
Content from this work may be used under the terms of the Creative Commons Attribution 4.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

6TH-ICMTAS
IOP Conf. Series: Earth and Environmental Science 1487 (2025) 012191

IOP Publishing
doi:10.1088/1755-1315/1487/1/012191

1

 

 

 

 

 

 

Prediction of Water Storage Volume in Soil Surface Layers 

Using Geomatics Techniques 

Forqan Kh. Al-Daraji
1
, Najed Faisal Shareef

2
 and Wisam B. Hasan

3
 

1,2
Department of Applied Marine Sciences, College of Marine Sciences, University of 

Basrah, Basrah, Iraq. 
3
Department of Project Management, College of Administration and Economics 

Qurna, University of Basrah, Basrah, Iraq. 

 
1
E-mail: forqan.khalid@uobasrah.edu.iq 

2
E-mail: najid.shareef@uobasrah.edu.iq 

3
E-mail: wisam.hasan@uobasrah.edu.iq 

 

Abstract. This study was conducted in the northeastern area of the left bank of Shatt al-Arab 

left riverside north of Basrah Governorate of Iraq. Suitable satellite imagery for the study area 

was collected in July 13, 2023 coinciding with the time of field sample collection. The selected 

imagery underwent spectral correction followed by classification of the study area to identify 

and distribute sample collection sites evenly across three locations. Field samples were 

collected from the soil surface layers to calculate the volume of water stored in the soil. A 

predictive model was developed to relate the volumetric soil moisture index derived from the 

thermal difference of the land surface. Soil moisture content was modelled and predicted using 

remote sensing data and a balancing algorithm. The volumetric soil moisture values (%PW) 

were derived based on the Soil Moisture Index (SMI) representing the thermal difference of the 

land surface, calculated from thermal equations of LST values. The study concluded that the 

proposed predictive model effectively monitors and estimates the volume of water stored in the 

soil demonstrating the potential of using remote sensing data and satellite imagery in water 

resource studies. It was found that areas far from water sources with sparse vegetation 

experience higher temperatures leading to increased water deficit in the study area. 

Additionally, there is an increase in the volume of water stored in the soil in areas near water 

sources, due to the impact of lateral water feeding from Shatt al-Arab River and its tributaries 

towards the adjacent soils. 

Keywords. Water resource management, Soil Moisture, Water balance, Semi-arid, Soil Water 

stored. 

1. Introduction  

 Stored water in the surface layers of soil is a crucial factor for water balance, directly affecting 

ecosystem stability and sustainability. It is a vital resource for essential uses including human 

industrial and agricultural applications [1].  Estimating the volume quantity and distribution of water 

stored in the soil presents significant challenges for hydrologists and water resource managers 

particularly in the ecological context of Iraq and specifically in Basrah Governorate [2] .Mathematical 

and statistical models play an important role in predicting the volume of stored water and 
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understanding the factors influencing it [3]. Soil water storage refers to water present in soil pores, 

which can be either saturated or unsaturated. water moves horizontally and vertically under the 

influence of pressure differentials and hydraulic gradients between high and low-pressure areas[4] 

.This movement creates spatial variations in stored water, with higher levels near recharge sources and 

lower levels further away, This phenomenon directly impacts plant nutrition and crop growth, 

influencing temperature reduction and climate improvement in the region[5]. Stored water also affects 

the chemical, physical, and hydrological properties of soil This is reflected in the rise of groundwater 

levels near recharge sources potentially leading to soil degradation and alterations in its engineering 

properties. Therefore, it can be concluded that water stored in the surface layers of soil plays a 

significant role in achieving environmental and agricultural sustainability [6]. Used of remote sensing 

technologies to study the significance of environmental and climatic factors and their impact on the 

volume and distribution of soil water plays a crucial role in effective water resource management. To 

achieve the research objectives, the focus is on the following points. 

