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Abstract

As watershed models become increasingly functiandl useful, there is a need to extend their agplitato
other locations to explore the possibility of cediting and evaluating them in such new locatiortss Btudy
used the “abcd” monthly water balance model foe¢hcatchments in different places in the UnitedeStin
order to investigate the feasibility of this modieldifferent regions. Although the regional calitioa led to
nearly perfect regional relationships between cawfit model parameters and basin characteristics in
catchments with little or no snow, practicalitytbfs model in regions dominated by snow was queahte.
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1. Introduction

Watershed models have become an indispensablefdodhe assessment, management, and use of water
resources. They provide mechanisms to anticipatheent behavior and evaluate the consequencestafah

or human-induced changes. For hydrologists, suatefacare especially useful in the evaluation ofiagsions

and theories about the dominant hydrologic processa basin. Continuing innovation in data acduisiand
computing technologies, and increasing modelingiireqents have resulted in models that represetgrwa
related processes with more details in space amel ({Martinez, 2007). This paper therefore aimsrakate the
streamflow for several catchments in the UnitedteStaand, at the same time, intends to understamd th
difficulties involved in water balance model regidination. In order to accomplish the objectivetu$ study, a
simple conceptual model is used. The “abcd” modeipplied on monthly time series where the preaipih

and potential evapotranspiration are used as igndsstreamflow as an output.

For the data, the model parameter estimation exgeti (MOPEX) data set are used to obtain the mpnthl
climate data for the catchments as well as to gatranformation about the basin characteristidse Ftudy
focuses mainly on the “goodness of fit” betweee thodel predictions and observations as well agstoless of
the model performance at the monthly time step difégrent locations throughout the United States.

2. Methods and Data Sets

2.1. Model Identification

Model identification involved a recursive set of$ including (1) selection of study sites and d@&pselection
of a model hypothesis to be tested, (3) initial idation, (4) sensitivity analysis: perturbation Bse&s and
response surfaces, (5) calibration of the model, (& evaluation of model performance.

2.2. Study Stes and Data Sets

In this paper, three river catchments were seleittedn the model on; The St. Johns River catchméth is

the longest river in the state of Florida. It i996n long and 7940 kfrtatchment area. We obtained the data for
this river from the Model Parameter Estimation Bxpent (MOPEX, 2010). The river catchment has asden
forest and shrubland cover with minimal urbanizatibhe second catchment is that of Kickapoo Riveictvis

a tributary of the Wisconsin River in the stateWisconsin, the river is about 210 km long. It i€ tlongest
tributary of the Wisconsin River, drains over aglaarea of land in Monroe, Vernon, Richland, andwiord
Counties. The Kickapoo River catchment encompa4869 Knf in southwest Wisconsin covered mainly by
snow and ice. The third catchment is the Leaf Roatchment which is about 290 km long river witlye®ted
watershed, located in southern Mississippi in thédd States. It is a principal tributary of thesBagoula River,
which flows to the Gulf of Mexico (Figure 1). Thatd include daily values of precipitation, evaposgairation,
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and streamflow that were afterwards converted tathip data. Matlab was used to automate accedsetddta
and to enable processing and analyzing the data.

2.3. Model Hypothesis

The “abcd” model is a physics-based, lumped, andlimear watershed model which accepts monthly
precipitation and potential evapotranspirationrgmits, producing streamflow as an output. Inteyndtie model
also represents soil moisture storage, groundwstteage, direct runoff, groundwater outflow to thteeam
channel and actual evapotranspiration. It was aity introduced by Thomas (1981) and Thomas et18i83)

as a suitable model structure for performing regiavater resource assessment using an annual ¢ahe 3he
“abcd” model was later compared with numerous migntfater balance models (Fernandez et al., 2000).

