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Abst ract

This report presents the survey design and net hodol ogy for the 1998 Farm and
Ranch Irrigation Survey (FRI'S) conducted in the United States by the U S.
Department of Agriculture, National Agricultural Statistics Service (NASS)
during the spring of 1999. This was a special followon sanple survey to the
1997 Census of Agriculture which collected basic irrigation data fromfarm and
ranch operators. The FRIS will provide detailed information on irrigation in
all 50 States of the United States including acres irrigated by |and use, acres
and yield of irrigated and non-irrigated crops, quantity of water applied and
nmet hod of application to selected crops, acres irrigated and quantity of water
used by source, acres irrigated by type of water distribution systens, the
nunber of irrigation wells and punps, and other related information on

expendi tures and energy sources used in water nanagenent practices. This is the
fifth FRIS with 1994 and earlier surveys conducted by the U S. Departnent of
Commerce. The sanple size in the 1994 FRIS covered 48 States but permitted
publ i shing of only the 27 leading irrigation States. Presentation of 1998 FRI S
data is not possible in this paper as official results will be published in
Novermber 1999. Selected findings fromthe 1997 Census of Agriculture and 1994
FRI'S are presented.

1 Prepared by Douglas G Kl eweno
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l. | NTRODUCTI ON

1. Water is the nost conmon substance on earth. |t covers over 70 percent of
the earth’s surface and without it there is no life. Al living things consist

nostly of water. As exanples, the human being is about 65 percent water and the
pot ato about 80 percent water. Water, through history, has been people’s slave
as well as their naster. Geat civilizations have risen when water sources were
abundant and have fallen when these sources failed. As the world popul ation

i ncreases, the demand for fresh water and the conpetition for limted water
suppl i es increases.

2. There are about 326 million cubic mles of water on earth, but only about 3
percent is fresh water and nearly three-fourths of it is frozen in glaciers and
icecaps in Antarctica and Geenland [1]. This |leaves less than 1 percent as
surface and underground fresh water

3. Al t hough the world as a whol e has adequate fresh water, sone regions have a
wat er shortage. These dry areas account for about half of the earth’s |and

whi ch includes nost of Asia, central Australia, nost of northern Africa, and the
M ddl e East. The United States is fortunate, however, to be a part of the world
whi ch generally receives adequate rain. Water problens in the United States are
sonetines self-inflicted because of careless and wasteful practices or a

| ocal /regional distribution problem The severe drought in the 1930's in the
Sout hwest was an exception

4, The United States has plenty of water, in contrast to the conference host
country Israel. The United States averages about 30 inches (76 centineters) of
rain annually. This total is large, but it is unevenly distributed. Mst
States east of the Mssissippi get 30 to 50 inches (76 to 130 centineters) of
precipitation a year. But large regions in the western States get |ess than 10

inches (25 centineters). |In Israel, rainfall ranges froman average of 1 inch
(25 millinmeters) in the driest areas to over 42 inches (105 centineters) in the
wettest area of the hilly parts of Upper Galilee. |In both countries, the annua

renewabl e wat er being unevenly distributed is a problemwhich requires
significant dollars to re-allocate and manage. Data sources, such as the Census
of Agriculture and the Farm and Ranch Irrigation Survey (FRI'S), provide crucial
water statistics to facilitate this decision-naking and policy determnination

5. The paper presents initially the history and an overview of the FRIS. A

di scussion follows of the survey purpose, its uses and users, and its inportance
for water policy and water managenent considerations. Alternative water data
sources are identified. The FRI'S survey design and survey methodol ogy are then
presented. Finally, selected irrigation data fromthe 1994 FRI S and 1997 Census
of Agriculture are illustrated. FRIS irrigation data to be published by the

U S. Departnment of Agriculture (USDA), National Agricultural Statistics Service
(NASS) for the first tinme will be highlighted. The 1998 FRIS data will be
officially rel eased by NASS i n Novenber 1999.

