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Extended Abstract

Introduction

The most important aspect of soil moisture is the volume of water stored within the soil. Consequently,
understanding the factors that influence soil moisture and its effects is essential for predicting future performance
and ultimately enhancing agricultural production and food security. This understanding is also vital for optimizing
irrigation management and improving water use efficiency in agricultural fields. Therefore, various devices and
equipment have been employed over the past few decades to estimate soil moisture. Their application requires
consideration of several factors, including the need for calibration, accuracy of results, repeatability, spatial
resolution, usability, and cost. Despite the significance of soil moisture in modeling hydrological, biogeochemical,
and related dynamic processes, accurately measuring its temporal and spatial variations on a local or watershed
scale presents challenges and high costs due to substantial fluctuations. Conversely, remote sensing data provide
opportunities for continuous and cost-effective monitoring of soil moisture estimates with appropriate temporal
and spatial distribution, which must be controlled and calibrated with ground-based data. This study investigates
and evaluates point-based sensors, including time-domain reflectometry (TDR) and the PR2 neutron probe,
alongside sensors that offer suitable temporal and spatial distribution, such as Sentinel 2 and Soil Moisture Active
Passive (SMAP), using weighted soil moisture measurement data.

Materials and Methods

In this study, soil moisture measurement as a direct method and TDR, PR2, Sentinel-2, and SMAP satellite images
as indirect methods of soil moisture estimation were investigated. To assess and evaluate soil moisture sensors at
the watershed scale, a part of the Telo region called Deh Sayid in Lavasanat, Tehran province, with an area of 328
hectares, was selected. Initially, due to the difficulty and high cost of measuring soil moisture by direct methods,
data obtained from this method were considered the benchmark for evaluating TDR and PR2 sensors. For this
purpose, seven stations were established across this region in different land uses, where soil moisture monitoring
was conducted through soil sampling and weight measurements in the SCWMRI laboratory, alongside
simultaneous soil moisture measurements using TDR and PR2 sensors. Initially, the simultaneous data from these
two sensors were evaluated against direct gravimetric observation values. Additionally, soil moisture was
monitored by TDR and PR2 sensors during the passage of the Sentinel-2 and SMAP satellites from October 2020
to April 2022. During this period, TDR was used to evaluate PR2, Sentinel-2, and SMAP using statistical criteria,
including correlation coefficient and percent deviation. Furthermore, considering the spatial scale of SMAP, the
average of the simultaneous data from the seven stations was used for its evaluation.

Results and Discussion

The comparison between TDR and PR2 measurements against gravimetric data showed strong agreement, with
coefficient of determination (R?) of 0.91 and 0.92, respectively, indicating a strong correlation with absolute
moisture values. The percentage deviation was % and 23% for TDR and PR2, respectively. Therefore, TDR
measured absolute soil moisture with much higher accuracy than PR2. The correlation coefficient of PR2 data
with TDR varied between 0.826 and 0.933 at the monitoring stations, indicating a high correlation between them.
To evaluate the moisture index of Sentinel 2 and SMAP images, simultaneous data from TDR were used due to
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the high accuracy of the TDR sensor. The results of the correlation analysis of the normalized differential water
index (NDWI) obtained from Sentinel 2 images with TDR showed that the range of the coefficient of determination
(R?) between the data of these two sensors was broad. The R? values vary from 0.003 at station P7 to 0.814 at
station P2. The correlation coefficient at other stations is 0.094, 0.132, 0.587, and 0.723 at stations P3, P4, P6, and
PS5, respectively. However, at three stations, P7, P5, and P6, the correlation coefficient is significant at the 5%
level, but at three stations, P2, P3, and P4, there is no significant correlation between them. The correlation
coefficient of simultaneous SMAP data with the average TDR data at seven stations is 0.455, and the slope of their
correlation line is 0.833. Therefore, SMAP shows greater accuracy than Sentinel in estimating soil moisture

