-runoff models like
especially MIKE 11-NAM are lumped conceptual type of models
and they don’t need a lot of data to calculate daily and then monthly
discharges. So, they are useful tools to use in water management models
on the large scale modeling with middle and long term simulation
periods. Finally, the pack of Mike Basin model including Mike Nam, 11
and Basin is a modeling system that they will satisfy the requirements
of water resources managers.
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