 Utilizing Geomatics to Minimize Effort and Time: Geomatics technologies can significantly 

reduce the effort and time required for monitoring stored water or surface water resources. By 

leveraging these technologies, researchers can efficiently gather and analyze large-scale data, 

enhancing the accuracy and speed of water resource assessments. 

 Monitoring Temporal and Spatial Variability: Remote sensing allows for the observation of 

temporal and spatial variations in stored soil water and the environmental factors influencing 

it. This capability is essential for understanding how water availability changes over time and 

space, and for identifying the factors that affect soil water distribution. 

By integrating these approaches, the study aims to improve water resource management practices and 

contribute to more effective and sustainable use of water resources 

2. Materials and Methods 

2.1. Study Location 

A study was conducted in the area located northeast of the left bank of the Shatt al-Arab River, 

extending from the Al-Suweib River towards Qada of Shatt al-Arab Island in Basrah government 

(Figure 1). 

 
Figure 1. Study location. 

2.2. Office Work 

Satellite imagery suitable for the study area coinciding with the field sample collection date of July 13/ 

2023 was collected. The imagery from the Landsat 8 satellite was obtained from the U.S. Geological 

Survey (USGS) website. Spectral correction was performed on the selected imagery followed by a 
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false-color classification of the study area to identify and evenly distribute three sample collection 

sites. 

2.3. Field Work 

Field samples were collected from the soil surface layers using a core sampler at depths of 0-30 cm 

and 30-45 cm, The samples were then weighed in their wet state and the following measurements were 

taken: 

2.3.1. Measurement of Bulk Density, Particle Density and Total Porosity of Soil 
Soil particle density, bulk density and porosity were estimated using the method described by [7]. 

Undisturbed soil samples were collected to estimate bulk density using a core sampler with a metal 

cylinder of dimensions 5 cm x 5 cm Bulk density was then calculated using the following equation: 

ρb = Ms / v  (1)  

ρb is bulk density (g/cm³), Ms is dry soil mass (g) and V is the cylinder volume which equals the soil 

volume (cm³). 

 Soil particle density (ρs) was estimated using the pycnometer method, The total porosity (%S) was 

calculated based on the relationship between bulk density and particle density by applying the 

following equation: 

S=1- (ρb / ρs) × 100                                                              (2)  

2.3.2. Soil Moisture Content 
Soil samples were collected using a core sampler, then weighed immediately after collection. The 

samples were air-dried and placed in an oven at 105°C until a constant weight was achieved. The dry 

weight and soil moisture content relative to its dry weight (Pw) were then calculated using the thermal 

gravimetric method described in[7] , as shown in the following equation:  

 Pw = ((Mm - Ms)) / Ms                                                         (3) 

 PW: Soil moisture content (g water. g soil). 

Mm: Mass of wet soil (g). 

Ms: Mass of dry soil (g). 

2.4. Predictive Models and Statistical Analysis 

2.4.1. Land Surface Temperature 
Field data for daily temperature values were collected from the Qurna Climate Station in Basrah 

Governorate, located at coordinates E 47°.45 and N 30°.94 which is part of the Agricultural 

Meteorological Center of the Iraqi Ministry of Agriculture, Values corresponding to the time of 

satellite imagery acquisition were used. 

 Land Surface Temperature (LST) calculations and modeling for the study area were performed using 

the thermal equilibrium algorithm. This involved deriving thermal energy values from the thermal 

infrared Band 10, the red infrared Band 4, and the near-infrared Band 5. Radiative energy in the upper 

atmosphere and thermal emissivity of the soil surface as well as the effect of vegetation cover were 

calculated LST values for each pixel with dimensions of 30×30 m or less depending on the spatial 

resolution of the satellite imagery were then determined. A comparison was made between the 

modeled values and those obtained from the ground-based climate station data and field temperature 

readings recorded at the same station, which measures temperatures over a limited area. The following 

equations can be used to calculate temperature values using satellite imagery data[8]:  

 First: Calculate the spectral radiance from satellite imagery using the following equation: 

L λ = ML × Qcal + AL- Oi                                                               (4)   

L (λ): is the Top-of-Atmosphere (TOA) spectral radiance. 
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ML&AL: are constants for Band 10, which can be obtained from the metadata file accompanying the 

satellite imagery (MULT_BAND and ADD_BAND). 

