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In recent years, the application of satellite-based techniques in the study of
hydrological phenomena has been recognized as an effective tool for monitoring
water resource conditions. Due to the scarcity of ground-based station data or the
lack of sufficient in-situ observations, remote sensing provides a reliable means for
collecting large-scale spatial and temporal data. Moreover, by applying appropriate
algorithms, the impacts of drought distribution on rangelands and vegetation can be
assessed using satellite imagery. Having access to information on drought spatial
distribution within a region enables the identification of its adverse effects on
vegetation cover and supports the implementation of mitigation and management
strategies. In this study, a combination of Landsat 8, MODIS (Terra), and GRACE
satellite imagery was used to investigate variations in drought indices, runoff, and
groundwater storage changes in the Hamedan Plain over the period 2003-2016. The
results indicate that the long-term mean runoff in the Hamedan Plain, derived from
satellite data, was approximately 0.512 m®s. In addition, groundwater level
variations estimated from the three GRACE data processing centers-CSR, GFZ, and
JPL-were 29.52, 31.05, and 35.11 cm, respectively. Furthermore, analysis of the
NDVI-based drought distribution map revealed that the Hamedan Plain experienced
predominantly moderate drought conditions, indicating a generally normal status of
vegetation cover during the study period.
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Extended Abstract
Background and Objective

Due to the special climatic conditions of arid and semi-arid regions such as Iran,
groundwater is considered a vital and strategic resource. Population growth and increasing need
for water, coupled with limited surface water resources, put severe pressure on groundwater
resources. This can lead to irreversible consequences for ecosystems and hydrological cycles.
Therefore, proper management and careful planning in watersheds are essential to ensure the
sustainability of water resources and the preservation of ecosystems dependent on it. The
spatial distribution of vegetation is strongly influenced by climatic conditions, especially
precipitation and temperature. A drought is a prolonged dry period in the natural weather cycle
that can occur anywhere in the world and is a slow-onset disaster characterized by a lack of
rainfall and therefore a lack of water.

According to studies, it is estimated that 55 million people worldwide are affected by
drought annually, and this drought is the most serious risk to livestock and agricultural products
in almost every part of the world. Rising temperatures caused by climate change are making
arid regions drier and humid areas wetter. In this study, this study aims to investigate surface
and groundwater resources and the distribution and classification of drought in the study area
of Hamadan Plain. For this purpose, using extracted images from the MODIS and Grace and
Landsat 8 satellites, we investigated the trend of changes in each of the parameters in the period
from 2003 to 2016.

Methodology

Landsat satellites with low spatial resolution and high temporal resolution make it possible
to monitor atmospheric changes on a large scale. Climate satellites also play an important role
in measuring atmospheric parameters. These data provide researchers with actual
evapotranspiration, cumulative precipitation, and runoff. Groundwater is a vital and strategic
resource for communities, and it requires careful and continuous management and monitoring.
Grace satellite images are an efficient and effective method of monitoring groundwater level
fluctuations. In this study, 168 Grace Satellite images from the Hamedan Plain from 2003 to
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2016 were analyzed. The Grace satellite, an advanced dual-gravity satellite, was launched by
NASA and DLR in 2002, and its scientific mission ended in 2017.

The study examines and analyzes satellite images with special precision. This research
includes the following stages:

1. Benefit from the advanced Google Earth Platform and JavaScript programming
language for satellite image processing. Google Earth Engine, as a powerful and free tool,
provides researchers with a wide range of possibilities.

2. Selection and processing of satellite images related to the study area (Hamedan Plain)
in a specific period (2003 to 2016), and applying appropriate spatial and temporal filters for
the desired area.

3. Analysis of gravitational images of Grace Satellites processed by different centers. Each
center processes raw data with its own algorithms, but due to differences in methods, the
resulting values also vary. Therefore, the use of multiple average values and algorithms
increases the accuracy of the results.