1. SURVEY H STORY AND OVERVI EW

6. The agriculture census initially collected linmted data about on-farm
irrigation in 1890. 1In 1900, the United States Congress authorized a census of
farms using irrigation. The Departnment of Commerce, Bureau of the Census,
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conduct ed censuses of irrigation (and | ater drai nage) as part of the decenni al
censuses through 1950, and a survey of on-farmirrigation in selected States was
added to the 1954 and 1959 agriculture censuses [2]. The FRIS on-farm
irrigation surveys [3], which use a sanple of respondents reporting water usage
fromthe agriculture census, have been conpleted follow ng the 1978, 1982, 1987,
1992, and the 1997 Censuses of Agriculture. Sinilar survey design and

net hodol ogy and data col |l ection and processi ng have exi sted generally for each
FRI'S. Questionnaire content has been updated to capture new technol ogi es and
managenent practices.

7. Begi nning in 1997, the United States Congress transferred the authority for
conducting the agriculture census to the United States Departnent of

Agriculture, National Agricultural Statistics Service (NASS). This historic
event consolidated all U'S. agricultural statistics survey activity into one
statistical organization. NASS published the 1997 Census of Agriculture, Vol une
1 for all States and the United States in February 1999 [4], approxi mately one
year fromthe initial mailing date to respondents and 10 nonths earlier than
past censuses of agriculture.

8. The authority for the Secretary of Agriculture to collect the 1997 Census
of Agriculture and other special followon studies including the FRIS is granted
by Congress in U S. Code, Title 7. It also ensures the confidentiality of these
data. Reported data can only be used to prepare statistical sumaries that will
not reveal individual information. The |Iegal mandate, in the Census of
Agriculture Act of 1997, Public Law 105-113, requires a census of agriculture in
1997 and every fifth year following 1997. Previous agriculture censuses were
conducted by the Departnent of Conmerce under the provisions of Title 13,
Section 182 of the United States Code.

9. The FRIS is an integral part of the 1997 Census of Agriculture. This
survey was conducted to supplenent the basic irrigation data collected by | aw
fromall farmand ranch operators in the general agriculture census. The survey
specifically targeted operations neeting the farmdefinition that irrigate crops
and provided information relating to on-farmirrigation practices. A farm
since 1974, is defined as any place fromwhich $1,000 or nore of agricultura
products were produced and sold, or nornally would have been sold, during the
census year. For the past two decades, FRI'S has been the only source of
detailed, nationally consistent data on water uses and water managenent
practices in American agriculture. FRI'S provides conprehensive data for

anal ysis of irrigation, production, and operator infornation

I1l. FRI'S DATA USES AND PROGRAM | MPORTANCE/ RELEVANCE

10. A primary purpose of FRISis to provide detailed data relating to on-farm
irrigation activities for use in preparing a wide variety of water-rel ated
prograns, econonic nodels, legislative initiatives, market anal yses, and
feasibility studies. The farmand ranch irrigation surveys are the only data
that are conplete, consistent, and accurate enough to be used for bench marking
on-farmirrigation neasures over tine.

11. The Nation recognizes that high quality data on agricultural water use to
hel p public and private sector officials understand and nanage this inportant
nati onal resource. Wter policy nust address the issues of adequacy of surface
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wat er supplies, conpetition for available water supplies, overuse of ground
water, and water quality. This is particularly critical with agriculture
irrigation the largest single user of available U S. water supplies, accounting
for nore than two-thirds of all ground water wi thdrawal s and nore than 80
percent of all consunptive uses [5].

12. FRIS data are used by numerous government agencies, research organi zations,
irrigation industries, and farm operators/nmanagers. There is also extensive use
of the irrigation data by the international conunity. Several exanples of the
rel evance of the data for research and policy are presented bel ow.

13. The USDA, Econonic Research Service, relies on FRIS data for water use and
pricing and water nanagenent practices. Their analysis and econom ¢ nodel s
provi de essential data to evaluate the inpact of alternative farmpolicies on
the irrigated sector. The selection of research papers that follow illustrates
the diversity of analytical uses of the FRIS data. Based on FRI'S data, an
econom ¢ anal ysis of water policy alternatives in the Pacific Northwest showed
| ess water could be used with mnimal inpact on agricultural economc returns
[6]. Applying a nodel of the multi-output firm econonetric results were
reported for irrigated production in four nmulti-State regions of the Wst using
cross-sectional micro data fromFRIS [7]. A stochastic production frontier
nodel of irrigation used FRIS data to anal yze sources of econom c inefficiency
inirrigation practices [8]. Finally, FRIS data were used in an irrigation
technol ogy study, referred to as chemigation, to inprove tinmng and flexibility
of chemical applications [9].

