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Abstract

This study aimed to analyze the natural and human factors influencing groundwater decline in the Nazdasht
aquifer in northern Hormozgan Province. Groundwater data from six wells from 2002 to 2017, along with
hydroclimatic information such as precipitation, temperature, evaporation, and discharge from regional
meteorological and hydrometric stations, were examined. The Mann-Kendall and Pettitt tests, a non-
parametric approach, were used to assess variable trends, while isohydric maps helped evaluate spatial
changes in aquifer status. Land use changes were analyzed using Landsat satellite imagery with supervised
classification to assess human impacts. Results indicated a significant decreasing trend in groundwater levels
across the entire Nazdasht area, with declines estimated between about 33 and over 48 meters. The Pettitt test
identified a hydrogeological regime shift around 2010-2013. Climatic analysis revealed increasing trends in
precipitation, temperature, and evaporation at some stations, while river discharge decreased despite rising
precipitation—suggesting reduced baseflow due to lower water tables. Land use and water extraction data
indicated that more wells, expanded agriculture, and increased groundwater extraction exerted substantial
pressure on the aquifer. Overall, the study shows that human activities, especially agriculture and
groundwater pumping, are the primary drivers of water level decline, posing risks of land subsidence and
threatening the region’s water resource sustainability.
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Extended Abstract

Introduction

Groundwater resources are vital for supporting agriculture, ecosystems, and socio-economic growth in arid
and semi-arid areas. In many developing nations, including Iran, groundwater has become the primary water
source due to population growth, rising demand, and climate variability. However, over-extraction,
expanding irrigated agriculture, and poor water management have led to notable declines in groundwater
levels across many aquifers in Iran. A key consequence of ongoing groundwater depletion is land
subsidence, which occurs when excessive pumping lowers pore water pressure, resulting in the compaction
of aquifer sediments. The Nazdasht Plain (Fig 1) in northern Hormozgan Province is an important
agricultural zone where groundwater use has increased in recent decades, driven by the expansion of
irrigated land, more wells, and inefficient irrigation techniques. This plain spans about 132 km?, with over
75% covered by mountainous terrain, while the remaining area consists of alluvial deposits that form the
primary aquifer. Despite the region’s agricultural importance, research on both natural and human influences
on groundwater decline remains limited. Additionally, the risk of land subsidence from sustained water level
decline has not been thoroughly evaluated. This research aims to examine how both natural and human-
related factors contribute to declining groundwater levels and to evaluate the risk of land subsidence in the
Nazdasht Plain aquifer. The study analyzes long-term groundwater trends using well data, assesses changes
in climate variables such as precipitation, temperature, and evaporation, investigates river discharge patterns
and their connection to groundwater fluctuations, and reviews land-use changes and agricultural growth over
30 years. It also identifies the main causes of groundwater depletion and discusses the hydrogeological
mechanisms that may cause irreversible compaction and subsidence.

Materials and Methods

To examine the causes of groundwater depletion in the Nazdasht aquifer, data on hydrogeology, climate,
hydrology, and land use were analyzed. Groundwater levels from six observation wells, spanning 2002—
2017, were provided by the Hormozgan Regional Water Authority. These wells are strategically located
across different parts of the plain—north, northwest, south, southwest, and east—along with a representative
well that covers the entire area, facilitating spatial analysis of water level variations. Hydro-climatic data
including precipitation, temperature, evaporation, and river discharge were collected from meteorological
and hydrometric stations in and around the study site. Precipitation data came from five rain gauge stations—
Abanama, Kharaji, Roodan, Nazdasht, and Rahdar—while temperature and evaporation data were recorded
at synoptic stations such as Sarkam, Minab, and Roodan. River discharge measurements were obtained from
two hydrometric stations, Abanama and Sarkam (see Table 1). Temporal trends in groundwater levels and
hydro-climatic variables were analyzed using non-parametric statistical tests. The Mann—Kendall test was
employed to identify monotonic trends over time, while the Pettitt test aimed to detect change points and
abrupt shifts in the data. Significance levels of 95% and 99% confidence were considered. Spatial variability
in groundwater conditions was examined through the creation of isohydric maps for 2003 and 2017, which
facilitated the analysis of flow patterns, hydraulic gradients, and cones of depression in the aquifer. Land use
and land cover changes were studied using Landsat satellite images from 1995 (Landsat 5 TM), 2015
(Landsat 7 ETM+), and 2025 (Landsat 8 OLI). A supervised Maximum Likelihood classification produced
five land-use classes: agricultural, barren/rocky, rangeland, urban, and water bodies. Classification accuracy
was validated with a confusion matrix and the Kappa coefficient. Data on active wells, groundwater
extraction volumes, irrigation practices, and dominant crops were collected from regional water authority
reports; these data from 2002, 2009, and 2014 helped evaluate human impacts on groundwater depletion.

