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(Abstract- The present experiment was conducted the prime objective, to generate and estimate the curve number for runoff and also to de velop autoregressive (AR),\
for the prediction of rainfall, from the study area and estimate the parameters of runoff. Autoregressive (AR) models of orders 0, 1 and 2 were tried for annual stream
flow series. Parameters were estimated by the general recursive formula process by Kottegoda. The adequacy of models and goodness of fit were tested by Box-Pierce
Portmanteau test, Akaike Information Criterion (AIC) and by comparison of historical and predicted correlogram. The AIC value for AR (1) model (141.855) was lying
between AR (0) (142.764) and AR (2) (152.749) which is satisfying the selection criteria. The mean forecast error was also very less. On the basis of the statistical te st,
Akaike Information Criterion, AIC the AR (1) model with estimate model parameters, estimated for the best future predictions in Upper Sewani watershed. This is
graphical representation between historical and generated correlogram, where in runoff there was a very close agreement. The performance comparison of both the
models was made with the coefficient of determination (R2) which was 0.988 in case of SCS- Curve Number and 0.946 in case of Autoregressive Time Series Model.
On further comparison it shows that autoregressive is giving much better results than the Curve Number method, so it can be more trust worthy.
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Introduction

Water is vital to life for every organism present in this world. In the agricultural
country like India water play a key role in economic growth and development in all
activities. Growing population, rapid urbanization and increasing industrial and
agricultural growth has increased the pressure on water resources. At the same
time, climatic changes are beginning to affect the events like rainfall and will
probably lead to even higher temperatures and lower rainfall in tropical areas.
Rainfall and runoff are highly non-linear and complex. One of the important
problem in hydrology deals with interpreting a past record of hydrologic events in
terms of future probabilities of occurrence. Rainfall and runoff modelling is of
particular relevance for engineering applications of water as well as in flood
disaster management. Heavy rainfall results in land degradation and low rainfall
cause the reduction of soil's nativity and productivity. It has been estimated that
about 113.3 mha of land is subjected to soil erosion due to water and about 533.4
m tones of soil is being detached annually due to various reason’s in India [6].
Meteorological data are frequently needed while estimating the long term effects
of proposed man-made hydrologic changes. Such assessments are often
hydrologic processes which use weather data as the input. The meteorological
variables required for most of the hydrologic models include precipitation. It is
necessary to have a sufficiently long historic data to achieve a functional

mathematical rule. It's record which consist of short-term data are not suitable for
proper planning and arrangement processes are also available for a location of
interest. In such circumstances, it becomes compulsory to have deterministic as
well as stochastic component. Most hydrologic system have both deterministic as
well as stochastic component [22]. Stochastic time series model such as
Autoregressive (AR) [14,16,10] moving average (MA) and Autoregressive moving
average (ARMA) [9] are widely used to predict annual runoff. Identification
generally depends on the characteristics of overall water resources system,
characteristics of time series and the models input [13]. A developed Auto
regressive model is suitable for a certain range and applicable for particular zone
of climate [12]. Multivariate autoregressive and univariate autoregressive (AR)
methods are applied to regional scale rainfall runoff modeling [15]. Curve Number
Method and stochastic time series models, such as Autoregressive,
Autoregressive Moving average are widely used to developed and generate the
annual Rainfall and Runoff [1]. Keeping this in view an attempt has been made to
develop an autoregressive time series model for prediction of annual rainfall and
runoff of Upper Sewani watershed, which is situated in Damodar Catchment
Jharkhand.

Materials and Methods
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In present study, SCS-Curve Number Method and Autoregressive Time Series
Model was developed to predict the annual runoff of Upper Sewani watershed.

Generation of Curve Number
Curve Number is estimated by following mathematical equations-

F Q
- — 1
S P-la

F= actual retention

S= Potential maximum retention (mm)

Q= accumulated runoff depth (mm)

P=accumulated rainfall depth (mm)

2= initial abstraction (mm)

After runoff has started, all additional rainfall becomes either runoff or actual
retention.[13].

