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ABSTRACT

A lumped conceptual model is described which
has the objective of determining the extent

ta which acceptable accuracy of prediction of
daily, pentad and monthly flows can be achieved
from daily inputs, the minimum data interval
normally available in historic data.

The model_ has been developed on two catchments:
the 19 km Ray catchment above Grendon >
Underwood on the Oxford clays and the 197 km
Cam catchment above Dernford Mill containing a
chalk aquifer partly overlain by Boulder Clay.
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PREFACE

This report ts an account of work carried out on a commissioned
research project funded by thr Cen*ral Water Planning Unit as
part of a programme to develop a method for estimating historie
river flows from catelment models and historie weather data.

The project had two parts: the development of a conceptual model
to stmulate flows on a aalibration period and the testing of the

model in prediction mode usting the 'split record' approach.

The data runs used in this work were from the headvater catohments

of the Cam and Ray rivers, and the time base of the rainfall and
Perman potential evaporation estimation data input was one day.

With these data the conceptual model was used to simulate river

Flows at daily, pentad and monthly time intervalé. The precision

of fit of the conceptual models developed for each catchment werpe
assessed by a statistical program which included the equivalent in
terme of the mudel of the coefficient of corvelation, coefficient

of variation, standard error of estimate, and analyses of the

sertal corrzlation of the pesicuals were made using the Durbin-Watson
statisiic. The statistieal evaluation of the performance of the
models was particularly requested by the CWPU to provide a

comparison with their congiderable work on gemi=logarithmic vegression
models.  These models are used to extend flow data vecords and in

studies of available water resources.
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INTRODUCTION

This report presents the results of an attempt to develop a lumped
conceptual model on a daily time interval to predict river flows from
historic data. The development work was carried out on two catchments
with very different flow hydrographs: the 18.6 km” Ray catchment above
Grendon Underwood on the Oxford clays and the 197 km? Cam catchment
above Dernford Mill which contains a chalk aquifer partly overlain by
Boulder Clay.

The basic model structure used was that of the Institute of Hydrology
conceptual model, details of the philosophy and computing techniques

of which are given in Douglas (1974). Previous applications of the
Institute model using different concepts to describe the inter~store
fluxes have been made on the Cam by Dickinson and Douglas (1972] and on
the Ray by Mandeville et gl (1970]. These models used six- and three-
hourly intervals respectively, and the latter divided the soil store in-
to layers which were successively depleted by evapotranspiration. In
the model development described here the objective was to determine

the extent to which acceptable accuracy of prediction of successive
pentad and longer interval flows could be achieved from daily inputs,
the minimum data interval normally available in historic data.
Precision of prediction of the fine structure of the hydrograph compar—
able to the earlier models was not possible using the longer interval
but modification of the functions representing the interstore fluxes
resulted in reasonable precision in prediction of pentad and monthly
flows from the long runs of data used to test the model.

INSTRUMENT NETWORKS AND DATA

The instrument networks in the Cam and Ray catchments consist of an
cutflow gauging station, a meteorological station equipped to provide
data for an estimate of Penman potential evaporation, and a network of
recording or daily storage raingauges. The recording gauges are used:
to distribute the daily catch in hourly intervals as part of the data
processing. The location of instruments in the Cam is described and
shown in the report by Dickinson and Douglag (1972] and in a paper by
Edwards and Rodda (19701 for the Ray. '

The processing procedure used for data from these networks is described
by Roberts (in preparation]. The processed data are stored in magnetic
tape in six monthly sequential batches of rainfall, streamflow and
evaporation. A crude quality control has been applied to the raw
data, but this will only detect the more cbvious data irregularities
which may, or may not, be due to equipment malfunctioning. Other




sources of bias will only be shown by double mass analysis or model
error analysis.

The data used were continuous from January 1964 to December 1975 for
the Ray, and from January 1966 to December 1975 for the Cam. In each
case the first four years of data were used to optimise the model
parameters, and the succeeding run of observed streamflow used to
check model performance in prediction mode.