4. Improving the quality of results by resampling processed data at high spatial resolution
(e.g. 300 meters).

To conduct the present study, the Google Earth Engine system and the JavaScript
programming language have been used. Google Earth Engine enables users to perform their
calculations on large amounts of data without the need for powerful systems. After recalling
the Modis product and applying spatial and temporal filters in the first place, in the second
place, the cloud mask from the collection of images was taken. In the third place, after selecting
the NDVI band, the NDVI average image was created for all months of the year. In the fourth
place, after calculating the minimum and maximum values of the NDVI index, the VCI index
for 2003 to 2016 was calculated. Finally, to analyze the values of this index and the vegetation
status of the region, the VCI map was classified into three classes: no vegetation, medium
vegetation, and rich vegetation, and the area of each class was calculated in terms of percentage.

Findings

In the surface runoff section, the average discharge of Hamedan Plain from June 2003 to
December 2016 was 0.512 m?/s and the highest runoff was related to February, March, and
April of each year. Also, a decrease was shown in groundwater level in the Hamadan-Bahar
plain by 31.05,29.52, and 35.11 cm, respectively. Finally, according to the NDVI index, which
is the basis for calculating the VCI index, the overall Geezi result was obtained as follows: The
area is in a low to moderate vegetation state. Also, according to the results of the VCI
classification, the worst conditions were related to June 17, 2008 with a rate of 4.1%, and the
best conditions were related to April 23, 2010 with a rate of 86.2%. Also, by examining the
indices of VCI, TCI, VHI, SVI, the drought severity of the study area was in the medium
category according to the two indices of VCI and TCI and the results of the other two indices
indicated severe drought.

Conclusion

This study aimed to investigate the changes in surface and subsurface water resources
considering the severity of drought from 2003 to 2016 in Hamadan city. In summary, based on
the results of the Landsat satellite, the long-term average runoff value of the region was 0.512
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m?®/s, with the highest discharge in proportion to the highest rainfall months in the region in
February, March, and April. In the analysis of the results of groundwater level changes based
on three databases GFZ, CSR and JPL, the distance between the maximum and the lowest level
changes was 29.52, 31.05, and 35.11 cm, respectively. In the last part, TCI drought indices
indicate moderate drought and based on vegetation indices are classified as high drought
intensity. Also, based on the classification map, most of the lands of Hamadan city were
classified as barren and with low vegetation.

Keywords: Satellite Image, Drought Index, Water Resources Management, Runoff,
Groundwater level.
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Figure 1. Map of Hamedan city located in Hamedan
province
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Figure 2. Vegetation Condition Index (VCI)
classification map - Hamedan Plain
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Table 1. Drought severity classification using the VCI
index

Class number VCI Index (%) Vegetation condition

1 0-40 Low
2 40-60 Medium
3 More than 60 Rich
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Figure 3. Changes in surface runoff during the period
2003-2016, Hamedan Plain
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Figure 4. Changes in groundwater level based on data
from three centers: GFZ, CSR, and JPL in the period
2003-2016 in the Hamedan Plain
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Table 2- Classification of drought indicators based on
drought severity

Drought classes TCI/ VCI/ VHI
Very severe drought <10
Severe drought <20
Moderate drought <30
Mild drought <40
Drought > 40
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Table 3. Classification of standard vegetation index
based on drought severity

Drought classes SVI
Severe drought 0-0.10
Moderate drought 0.10-0.25
Mild drought 0.25-0.50

Normal 0.50-0.75
Favourable 0.75-1.00
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Figure 5. Vegetation Condition Index (VCI)
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Figure 6. Temperature Condition Index (TCI)
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Figure 8. Standard Vegetation Index (SVI)
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Table 4. Long-term average of drought index values for
Hamedan city

Index Value (%)
VCI 0.4
TCI 0.44
VHI 0
SVI 0
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Figure 7. Vegetation Health Index (VHI)
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Figure 9. Vegetation health index classification map
based on NDVI index - Hamedan city

ool (BLS Lidg Cdl (ganail ans - S

Olaes i ;4 -NDVI 2zl
S5z -F

Ol plie Olids gy Ban Ghaghy cnl o
JIPEZEACRVREER = AN S
el 009y laes s gl 0 Ve o Y-V 18 oogama o

