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Abstract 
Depth data are measured in river channels to obtain a three dimensional representation of the 
habitat available for the species inhabiting the system. Data can be interpolated through the 
application of geostatistical techniques to obtain information of those areas that have not been 
sampled. This interpolation requires the fitting of a model to an experimental variogram that 
will then be used to predict values of depth at non measured locations. Before proceeding to 
calculate the experimental variogram the following parameters need to be decided on: lag 
distance (or step), azimuth tolerance and maximum distance of analysis. This poster 
summarises the results obtained for a sensitivity analysis of the calculation of experimental 
variograsm to the three parameters noted above, and demonstrates the effect on the fitting of 
two models; the spherical and the exponential. The analysis has been developed for depth data 
sets collected at eighteen river sites. Results show that it is necessary to be aware of the effect 
of choosing values of the three parameters when estimating the experimental variogram and 
hence the model. Models can give distorted values of range, sill and nugget for variograms 
calculated for specific combinations of minimum lag distance and maximum distance. 
Spherical and exponential variogram models can introduce considerable differences in terms 
of spatial structure for the same river sites. 
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1 Introduction 
Depth data collection in rivers is time and cost consuming. Therefore, it is necessary to find a 
methodology that reduces the number of points that need to be collected. Interpolation 
techniques are a viable solution since they allow the user to predict values of depth at non 
measured locations. This poster focuses on geostatistical techniques (i.e. ordinary kriging) 
which are based on the calculation of the variogram. Three main variables need to be 
determined before proceeding to calculate the variogram: lag distance, azimuth tolerance and 
maximum distance of analysis. The lag distance is the interval over which the search for 
neighbours is carried out and the azimuth tolerance is the angle that determines the range of 
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search at each side of the azimuth line, which defines the direction of the search. The 
maximum distance of analysis by the point at which the number of pairs of points begins to 
decline. Reliability of the variogram reduces beyong this point. 

2 Methodology 

2.1 Lag distance 
The objective of this analysis is to determine how the lag interval affects the variogram 
calculation. The analysis includes: (i) the study of changes in the omnidirectional variogram 
(i.e. only for the experimental variogram) shape when changing the lag distance and (ii) the 
study of change in number of pairs of points used for the variogram calculation when changing 
the lag distance. The selection of the lag distance for the variogram calculation will be a 
balance between (i) selecting a lag distance that is well represented by the sampling strategy 
applied and (ii) selecting a lag distance that provides enough pairs of points for the variogram 
calculation. Seven lag distances have been compared (i.e. 0.1 m, 0.3 m, 0.5 m, 0.7 m, 0.9 m, 
1.5 m, 2 m). The selected lag distance will be used to obtain the empirical variograms in 
section 2.4. 

2.2 Azimuth tolerance 
The higher the azimuth tolerance, the wider the neighbourhood area is and more information 
on the directional behaviour is lost (Webster & Oliver, 2001). The differences between the 
cross-sectional and longitudinal variograms when changing the azimuth tolerance value is 
analysed. The decrease in directional information when increasing the number of comparisons 
is observed. The azimuth tolerances considered for the sensitivity analysis go from 20 to 90 in 
intervals of 10, 90 being the azimuth tolerance of the omnidirectional variogram. The selected 
azimuth tolerance will be used to obtain the empirical variograms in section 2.4. 

2.3 Maximum distance of analysis 
The number of pairs of points has been analysed for all the variables previously included in the 
sensitivity analysis. The maximum distance for which the variogram has been analysed 
corresponds to the distance at which the maximum number of pair of points is identified. 

2.4 Sensitivity analysis for the empirical variogram:  
The empirical variogram has been modelled for a combination of lag distances (from 0.1 to 2 
in steps of 0.1) and maximum distances (from 10 to 100 in steps of 10 m) to determine the 
effect of these two factors on the variogram variables. Only these two variables were 
considered since the number of total combinations of lag distance, azimuth tolerance and 
maximum distance will be too high to develop a clear interpretation of the results. 

A total of 200 combinations were tested for each river site. Two variogram models were 
analysed: the spherical and the exponential and results for each model were compared. 

3 Results 

3.1 Lag distance 
The selected lag distance for the variogram calculation (i) should provide enough pairs of 
points for the calculation of the variogram values and (ii) it should provide enough intervals 
represented in the variogram. The smoothness of the variogram disappears as lag distance is 
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decreased due to an increase in the number of intervals considered for the variogram 
calculation. It is suggested to use lag distances of 1 m, since the number of pairs of points used 
for the calculation of each variogram value is considerably lower for lag distances smaller than 
0.2 m and variogram results are altered when selecting lag distances smaller than 0.4 m. 