14. The USDA, Natural Resource Conservation Service (NRCS), uses the genera
agriculture census and FRI'S data to appraise the status and condition of water
and to apprai se water-use trends on non-federal |ands. The NRCS uses these data
to plan and eval uate a national water-conservation plan

15. The United States Geol ogi cal Survey (USGS) uses these data for preparing
nati onal water inventory summaries provided to the Environmental Protection
Agency (EPA), the Arny Corps of Engineers, and other agenci es devel opi ng water
rel ated prograns. The water inventory data are inportant to address water
quality issues that are linked to the EPA's 1995 Water Quality I nventory which
judged agriculture as a | eading source of inpairnment to healthy year around use
of the Nation's rivers, |akes, estuaries, and wetlands [10].

16. Oher major links to water use are EPA' s regul atory enforcenent of the 1972
Clean Water Act. Aninmal waste discharges fromlarge confined |ivestock
operations are regulated under this law. |In 1990, USDA established the Water
Quality Programwith a conmitnment to protect the Nation's waters from

contam nation by agricultural chem cals and waste products. Another major
program was i nplemented in 1996 by USDA, called the Environnental Quality
Incentives Program (EQ P). The objective of EQP was to encourage farnmers and
ranchers to adopt practices that reduce environnental and resource probl ens.
Participation in these and ot her governnent cost-sharing prograns for irrigation
and drai nage i nprovenents are reported by the 1998 FRIS.

17. The United States Departnment of Interior, Bureau of Reclanation, uses FRI S
data to conduct feasibility studies of irrigation projects. The United States
Congress and State |egislative bodies use the data to fornulate policy and
assess natural resource |egislation
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18. State water resource agencies use these data to devel op prograns and
prepare descriptive information. Planning agencies use information regarding
wat er supplies and water use by State and water resource area to eval uate ground
water withdrawal s, especially the depletion of ground water reserves in ngjor
irrigation areas.

19. Private businesses and irrigation system nanufacturers use FRIS data to
nonitor trends in irrigation equi pnent use, irrigation trends, and ot her
production-rel ated activities.

20. Land Grant Universities and other research organizations use these data to
study irrigation technol ogy devel opnent and adoption in agricultural production

21. Farmers and ranchers use the FRIS data to deternine the economc
feasibility of investing in irrigation systenms and changi ng wat er nmanagenent
practices. Economc data on input costs and expected output returns are
possi bl e using key survey data reported, such as irrigation equi pnent capita

i nvest ment requirenents, maintenance costs, |and inprovenent costs, and average
yields of irrigated and non-irrigated crops.

22. Alternative data sources exist for water statistics but there is no

repl acenent for the FRI' S A limted nunber of States, in cooperation with
NASS, prepare irrigated and non-irrigated cropping practice estimtes for

sel ected crops. About 40 percent of the State offices published State or county
level irrigated cropland data in 1997. These data are not available at the
national |evel and are not in the detail provided by the FR S

23. Annual irrigation data are published in The Irrigation Journal by Cold
Trade Publications, Inc. from Cathedral City, California. However, irrigated
acres and irrigation systemestimtes are not statistically reliable and are
often significantly different fromcensus data. These data are conprised of
opi nions and educated estinmates from State water agencies and cooperative

ext ensi on agents.

24. The USGS conducts annual surveys as mandated by the U S. Congress to

coll ect and publish water use data. Data conpare usage across sectors of the
U S. econony based on a hydrol ogic definition. Published data are by watershed
and maj or drai nage areas.

V. FRI'S SURVEY DESI GN

25. The Farm and Ranch Irrigation Survey suppl enented the basic irrigation data
collected fromfarns and ranches in the 1997 Census of Agriculture. The
agriculture census limted its questions to acres irrigated by crop and | and use
and irrigated cropland production. The FRIS was conducted in the year follow ng
the general agriculture census with a reference year of 1998. This same data
collection pattern, with the survey reference period one year after the census,
was followed for the 1978, 1982, and 1987 FRIS. The 1994 FRI S conducted by the
Depart ment of Commerce occurred two years follow ng the agriculture census
because budget restrictions required a general “stretching out” of the census
operation to save cost.
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26. The five year rotation for FRIS as a special followon survey to the
agriculture census was reviewed in 1983 by the Executive Branch, Ofice of
Managenent and Budget (OVB). Their eval uation determ ned a | ess frequent
rotati on woul d hinder Federal agencies’ ability to nonitor current farm prograns
and environmental regulations affecting the agriculture sector of the U S.
econony.