The initial prediction runs over the period 1970-75 for the Cam
revealed marked discrepancies between observed and predicted flow from
1972 onwards. The nature of these discrepancies suggested that they
could arise from systematic errors in the data rather than the in-
adequacy of the model. Detailed examination uncovered a systematic
error in the radiation data from 1872 to 1975, and a processing error
in the rainfall data for 1975, shown in Figure l. Correction of these
errors vesulted in a considerably closer agreement between predicted
and observed flows. This provides a useful demecnstration of the
validity of the model and the optimised parameters in a range of data
input conditions outside those experienced in the calibration period.
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"FIGURE 1 The effect of a rainfali processing error on model flow
prediction from the Cam catchment
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THE CONCEPTUAL MODEL

The model has three stores: an interception and surface deteniion

store, a soil moisture store, and a groundwater store. The surface
runoff is assumed to be a function of the soil deficit and rainfall
intensity, and then routed through a non~linear reservoir.

Evapotranspiration from the surface store when it contains water is
estimated by using Penman potential evaporation, EO, and optimising a
factor, FS8, for this term:

ESE = F5 * EO

Any excess rainfall from this store is divided between surface runcff
and the soil moisture store. The surface runoff is made exponentially
dependent on the soil deficit, DC, and on the effect of rainfall
intensity, which is very crudely estimated by using the amount of.
'effective" rainfall, ERAIN, as follows:

ROP = RC *{EXP(-RS*DC}] + EXP(RR*ERAIN}-1)
where the factors RC, RS and RR are parameters to be optimised. ROP is
then used as a proportioning factor giving the volume surface runoff

from

ROFF = ROP * ERAIN

the residus’ rainfall with ROFF deducted representing the infiltra-
tion to the seoil molsture store,

The volume of surface runoff, ROFF, is routed £hrough a non-linear
reservoir RSTORE as follows:

RSTORE
RO

RSTORE + ROFF
RK * RSTORE**RX

f

This expression gives the unit time interval contributions, RO, to
total flow, each contribution being subject to a delay RDEL. The
parameters RK, RX and RDEL are optimised or estimated from field data.

The rainfall passing into the soil moisture store contributed to the

total evaporation in a similar fashion to the interception store, but
a seasonal dependence is introduced by making the Penman factor, ECP,
a function of the store deficit, DC, as follows:

ECP
EECP

{DCT - DC}/(DCT -~ DCS]
ECp * FC

tl

The limit DCS is fixed so that evaporation is at a constant rate at
deficits below this value, and no evaporation takes place at a higher



deficit than 07 FO, UC8 .52 DCT may be optimised.

A simple linear lunction governs percolation from the soll store to
groundwater store. If there 1s a deficit there Is no recharge but
where there is a prefile surplus (ie when DC is negative] then a
constant propertion is drained from the soil store

GPR = -A*DC DC <O

The runoff contribution from the groundwater store follows a non-
vinear flow curve with two parameters, GSU and GSP, operating on the
contents of the store, GS: '

GRO = (GS/GSU]l**GSP
This component of runoff is then delayed in time by a facter, GDEL.

The concepts of this model do not include consideration of snowfall,

and infiltration into the soil is an implicit function of the complicated
runoff expression. The model structure is such that recharge to the
groundwater store can occur only after the soil moisture deficit is
satisfied, Where field data are available the initjal deficit, DC,

and hence the zero deficit level, are determined. In the absence of
field data the initial value of DC is cptimised.

MODEL FITTING TECHNIQUES

The model as described above was fitted to the data by optimising the
parameter values on the first four years of data from each catchment.
In each case the optimised values were then used in prediction mode to
determine the performance of the model on the remaining data.

Initial values of the parameters, and of the contents of each store,
were determined from field measurements where possible or estimated

from water balance assessments oY previous experiencé.- Starting from
these values, the parameters and initial store contents were optimised
using the algorithm described by Rosenbrock {1960], and discussed and
recommended for use in hydrological modelling by Tbbitt and ¢*Donnell
(1671). The objective function which is minimised during the parameter
optimisation by this technique is the sum of squares of the model
residuals., This technique is comprehensively discussed by Clarke (1973},
and is compared with others by pickup (1977}, This choice of objective
function does give a model bias towards high flows, (Fleming, 1975)

but this effect can be minimised by the use of selected data runs within

the model calibration period.