Conclusion

The result of this research indicated that the correlation between each of the two sensors, TDR and PR2, with the
gravimetric method is very high and close to each other, with values of 0.956 and 0.962, respectively. Additionally,
their absolute deviation is 6 and 23 percent, respectively. Consequently, TDR provides a more accurate estimate
of the absolute value of soil moisture compared to PR2. Therefore, TDR is superior to PR2 as an appropriate
estimator in the absence of soil moisture data from the gravimetric method in this region. Other findings from the
study reveal that the indices obtained from Sentinel2 at various points yield different estimates of soil moisture; in
pasture land with dense vegetation cover, the accuracy is significant, whereas in areas with tree cover, it lacks
significant accuracy. Furthermore, the results demonstrated that the accuracy of Sentinel2 moisture indices is low,
while SMAP offers higher accuracy for estimating moisture despite its lower spatial scale. Moreover, based on the
findings of this study, the estimated absolute amount of soil moisture derived from remotely sensed data does not
yet possess the necessary accuracy for practical applications, and further research is required to combine and test
with other indices to enhance the accuracy of soil moisture estimates.
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Figure 1. Location of the study areain Tehran, Iran province (A is the country map, B is Tehran province, and C is the study area)
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Figure 4. Steps of installing soil moisture measurement equipment in the study area
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Table 1. Statistical parameters of the observed soil moisture
by PR2 and TDR (%)

Statistical parameter PR2 TDR
Mean 15.14 15.50
Standard error 2.13 2.03
Median 11.98 16.12
Standard deviation 8.26 7.85
Sample variance 68.28 61.55
kurtosis 0.53 -1.35
Skewness 0.88 0.12
Range 29.70 24.54
Minimum 4.96 3.33
Maximum 34.66 27.88
Total 227.07 232.45
Number 15.00 15.00
Confidence level (95.0%) 4.58 4.34
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! Normalized Difference Water Index
2 Root Mean Square Error
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Figure 6. Correlation between PR2 sensor data and observed data by the weighted method

35
30
25
20
15
10

5

0

.
.
.

y = 1.0591x
R*=0.9145

0

10

20 30

Observed data by gravimetric method (%)

P39 U9y & 0 (65803l gloaalivo go31d L TDR duiscuw (godld  Siwuod alaly -0 JSUS
Figure 5. Correlation between TDR sensor data and observed data by the weighted method

y =1.2295x
R:=09249 .7 o

0 10 20 30

Observed data by Gravimetric method (%)



YV U Yo Olxio (Y€ € JLM“Y’ b)lowd «© 5)53/51591_3‘ %ﬁ.“ﬁd)lﬂ‘dé" dg,.wa/u‘)&o@ 9&@)& Yy

ilisee slasl ) 1) SB Cogb) (lojen (6 pSojlul Sl &8
lei o walp S gy S )

UPR2 3 TDR S Cugb, o (5 bl g pad Wi -Y Jous
P39 Slosalin palio

Table 2. Statistical relation between PR2 and TDR with
observed data

Regression o
Equation o ) Et-] )
Sensor (y is PR2 ~ E S n
and x is TDR)
TDR y = 1.059x 091 44 38 0014
PR2 y=123x 092 56 4.6 0.010

TDR 4 PR2 ¢ (55l0f (51, le 5 (SKiammod sl Y o>
Table 3. Regression relation and statistical criteria between

PR2 and TDR
Regression . "
. o 17}
Station (F;qiusaIt)lﬁg & E %’: '(%0
and x is TDR)
P1 y=1.2775x 0.8966 10 7.1 0.016
P2 y =0.9874x 08777 5.1 3.7  0.002
P3 y = 0.7804x 0.826 63 5.1 0.005
P4 y =1.1952x 08931 94 69 0.001
PS5 y = 0.6852x 0.8305 6.5 4 0.001
P6 y = 1.304x 08919 10 6.8 0.0002
P7 y=1.1601x 09327 55 44  0.001
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Table 4. Regression relation between NDMI and TDR
Station  Comelaton o pa MA sig
relation
P2 y=-0.0174x 09046 6.7 6.3 0.63
P3 y=-0.003x 0.1104 996 9.14 0.46
P4 y=-0.003x  0.8327 21.7 203 0495
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Figure 7. Correlation between the soil moisture index in SMAP and with TDR across the study area
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