
Student Workbook  
Why is Sustainable 
Agriculture needed in the 
Southern High Plains? 
 
What are the top four agricultural 
commodities produced in Texas?  
_____________________________

_____________________________

_____________________________

_____________________________ 

 
Based on the 2002 Texas 
Agricultural Statistics Service annual 
bulletin(www.nass.usda.gov/tx/mbull
pdf.htm).  
 
What are the top four agricultural 
commodities produced in New 
Mexico? 
_____________________________

_____________________________

_____________________________

_____________________________  

 
Based on NMDA s 2001 agricultural 
statistics (www. nmdaweb.nmsu/ 
edu/stat.html).  
 
What are the top four agricultural 
commodities produced in 
Oklahoma? 
_____________________________

_____________________________

_____________________________

_____________________________  

 
 
 

Based on the 2002 Oklahoma 
Agriculture Statistics annual bulletin 
(www.nass.goviok/bulletin03)  
 
Why is cotton and cottonseed such a 
major agricultural commodity in the 
Southern High Plains?  
_____________________________

_____________________________

_____________________________

_____________________________

_____________________________ 

 
What are some of the possible water 
issues that agriculture in the 
Southern High Plains will face in the 
future? 
_____________________________

_____________________________

_____________________________

_____________________________

_____________________________ 

 
What is sustainable agriculture to 
you?  
_____________________________

_____________________________

_____________________________

_____________________________

_____________________________ 

 
Which irrigated crops are unique to 
the community?  
_____________________________

_____________________________

_____________________________



_____________________________

_____________________________ 

 
Will your community ever run out of 
water? 
_________  
 
Why or why not? 
_____________________________

_____________________________

_____________________________

_____________________________

_____________________________  



The Ogallala Aquifer (pronounced OH-GA-LA-LA) is one of the largest 
aquifer systems in the world, stretching across parts of eight states--South 
Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and 
Texas--and underlying about 174,000 square miles. N. H. Darton is credited with 
naming the aquifer in 1899 after the town of Ogallala, Nebraska.  

The Ogallala Aquifer lies near the land surface and can almost always be 
counted on to yield water to a well drilled into it. Some wells yield only a few 
gallons per minute, while others yield 1,000 gallons per minute or more. The 
Ogallala Aquifer is that portion of the Ogallala Formation that is saturated, i.e., 
filled with water.  

The Ogallala Formation was deposited about 10 million years ago, during 
the geologic time periods of late Miocene and early Pliocene, by eastwardly 
flowing braided streams, which originated in the Rocky Mountains. Coarse-
grained sand, gravel, fine clay, silt, and sand were deposited over the pre-
Ogallala land surface, which was much like the present-day area just east of the 
High Plains—low, rolling hills, valleys, and streams. Naturally, the base of the 
formation is deeper where it filled in an old river bed and shallower where old hills 
and plateaus were located.  

These variations in the depth of the base of the formation cause variations 
in the amount of formation material filled with water, generally described as the 
saturated thickness. This is the area from the top of the water table down to the 
base of the formation. In some parts of Nebraska, the saturated thickness 
exceeds 1,000 feet, while it is less than 20 feet in some other areas of the Great 
Plains.  

The amount of water in storage in the aquifer in each state is dependent 
on the actual extent of the formation's saturated thickness. In 1990, the Ogallala 
Aquifer in the eight-state area of the Great Plains contained 3.270 billion acre-
feet of water, of which about 65 percent was located under Nebraska. Texas had 
about 12 percent of the water in storage, or approximately 417 million acre-feet 
of water. Kansas had 10 percent of the water. About 4 percent was located under 
Colorado, with 3.5 percent located under Oklahoma. Another 2 percent was 
under South Dakota, and 2 percent was under Wyoming. The remaining 1.5 
percent of the water was under New Mexico.  

The surface area of each state covered by the Ogallala Formation varies 
in about the same proportion as the volume of water in storage. Nebraska with 
64,400 square miles and Texas with 36,080 are the largest. New Mexico, 
Oklahoma, South Dakota, and Wyoming all have less than 10,000 square mile: 
of surface area underlain by the Ogallala.  

Changes in climatic conditions over geologic time resulted in changes in 
erosion patterns, causing the Ogallala to be cut off from its original supply of 
water and formation materials. The southern portion of the formation in Texas 
and New Mexico is now a plateau, cut off on all sides.  

The Ogallala Formation is heterogeneous, meaning that the amount, 
depth, and location of the sand, gravel, and clay varies throughout the formation.  



The most distinctive layer of the formation is the caprock. This top layer is made 
up of caliche and may be as thick as 60 feet in some areas. 

The water in the formation generally flows from northwest to southeast at 
a rate of about 150 feet per year.  

Before the development of irrigation, the discharge from the formation was 
a result of evaporation from water table playa basins and from streams, springs, 
and seeps, located mainly along the eastern boundary of the High Plains. Some 
of these still flow today.  

Approximately 95 percent of the water pumped from the Ogallala is for 
irrigation. The High Plains area represents 65 percent of the total irrigated 
acreage in the United States. The quality of the water pumped from the aquifer is 
suitable for irrigation; but in some places, the water does not meet u.S. 
Environmental Protection Agency (EPA) drinking water quality standards. The 
water contains concentrations of sulfate, chloride, selenium, fluoride, nitrate, and 
dissolved solids.  