Stage one of this overall process was to optimise those parameters
controlling the volume input/output relationship on a monthly time
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interval. Subsequently optimisation was carried cut on the time
distribution parameters using a daily time interval. Inevitably a
subjective element exists in this fitting process. It governs the
limits set on the range within which each parameter is allowed to float
and the sequence in which the parameters were optimised.

These problems often lead to the reaching of a local optimum when it
becomes impossible to reduce the value of the objective function by
means of the optimisation process. Global optima can then only be
reached by holding certain parameters fixed at physically realistic
values estimated subjectively and re-optimising the rest.

The introduction of these subjective elements is justifiable if the fit
of the models in prediction mode in the split record test is successful,
The main test of different combinations of parameter values giving
comparable values of the objective function over the calibration period
is their success in predicting flows in the remaining period.

STATISTICS USED TO ASSESS MODEL PERFORMANCE

The basis of the statistical analysis of the model performance is the
ohjective function which is minimised tc obtain the optimin values of
the model parameters. This is given in Nash and Sutcliffe (1970}, as
the sum of squares of the differences between computed Q') and
cbserved (Q) runoff for the model frequency interval:

F o= Z{(Q-Q']**2
The efficiency of fit of the model (RE] is then estimated by an
expression which is equivalent to the regression coefficient of

determination.

RE

{FO=F) /FO
where

FO T(Q=0) **2

1

The square root of RE has been used as the correlation coefficient.
The equivalent of the coefficient of variation has been taken to be:

PE = (SQRT(F/N1)/Q
where N is the number of model time-intervals used.

The standard error of estimate is calculated from the approximate
expression:

SEE = (F/N*%2]%%%



The Durbin-Watson D stavistic used to test the significance of the
residual correlaticn is cf the usual form:

*k
z Ei 2

Hers the residuals are the difference between the cbserved and
predicted flows

MODEL FIT AND PERFORMANCE IN PREDICTION MODE

The model parameters optimised on the four year calibration periods
for each catchment are shown in Table I. The general model applied
to both catchments has fifteen active parameters, together with

starting values for the contents of two stores which may have to be

optimised.

Details of the model performance on both sets of data are given in
paples II and III. The monthly correlation coefficient for the Can is
0.974 over the callbration period, and is 0.968 for tha folloewing six
year prediction period. The comparable figures for the Ray are 0.962
and 0.959 for the prediction over the following eight years. The
goodness of fit of the model in prediction mode is shown by these
correlation figures, and is sufficient justification for any subjective
bias introduced in reaching global optima for parameters during the
calibration four year period, The catchments have correlation co-
efficients of 0.970 for the Cam and 0.960 for the Ray over their
complete run of data.

In terms of flow volumes the model gives an over-prediction of 1.7%
for the ten years of data from the Cam, and an over~prediction of l.6%
for the twelve years of data from the Ray. If allowances are made for
snow in January 1968, March 1970, and for lost flow in January 1972,
then the observed flow for the Ray over the whole pericd becomes

2120 mm and the predicted flow 2135 mm. This changes the prediction
error to l.1% for the twelve year period,

The only measurement made of the fall of snow in these catchments 1s
the melt water caught in the raingauges. There are a number of factors
governing both the amount collected and also when the melt cccurs. The
most serious factors are probably the exposure of the gauges and the
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TAELE T. MODET. k. " WrUE ANG DATCHMENT OPTIMISED VALUES

[P

PARAMETERS AND STORES RAY CAM

Interception and surface detention store

§5 - Size of interception store {mm) 3.1417 1.8594
FS - Factor to estimate evapotranspiration

from potential evaporation 1.6831 0.9259
CS - Initial contents of interception

store (mm} 0.0861 0.,0000

Surface runoff

RC - Rainfall/direct runoff constant 0,9100 0.2202
RS - Rainfall/runcff exponential decay

constant for soil moisture deficit 0.0338 0,0395
RR - Rainfall/runoff intensity exponential

constant 0.0019 0.0046
RK - Runoff routing factor 0.5548 0.3901
RX - Runoff routing index 1.2107 1.0009
RDEL - Surface runoff delay factor in days 0.6060 0.7733