27. A mgjor change in the 1998 FRI' S was the expansi on of the survey universe to
include all 50 States. The FRI'S survey design and questionnaire content were
simlar to earlier irrigation surveys, partially to ensure data conparability
for trend analysis. Because NASS conducted the FRIS for the first tine, some
data collection and processing steps differed fromearlier Departnent of
Conmrer ce procedures. Specific details will be discussed later in this section

28. The FRIS sanple design was a stratified systematic sanple of farmand ranch
operations selected fromthe 1997 Census of Agriculture who reported irrigated
cropland or pastureland. The sanple was designed to provide reliable estinmates
of irrigation practices for the 50 States and the 20 Water Resource Areas
(WRAs). The target popul ation included approxi mately 248,000 farnms in the 50
States. Onitted fromthe universe were all horticultural operations reporting
on the 1997 Census of Agriculture which accounted for approxi mtely 31, 000
farms. These firns were omitted to reduce respondent burden since they were
required by law to conplete a Census of Horticulture which al so asked sone
irrigation-related questions. Al so onmtted fromthe popul ati on were abnorna
operations such as research experinent farns. |Indian reservations were included
in the 1998 FRI S.

29. The WRA boundari es are unchanged from previ ous censuses as defined by the
Wat er Resources Council. WRAs are geographi c areas which use the county
boundaries to identify najor drai nage areas. The water resource areas

approxi nate the actual drai nage-basin boundaries but are not the exact

t opogr aphi ¢ drai nage characteristic boundaries. As shown in Appendi x A WRAs
may intersect State boundaries but do not intersect county boundari es.

30. Acres irrigated is defined as the acres of agricultural land to which water
was artificially applied by controlled neans including pre-plant, partial

suppl enental, and semi-irrigation. Land flooded during high water periods was
included as irrigation if the water was diverted to agricultural |and by dans,
canal s, or other neans.

31. The FRIS sanpling franme was stratified by the variable irrigated acres.
There were 10 defined strata. StratumO was a certainty stratum where the
largest irrigated farnms in each State were conpletely enunerated. Each State’s
sanpl e desi gn used sonme conbi nations of the 10 strata which are docunented. FRI' S
Admi ni strative Manual [11]. The strata were:
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Strat um Code Acres Irrigated

Exceeds Certainty Level
1,000 to Certainty Level
500 to Certainty Level
500- 999

200- 499

100- 199

50- 99

10-49

1-49

1-9

O©CoOoO~NOOUTA~WNEO

32. The 1998 FRI S sanpl e size was about 23,600 operations, representing about 8
percent of the farns and ranches reporting irrigation on the agriculture census.
The sanple size for each State ranges from 37 in Rhode Island to 930 in Texas;
ref erence Appendix B. A certainty sanple of about 1,600 farnms was pre-sel ected
for enuneration with the bal ance of the sanple independently drawn.

33. To illustrate, the Texas sanple design consisted of 7 strata using the 1997
Census of Agriculture reported total acres irrigated as the stratification
variable. The first stratum |abeled 0, was the certainty stratum and cont ai ned
the largest irrigators in the State. Its stratum boundary was set at 3000 or
greater acres irrigated. The other FRIS strata were stratumcode 1 with 1000 to
2999 irrigated acres; stratumcode 3 with 500 to 999 irrigated acres; stratum
code 4 with 200 to 499 irrigated acres, stratumcode 5 with 100 to 199 irrigated
acres; stratumcode 6 with 50 to 99 irrigated acres; and stratumcode 8 with 1
to 49 irrigated acres.

34. The FRI'S sanple size in each State was based on the variability in tota
irrigated acres fromthe 1997 Census of Agriculture. The survey design
coefficient of variation target |evel was 5 percent in 42 States and slightly
hi gher in the remaining smaller States. Response rates fromthe 1994 FRI S were
factored into the final States sanple size. The final survey response rate is
expected to exceed the overall 74 percent rate in the 1994 FRI'S by about 10
percent. Also considered in the allocation were the size of the universe and
distribution of farns across the States.

