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Extended abstract

Introduction

Accurate estimation of groundwater balance components, including
recharge, discharge, and storage, is essential for the sustainable management
of these vital resources. Numerous studies have been conducted in this field
and have shown that various factors such as abstraction volume, interaction
with surface water and ecosystems, and climatic and geological conditions
affect groundwater balance and storage. However, one of the major
challenges in this field is the low accuracy in estimating the groundwater
resources balance. This problem occurs due to inadequate monitoring, lack
of modern methods, and errors in the process of estimating groundwater
balance components.

To improve the accuracy of groundwater balance estimation, it is necessary
to employ modern methods such as remote sensing. Previous research has
shown that using various remote sensing sensors has contributed to
improving the accuracy of groundwater balance estimation. In this study, for
the first time, the WaPOR sensor is used to estimate the evapotranspiration
component of the groundwater balance. This study aims to improve the
accuracy of groundwater balance estimation in the Qomsheh study area.
Finally, the measured balance was compared with the calculated balance,
and the effect of the WaPOR sensor on the accuracy of balance calculations
was evaluated.
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Material and method

The Qomsheh plain has 28,855 hectares of irrigated land and orchards, 606 deep and semi-deep
wells, 112 ganats, 20 springs, and one water canal. The average annual rainfall is 140 mm. Data
on rainfall, water abstraction, groundwater level, etc. were collected for the period 2002 to 2016
and used in this study.

A conceptual water balance model was used to estimate the water balance (Figure 1). This model
includes input components (precipitation, surface flows, return flow) and output components
(abstraction, outflow, evaporation).
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Fig 1. Conceptual Model of Groundwater Balance.

Infiltration from rainfall was calculated using the Horton equation, evaporation and transpiration
using the FAO WaPOR product, water abstraction from wells, ganats, and springs, inflow and
outflow using Darcy's law, and evaporation from the groundwater surface using the Thorntwaite
diagram. The hydrograph of the aquifer was also drawn to evaluate the conceptual model (Figure
2).
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Fig 2. Hydrograph of the Aquifer in the Qomsheh Study Area between 2002 and 2016.

Results and Discussion

The results showed that during this period, the volume of precipitation was 1427.5 million cubic
meters, evaporation and transpiration was 1804.1 million cubic meters, runoff was 872 million
cubic meters, and infiltration was 14.27 million cubic meters. Also, the volume of inflow to the
aquifer was estimated at 10.21 million cubic meters and the outflow from it was 0.73 million
cubic meters. Studies show that the groundwater level has dropped by 0.224 meters per year
during this period and a total of 120 million cubic meters have been depleted from the aquifer
storage. A notable point of this study is the use of WaPOR sensor data to calculate evaporation
and transpiration. This has significantly increased the accuracy of the water balance components
estimation, which ultimately has led to increased accuracy of groundwater balance estimation.
Considering the storage of the Qomsheh aquifer during the study period, the necessity of planning
and implementing compensatory solutions to reduce its environmental and economic
consequences it is evident.

Conclusion

In this study, novel remote sensing methods were employed to reduce uncertainty in groundwater
balance calculations of the Qomsheh aquifer. Evapotranspiration (ET), a major component of the
water balance, is not directly measurable and was estimated in this study using the WaPOR
sensor. This allowed for more accurate calculation of the other effective recharge components,



namely the amount of water infiltration from precipitation, and return flow from drinking,
agricultural, and industrial uses. Based on remote sensing data, the average annual ET from the
Qomsheh aquifer was estimated at 1804.1 million cubic meters between 2002 and 2016. Using the
effective rainfall technique, the evaporation from rainfall was separated from irrigation-induced
evaporation. The groundwater reservoir deficit was estimated at 120 million cubic meters,
resulting in an average annual decline of 22.4 centimeters in the groundwater level. These results
highlight the need for increased attention to groundwater management and improved capabilities
for more accurate estimates to ensure proper management of these resources in the future.
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Fig 1. Map of the geographical location of the Qomsheh study area.
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Fig. 5. Map of Transmissivity and Input and Output Fronts of the Aquifer in the Qomsheh Study Area.
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Table 2. Values of Input and Output Flows from Fronts for the Qomsheh Study Area.
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Fig 6. Map of Groundwater Level Contours in the Qomsheh Study Area.
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Fig 7. The volume of Groundwater Balance Components in Million Cubic Meters in the period 2002-2016.

1922

(%)
m)

= E 1918

2 @ 1916

= g 1014

) 21912

3 8 1910

‘3 S 1908

3 —

. ; s sz yeg g ylg g g g g
OS50S 850050@509085090500500852985905008520085290859d
83383355 g2°82°3823823¢833¢g5"g2°g2°8238:23¢833¢3
L 9 L9 L2 9 L 9 L 9 L 9 L 9 L2 9 L 9 L 9 L 9 L 9 L 9 L 9 L 9
O o O o O o O o O @ O O o O o O o O @ O o O o O o O @ O o

(VR LL L L L (TR LL LL| L L (TR L LL| L (VR

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Time
ales

AFAD GAYAY o le cr adend Gl 0dgume olgsul G159 0ud A JSb
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