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Introduction

VUBMOD for Windows is an extension of VUBMOD (ver 1.0), monthly water balance model developed at the Laboratory of Hydrology Vrije Universiteit Brussel. The present version consists of three conceptual catchment-scale rainfall runoff models:

1) The monthly water balance model, MWBM

2) The 10-day water balance model, DWBM

3) The parsimonious daily rainfall runoff model, PDRRM 

The first model, the MWBM can be applied using monthly as well as 10-day time steps. Due to the structure of the models the two models: the DWBM and the PDRRM are used for 10-daily and daily time steps respectively. The only filed data required are time series of rainfall, potential evaporation and streamflow. For monthly and 10-day data the potential evaporation can be estimated from mean temperature by using Thornthwaite formula. For daily data potential evaporation data of good quality is necessary. The monthly water balance models are checked extensively using data for humid catchments and also adjustments are made to apply the model for semi-arid and arid catchments. The new 10-day water balance model and the daily models are also tested with a few catchments from semi-arid and arid catchments and acceptable results are obtained.  

The package provides a user-friendly environment to prepare input data, and specifying calibration and simulation information. The outputs of the models are stored in files for exporting to other systems. Within the package, model outputs are displayed numerically and graphically. 

 Hardware requirements

The package is designed to run on Personal Computers. The following are the minimum requirements to run the model. 

item
minimum requirement

Ram
16 MB

Memory
10 MB

Processors
486 and above

Operating system 
Windows (95/98), NT

Input data

The Input variables are time series of rainfall, evaporation and stream flows. The input data format are kept as simple as possible, one can prepare the input file in a spreadsheet. The outputs are also given in a similar format for exporting to other systems. The following Table shows the format of the input data. Complete data of rainfall and evaporation data are necessary. The runoff time series is required for calibration purpose. If there are missing data, it should be represented as (9999.99). The input files are in ASCII format. (See a sample input data in Figure A.1)

Line-1:  
must contain VUBMOD. This is to identify the files, which are potentially compatible as an input.

Line 2 
contains the name of the catchment

Line 3 
contains catchment area

Line 4-10 
contains more information or, blank line if no information.

Line 11, 
data for each time step of computation should be given as follows

Col 1-4 : 
year

Col 5-7 : 
month/decade/day  for month (1-12), for decade (1-36) and for day (1-365)

Col 8-16: 
Rainfall data in (mm)
 

Col 17-26 
Evaporation in (mm)

Col 27-36 
temperature data in  (0C)

  Col 37-46 
flow data  (mm)
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1-4

5-7

8-16

17-26

27-36

37-46

1

VUBMOD

2

Awash Hombole

3

7770   sq km

4

All quantities are in mm/month or mm/day or mm/decade

5

NOTE:

6

7

8

9

10

Year

m/d

Rain

Evap.

Temp

Flow

11

1985

1

9.30

157.80

20.00

0.93

12

1985

2

0.60

150.20

20.00

0.72

13

1985

3

17.40

154.70

20.00

0.58

14

1985

4

72.60

103.90

20.00

0.93

15

1985

5

78.90

152.20

20.00

3.48

16

1985

6

87.10

106.20

20.00

2.52

17

1985

7

244.90

74.75

20.00

9999.99

18

1985

8

256.60

76.70

20.00

98.09

19

1985

9

119.60

93.60

20.00

42.08

20

1985

10

36.50

163.70

20.00

3.85

21

1985

11

5.20

189.00

20.00

1.25

22

1985

12

0.20

114.45

20.00

1.30

23

1986

1

1.00

157.80

20.00

0.71

24

1986

2

54.10

150.20

20.00

1.96

25

1986

3

81.10

154.70

20.00

1.98

.

1986

4

109.50

103.90

20.00

3.41

.

1986

5

99.30

152.20

20.00

9999.99

.

1986

6

160.30

106.20

20.00

7.70

.

1986

7

171.50

74.75

20.00

24.20

.