F=P-1l.-Q 2]
Combining (1) and (2)-
(P-la)2
Q= — (3]
(P-le-S)

The following average relationship was found-
lo=0.2 4
Combining equations 3 and 4 yields,

(P-0.25)
Q@ — [5]
(P+0.85

Equation (3) is the rainfall-runoff relationship used in the Curve Number method. It
allows the runoff depth to be estimated from rainfall depth, given the value of the
potential maximum retention S [4]. This potential maximum retention mainly
represents infiltration occurring after runoff has started. This relationship is-

25400
Nz ———— 6]
25448

Stochastic Time Series Model

A stochastic process is the “mathematical abstraction of an empirical method
that's governed by probabilistic laws” [18].

A simple time series model could be developed by single probability distribution
function f(X: ©) with parameters © = (1, ©:..) valid for all positions t = 1, 2...N
and without any dependence distinction X1, Xa,......... Xo.

A time series model with dependence structure can be formed as:

et=gertnt 1

Where n tis an Independent series with mean zero and variance (1- d1), € tis
dependent series and ¢ is the parameter of the model. Time series modelling can
be organized in five stages, i.e. Selection of model type, identification of model
composition, identification of model form, estimation of model parameters and
testing goodness of fit for validation of the model.

Autoregressive (AR) Model
The pthorder autoregressive model AR (p), is estimated by following eq -

— P —
Yo=Y+ @ (Y -Y)+e 8]
j=1

Where, Yt is the time dependent series (variable), €:is the time dependent series
which is independent of Yt and is normally distributed with mean of annual flow
and rainfall data and @1, @z, ...... Qpare the Auto-regressive parameter

The parameters @1, @2,.... @p were estimated by[17] solving the p system of
following linear equations-

R= Qi+ Ganeat ot Qo K0 [9]

or p
e = Z(D iTe K>0
i1

Where, r1, r2 were computed from equation [9].

Estimation of Autoregressive Parameter

For estimation of the model, parameter method of maximum likelihood will be used
8

D
ARQ): D, = Dl'z [10]

2,2

D1,2 D3,3 - D1,3D2,3

AR (2):®, = 1
D2,2D3,3 - D2,32 [ ]
CI)2 _ D1,3 D2,2 B D1,2D2,3 [12]
D2,2 D3,3 - D2,32
Auto-Correlation Function
Autocorrelation function (rk ) of lag k was estimated as proposed by [7].
-1+196,/N-K-1
r, (95%)= VoK [13]

Partial Auto-correlation Function
The PCi was calculated the 95% probability limit to identify both the type and
order of the model [23].

= 4]

Statistical Characteristics-

(a) Mean Forecast Error

Mean forecast error was calculated to evaluate the performance of auto
regressive models fitted to time series of rainfall, runoff [11].

PCix (95%) =

> 7 0-3 70
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MFE= = ; [15]
Where,
Xe(t) = Computed rainfall and runoff value
Xo(t) = Observed rainfall and runoff value
mo- Number of observations
(b) Mean Absolute Error-
PIACEFACE
i=1
MAE= [16]
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(c) Mean Relative Error -
P ACESACR

MRE= = o [17]
o
(d) Mean square error-
2z ®-2) |
i=1
MRE = 70 [18]
n

(e) Root Mean Square Error-

Sl -2 OF

RMSE= | & ——— 9]
n

(f) Integral Square Error-
It was estimated by following equation proposed by [5].

)2PRCRPAC);

ISE = -
Zﬂ(o ®

[20]

Test Goodness of Fit of Autoregressive Model
The following tests were performed to test the goodness of fit of autoregressive
models.

(a)Box-Pierce Portmonteau lack of fit test-

ZL: r’
k=1

Q=N [21]

Where,

N = Number of observations

rk = Serial correlation or autocorrelation of series Yt

The statistic Q follows x 2 distribution with r = K-p degree of compared with
tabulated values of 2. [8].