3.2 Azimuth tolerance 
The selected azimuth tolerance should provide enough information about the cross-sectional 
anisotropy but it should avoid the influence of the reduced number of pair of points. An 
azimuth tolerance equal to 60 has been selected.  

3.3 Maximum distance of analysis:  
Variograms have been calculated  for all the data sets  with the following characteristics: 
azimuth tolerance = 60, azimuth = longitudinal directions and lag distance = 1 m. The distance 
for which the maximum number of pairs of points are selected was identified for each case. 
This is the maximum distance that will be considered for the variogram calculation. 

3.4 Sensitivity analysis for the empirical variogram:  
Results indicate that there are specific combinations of lag and maximum distance that provide 
distorted values of range, sill and nugget for the variogram fit. These combinations cannot be 
identified at all the river sites and do not always correspond to the same lag & maximum 
distance. Extreme values encountered are always associated to a bad fit of the variogram 
model and either provide extreme high values of range or very low range values (Table 1).  

Table 1 values of standard deviation encountered for each variogram parameter at each river site. 
“Selected” refers to the standard deviation calculated for the same criteria but excluding the extreme 

values of Range encountered. Only values for the spherical variogram have been considered.  

River  Range  Sill  Nugget 
 

Range  
Selected 

Sill 
Selected 

Nugget 
Selected 

River 1 2586960.03 902.42 0.04 0.09 0.00 0.00 

River 2 4.08 0.11 0.10 0.13 0.00 0.00 

River 3 0.43 0.00 0.00 0.43 0.00 0.00 

River 4 1.35 0.00 0.00 0.66 0.00 0.00 

River 5 4.01 0.01 0.01 1.33 0.00 0.00 

River 6 692692.66 114.65 0.04 0.42 0.00 0.00 

River 7 0.08 0.00 0.00 0.08 0.00 0.00 

River 8 0.58 28.79 0.08 0.08 0.00 0.00 

River 9 4645.74 38.93 0.04 5.60 0.04 0.00 

River 10 2150.81 18.04 0.04 7.92 0.06 0.00 

River 11 0.19 0.00 0.00 0.19 0.00 0.00 

River 12 0.58 28.79 7.09 7.09 0.00 0.00 

River 13 125081.78 79.10 0.04 0.23 0.01 0.00 

River14 6.76 0.04 0.04 1.72 0.01 0.00 

River 15 1.42 0.01 0.02 1.42 0.01 0.02 

River 16 7.14 0.00 0.00 4.41 0.00 0.00 

River 17 14.59 0.03 0.01 14.59 0.03 0.01 
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Those combinations that do not present extreme values of range, sill and nugget show 
consistency in the results obtained at the same river site. The adequate fitting of the variogram 
function is necessary to obtain lower errors in the predictions and thus special effort needs to 
be invested in determining if the variogram variables are being fitted properly.  

Results are more dependent on the maximum distance selected rather than on the lag distance. 
A stable pattern for the range value can be identified from maximum distance 50 to maximum 
distance 100. This pattern is repeated for the three variogram values analysed: range, sill and 
nugget. Similar results are obtained for the majority of data sets although those intervals where 
the range is stable do not coincide between river sites.  

It was observed that the exponential model always presents smaller values of range than the 
spherical one. Values of nugget and sill do not differ to the same extent as the range between 
models. Extreme values observed correspond to different combinations of lag and maximum 
distance for the two models tested and a higher rate of failure is observed for the exponential 
variogram. 

4 Conclusions 
It is necessary to be aware of the effect of choosing values of lag distance, azimuth tolerance 
and maximum distance of analysis when estimating the variogram model. These three 
parameter can significantly affect the range, sill and nugget of the fitted variogram model and 
therefore, the predictions at non measured locations. It is recommended to carry a sensitivity 
analysis of these three parameters before interpolating the depth data sets collected. 

Furthermore, the combination of lag distance, azimuth tolerance and maximum distance 
considered affects the final variogram model. Fitted models give distorted values of range, sill 
and nugget for variograms calculated for specific combinations of minimum lag distance and 
maximum distance. The sensitivity analysis should study the effect of each parameter 
independtly and in combination. 

It is also important to determine the model that better characterises the spatial pattern of the 
depth data set collected. Spherical and exponential variogram models show significant  
differences in terms of spatial structure when calculated for the same data sets. 
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