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Figure 1. Study area in the Western part of Urmia Lake, North West Iran, with EC measurements locations
for a) the first sampling campaign, b) the second sampling campaign, and c) the third to seventh sampling
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Tablel. Summary statistics of top soil salinity (dS m) in 1:2.5 soil-to-water ratios for all campaigns

N Standard Deviation ~ Variance Mean Min Max  Skewness  Kurtosis
Time series Top soil (0-20 cm)
Hard data (laboratory measurements)
Autumn 2009 186 7.42 55.07 3.68 0.20 47.70 0.18 0.35
Spring 2010 236 7.42 59.68 4.73 0.14 45 0.16 0.35
Autumn 2014 46 5.33 28.45 7.31 0.27 19.63 0.68 0.31
soft data (field measurements)
Autumn 2009 186 6.64 44.08 3.18 0.13 36.9 0.18 0.35
Spring 2010 236 8.47 71.81 4.86 0.10 55.50 0.16 0.32
Autumn 2010 148 5.42 29.35 5.09 0.12 25.6 0.20 0.40
Autumn 2011 46 4.75 22.62 4.56 0.177 17.74 1.22 0.88
Autumn 2014 46 5.67 32.19 5.98 0.3 21 11 0.26
Spring 2015 46 6.52 4251 6.58 0.22 224 1.19 0.2
Autumn 2015 46 6.40 41.01 6.03 0.3 22 1.33 0.49
Spring 2016 46 5.92 35.05 6.00 0.29 19.54 1.10 0.12
Autumn 2016 46 6.04 36.45 6.65 0.42 20.65 1.08 0.08
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Figure 2. Sampling locations for field EC measurements at 8 time instants: a) autumn 2010, b) spring 2010,

¢) autumn 2011, d) autumn 2014, e) spring 2015, f) autumn 2015, g) spring 2016, h) autumn 2016. Colours
reflect these field top soil EC values on a log scale
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Figure 3. Calibration between log transformed laboratory and field measurements of soil EC for a) the first

and second sampling campaign; b) single line fitted on both first and second sampling campaigns; c)
Calibration line from first two datasets fitted on 5th dataset (autumn 2014)
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Figure 4. Histograms of the residuals between logarithmic transformed field and laboratory measurements of
soil salinity and fitted pdf
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Figure 5. a) Spatial VVariogram as estimated from the autumn 2009 (red dots) and spring 2010 (blue
dots) campaigns. Dots correspond to the estimated values while solid line is the corresponding fitted
spherical model. b) Spatial prediction of soil salinity (on a log scale) using BME method for autumn
2014. Circles are referring to the 30 locations that were used for the validation using the same colour

scale as for the map. Proximity between colours for the circles and the background map is thus an
indication of the prediction quality
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Figure 6- Spatiao-temporal prediction of soil salinity (on a log scale) using BME method at different

time instants: a) autumn 2011, b) autumn 2014, c) spring 2015, d) autumn 2015, e) spring 2016, f)
autumn 2016
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Abstract

Real-time monitoring of soil salinity changes is quite costly, so that sound methods which could
improve the quality of the predictions would thus be a step towards an improved and sustainable
salinity hazards monitoring system on the long run. The aim of this paper is to propose such a
methodological framework, with an illustration based on the implication of the calculated error
caused by field measurements in one time interval to improve spatiotemporal predictions of soil
salinity where no laboratory measurements are available. Soil EC was measured in the field for all
times series in 846 samples. But only for the first, second and fifth data sets laboratory
measurements were implemented. After calibrating field EC by laboratory measurements for the
first two datasets, histograms of residuals were calculated and then variance of the residuals were
taken into account as error and were used in soil salinity prediction using Bayesian Maximum
Entropy method (BME) in other time series. Results from validation of the predicted values for soil
salinity revealed that implementation of calibration line and the calculated error for one time
interval in BME equations could successfully improve soil salinity prediction during other time
intervals with validation results of ME and MSE equal to -0.12 and 0.72 for 5th dataset. Therefore,
calibration line based on first two datasets was applied in spatiotemporal prediction of soil salinity
in all-time series. Results showed that soil salinity has increased during time interval of 2010-2016
and secondary salinization has been occurring in agricultural lands. Mean soil salinity has increased
from 4.56 dS/m in 2011 to 6.65 in 2016. The reduced need for constant calibration of field
measured data and number of soil samples using soft data and BME method will make soil salinity
monitoring possible where there is a great need for careful monitoring.
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