The “abcd” model has four parameters a, b, ¢, an@agh having a specific physical interpretatiohe T
parameter a (0 <= a <= 1) reflects the propendityoff to occur before the soil is fully saturdt€Thomas et
al., 1983). The parameter b is an upper limit anghm of actual evapotranspiration and soil magsttiorage in
a given month. Presumably this parameter dependseoability of the catchment to hold water wittire upper
soil horizon. The parameter c is equal to the ioacdf streamflow which arises from groundwatercarge in a
given month. Over the long term c is then definadpyy as the baseflow index (BFI), an index usethownly
in studies which develop relationships betweenndigé basin characteristics and groundwater disehiarg
stream channel. The reciprocal of the parameteredjual to the average groundwater residence time.

The model defines two state variables;, Wermed “available water” and ,Ytermed “evapotranspiration
opportunity”. Available water is defined as:

Wi = R +XU;4

where Ris precipitation during period t and XUs upper soil zone soil moisture storage at theipus time
step. Evapotranspiration opportunity (*Yis water which will eventually leave the basin the form of
evapotranspiration and is defined as:

Y= E+ XU,

where E represents actual evapotranspiration during periaad XU represents upper soil zone soil moisture
storage at the current time step. Evapotranspiratipportunity Y is postulated as a nonlinear function of
“available water” Wusing:

r - -
Y, (W), = llr:f:'ﬂ '_.UI(LHG) _ wtb

In

Evapotranspiration opportunity;¥s further partitioned into actual evapotranspiratl and residual soil
moisture storage XUy relating the rate of soil moisture loss to ptitd evapotranspiration, leading to the
nonlinear relationship:

E:= Y- (1 - exp(-PEDb))

Water available for runoff (W- Y,) is further partitioned into upper zone contrilbatito runoff QU and
recharge to groundwater By the parameter c, according to:

QUi=(1-c)- W-Y)andR=c- (W-Y)

Recharge Ris added to the lower soil zone state variablg_X&nd base flow to the stream is computed
according to the linear recession relationship ©d - (XL). Using continuity, we updated XE (XLi-1+ R) -
(1 +d) - 1. Finally total streamflow is computei a

k= QU + QL (Figure 2)
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3. Initial Simulation

The initial simulation was performed with the fallmg parameters values; a = 0.97, b = 250, ¢ =dand,d =
0.01 for a period of 10 years of monthly data foe three rivers in order to know the model behavior
acceptable initial simulation was achieved for btith St. Johns River and Leaf River but not forkéjmoo
River (Figure 3).

4. Sensitivity Analysis

The purpose of the sensitivity analysis is to itigage how the variation in the model parametersaféect the
outputs (streamflow in this study). The main iddathis step is to identify the factors that conttd most
strongly to variability and characteristics of timput-output responses. The difference betweenrsiimelated
outputs and observed output was measured by the Begaared Error (MSE) function as:

1
MSE = : EL [ Otyodeled— Otobservea2

Which measures the fit of the modeled streamfloty{eq) t0 the observed streamflow @dned in Order to
evaluate the performance of the model. The valuUdSE is expected to be close to zero for a goodilsition
of the total volume of the observed streamfloweseri

4.1. Perturbation analysis

It includes perturbing one parameter at a time fatidg the other parameters. The mean squared erit@rion
(MSE) is used to evaluate the perturbation andeterchine the nominal value for each parameter agggr
Following the same procedure for each parameter gerturbing the parameter at a time and fixiregy dther
three parameters), the nominal value for each patearwas obtained.

Parameter a

This parameter has a range between (0 - 1), Feezagtdal. (2000) found that parameter a falls anrdnge of
(0.95 - 0.99) across broad regions in the UnitedeStand it decreases with urbanization and de&di@s. Since
the three catchments in the current study havéeen experienced any notable deforestation or usbdgdup,

this parameter is expected to have high valuesédo one) in such places and it is so (i.e. wainbtl values
that are fairly close to one). We figured out ttfee more the parameter moves away from one, the tiner
residuals get bigger.

Parameter b

This parameter has a wide range (260 - 1900) amuptd (Vandewiele et al. 1992). In this study, dfstimal
values were around 700.