Scil moisture store

evapotranspiration loss from
potential evaporation 0.55098 0.7874
DCS - Deficit below which FC factor
is constant {mm} 0.2401 49,9962
DCT - Deficit above which there are no
evaporation losses from the soil
store (mm) 340.9254 145.5970
A - Scil store percolation factor for
groundwater recharge 0.1936 0.2957
DC =~ Initial moisture deficit of soil
store (mm] 22,4418 20,0398

Groundwater store

GSU - Groundwater outflow denominator 75.7573 555.5879 -
GSP ~ Groundwater outflow index 1.0004 5.0473
GDEL - Groundwater outflow delay factor

'in days 5.001% 5.0011

All figures above are given to four decimal places, but these are not
significant for size and contents of stores.

l FC -~ Factor to estimate soll store




TABLE IL.
CATCHMENT

MODEL CALIBRATION AND PREDICTION RESULTS FOR THE CAM

Calibration Prediction Total peried
peried period

1.66-12.69 1.70-12.75 1.66-12.75
Daily correlation
coefficient ©.89851 0.89637 ©.89802
Standard error of estimate
as percentage of mean flow 0.75% 0.82% 0.57%
Pentad correlation
coefficient 0.94661 0.93561 0.93968
Standard error of estimate
as percentage of mean flow 1.00% 1.28% 0.84%
Monthly correlation
coefficient 0.97426 0,.9c819 0.97037
Standard error of estimate
as percentage of mean flow 1.32% 1.86% 1.20%
Daily efficiency 0.807 0.803 0,806
Coefficient of variation 0.286 0.379 0.342
Initial variance, FO 158,02 317.66 475.67
Final variance, F 30.45 6l.62 92.07
Monthly efficiency 0.949 0.937 0.942
Coefficient of variaticn 0.091 0.158 ©.131
Initial variance, FO 1864. 36 5172.62 7036.98
Final variance, F 94.73 316.04 410.77
Predicted flow (mm) 744.9 978.7 1723.6
thserved flow {mm} 737.6 956.7 1694.3
Error in flow - 0,991% 2.302% 1.730%
Durbin-Watson statistic .:
Daily 1.373 0,967 1.102 -
Pentad 1.324 1.127 1,180
Monthly 1.796 l.161 1.310
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TABLE III.
CATCHMENT

MODEL CALIBRATION AND PREDICTION RESULTS FOR THE RAY

Calibration

Total period

Prediction
pericd period

l.64~12.67 1,68-12,75 1.64-12,75
Daily correlation
coefficient 0.B6888 0.82099 0.83635
Standard error of estimate
as percentage of mean flow 3.32% 3.15% 2.34%
Pentad correlation
coefficient 0.93137 0.90337 0.91262
Standard error of estimate
as percentage of mean flow 3.95% 3.72% 2.77%
Monthly correlation
coefficient $,86187 0.55949 0.96041
Standard error of estimate _
as percentage of mean flow 4.93% 3.68% 2.95%
Daily efficiency 0.755% 0.674 0.699
Coefficient of wvariation 1.2e8 1.699 1.551
Initial variance, FO 2492.90 5461.30 7954 .19
Firal variance, F 610,87 1779.45 2390.32
Monthly efficiency ©.925 0.921 0.922
Coefficient of variation 0.342 0.361 0.353
Initial wvariance, #O 18C36.43 30793.17 48829 .60
Final variance, F 1352.,09 2437.78 3789 ,87
Predicted flow (mm) 711.1 1408.4 2119.5
Chserved flow (mm) 745.8 1341.4 2087.2
Error in flow - 4,653% 4,998% 1.550%
Durbin-Watson statistic :
Daily 1.852 1.704 1.743
Pentad 1.738 1.953 1.898
Monthly 1.778 1.947 1.931
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depth of the rollecting tunnel wnich limits the amount of snow collected

The exposure will also affect the temporal distribution of the melt,

which may be completely different from that of the snow cover. In terms

of the model cutput these factors cause an under-prediction of runoff
over the snow pericd, together with a predicted hydrograph completasly
at variance with the observed flows.