1986

8

190.00

76.70

20.00

54.48

.

1986

9

132.20

93.60

20.00

34.81

.

1986

10

16.40

163.70

20.00

2.93

.

1986

11

1.20

189.00

20.00

1.21

.

1986

12

1.80

114.45

20.00

1.15
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1
 Format of input file for VUBMOD for windows.

Output files

Three out put files are generated, with the name, which is given by user and extensions to specify the flies: These files are used to display the numerical and graphical outputs. 

temp. out:
This provides, model information, parameter values, Global statistics

temp.ggg: 
Detail calibration and simulation resells with all variables observed and calculated water balance variables, residuals, data for plotting autocorrelation and the sum of squares of errors versus parameter in the neighborhood of optimum vales.

temp.par: 
This out put is only used for simulation purposes.

Calibration and simulation mode

The package handles calibration and verification of the models. The calibration mode is used to determine the parameters of the models using a specified period of time series. The simulation mode serves for two purposes: (1) to test by extrapolation (i,e) to estimate flow and other water balance variables (the soil moisture  and the actual evaporation) using the inputs of periods which are not used in a calibration period. (2) After calibration has been done for the specific period, flows can be computed for the periods where the inputs are available, for the purpose of extending flow data. .   

The package is designed to be operated by Menu driven and click buttons to specify inputs and selection of options. A tour thorough the different windows of the program is shown in Figures A.2 to A-10. 
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Figure A. 2 The welcome window
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Figure A. 4   Selecting data file for calibration
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Figure A. 5 Summary of available data and selection of calibration period
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Figure A. 6 Model Specification and selection of optimization methods: Detail specifications of settings are shown below:

1: Setting for Unit hydrograph
2: Setting for VAO5A
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3: Setting for Shuffled Complex 
4: Setting for initial and scales of parameter

[image: image8.png]Scue Optimization Method

Contants
Mastun  [tgo00

Kstop g

T —

Nos | E—

leed  [mE

Icait  ER—

Neg R

Nps F— —
NPL [T o
| —e
Infg [0 pefat

Iprint —





[image: image9.png]Parameters  Iniial Scale  LowerLimt  UpperLinit
1 04 100 001 01
2 04 100 oom0on_ o
3 04 70000 [ooononi_ [
4 04 [} 100 [1000
5 04 0 [} 01
3 04 1 100 [10.01
7 04 o 501 [100.07
ok Cancel Default






[image: image10.png][ VUBMOD for Windows [_[O]x]
File _Calbration Simulation [FERIRE Windows Help About

.

! Graphical Dut Put

T Hodel nfrntion | Pometers | GibalStatsios |

0utPut File name.

Loos 1
[amash.out PR

THIS FILE  : Temp.out
INPUT FILE : Temp.dat
BasIn dash

INITIAL PARMMETERS

Piint HODEL, LEVEL, PARAMETERS 11 s
WARMING UP PERIOD s
iz, BL, B2 2 100 100

Cancel TNITIAL HOTSTURE 100.0
DSTEP, DHAX, ACC, MAXFUN 0.108-04 0.108+01 0.108-05

. | ol





Figure A. 7 Numerical outputs
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Figure A.8 Examples of graphical outputs: Comparison of observed and calculated flows. 
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Figure A.9 Examples of graphical outputs: Comparison of observed and model calculated flows.

Figure A. 10 Selecting simulation period
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Figure A. 11 Setting for simulation
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Figure A. 12 About VUBMOD for windows
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Introduction

The purpose of this section is to describe the scale factors required for the Vao5A optimization procedure, which requires scaling up or scaling down the real value of parameters to a range of (0.0-1.0).  The set of parameters, which should be scaled up and down are, discussed in section B1and Section B2 respectively.  It must be noted that the value of parameter and the corresponding scale factor to obtain in the range of (0.0 - 1.0) depends on the forms of the model, the time step of computation. Table B.1 gives approximate order of magnitude of water balance variables in the studied region. 

