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Mission:  
  The USGS provides reliable scientific information to: 
  • Describe and understand the Earth 

• Minimize loss of life and property from natural 
disasters 

• Manage water, biological, energy, and mineral 
resources  

• Enhance and protect our quality of life 

The USGS is the Nation's largest earth - and life - science 
agency and has the principal responsibility within the 
Federal government for providing hydrologic information 
and appraising the Nation's water resources.  
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Fish and Wildlife  
Disease Studies 

Integrated Taxonomic 
Information System 

Maps 

Satellite 
Imagery 

Real-time  
Earthquake Data 

Volcanic Hazards 

Landslide Hazard 
Assessments 

Elevation 

Water Quality Data 

Real-time Water Data 

Biology   Geology 
Mapping     Water 

USGS Science 
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Mission Areas 

• Climate & Land Use 
Change 

• Ecosystems 

• Energy & Minerals 

• Environmental 
Health 

• Natural Hazards 

• Water 

http://eros.usgs.gov/
http://www.usgs.gov/visual-id/specs/slides/slide.html/energy_wildlife/index.html
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Ecosystems:  Turtles in Morocco 

Cadi Ayyad University 
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Water Programs ($) 
• Cooperative Studies 
• Streamflow 
• Groundwater 

Resources 
• Networks & Analysis 
• National Water Quality 

Assessment 
• Research & 

Development 
• Toxic Substances (EH) 
• National Water Census 

(Initiative) 
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USGS SI Report 2013-5017 

Water Quality: 
Groundwater 

Salinity 
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USGS SI Report 2012-5257 

Water Quality: 
Arsenic in 

Groundwater 



9 

Groundwater Depletion in the United States (1900-2008) 
USGS SI Report 2013-5079 
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11 California Dept. of Water Resources 

Consumptive Use vs. Non-Consumptive Use 

§ Agriculture is 80-100% consumptive (lost to evaporation) 
 

§ Other uses 60-80% non-consumptive (stays in local 
water system, as liquid) 
 

§ Non-consumptive water can be reused 

§ In Jordan, 
municipal and 
industrial water is 
used, collected, 
treated, and  
re-used for 
agriculture. 
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Excess irrigation has created a shallow groundwater table, which is 
being pumped and used (recycled) for irrigation.  

1984 2012 
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Agro-Hydrologic Monitoring of 
“Irrigated” Systems in Euphrates 
and Tigris Region 

Gabriel Senay and Mike Budde 
 
U.S. Geological Survey (USGS)  Earth Resources 
Observation and Science (EROS) Center 
 

Iraq Water Resources Assessment Training 
Amman, Jordan: Nov 9-20, 2008 
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Visual Daily ET on 
250-m grid 

ET on 100-m grid, 
every 2 weeks 

ET = EvapoTranspiration 
Sum of evaporation and 
transpiration by plants 

Gabriel Senay, USGS, South Dakota 



Scarcity: Trends in Aquifers 



18 

Amman-Zarqa basin 
Average trend=   -1.1 meters per year 
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Groundwater 
Basin 

# 
Wells 

Groundwater Level 
Trend 2010 

(m/yr) 

Average Maximum 
Hammad 4 0   -0.2 
Yarmouk 11   -1.1   -3.7 
Jordan Side 
Valleys (Wadis) 

9   -1.9 -9 

Dead Sea 30   -0.8 -9 
Amman-Zarqa 48   -1.1   -4.2 
Azraq 15   -0.8   -2.3 
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Utah State Univ. report for USAID Jordan 
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§ Wells show 
increasing salinity 
(as Total Dissolved 
Solids, or Electrical 
Conductivity, 
TDS≈0.7*EC) 
 

§ Salinity may force 
blending or treatment 
before use, or crop 
changes 
 

§ Wells have been 
abandoned or ‘rested’ 
due to salinity 

 

Ministry of Water and Irrigation, 2010 

Context – Salinity 
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Salinity Trends – 
Not necessarily 
increasing when 
water level falls 

§ Salinity generally not 
increasing rapidly in 
recharge areas, despite 
level declines 

§ Salinity increasing rapidly 
in pumping centers in 
basin discharge areas 

§ Hammad basin highest 
salinity and upward trend 
(not shown), but no trend 
in water level 
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by D.J. Goode, L.A. Senior, Ali Subah*, and Ayman Jaber* 
*Hashemite Kingdom of Jordan, Ministry of Water and Irrigation 

USGS OF Report 2013-2061 
pubs.usgs.gov/of/2013/1061 
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Models are multi-purpose tools for hydrologic analysis 

El Idrysy &  
De Smedt 

2006 

El Yaouti  
et al. 2008 
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USGS develops open-source groundwater 
modeling software   [water.usgs.gov/software] 
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ModelMuse 
Graphical User 

Interface 
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3D Geology controls Site-scale Flow 

Tiedeman et al. Ground Water 2010 



28 USGS SI Report 2011-5215 
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USGS SI Report 2011-5215 
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Deterministic 
w/ Optimum 
Parameters 

Uncertain Parameters – 
Frequency of simulations w/ 
model cell in capture zone 

5-25% 
25-50% 

50-75% 
75-100% 

Area of Recharge that Discharges to 
Pumping Well, with Uncertainty (for EPA) 

USGS SI Report 
2013-5045 
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Ideas for Groundwater Modeling with 
Morocco 
§ Improve Understanding of Aquifer Dynamics 
§ Identify Improvements needed in Monitoring 

Systems & Databases 
§ Water Budgets 
§ Forecast Groundwater-Level Declines (and 

Recovery) and Economic Impacts 
§ Simulation of GW Management Scenarios 
§ Link Land Surface with Groundwater (via 

recharge/discharge) – Climate Change 
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Ideas for Groundwater Modeling with 
Morocco 
§ Use of Aquifers as Storage Reservoirs 
§ Integrate MODFLOW with Water Allocation 

Models to Jointly Manage Groundwater and 
Surface Water (Dams) 
§ Identification of Source Areas for Protection 

of Water Supply Infrastructure 
§ Understand and Forecast Salinity Changes 

due to Groundwater-Level Declines, and 
Irrigation 
§ Capacity Building! 
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Thank You! 

www.usgs.gov 
djgoode@usgs.gov 
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