Slade (Cawad ojlgale gl ululy 4o jaboay
asl y cnSo e IOV e Sbls, Saesl,s (reiles
sbole (2 F A b calite (25 (e (n i 45 0092
ol sy (35,8 g athl iyage 5o aklaie 3k

ololy iy 215l Sled @l Jelos o
alols 54 JPL 5 CSR (GFZ odls oSl au
FAUDY L casl ol 515 Olnsd (0505 B o8 G
o] sy e il YON Y 5 YN+

TCl JoSies gl asle 31 ise o
ol s bhugie can L JlSas samsslis
Oud b gunaib 3 LS s sleasls
a5 8ol Jlesas

) ot a4t el Gezes
2L Gdisy Gl1s 5 b ganail ) laes i ol
255 5 oS

slogiagh 5 gragn ol 5l Jol> mls 4 azsil
3 0gd oo Sling (bl 5o sl cadpll alin
15 oliien; by Ll 540 5 glolsale oledl



v Wglsd 5 SRS 05 SRS | T Forte b (HonSis 5 o wloo il 5 el

References

[1] Oki T, Kanae Sh. Global hydrological cycles and world water resources. Science. 2006 Aug 25; 313 (5790):
1068-1072. doi: 10.1007/s11269-023-03564-3.

[2] Jackson RB, Carpenter SR, Dahm CN, McKnight DM, Naiman RJ, Postel SL, Running SW. Water in a
changing world. Ecological Applications. 2001 Aug 01; 11 (4): 1027-1045. doi: 10.1890/1051-
0761(2001)011[1027:WIACW]2.0.CO:;2.

[3] Sophocleous M. Interactions between groundwater and surface water: The state of the science. Hydrogeology
Journal. 2003 Jan 11; 10: 52-67. doi: 10.1007/s10040-001-0170-8.

[4] Gleeson T, Wada Y, Bierkens MFP, van Beek LPH. Water balance of global aquifers revealed by groundwater
footprint. Nature. 2012 Aug 8; 488: 197-200. doi: 10.1038/nature11295.

[5] Brocca L, Melone F, Moramarco T, Wagner W, Naeimi V, Bartalis Z. Hasenauer S. Improving runoff
prediction through the assimilation of the ASCAT soil moisture product. Hydrology and Earth System Sciences.
2010 Oct 12; 14 (10):1881-1893. doi: 10.5194/hess-14-1881-2010.

[6] Berhan G, Hill Sh, Tadesse T, Atnafu S. Using satellite images for drought monitoring: a knowledge discovery
approach. Journal of Strategic Innovation and Sustainability. 2011 May 1; 7 (1):135-153.

[7] Ahmadi M, Dadashi Roudbari A, Deyrmajai A. Runoff estimation using IHACRES model based on CHIRPS
satellite data and CMIP5 models (Case study: Gorganroud Basin-Aq Qala area). Iranian Journal of Soil and Water
Research. 2020 Jun 3; 51 (3): 659-671. doi: 10.22059/ijswr.2019.289144.668316 [In Persian].

[8] Collignon B. A new tool for the remote sensing of groundwater tables: Satellite images of pastoral wells. Open
Geospatial Data, Software and Standards. 2020 Sep 30; 5 (4): 1-10. doi: 10.1186/540965-020-00077-3.

[9] Najafi N, Arbabi A. Drought monitoring in Tehran Province using TRMM satellite data. Iranian Journal of
Eco Hydrology, 2021 Oct; 8 (3): 819-827. doi: 10.22059/ije.2021.329001.1540 [In Persian].