Band 10: refers to the thermal infrared band. 

 Oi :is calibration factor for Band 10 (0.29). 

 Second: Convert the spectral radiance to brightness temperature in degrees Celsius using the 

following equation:  

BT= (K2/ ln (K1 / Lλ+1) – 273.15                                               (5)  

L (λ)   : is spectral radiance. 

BT: is brightness temperature in degrees Celsius. 

K2&K1: are constants for Band 10 from the metadata file. 

273.15: is constant for converting temperature from Kelvin to Celsius. 

 Third: Calculate the vegetation coverage portion using the following equation: 

Pv= (( NDVI - NDVI min) / (NDVI max - NDVI min))
2
                                    (6)  

PV: is the vegetation coverage. 

NDVI: is the Normalized Difference Vegetation Index from imagery. 

NDVImax and NDVImin:  are the maximum and minimum NDVI values from the imagery. 

 Fourth: Calculate the land surface emissivity using the following equation:  

E = 0.004 × Pv + 0.98                                                                   (7)  

PV :is vegetation coverage. 

 Fifth: Calculate the Land Surface Temperature (LST) using the following equation:  

LST= BT / (1+(W× BT/C2) × ln(E))                                                    (8)  

LST :is land surface temperature in degrees Celsius. 

BT: is brightness temperature in degrees Celsius. 

E :is land surface emissivity. 

W :is wavelength of Band 10 (10.8 μm). 

C2 :is a constant calculated using the following equation: 

p=h × C/S = 1.4388 ×10
-2

 mk
 
= 14388 µmk                                                 (9)  

S :is t constant Boltzmann (1.38 × 10
-23

Joules per Kelvin). 

h  : is Planck’s constant (6.626 × 10
-34

 Joules sec). 

C :is the speed of light (2.998 × 10
8
 m/sec). 

 Sixth: The correlation coefficient and coefficient of determination between the values 

calculated using satellite imagery and the field values from the climate station were computed 

using correlation analysis in SPSS, showing a significant correlation of 0.976. 

 Seventh: A model was programmatically developed as a tool within the ARC GIS 

environment, as shown in the schematic diagram in Figure 2. 

2.4.2. Volume of Water Stored in the Soil Profile 
The amount of water stored in the soil was calculated by developing a predictive model based on the 

Soil Moisture Index derived from the land surface thermal difference, as shown in Equation (8). Soil 

moisture content was modeled and predicted using remote sensing data and the thermal balance 

algorithm as mentioned in [9]، Soil moisture values (PW%) were derived based on the Soil Moisture 

Index, which represents the land surface thermal difference as indicated in Equation (10), and is 

calculated from the thermal equations of LST values (Equation 10). It can be computed using the 

following equation: 

Soil moisture index((SMC)) = ((LSTmax – LST ) / (LSTmax – LSTmin ))                      (10) 

LST: As mentioned in Equation 8. 

LSTmax: maximum recorded temperature value in study area. 
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LSTmin: minimum recorded temperature value in study area. 

 The values of the SMC index range from 0 to 1, where the soil is considered dry as the index 

approaches zero, and moisture increases as the values approach one. The index can reveal the presence 

of free water surfaces or saturated soil if the index values are greater than 1[10]. Regression analysis 

was then performed between the soil moisture index values and the field-measured bulk moisture 

values (PW) to obtain the constants of the predictive equation, which is expressed in its final form as 

follows: 

%PW=B × ((LSTmax – LST ) / (LSTmax – LSTmin ))
2 
+ B × ((LSTmax – LST ) / (LSTmax – 

LSTmin ))
3
 -A (11) 

%Pw: Soil moisture content by mass estimated through remote sensing. 