Results and Discussion

Groundwater levels in the Nazdasht aquifer have declined significantly and persistently over the past three
decades. The Mann—Kendall test indicates a statistically significant decline across all observation wells, with
Z-statistics between -18.42 and -22.90 (p<0.01). Groundwater levels have declined by 33 meters in the
southern region and over 48 meters in the southwestern part of the aquifer. The average decline rate is about
1.6 to 2.0 meters annually, with no indication of recovery. The Pettitt test identified a significant shift
between 2010 and 2013 (mainly in 2012-2013) at most wells, suggesting a transition to a more unstable
hydrogeological state and faster groundwater depletion (Table 2). This period aligns with intensified well
drilling and increased agricultural activities in the area. Spatial analysis of groundwater contours shows
notable changes: in 2003, contours were evenly spaced indicating a natural hydraulic gradient, but by 2017
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(Fig 2), contour lines are compressed with local depression cones forming. These features point to pumping
centers reversing groundwater flow locally and creating gradients toward well fields, highlighting an
imbalance between recharge and extraction. Climatic data indicate significant increases in precipitation at
stations like Abanama, Kharaji, and Roodan, with change points around 2003-2004. Temperature showed a
rising trend, while evaporation remained statistically unchanged over the long term. Despite higher rainfall,
groundwater levels kept falling, highlighting human activities as the primary cause. River discharge at both
hydrometric stations has decreased markedly (Mann—Kendall Z = -9.02 and -5.28) (Table 3), even with
increased rainfall, indicating diminished groundwater input to baseflow (Fig 3). The decoupling of rainfall
and runoff clearly indicates that the aquifer can no longer support river flow during dry periods. Remote
sensing shows a notable increase in agricultural land from 5.14% in 1995 to 6.80% in 2025 (Figures 4 and
5), along with an increase in active wells from 84 in 2002 to 119 in 2014, and a rise in annual groundwater
extraction from approximately 8.2 million m3 to over 120 million m3 (Table 4). During this time, agricultural
water use expanded from 81% to over 95%. Flood irrigation remains the primary method, and electric pumps
have enabled continuous pumping. These findings underscore how agricultural expansion and excessive
groundwater extraction are driving aquifer depletion. Ongoing groundwater decline could also heighten the
risk of land subsidence caused by the compaction of fine-grained alluvial sediments.

Conclusion

The findings indicate that groundwater depletion in the Nazdasht Plain is mainly driven by human activities,
particularly agricultural expansion and excessive groundwater extraction. Climatic variations, including
precipitation changes, cannot explain the magnitude of groundwater decline observed in the region. The 33—
48m drop in groundwater levels, formation of depression cones, reduction of river baseflow, and expansion
of agricultural land all indicate a serious imbalance in the aquifer system. Continued overexploitation may
lead to irreversible aquifer damage, increased land subsidence risk, and reduced long-term water availability.
Therefore, effective management measures are required, including controlling groundwater extraction,
improving irrigation efficiency and strengthening groundwater monitoring using hydrogeological and remote
sensing data. Artificial recharge programs and legal restrictions on new well drilling are also urgently
needed.

Keywords: Climatic variables, Trend analysis, Land use change, Changes aquifer
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Fig 1. Location map of the study area and meteorological stations.