The order of magnitude of the parameters can be computed from the mean value monthly variables. 

Table B.1 Order of water balance variable for different time steps

Variable
order of magnitude  (mm)


month
10-day
day

Rainfall, net rainfall, pt, nt
~100
~100
~10

Pot.Evaporation et
~ 100
~ 100
~1

Act. Evap, rt
~100
~100
~1

Soil moisture mt, wt
~100
~100
~100

fast flow
~10
~10
~1

Inter flow (Inter flow)
~10
~10
~1

Base flow, bt

~1.0
~.1

Groundwater storage

~10
~10

Monthly water balance model, MWBM

Parameter of evaporation equations, a1
Table B. 2 Scale for evaporation parameter. a1
Evaporation equation
Scales for a1


IR=1,
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IR=2,
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For  IR=1, the parameter a1 is bound to values (0.-1.0) hence the scale factor is 1.

For IR=2 if we take the first term, a1 , we have 
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Hence the order of magnitude of a1 is 0.001 a1.  It should then be multiplied by a scale of 100 to obtain a scaled parameter in the range of (0.0-1.0). 

Parameter of flow components, a2 and a3 
Table B.3  Scale factor for a2 and a3 parameters in  MWBM model structure.

(the same scale factor  is valid for monthly and 10-day time step)

Flow components
Scale factor 

Fast flow
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b1=0.5
100


b1=1.0
1000


b1=2.0
10000

Slow flow 
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b2=0.5
1


b2=1.0
10


b2=2.0
100

From fast flow equation one obtains:



for b2=0.5 a2=0.31 hence the scale =100.0

for b2=1 a3=0.01 hence the scale =1000.0

for b2=2 a3 =0.001 hence the scale =10000.0 

From slow flow equation one obtains:
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for b1=0.5 a2=0.31 hence the scale =1.0

for b1=1 a2=0.01 hence the scale =10.0

for b1=2 a2 =0.001 hence the scale =100.0 

Parameter of the upper limit of moisture storage: a4

The possible range of the soil moisture is 200-1000mm hence the order of magnitude of this parameter is ~100. Hence the scale factor is 0.001.  
Scale factors for the 10-daily (DWBM) and daily PDRRM models.

Parameter of evaporation equations, a1
Table B.4 Scale for evaporation parameter. a1
Evaporation equation
Scales for a1


10-day
day

IR=2,
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For 10-day time step: if we take the first term, a1 , we have 
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Hence the scale factor is 100.

Similarly for daily time step,
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Hence the scale factor is 10.
Parameters for flow components: a2, a3, and a5

Table B.5 Scale factor for (a2 , a3, and a5) parameters

Flow components
Scale


10-day 
day

percolation  
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inter flow parameter
[image: image31.wmf]t

t

t

i

m

a

s

3

=



[image: image32.wmf]1

0

3

£

£

a


100
100


[image: image33.wmf]t

t

g

a

b

5

=



[image: image34.wmf]1

0

5

£

£

a


1
10

For percolation parameter:

For 10- day time step 
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scale factor =10

For daily time step    
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scale factor = 100

For Interflow paramtere

For 10- day time step 
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   scale factor =100
For daily time step     
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scale factor = 100

For base flow parameter:

For 10- day time step 
[image: image39.wmf]1

.

0

10

~

1

~

5

=

=

=

t

t

g

b

a

   :  
 scale factor =10

For daily time step    
 EMBED Equation.3  
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scale factor = 100

Table B. 6 Scale factors for parameters a4, a6 and a7
Parameter
Description 
Scale





Max. Soil Moisture storage
The possible range of the soil moisture is 200-1000mm
0.001


[image: image41.wmf]1

0

4

£

£

a





Storage parameter for fast flow
The lag time for fast flow reservoir is ~ 1-10
0.01


[image: image42.wmf]1

0

6

£

£

a





Storage parameter for inter flow 
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The lag time for slow reservoir is ~ 1-100
0.001
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