(b) Akaike Information Criterion
The Akaike Information Criterion [2] was used for checking whether the order of
the fitted model is adequate compared with the order of dependence model.
Akaike Information Criterion for AR (p) models was computed using the following
equation-

2

AIC (P)=N 1n (3- s]+2(P) 22]

Where,

N = Number of observations

0¢ 2 A =Residual variance

A comparison was made between the AIC (p) and the AIC (p-1) and AIC (p+1). If
the AIC (p) is less than both AIC (p-1) and AIC (p+1), then the AR (p) model is
best otherwise, the model which gives minimum AIC value was the one to be
selected model.

Results and Discussion

Generation of Curve Number using observed Rainfall and Runoff data

The retention parameter S was determined on the basis of observed rainfall and
runoff. The equation is depicted below-

S = 5(P+20-(4Q2+5PQ) 2}

Where P, Q and S is in mm.
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1400 -+ W Rainf
1200 - all
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Fig-1 Generation of Curve Number using observed Rainfall and Runoff
Estimation of Curve Number

Using the USDA Soil Conservation Services Curve Number method was
estimated from rainfall, runoff and potential maximum retention values S. It reveals
that the Curve Number for different condition i.e. CN I, CN Il and CN Ill, higher the
valued of curve Number causes less potential maximum retention and less value
of Curve Number causes high potential maximum retention.

Average value of Curve Number (CN Il)

It indicates the slope of watershed varies from 1 to 5%, it is evident that it belongs
to land use capability class Il and class IV. Relationship plotted between CN | and
CN I, the closeness of the data points to the line of perfect fit indicates a
satisfactory model performance and shows that some data are underestimated
because of heavy rainfall.
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Curve Number Il
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Curve Number|

Fig-2 Average value of CN I and CNII
Estimation of Initial Abstraction
Initial abstraction depends upon infiltration and surface storage, which occur over
the watershed runoff. The relation between la and S was developed by means of
rainfall and runoff data from experimental small watershed [12].
la= 0.2

Where, S is in mm.

Development of Statistical Model
A regression model developed between observed runoff and estimated runoff.

Y=0.988X
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R2=0.98

Where,

X= estimated runoff

Y = observed runoff

This model exhibited strong linear relationship between observed runoff and
estimated runoff [Fig-3].

700 - y =0.9885x+ 47.506
- R2=0.9883
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Fig-3 Comparison between measured and predicted annual rainfall
Stochastic Time Series Model

Model Identification

The annual series Yt for runoff was displayed through the autoregressive model.
The various steps elaborate in are identification, estimation of parameters and
verification of the model type, order and parameters. The auto-correlogram is a
plot of autocorrelation function against lag K and partial autocorrelation is a plot of
partial autocorrelation function against lag K.

Models of AR Family
In this study the autoregressive models were tried order second. The parameters
of AR models up to order second were determined through equation [8].

AR (p) models for prediction of annual Runoff:
AR (1) Y1=322.13 +0.602285 (Y14-381.99) + € ¢

Box Pierce Portmonteau Test for AR Model

The Box-Pierce Portmonteau lack of fit test to check the adequacy of
autoregressive model both for AR (0), AR (1) and AR (2) models were estimated.
The results revealed that all three models, viz. AR (0), AR (1) and AR (2) were
charitable worthy fit and were suitable

Table-1 Statistical constraints of autoregressive (AR) model for annual runoff for Upper Sewani watershed.

AR parameters White Noise

Value Portemonteaue Test (Q)

Degree of freedom | Table value of y2at 5% level

variance(o%) up to 5 lags of significance
AR(0) - 109.09 142.73 29.736 5 11.07
AR(1) 0:=0.655 99.104 141.85 22.634 4 9.48
AR(2) $1=0.602 162.653
0,=0.056 152.74 16.218 3 7.81
Table-2 Statistical features of Measured and Predicted annual stream flow for Runoff
Statistical Characteristics \ Measured Runoff Predicted Runoff
Mean 294.17026 323.59941
Standard Deviation 145.07381 137.76609
Skewness 0.7303254 0.5467997

Table-3 Evaluation of regeneration performance with statistical errors.