Snow was lying in the Cambridge area during the menths 4.66, 1.68, 3.69,
3,70, 1.71, 3.71, 3.73, 3.74 and 12.74. 1If the under-prediction of
flow from the Cam for these months is disregarded and replaced by the
abserved flows then the amended prediction should be 1748 mm over the
ten year period. This gives an over-prediction error of 3.1%, but this
is a very unreliable figure due to the lack of data on the snowfall
wlithin the catchment. .

A good example of the snow problem occurs in the month of March 1970 in
the Cam. The part of the month affected is clearly shown in the daily
plots of rainfall, observed and predicted flow for 1970 presented in
Appendix III of this report. In the perfod between the 3rd and 1lOth
March, 17.4 mm of recorded ‘rain' gave a predicted flow response of

2.7 mm whereas the measured increase in runoff above the base flow level
amounted to 0.4 mm. Subsequent ‘rain' bétween the 2th and 17th gave a
predicted response of 1.2 mm and the observed flow increase was 7.7 mm.
Examination of the meteorological data indicates that snow accumilated
in the first of these periods, and in the mecond the rainfall resulted
from the passage of a warm front through the area. The interpretation
of the discrepancies between observed and predicted flow is that the
recorded rain in the first period was due to the melting of that part
of the snowfall collected by the raingauges, whilst the high observed
floew in the second period was due to melting of the snow cover during
the passage of the warm front. Comparing the changes in the model
stores over the month with the observed flow there would appear to be

a 12% underestimate of precipitation and, cover the period when snow
could have been lying in the catchment, the catch in the raingauges
appears to have given too low an estimate by at least a factor of four.

4 further problem in the consideration of the model prediction for the
Cam is the licensed abstraction from groundwater by public services of
8.854 mgd, and by industry of 6.008 mgd giving a total possible ground-
water loss of 14.8€2 mgd. During the summer months the observed base
flow is of the order of a third of a millimetre per day (17.35 mgd)
which is not very much greater than the figure for the total licensed
abgtraction from groundwater.

over-prediction of the base flow during the summer months is particu-
larly marked in 1972 and 1975 as shown on the Cam monthly graph
(Appendix III}. This may be due teo relatively large abstractions loww
ering the observed flow significantly during these dry years. A full
discussion of the groundwater resources and abstractions over the whole
Great Ouse basin is given in Wright (1974).

Flow duration curves are shown in Figures 2 and 3 for observed and
predicted flows from the Cam and Ray catchments, These curves use
monthly totals for the full run of data and show the good agreement
between the model predicted values and the observed streamflow.
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The Durbin-Watson statis+tiecs (DWS) to estimate the significance of
residual ccrrela=isn is shoan for daily, pentad and monthly model
predictions at the end of Table II, These values are unexpectedly high
as there is usuwally a serial correlation between model residuals, Fram
these figures it would appear that the residuals for the Ray model are
almost completely uncorrelated, but those for the Cam model are indeter-
minately correlated when the following approximation is considered:

DAS = 2 (1 - )
where r is the first serial correlation.

In Appendices I and II there are more detailed summaries of the rain-
fall, streamflow and Penman EO data for both catchments. The data are
given as monthly totals and the frequency distribution of daily
cbservations are also given for the total run of data, calibration and
prediction periods for each catchment. These tables show the seasonal
differences and extremes encountered by the model in calibration and
prediction modes.