35. The sanple was designed to provide reliable estinates for total irrigated
acres with an average coefficient of variation of 5 percent for 42 States, 10
percent for 7 States, and 15 percent for 1 State. This strategy was used to
avoid a conpl ete census enuneration in sone of the snmaller States of the New
Engl and region. An average coefficient of variation was targeted at less than 5
percent for each of the Water Resource Areas and at the U S. level. |In short,
estimates for the survey will be conputed by weighting the data for each
respondent by an expansion factor equal to the initial sanpling interval

adj usted for whol e farm non-response.

V. FRI' S SURVEY PROCESS

36. Planning and devel opnent of the 1998 FRI S began about one year before data
col l ection was schedul ed. Significant events included a review of the 1994
survey conducted by the Departnent of Conmerce, soliciting input fromdata
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users, and finalizing current survey specifications. A part of this activity
i ncl uded subm ssion and approval from OVMB to conduct this data collection
activity as a mandatory survey. A Federal Register Notice solicited public
comments on the survey.

37. Early in the planning of the 1998 FRI'S, information was conpiled froma
nunber of sources. A letter requesting conments and reconmendati ons was sent to
150 data users. Responses from about one-third were returned with suggestions.
O gani zati ons respondi ng included governnment agencies, universities, research

| aboratories, irrigation publishers, and private hydrol ogists. The Advisory
Conmittee on Agriculture Statistics, a conmittee conprised of 24 private

i ndustry and government agency representatives, reviewed content and offered
comments at their annual nmeeting. The irrigation industry and other industry
experts contributed comrents.

38. The 1998 FRI'S questionnaire was a 12-page report formusing standard 8 2" x
11" paper. The expected response tine to conplete the report will average about
45 m nutes. Major sections of the questionnaire covered the follow ng 18 topics
related to irrigation: acreage; |and use; whether any |land was irrigated; method
of water distribution; acres irrigated and estinmated quantity of water used by
source; acres harvested and crop yields; irrigation frequency, nethod of water
distribution, and use of conmercial fertilizers and pesticides in irrigation

wat er by selected crops; nunber of irrigation wells, well depth and punpi ng
capacity; punps other than well punps; energy used for punping irrigation water
by power source; maintenance and repair costs for irrigation equipnment and
facilities; expenditures for irrigation facilities; irrigation practices; other
uses of irrigation water; participation in Federal Governnent prograns;

i mprovenents to irrigation systens to reduce energy and/or conserve water used
inirrigation; sources of irrigation information; and irrigated land in 1997,
and (if no irrigation in 1998) reasons for discontinuing irrigating.

39. The 1998 FRIS questionnaire was very simlar to the previous survey
instrument used in 1994. No formal pre-test was enpl oyed because of the linited
changes. Information fromthe above nmentioned sources forned the basis for
refining the 1998 FRI'S questionnaire wordi ng and content.

40. New questions added to the 1998 FRIS in response to data requests were:

41. rent or lease of water to municipal or industrial users (yes/no),

2) i ncrease of well depth to water in last 5 years (yes/no),

3) | and di sposal of liquid |ivestock waste (acres inpacted),

4) nmechani cal -nove irrigation by nozzle pressure (acres irrigated),

5) costs for irrigation systemconputers and software (dollars),
and

6) use of water-sol uble polyacrylam de (acres),

7) participation in governnent cost-sharing prograns (yes/no), and

8) lined and unlined open surface gravity ditch irrigation (acres
irrigated).

42. One question fromthe 1994 FRI S was dropped whi ch asked have you nade any
speci al provisions on your farmfor wildlife habitat (yes/no).

43. The approximate 1998 FRIS tine table for major events were:
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Event Start Fi ni sh
Industry & Data User Feedback 2/ 97 3/98
Questi onnai re Design 12/ 97 7/98
Syst em Devel opnent 1/ 98 12/ 98
Sanpl e Sel ection 10/ 98 11/98
Initial Miling 2/ 99 2/ 99
Foll ow-up Mailing (letter & form 3/ 99
State Follow up (interviews) 4/ 99 5/ 99
Process and Tabul ate 8/ 99
Dat a Revi ew and Anal ysi s 8/ 99
Di scl osure and Publication Review 9/ 99
Publ i cation 11/ 99

44, Data collection for the 1998 FRIS had a prinmary goal to naxim ze response
rates and to ninimze the non-response adjustnment. NASS used its infrastructure
of 45 field offices that support the 50 States to support the survey conducted
primarily by mail. There were two nailings. Selected operations were contacted
by tel ephone and a limted nunber by face-to-face interview Al States were
required to neet a mninum 60 percent response rate. Woekly check-in reports
generated at the central processing center in Kentucky provided a status to
nonitor progress. Followup interviews were made by the field offices which

i ncl uded non-respondents who were large irrigation operations in the 1997 Census
of Agriculture.