Statistical error

Autoregressive AR (1) model

Runoff
1. Mean forest error 25.748436
2. Mean absolute error 25.74844
3. Mean Relative error -1.312935
4. Man Square error 9944.7236
5. Root Mean square error 99.723265
6. Integral Square error 0.0796836

Akaike Information Criterion Test for AR Models

In order to choose the better model, Akaike Information Criterion for all three
models was computed. The computed values of AIC for runoff are given in [Table-
1]. Itis clear from the table that AIC value of AR(1) in all three cases are lying in
between AR(2) model and AR(0) model therefore it was considered appropriate
model for further prediction of runoff.

Comparison of the measured and selected Model Correlogram

The correlogram of Measured and Predicted series for runoff was developed by
plotting autocorrelation functions against lag K. The autocorrelation functions rx (k)
of the fitted AR (1) model is calculated with the help of SPSS software. The
graphical representation of the data displays a closer agreement between
measured correlogram and predicted correlogram of runoff for selected model. So
the developed model for runoff can be exploited for the prediction of upcoming

Statistical Characteristics of Data
The measured and predicted data was calculated by mean, standard deviation
and skewness and it's evaluate the fitting of the model in moment preservation

[Table-2]. The results of the skewness of predicted data by AR (1) model and
measured data is lying between -1 to +1 [Fig-3] and therefore AR (1) model give
the superior results of mean and skewness.

y=0.924x+50.31
R*=0.946
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Fig-4 Comparison between measured and predicted annual Runoff
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Performance of AR (1) Model for Runoff

The statistical features such as MFE, MAE, MRE, MSE, RMSE and ISE were also
used to test the adequacy of the model for upcoming prediction with higher degree
of correlation to previous measured explanations [Table-3]. The different types of
errors in rainfall and runoff of the generation of AR (1) model are calculated.

The data of the table visibly represents that prediction AR (1) model is giving the
best results. Since all the errors are very less. It indicates that AR (1) model can
used for prediction in upper Sewani watershed. The co-relation between the
predicted and measured values are runoff (RZ = 0.946). The graphical
representation of data shows the strong co-relation between measured and
predicted values.

Comparison of the two Models

From the graph, it is clearly visible that, the result obtained by SCS-CN is showing
in fig much more deviation by Autoregressive Time Series Model. SCS Method is
not only showing the peak among three and there is rather showing the deepest
valley too, which is compensated by the force coming peak. One more important
result visible from the graph is that AR is giving much more better results or it can
be concluded that Autoregressive Time Series Model is much more trust worthy
than SCS-CN.

800 —&— Autoregressive

SCS-CN
~de— OBSERVED

700
600
500 ..
400
300

200

>

o © N\ o N > ©
g i K > g A B 2

Fig-5 Comparison of the Autoregressive time series and SCS-CN Models

Conclusion

On the basis of the estimated errors, statistical characteristics and correlation
between both the observed and predicted values, it was concluded that the
proposed autoregressive model used to predict the annual rainfall and runoff in
Autoregressive (AR) models of orders 0, 1 and 2 were tried for annual stream flow
series and different parameters were estimated. The AIC value for AR (1) model
(141.85) was lying between AR (0) (142.76) and AR (2) (152.74) which is
satisfying the selection criteria. This is also validated by Graphical representation
between historical and generated correlogram, where in runoff there was a very
close agreement. The performance comparison of both the models was made
with the coefficient of determination (R?) which was 0.988 in case of SCS- Curve
Number and 0.946 in case of Autoregressive Time Series Model. On further
comparison it displays that autoregressive is giving much better results than the
Curve Number method, so it can be more trust worthy.
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