 A+B: Constants from the equation in Table1. 

 ((LSTmax – LST )/(LSTmax – LSTmin )): As mentioned in Equation (10) 

The correlation coefficient and the coefficient of determination were calculated between the values 

obtained using satellite imagery and the field-measured values from the station using correlation 

analysis in SPSS. Subsequently, a software model was developed as a tool within the ARC GIS 

environment, as shown in the diagram below (Figure 3). 

 

 
Figure 2. Steps for Using Thermal Balance Tool in ARC MAP. 

 
Figure 3. Steps for Running Thermal-Moisture Model in ARC MAP. 
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3. Results and Discussion  

3.1. Land Surface Temperature (LST) in the Study Area  
The results shown in Figure (4) illustrate the land surface temperature values measured using thermal 

algorithms and satellite imagery. There is a clear variation in temperature values within the study area, 

with a range from the lowest value of 34.85°C to the highest value of 50.84°C. Temperatures are 

higher in barren areas far from water sources and with sparse vegetation, while they are lower in most 

areas adjacent to the Shatt al-Arab River and its tributaries. Based on this spatial variation, the study 

area was divided into three categories. The lowest temperature category, with a range from 34.85 to 

41.81°C, was found in the areas adjacent to the Shatt al-Arab River and most agricultural areas. In 

contrast, the highest temperature values, ranging from 47.65 to 50.84°C, were recorded in the remote 

and barren areas [11].                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 The thermal variation among the categories in the study area is a result of the clear differences in 

certain climatic, environmental, and natural and human activities such as land use, vegetation cover, 

and variation in soil moisture content, which are crucial for the exchange of energy and mass between 

the hydrosphere, atmosphere, and biosphere[12] . It is observed that the first category, representing 

most agricultural areas with vegetation and proximity to the banks of the Shatt al-Arab River and 

water sources, has the lowest temperature values compared to the second and third categories, which 

primarily represent urban and barren exposed areas. This is attributed to the impact of vegetation cover 

in absorbing some thermal radiation and carbon dioxide, as well as its large coverage area on the land 

surface, which improves air quality and reduces the greenhouse effect. Additionally, soil moisture 

content plays a key role in the thermal balance of the land surface due to the thermal capacity of water, 

which helps in dissipating thermal energy[13] . 

 
Figure 4. Spatial Distribution of Land Surface Temperature (LST) from Remote Sensing. 

3.2. Surface Soil Moisture Index in the Study Area 

The results shown in Figure (5) display the Soil Moisture Index values for the months of January, 

April, July, and October in the study area. Generally, there is spatial variation in the values, which is 

attributed to changes in some hydro-physical and climatic properties of the soil. The index values 

range from 0 to 1, with soil considered dry as the index approaches zero and increasing moisture as the 

values approach one[14] . 
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The Soil Moisture Index values for the second category showed the highest spatial distribution at 

52.34%, while the values for the first and second categories were similar in percentage distribution 

within the study area, at 22.31% and 20.08%, respectively. The fourth category recorded the lowest 

spatial distribution compared to the other three categories, at 2.88%. This is attributed to the stability 

of the thermal signature curve for land phenomena such as water, vegetation cover, barren soil, and its 

moisture. Additionally, the inverse relationship between vegetation cover and soil moisture with land 

surface temperature plays a role, where higher vegetation index and soil moisture content lead to lower 

surface temperatures. This, in turn, reduces the processes of evaporation and evapotranspiration and 

enhances the soil's ability to retain water [9]. 

 
Figure 5. Spatial Distribution of Soil Moisture Index from Remote Sensing. 

3.3. Evaluation of Predictive Model 

Results shown in Table 1 and Figure (6) indicate a significant positive correlation between field 

moisture values (%PW) and the values predicted using remote sensing. The highest correlation 

coefficient (r) recorded was 0.84 for the month of July. This high correlation is attributed to the 

reduced cloud cover and its effect on the scattering and absorption of electromagnetic energy reaching 

the Earth's surface in July. [15]. 