The following tables give a more detailed analysis of the model fit,
The model variance and correlation matrices for the catchments show no
significant correlation between prediction errors and the model com-
ponents in the analysis. For the Cam there is an indication that there
is a problem in the partitioning of effective ralnfall betweéli SUrface
runoff and infiltration, but this could be expected with the use of a
lumped model on a catchment almost equally divided in area between
Boulder Clay and Chalk. The tables with the statistics of model fit
analysed by years, show the bad correlation of the medel in the dry
year 1973, Lut this is exagerated by the low flows and the volume

prediction errors are not exceptional.

GENERAL CONCLUSIONS AND POSSIBLE FUTURE CONCEPTUAL MODEL DEVELOPMENTS

pPrevious examination of the Ray catchment data had established that
although the Pemnman equation would be the basis for a reliable estimate
of the annual evapotranspiration, It gave a summer over—estimate and
winter under-—estimate when compared with water balance measurements,
Edwards and Rodda (1970] suggested that a soil heat storage term would
remove this seaschal error.

However, an examination by Simmers (1977] of later catchment data which
included the results from heat flux plates showed that the inclusion of
this term still left a systematic seasonal imbalance. Other possible
sources of error affecting the water balance components were the
presence of an agquifer on the northern catchment boundary, the diffj.-
culty of estimating soil moisture In the cracking of the Oxford Clays
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in dry periods, the irregular pumping of water into the catchment from
an adjacent clay pit and katabatic drainage at the climatological site,

‘None of these local factors could account completely for the seascnal

imbalance, but a possible explanation emerges from the approach given
in Thom and Oliver (1977}. Their work shows the necessity of modifying
the Penman equation by a generalised ventilation term, and the Appli-
cation of this equation to the catchment data would provide a much
improved estimate of seasonal evapotranspiration. In the current
models the seasonal discrepancy has been dealt with very crudely by
reducing the evapotranspiration factor in phase with the soil moisture
deficit and allowing the ‘interception' loss rate, FS, the dominant
winter evaporation process, toc assume values in excess of the Penman
potential rate,

The inclusjion of a model section for snowfall would improve the Cam
model particularly, but a satisfactory routine which would work from
the current data is not available. Direct measurements are required
of snowfall and snow pack in the catchments., The inclusion of data
on actual groundwater abstractions and return of effluent during the
calibration peried in particular would enable greater precision to be
achieved on this catchment.

A model based on a different time interval to the daily basis adopted
here would allow rainfall intensity either to be estimated more pre-
cisely or neglected, depending on the use of a shorter or longer
interval. This is particularly relevant to ¢lay catchments such as
the Ray, where the greater part of the flow comprises rapid response
'surface' runoff. The problems in using the daily time interval are
clearly shown by the daily plots of rainfall, observed and predicted
flow at the end of this report. For each catchment the first graph
demonstrates the dally departures in cne year of the calibration
period, the second has the worst annual correlation coefficient in the
prediction period, and the last has the best coefficient.

An improved model could take into account areas of different vegetation
and variations in surface zone storage during the year. The use of a
direct infiltration function rather than the Implicit function based

on surface runcff could give an improved estimate of soil moisture
storage. With the clay 'capping' of the high ground in the Cam there
is the possibility of groundwater storage redistribution having a long
term effect during ‘dry' years followed by recharge. A secondary
groundwater store of variable riverine area could improve the model in
this respect.

The main cost of developing a model is in computing time taken up by
the optimisation of model parameters, whilst the cost of a prediction
run over a long period of data is very much lower. The optimisation
computing time has been kept te a minimum by working on parameter

subsets in relation to fixed parameters, and then optimising the latter.

Despite the imperfections and limitation discussed above the results
demonstrate that estimation of historic flows with a reascnable

13




14

precision can be made from daily rainfall records using this type of
model providing some function is uged to estimate Penman potential
evaporation. This could be based on the nearest available site records,
a probability function using the highest and lowest limit= for each
month, or the empirical derivation of a rainfall/EO.relationship from
avallable data for each month. The pogsibilities of deriving such
relationships have been demonstrated by Thom and Ledger (1976).
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TABLE 8

Cam mode] variance table and correlation matrix for the
period 01.66 to 12.75

variance tabls (3652 dailly points)

Variahle

Model inpul:

R
EQ

RAIN

Penman EO

Model aoutput:

