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The Generalized Watershed 
Loading Functions (GWLF) 
model

H= number of daylight hours

Saturated water 

vapor pressure



The Generalized Watershed 
Loading Functions (GWLF) 
model





NDVI  =   Rnir - Rred

Rnir + Rred

The NDVI responds to changes in the quantity of green biomass, 
chlorophyll content, and vegetation stress when there is a lack of water 
(Liang 2004). The NDVI of vegetation ranges from -1 to 1. The NDVI of 
water varies from -1 to 0 (Zhou et all 2007). NDVI < 0.2 is considered 
bare soil. NDVI > 0.2 and < 0.5 is a mixture of bare soil and vegetation. 
NDVI > 0.5 is vegetation only (Julien et all 2006). The greater the NDVI, 
the greater the phyto-mass and the photosynthetic activity within a 
specific zone (Timmermans 1995).



28 CM 5 

Latitude: 04o 53’ 48.817 87” N

Longitude: 73o 52’ 35.766 40” W

Height: 2601.184 m

GAUSS-KRÜGER

North: 1033254.581 m

East: 1022283.725 m

PROCEDURE



Doble frequency Hipper GGD from TOPCON



GPS-1

NP28 CM-5
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Pixel size 5 m
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RESULTS

For 
2008



The groundwater data was transferred to the Stella Model 

by finding the best fitting, all of which were Fourier 

transformations done in Matlab. The discharge results 

from the STELLA model were compared to the measured 

values.

The groundwater measured by the piezometers and the 

calculated by Fourier transformations had fittings of 0.89 R2

for the year 2008, 0.94 for 2009 and 0.99 for 2010



Year Measured
Average
Peak
Discharge
m3s-1

Calculated
Average
Peak Discharge
m3s-1

Period

2008 5.00 4.27 June-
December

2009 5.01 4.94 January-
December

2010 3.08 3.04 January-May





Discharge fittings were also performed per 
monthly basis.  All of which were Fourier 
transformations



August 
2009

November 
2008



Julian Day Rain Conductivity Conductivity NDVI

Sum Average Average

Diver 1 Diver 2

mm mS/cm mS/cm

129 46.65 0.6 0.76 0.25

145 64.96 0.64 0.82 0.10

161 35.49 0.67 0.91 0.34

177 62.70 0.69 1.04 0.30

193 21.02 0.71 1.11 0.11

209 71.56 0.73 1.16 0.14

225 19.01 0.74 1.18 0.27

241 67.75 0.76 1.21 0.23

257 35.26 0.77 1.23 0.48

273 19.02 0.78 1.25 0.47

289 32.96 0.79 1.27 0.33

305 20.06 0.80 1.29 0.39

321 89.64 0.81 1.30 0.41
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The groundwater level changes measured by the divers 
and the calculated values under Fourier transformations 
had fittings of 0.89 R2 for the year 2008, 0.94 for 2009 and 
0.99 for 2010. 
Those transformations were used in the Stella Model, 
determining measured discharge peaks compared with 
calculated discharge peaks very similar to each other.  
For example for 2008 the measured average discharge 
peak was 5 m3s-1, while the calculated was 4.27 m3s-1 , for 
2009 the measured average discharge peak value was 5.01 
m3s-1 as compared to 4.94 m3s-1 calculated, and 3.08 m3s-1 

measured average peak value for 2010 versus 3.04 m3s-1 

calculated.

CONCLUSIONS



With respect to the fittings of calculated versus 
measured discharges by months, most of them had 
fittings with R2 over 0.43 up to 0.9, except January 
2010 and December 2009, months that had the 
lowest rain scenario (0 mm and 1.8 mm 
respectively). The results show that the model 
does not perform effectively for very low rain 
values.



• There results also show a relationship between NDVI 
and groundwater conductivity, such relationship 
varies also depending upon the rainy period.  With 
polynomial fittings at low rainy periods the 
corresponding R2 was 0.83 and almost 0.86 for 
Zones 3 and 1 respectively.  For high rainy periods in 
both cases the R2 was 1. Reinforcing the fact that dry 
and rain seasons interfere in the results.

• It was also found that time series can relate the 
groundwater level changes with rain, specially 
important when divers are not easy to place.  The R2 

value for the measured and predicted values in two 
study zones was higher than 0.86 for one scenario 
and 0.98 for the other.
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