[10] Liu P-W, Famiglietti JS, Purdy AJ, Adams KH, McEvoy AL, Reager JT, Bindlish R, Wiese DN, David CH,
Rodel M. Groundwater depletion in California’s Central Valley accelerates during megadrought. Nature
Communications. 2022 Dec 19; 13 (7825): 1-11. doi: 10.1038/s41467-022-35582-x.

[11] Vasco DW, Farr TG, Jeanne P, Doughty C, Nico P. Satellite-based monitoring of groundwater depletion in
California’s Central Valley. Scientific Reports. 2019 Nov 5; 9 (16053): 1-14. doi: 10.1038/s41598-019-52371.
[12] Yeditha PK, Rathinasamy M, Neelamsetty SS, Bhattacharya B, Agarwal A. Investigation of satellite
precipitation product driven rainfall-runoff model using deep learning approaches in two different catchments of
India. Journal of Hydroinformatics. 2022 Jan 1; 24 (1): 16-37. doi: 10.2166/hydro.2021.067.

[13] Ghazaryan G, Dubovyk O, Graw V, Kussul N, Schellberg J. Local-scale agricultural drought monitoring with
satellite-based multi-sensor time-series. GIScience and Remote Sensing. 2020 Jun 16; 57 (5): 704-718. doi:
10.1080/15481603.2020.1778332.

[14] Esmaeili H, Mirmousavi SH, Soheili E. Investigation of agricultural drought time series in Darab city using
remote sensing and Google Earth engine system. Journal of Geography and Environmental Hazards. 2022 Feb;
10 (4): 175-192. doi: 10.22067/geoeh.2021.69186.1029 [In Persian].

[15] Arekhia S, Savasarib MB, Emadaddiana S. Investigating the indicators resulting from remote sensing
technology in drought assessment using MODIS images (Case study: Qom, Isfahan, Chaharmahal and Bakhtiari,
and Markazi Provinces). Journal of Geography and Environmental Hazards. 2022 Nov; 11 (3), 189-224. doi:
10.22067/geoeh.2021.72253.1102 [In Persian].

[16] Eshraghi SA and Mahmoudi Gharai M. Geology map of Tuyserkan, scale 1:100000, geological survey of
Iran. Tehran. 2003.

[17] Stuart MB, McGonigle AJS, Willmott JR. Hyperspectral imaging in environmental monitoring: A review of
recent developments and technological advances in compact field deployable systems. Sensors. 2019 Jul 11; 19
(14): 1-17. doi: 10.3390/519143071.

[18] Vishwakarma CA, Rena V, Singh D, Mukherjee S. Exploration of water resources using remote sensing and
geographic information system. Groundwater Geochemistry. John Wiley & Sons Ltd.; 2021 Jun 18; doi:
10.1002/9781119709732.ch18.

[19] NASA, Gravity Recovery and Climate Experiment (GRACE),
https://earth.gsfc.nasa. gov/geo/missions/grace, 2004.


https://earth.gsfc.nasa.gov/geo/missions/grace,

VF-F O a)La..i) A 0,90 ‘ML?/M} ufé/l...a Yy

[20] King MD, Kaufman YJ, Menzel WP, Tanre D. Remote sensing of cloud, aerosol, and water vapor properties
from the moderate resolution imaging spectrometer (MODIS). in IEEE Transactions on Geoscience and Remote
Sensing. 1992 Jan; 30(1): 2-27. doi: 10.1109/36.124212.

[21] Kogan FN. Application of vegetation index and brightness temperature for drought detection. Advances in
Space Research. 1995; 15(11): 91-100. doi: 10.1016/0273-1177(95)00079-T.

[22] Zeng J, Zhou T, Qu Y. et al. An improved global vegetation health index dataset in detecting vegetation
drought. Scientific Data. 2023 May 31; 10: 1-12. doi: 10.1038/s41597-023-02255-3.

[23] Tucker CJ. Red and photographic infrared linear combinations for monitoring vegetation. Remote Sensing
of Environment. 1979 May; 8(2): 127-150. doi: 10.1016/0034-4257(79)90013-0.