PEV
51D
CWS
DIRP
FPRUN

RUN
ERR

Evapotranspiration
S30il moisture deficlt
Groundwater store
Direct runoff % R

Pradicted runoff

Runotf

Error

Megan

(mm)

1.61
1.71

1.15
41.0
436.7

3.83

0.47

Q.48
g.01

Min

(mm)

0.0
0.0

C.o
-25.3
347.7

0.0

0.10

.08
-2.74

M

(mm)

78.2
7.0

5.5
135.3
521.4

37.8

4,89

4 .85
1.32

Upper triangular of the symmetric correlation matrix

ED
FEV
sSMD
GWS
DIRP
RN
PRUN
ERR

R EO PEV
1.0 -0.106 -3.01
1.0 0.80

1.0

SMD

g.ad
0.57
0.33
1.0

GwWs

-0.03
0.04
0.08a

-0.29
1.6

DIRP

0.33
-0.37
-0.34
-0.45%

c.10

1.6

Standard Variance
derivation
(mm) (m? )
3.67 13.44
1.57 2.48
1.01 1.03
40.6 1648.7
38.9 1510.2
7.78 60.28
0.33 0.12
Q.36 0.13
0.18 0.025
RUN PRUN ERR
0.15 0.18 0.01
-0.25 -0.24 .04
~0.16 -0.17 -0.01
-p.54 ~0.52 -0.10
.50 0.51 ~0.02
0.51 0.58 0.11
1.0 0.20 -0.33
1.0 0.12
..0
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TABLE 8 Ray mode! variance tableé and correlation matrix for the
period 01.64 to 12.75

vVariance table {4383 dally paints)

Variatle Mean Min Max Standard \VVariancse
derivation
(rom) {mm) (mm3 {rm) {mm? )

Model imput:

R RAIN 1.74 G.C 70.4 4.04 16.31
ED Penman EO 1.76 0.0 7.2 . 1.81 2,59
Model output:

PEV Evapotranspiration 1.28 0.0 8.1 1.06 1.12
SMD Soil moisture deficit 44.0 ~1.1 152.0 38.6 1491.3

GWS : Groundwater store 1.00 0.0 17.4 1.82 3.33
DIRP Direct runoff % R 8.04 2.0 85.3 20.6 424.3

PRLN Predicted runoff 0.48 0.0 16.8 i.30 1.68
RUN Runoff .48 0.0 21.1 1.35 1,82
ERR Error .01 Q.o 8.8 ~ 0.74 0.55

Upper triangular of the symmetric correlation matrlix.

R ED PEV sMi GWS QIRP RUN PRUN ERR
R 1.0 -0.08 0.28 -0.01 -.03 0.40Q c.38 0.38 -0.03
EC 1.0 0.75 .33 -0.13 -0.28 -0.22 -0.21 0,03

FPEY 1.0 0.23 -~0.10 =0.15 -0.08 ~0.07 0.04
SMD 1.0 -0.33 ~0.35 -0.31 -0.31 g.o3
GWS ' 1.0 0.09 .09 0.08 -0.03
DIRP 1.0 0.51 0.58 0.08
RUN : 1.0 .84 -0.34
PRUN 1.0 g.22
ERR 1.00
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APPENDIX II1
COMPUTER GRAPH QUTPUT

Figure Year Interval Correlation PE DWS  Mean
coefficient flow
L]
la,b,c 0166-1275  Monthly 0.970 0.131 1.310 14.119
2 1966 Daily 0.903 0.265 1.138  0.465
3 1970 Daily 0.761 0.436 0.729 0.568
4 1872 Daily 0.934 0.258 0.925 0.37
RaY
la,b,c  0164-1275  Monthly 0.960 1.953 1.931 14,494
2 1966 Daily 0.881 0.961 1.727 0.825
3 1973 Daily -0.486 2.467 1.051 0.082
4 1975 Daily 0.910 1.261 2.573 0.417
KEY
RAINFALL ———  (bar chart)

@8S. RUNGFF

PRED. RUNOFF _ ___
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