Parameter ¢

Sometimes called baseflow index (BFI), has a rasfg® - 1). This parameter is expected to have kwadlies
in the current study as our catchments have smgdhalulic conductivity according to (MOPEX, 2010)taset,
therefore, the infiltrated water and consequertily baseflow index should be small. Also, the maselery
sensitive to this parameter as the perturbatiotysissshows (Figure 4).

Parameter d

It ranges between 0 and 1. It highly influencesniadel. The optimal values for this parameter ang/ wmall
(close to zero).

As shown in the figures below, the model is venysitive to parameter d followed by parameter ¢ andffect
of parameter b variation on the model simulatidniy- is minimal (Figure 4).
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5. Response Surfaces

Six 2-parameter combinations were used (i.e. ady,aad, b-c, b-d, and c-d). For example: for thenbination
(a-b), the other two parameters (i.e. ¢ and d) wWixed at specific values while parameters a anddre
perturbed to determine their coexist values thakemnte MSE minimum and so on for other combinations
Figure (5) displays six 2-parameter combinationsesponse surfaces for St. Johns River.

6. Calibration

In order to fully develop the model simulation, weed many data for our catchments to test the peaface of
the model. Model testing normally includes two stepe. calibration and evaluation. Correspondinghe
whole data set was divided into two parts, i.e. ¢hBbration period (10 years) and the evaluatienqa (7
years). Calibration refers to the process of ushey first part of data set to find the optimum \eswf the
unknown model parameters. By optimizing the moudel,obtained the following optimum values of the rlod
parameters for St. Johns River: a = 0.994, b = 390.1, and d = 0.03 (Figure 6). Furthermore figiered out
that the residuals get bigger with higher streamdl¢Appendix 1).

In order to check the model feasibility in otheages that receives little or no snow, we appliedniodel on the
Leaf River using the same optimum parameters vaheswe already obtained for St. Johns River. &ithe
climate patterns and the basin characteristicbdtin St. Johns and Leaf River are somewhat sinvilarwanted
to investigate if the optimum parameters in one@laould work well in the other in an attempt tettthe
regionalization of the model. Applying the sameimpim parameter values of St. Johns River for LeigER
resulted in acceptable simulation (Figure 7).

For Kickapoo River (a snowy catchment), we trieccédibrate the model to represent such type ofesyst(a
catchment with snow), but unfortunately we could get any acceptable simulation (Figure 8). Oudifigs
were compatible with Martinez and Gupta (2010) wgteted that “For regions dominated by snow dynamics
constructing of an augmented absitbw model by including a simple temperathesed snow accumulation
and melt component is necessary to get acceptatidelmperformance”.

7. Evaluation

The second part of the data (7 years) for St. J&wsr was used to conduct the model evaluatioa [ttocess
of using the second part of data set to justify pleesistence of the model performance operating e

parameter values obtained in the calibration péri@hly when the performance of the model is satisfry,

both in the calibration and in the evaluation paésican the model be used with confidence in prwcfis shown
in Figure 9, the model performance, with evaluatierstill satisfactory.

Furthermore, model evaluation was also conducted.éaf River, and satisfying model performance aB®
obtained (MSE = 8.25, result not shown).

8. Conclusions

- Four parameters (a, b, c, and d) are sufficienépoesent the system characteristics thoroughtlyarfabcd”
model.

- Parameters a and b are easy to estimate (thewvithlin specific ranges in the literature) in cadtr to
parameters c and d.

- The model is very sensitive to parameters ¢ and d.

- In two catchments located in mild climate (warmddwmid) the “abcd” model exhibits an intermediate
level of performance. The “abcd” model in theseiorg achieves an MSE statistic value of around @ an
captures the main features of the streamflow hymug

- The “abcd” model in its normal structure does wotk perfectly in regions located in continentahwlte
that dominated by snow. If it has to be appliedunh regions, it should be account for snow impact.

- ltis figured out that the residuals get biggethvhigher streamflows indicating that the model kvbetter
for lower streamflow periods.
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Figure 2. Structure of the “abcd” model
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