This helps increase the spectral accuracy of the thermal band 10 with a wavelength of 10.60 - 11.19 

micrometers. These results are consistent with those found in[16] , where they identified a highly 

significant positive correlation of 0.81 and 0.83 between soil moisture content and the Soil Moisture 

Index (SMI) calculated from remote sensing data for the thermal band 10 of Landsat-8 satellites, 

respectively. The thermal data also showed good results for predicting soil moisture content and 

distribution, as compared to 100 field samples collected from various sites in arid and semi-arid 

regions at a depth of 0-10 cm. 

Table 1. Statistical Properties and Constants of Predictive Equations. 

Model Summary between independent variable is SMI and FMC 

R R Square Type of Regression 

0.847 0.718 Cubic 

Coefficients 

Standardized Coefficients Unstandardized Coefficients 

B (SMI
2
) -3378.293 
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Model Summary between independent variable is SMI and FMC 

R R Square Type of Regression 

C (SMI
3
) 13193.729 

A (Constant) 34.607 

ANOVA Table 

S.O.V Sum of Squares df Mean Square F Sig. 

Regression 11.707 2 5.853 1.969 0.394 

Residual 0.36 1 
   

Total 11.707 2 
   

The independent variable is SMI. 

 
Figure 6. Comparison of Remote-Sensing Soil Moisture with Field Measurements. 

3.4. Modeling Soil Moisture Using Remote Sensing 

The results shown in Figures (7) and (8) reveal a clear spatial variation in soil moisture content and the 

volume of water stored in the soil within the study area. Regarding the spatial variation of soil 

moisture content, areas with good vegetation cover, especially agricultural areas along the banks of the 

Shatt al-Arab River, recorded moisture values ranging from 4% to 11%. This was followed by most 

barren areas far from water sources, which recorded the lowest moisture range of 0.0% to 0.88%. 

Other categories showed a range between the highest and lowest values, representing sites with 

irrigation canal branches near the Shatt al-Arab River, covering an area of 12.73%, as well as small 

areas within the barren regions. This variation may be attributed to the higher depth of groundwater in 

areas adjacent to rivers and irrigation canals due to lateral seepage and water replenishment through 

the soil, which leads to an increase in soil moisture content[17]  . variation in soil moisture content in 

the study area can be attributed to several factors, the most significant of which is the variation in 

evapotranspiration rates due to differences in temperatures throughout the seasons (Figure 3) and its 

impact on the water balance in the region. High temperatures, reduced vegetation cover, and extensive 

barren areas, particularly in the summer, lead to decreased soil moisture content due to the rapid loss 

of water particles through evaporation and transpiration processes [18]. 
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Figure 7. Spatial Distribution of Stored Soil Moisture from Remote Sensing. 

 
Figure 8. Spatial Distribution of Stored Soil Moisture from Remote Sensing. 

Conclusions 

 The proposed predictive model is effective in monitoring and estimating the volume of water 

stored in the soil. 

 The use of remote sensing data and satellite imagery is feasible for studying water resources. 

 It is evident that areas distant from water sources and with sparse vegetation experience higher 

temperatures, which has resulted in increased water deficits in the study area. 
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 The volume of water stored in the soil is higher in areas near water sources due to the impact 

of lateral water replenishment from the Shatt al-Arab River and its tributaries towards the 

adjacent soils. 

 

Recommendations 

 It is recommended to use geomatics technologies for studying environmental and hydrological 

variables and monitoring water resource parameters. 

 It is advised to apply the proposed model for predicting the volume of water stored in the soil, 

particularly in arid and semi-arid regions. 

 Measures should be taken to mitigate the direct impact of temperatures on the volume of 

stored water, such as creating a green belt around the remote areas in Basrah Governorate. 
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