45. The initial and second mailing of the 1998 FRI'S occurred fromthe North
Carolina field office mail center. The followup nmailing to non-respondents
occurred about two weeks after the initial mailing. A cover letter acconpanied
t he second questionnaire mailing to enphasize the need to respond. Each field
office, prior to the mailing, could “mark” farns and ranches that would not be
sent fromthe nail center. These “narked” operations then becane the
responsibility of the respective field office to collect the FRIS data. Large
operations and special handl ed cases typically fit this situation. Each field
of fice was al so responsible for nonitoring data collection response rates.

Tel ephone and face-to-face interviews were conducted by trained enunerators
through the field offices.

46. Mail receipt, record check-in, and data editing of the FRIS was the
responsibility of the Kentucky field office. This ensured consistent editing
and processing of data for all States. Data keying also occurred in the sane
office. Questionnaires were reviewed by statisticians prior to data keying to
identify inconsistencies and other data reporting problens. Conputer edits
further checked and validated the FRIS data

47. After the edit phase, each field office received from NASS Headquarters a
sunmary of their State FRIS data for analysis and review. A listing of
potential outliers or atypical operations acconpanied the sunmary to facilitate
the review. Each field office then identified any records with potential data
errors that required another review by statisticians in the Kentucky field

of fice. These problem cases were docunented and forwarded to Kentucky for

resol ution.
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48. Al FRIS main frame processing was done at the National |nformation
Technol ogy Center in Kansas City, Mssouri. The edit and sumary were witten
as SAS code.

49. Sanple |level data were expanded using a re-wei ghted direct expansion
estimator [12]. The reported survey data were sinply expanded by the
i nverse of the probability of the sanpling fraction which was then
mul tiplied by the non-response rate. The expansion factor for each record
was at the strata level. Both State and WRA sunmary totals were
cal cul at ed.

VI. WATER USE DATA FI NDI NGS AND TABULATI ONS

50. The 1998 Farm and Ranch Irrigation Survey publication to be released in
Novermber 1999 will contain approxi mately 200 pages. It will consist of an

i ntroduction, approxinmately 35 tables, a sumary, an appendix with a copy of the
guestionnaire, and a water resource area nap. Data will be published for the 50
States and the 20 water resource areas. This expands the previous publication
detail from27 leading irrigation States and 18 WRAs in the 1994 FRIS. The 1998
FRI' S excludes horticulture farms and abnormal farns, except Indian reservations.
The publication will include estimates and the relative standard errors for the
estimates for selected characteristics by State and region

51. The discussion that follows presents currently available information from
three primary data sources for water and irrigation statistics in the United
States. The 1997 Census of Agriculture provides information on the nunber of
farns irrigated, irrigated acres by crop, and associated crop yields. The 1994
FRI'S data will highlight water use in agriculture for irrigation, sources of
irrigation water, and nethods of irrigation. Data fromthese sources are
avai | abl e using the Wrld Wde Wb address of http://ww.nass. usda. gov.
Addi ti onal data on 1995 water consunption and withdrawals for agriculture and
other users in the United States are reported by the United States Geol ogi ca
Survey (USGS). Their web site is http://h20.usgs. gov/watuse. Another good
source for informati on on water use and nanagenent is the USDA, Econonic
Research Service's briefing roomfor water use. The web site address is:
http://ww. econ. gov/ briefing.

