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Problem Statement

• Over-pumping reduces pore pressure

• Increases effective stress → aquifer compression

• Potential land subsidence

• Triggers seismicity on a major transform fault

• Reduces groundwater storage capacity



Hydrogeological Units

• B2/A7 = most important aquifer in Jordan

• Recharge from Ajlun highlands & Jabal Al Arab

• Confined beneath B3 marl layer

• Declining water levels: 1–2 m/year







Over-Pressurized Aquifer Concept

• Pore pressure > hydrostatic pressure

• Controlled by low permeability & trapped fluids

• Overpressure release → compaction

• Common in confined aquifers under stress



Effective Stress Principle

• σ = σ' + p

• Pumping reduces p → σ' increases

• Higher σ' causes aquifer compression



Basic Poroelastic Concepts

• Coupled fluid–solid behavior

• Stress changes → pore pressure changes

• Pore pressure changes → matrix deformation



Water-level 
fluctuation in 
26/12/ 2004 in 
Almaker 
observation well 
(AL 3430) due to 
Sumatra's 
earthquake. 
Modified after, 
(WAJ, Open 
files).



Water-level 
fluctuation in 
26/12/ 2004 in 
Alhassiniyat 
observation well 
(AL 3396) due to 
Sumatra's 
earthquake. 
Modified after, 
(WAJ, Open files).



Land Subsidence

• Occurs due to reduced pore pressure

• Differential settlement risks

• Infrastructure damage possible

• Permanent loss of storage in some cases



Data Used in This Study

• 11 well sites

• Topographic, stratigraphic, and structural data

• Piezometric surfaces (1980, 2011, 2041)

• Hydrogeological and geotechnical parameters



Piezometric Surface Changes

• Significant drawdown between 1980–2011

• Projected further decline to 2041

• Indicates continuous over-pumping











Stress Analysis Approach

• Calculate gravitational + hydrostatic + effective stress

• Model stress changes at base of B2/A7

• Spatial interpolation using GIS





Change in Effective Stress

• Increases as pore pressure decreases

• Mapped spatially for 1980–2011 and 1980–2041

• Higher stress zones correspond to maximum pumping





Compaction Modeling

• Used Biot & Geertsma formulations for verification 

• Calculated max/min/avg compaction

• Mapped compaction zones





Compaction Results (1980–2011)

• Measurable deformation across aquifer

• Highest compaction near heavily pumped areas

• Implications for land stability





Compaction Results (1980–2041 Projection)

• Continued deformation expected

• Increasing risk of subsidence

• Greater permanent storage loss



Storage Characteristics

• Elastic storage coefficient S_ke = 2×10⁻⁴

• Specific storage S_ske = 5.6×10⁻⁷ m⁻¹

• Aquifer skeleton compressibility α_ke = 5.6×10⁻⁶ cm²/kg



Water Released by Compaction

• Estimated ~0.3 MCM/yr

• Significant contribution in heavily pumped systems

• Not sustainable as long-term water source



Can groundwater extraction trigger seismicity 
on a major transform fault?

• 1. Induced Seismicity Confirmed**: Jan-Feb 2022 sequence (Mw 3.8 
max) triggered by Wadi Al-Arab groundwater abstraction

• 2. Spatial Pattern: Elongated S-N cluster subparallel to Dead Sea Fault 
at ~10 km depth

• 3. Drawdown Magnitude**: >180m hydraulic head decline modeled 
near fault over 40 years



• 4. **Mechanism**: Poroelastic drainage of damage zone → 
compaction → dilation in impermeable core/protholith → ΔCFS the 
Coulmb Failure Stress increase

• 5. **Fault Mechanics**: Failure occurs on **impermeable fault core 
or protholith**, not in damage zone

• 6. **Future Risk**: With growing water demand and drought, 
**induced seismicity will likely recur** along the Dead Sea Fault



Conclusions

• B2/A7 shows clear poroelastic response

• Over-pumping increases effective stress

• Compaction already occurring

• Groundwater extraction trigger seismicity on a major transform fault

• Future pumping will worsen impacts



Environmental Implications

• Land subsidence risk

• Reduced aquifer storage capacity

• Potential groundwater quality changes

• Increased pumping costs



Implications & Future Outlook

Regional Context:

• Middle East: Water scarcity intensifying due to climate change & 

population growth

• Dead Sea Fault: Major plate boundary (transform fault) – critically 

stressed

• - Risk: More frequent induced events as abstraction continues



Policy Recommendations:**

• - Monitor groundwater drawdown near active faults

• - Consider seismic hazard in water management plans

• - Implement managed aquifer recharge to mitigate drawdown

• Use poroelastic modeling for water planning



Thank You

• Questions?
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