Table 1. Description of meteorological stations used in this study

Station Name River Region Elevation (m) Year of Establishment Station Type
Sarkam Shirin Mosafarabad 440 2002 Thermometric

Minab Minab Minab 300 1967 Evaporation

Roodan Roodan Roodan 250 2001 Evaporation

Abnama Roodan Roodan 220 1994 Hydrometric (Class 1)
Kharaji Roodan Roodan 190 1979 Rain Gauge (Ordinary)
Roodan Roodan Mosafarabad 590 1997 Rain Gauge (Ordinary)
Nazdasht Roodan Nazdasht 550 2001 Rain Gauge (Ordinary)
Rahdar Ziarat Ali Mosafarabad 460 2019 Rain Gauge (Ordinary)

Abnama Roodan Roodan 220 1998 Rain Gauge (Ordinary)
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Fig 2. Groundwater levels in (a) North Nazdasht, (b) Northwest Nazdasht, (c) South Nazdasht, (d) Southwest
Nazdasht, (e) East Nazdasht, and the entire Nazdasht plain. The horizontal axis shows the year and month of
measurement, with the first number indicating the year and the second the month.

Table 2. Mann-Kendall and Pettitt test statistics for groundwater levels in the Nazdasht aquifer. (** Significant at the 99%
confidence level.)

Significance Pettitt Change year Significance Mann—Kendall Well name
(Pettitt) statistic (AD) (Mann—Kendall) statistic (2)
0.00** 8606 November 2020 0.00** -18.87 Whole Nazdasht
0.00** 6400 February 2011 0.00** -18.42 South Nazdasht
0.00** 15002 August 2013 0.00** -22.11 East Nazdasht
0.00** 15252 July 2013 0.00** -22.46 North Nazdasht
0.00** 7396 August 2010 0.00** -19.29 Northwest
0.00** 14998 November 2013 0.00** -22.9 Southwest Nazdash
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Fig 3. Groundwater level contours in the Nazdasht Plain: (a) 2003 versus (b) 2017.
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Table 3. Trend analysis results of hydro-climatic variables in and around the Nazdasht Plain
. Mann-Kendall P-value Pettitt P-value Change year

Parameter Station name statistic (2) (MK)  statistic (U)  (Pewity  Month (AD)
Precipitation Abnama 4.04 0.00** 10548 0.00**  November 2004
Precipitation Kharaji 4.26 0.00** 10866 0.00**  October 2004
Precipitation Roodan 4.04 0.00** 10548 0.00**  October 2004
Precipitation Nazdasht 4.04 0.00** 10548 0.00**  October 2004
Precipitation Rahdar 4.04 0.00** 10551 0.00**  October 2004
Evaporation Minab -0.85 0.390 4188 0.00**  November 2004
Evaporation Roodan 9.17 0.00** 29082 0.00**  March 2018
Evaporation Sarkam 8.2 0.00** 27318 0.00**  March 2002
Temperature Sarkam 2.83 0.00** 21620 0.00**  October 2011
River discharge Abnama -9.02 0.00** 12792 0.00**  November 2004
River discharge Sarkam -5.28 0.00** 5913 0.00**  February 1999
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Fig 4. Percentage change in land use in Nazdasht during the three study periods.
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Fig 5. Land use/land cover (LU/LC) changes for the years 2006, 2014, and 2025.
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Table 4. Summary of groundwater withdrawal indicators from authorized wells in the Nazdasht Plain.

Indicator 2002 2009 2014

Number of active wells 84 109 119
Total annual extraction (MCM) 8.2 98.8 120.51
Agricultural water consumption (%) 81 94 >95
Other uses Low (drinking & services) Negligible Negligible
Dominant irrigation method Flood irrigation Flood irrigation Flood irrigation
Dominant pumping power source Mixed (diesel/electric) Electricity Electricity

. . . . Date palms¥*, citrus**,
Dominant crops Varied (traditional crops) Field crops and orchards wheat***, alfalfa****
Key characteristics of the period Small-scale extraction Peak over-extraction Continued high extraction

*Phoenix dactylifera, ** Citrus spp, ***Medicago sativa, ****Triticum aestivum.
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