Average annual rainfall varies across the region. In Lubbock, Texas, the 
average annual rainfall is 18 inches per year. The region is characterized by a 
semi-arid climate and persistent winds, which results in high evaporation rates. 
The average annual evaporation rate in Lubbock is about 80 inches per year.  

Natural recharge to the Ogallala Aquifer occurs primarily through the 
percolation of precipitation through the formation to the water table. Recent 
studies reveal that playa lakes also playa significant role in recharge. One recent 
study indicates natural recharge from playa basins ranging from 0.5 to 3.24 
inches per year per surface acre. Another study indicates that natural recharge to 
the aquifer averages about 0.35 of an acre-inch per surface acre per year. 
Natural recharge for the land surface area outside the playa basins is possible 
and probably occurs in rare events when precipitation events occur while the top 
four or five feet of soil is wet to field capacity by irrigation or unusual precipitation. 
Also, water can move from the surface into the aquifer through micro-pores 
created by worms, animal burrows, and decayed plant roots.  

Early settlers believed the water supply that lay beneath them was 
inexhaustible. In the 1930s, people had begun to realize the potential of the vast 
water supply that lay beneath them. By 1949 about 2 million acres of the 
southern High Plains were irrigated. Pump age for irrigation increased from about 
4 million acre-feet in 1949 to nearly 18 million acre-feet during 1980. Since water 
pumped from the aquifer was not replaced at the same rate that it was removed, 
the water table began to decline.  

In the early days of irrigation on the Texas High Plains, very little water 
conservation equipment or technology was available, and large amounts of water 
were lost to evaporation and deep percolation. Open, unlined ditches were used 
to transport the water from the well to the field being irrigated. Water losses from 
10 to 30 percent per 1,000 feet of ditch were measured. High pressure, hand 
moved sprinklers had evaporation losses of up to 50 percent.  
 
 



Monitoring of the water levels, or the depth-to-water, in the aquifer's 
southern High Plains area showed rapid declines in the water table in the early 
1950s, the 1960s, and the 1970s. Declines of a foot or more per year were 
recorded throughout the 1940s; and during the late 1950s at the peak of irrigation 
development, some monitoring wells declined as much as five feet in a single 
year. This trend of rapid decline rates began to slow in the mid 1970s. By 1985, 
the portion of the Ogallala within the service area of the High Plains Underground 
Water Conservation District No.1 began to stabilize, and water levels have since 
risen in some areas.  

A drought began in the area in mid-1992, and continued until late 1996. 
Agricultural producers pumped water for irrigation to supplement precipitation. 
The increased demand for crop water by irrigators has resulted in an increased 
rate of water level decline averaging 1.35 feet per year from January 1992 to 
January 1997. 

Several factors have contributed to the reduction of pumpage. Everyone 
knew that they needed to improve water-use efficiency; and as the technology 
became available, farmers began to implement it. Average water-use efficiency 
improved in the Water District service area from about 50 percent in the mid 
1970s to approximately 75 percent in 1990. Current state-of-the-art low-pressure, 
full dropline center pivot systems are about 95 percent efficient, while buried drip 
lines approach 100 percent efficiency.  

Producers are irrigating fewer acres. In 1979, 3.95 million acres on the 
Texas High Plains were irrigated, but by 1989 only 1.39 million acres were 
irrigated Land enrolled in the Conservation Reserve Program (CRP), rising 
energy costs, and declines in well yields and low farm prices also account for 
part of this reduction.  

Prospects for the future continue to be promising. The Texas portion of the 
Ogallala Aquifer contained approximately 450 million acre-feet of water in 1990.  
The Texas Water Development Board in Austin estimated that the net depletion 
rate of the Ogallala Aquifer is predicted to average about 3.62 million acre-feet 
per year from 1990 to 2000 as more efficient water-use equipment and practices 
are being put into place.  

Researchers continue to work on methods to increase natural recharge to 
the aquifer and improve water-use efficiency.  
 
(Modified from High Plains Underwater Conservation District #1, www.hpwd.com)  
 



After reading the description of the 
Ogallala Aquifer, answer the 
following questions.  
 
What percentage of the water in the 
Ogallala in 1990 was contained in:  
 
Nebraska_____  
 
South Dakota _____ 
 
Wyoming ______ 
 
Colorado _____ 
 
Kansas _____ 
 
Oklahoma _____ 
 
New Mexico _____ 
 
Texas _____ 
 
What percentage of the water 
pumped from the Ogallala is used for 
irrigation?  
______ 
 
The High Plains area represents 
_____% of the total irrigated acreage 
in the United States.  
 
What is the natural recharge to the 
aquifer per year?  
__________ 
 
 
In which four decades did water 
levels decline the most?  
_____,_____,_____&_____ 
 
 
Is the water supply in the Ogallala 
endless so that we will be able to 

irrigate as much as we want for as 
long as we want?  
__________ 
 
Are water conservation practices 
important to the Southern High 
Plains?  
__________ 
 