52. The 1997 Census of Agriculture reported that irrigated agricultural |and
was found in every State and accounts for over 55 million acres on over 279
thousand U S. farns. The proportion of all farnms that were irrigated was 14.6
percent. The average irrigated farmsize was 197 acres. Appendix C shows the
distribution of irrigated |land by State. |Irrigated cropland ranged fromnnearly
8 mllion acres in California to less than 3 thousand acres in States |ike

Al aska, New Hanmpshire, and Vernont. Harvested cropland accounted for 90.8
percent of the irrigated farmacres while pasturel and and other uses totaled 9.2
percent. Table 1 provides additional information and a conparison with earlier
censuses.
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Table 1: United States Farns
Census of Agriculture Data Conpared

Characteristics Uni t 1997 1992 1987
Al farms nunber 1,911, 859 1, 925, 300 2,087, 759
Land in farns acres 931, 795, 255 945, 531, 506 964, 470, 625
Ave. farmsize acres 487 491 462
Irrigated farns farnms 279, 442 279, 357 291, 628

acres 55, 058, 128 49, 404, 030 46, 386, 201
Percent of total percent 14. 6 14.5 14.0
Ave. per farm acres 197 177 159
Harv. Cropl and per cent 90. 8 91.6 90.0
Past ur el and/ ot her percent 9.2 8.4 10.0

53. Since 1992, there has been a net increase of over 5.6 mllion acres of
irrigated land in the United States based on the 1997 agriculture census. Four

States accounted for nearly 60 percent of the expansion. The States, listed in
order of l|argest change, were the eastern State of Arkansas followed by three
western States of California, Nebraska, and Texas. |Irrigated cropland acres in

Ar kansas expanded during the 5 years by 1 nillion acres, a 37 percent increase.
Most of this irrigated land is located in the eastern part of the State where
rice, soybeans, wheat, and cotton were produced. Irrigation on California
cropland increased 15 percent with an additional 1.1 million acres watered.

Bot h Nebraska and Texas cropland irrigated acres increased 10 percent. The U. S
dot map, shown in Appendix C, illustrates these shifts in agricultura
irrigation from 1992 to 1997.

54, Fromthe 1997 Census of Agriculture, the only U S. crop with 100 percent of
acres irrigated was rice. Over 80 percent of the cropland in orchards was
irrigated and nearly 80 percent of the cropland produci ng potatoes was
irrigated. About 70 percent of the vegetable acreage was irrigated.

Approxi mately 50 percent of the U S cropland in sugarcane production was
irrigated. Qher major crops grown on irrigated | ands were popcorn, cotton, and
dry beans with between 35 and 40 percent of the acreage watered. Acres
irrigated for hay and corn accounted for about 15 percent of the cropland for
each commodity. Irrigation of corn is concentrated in the Central Plains
States, particularly Kansas, Nebraska, and Texas.

55. The correlation between irrigated cropland and |ivestock production in the
Western United States is quite high. Irrigated acres for corn and alfalfa
provide significant feedstuffs for the livestock industry. Feedlots and
confinenent facilities in the West are highly dependent on irrigated forage and
feed grain production. It is not unexpected that Kansas, Nebraska, and Texas
are najor States for cattle-on-feed in confined |ots.

56. Data on the nethods of irrigation were |ast published in the 1994 FRI S
These data will be updated in Novermber 1999 with the publication of thel998
FRIS. There were 46.4 mllion acres irrigated by different water distribution
systens at that time. Approximately 2.2 million acres were irrigated by nore
than 1 of the 13 distribution systens listed on the FRIS report form O the
total acres irrigated by all types of distribution systens, 25.1 nmillion acres
were irrigated by gravity flow systenms and 21.5 nmillion acres by sprinkler
systems. Gavity flow systens were used on 54 percent of the land irrigated in
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1994, conpared to significantly higher percentages in earlier years. Sprinkler
systenms were used to irrigate 46 percent of the total land irrigated in 1994
conpared with 40 percent in 1988. O the 21.5 nmillion acres irrigated by
sprinkl er systenms, center pivot nedium pressure systens (30 to 59 pounds per
square inch (psi)) were used to irrigate 5.9 nmllion acres and center pivot |ow
pressure systens (under 30 psi) were used to irrigate 5.7 mllion acres. Next
were center pivot high pressure systens (60 psi or greater) with 3.2 million
acres, and linear and wheel nove systens with 3.0 million acres. Hand nove
sprinklers and solid set and pernanent sprinklers were used on 1.9 and 1.0
mllion irrigated acres, respectively. Drip, trickle, and micro irrigation
systens were used on 1.8 nillion acres based on the 1994 FRIS. Sub-irrigation
was reported on about 361 thousand acres.

57. The increased use of nore efficient irrigation practices is expected to
continue when data fromthe 1998 FRI'S are published. Gavity flow systens,
especially prominent in the West, reflecting early irrigation projects are being
upgraded or replaced with nore efficient systens and i nproved | and and wat er
managenment. Pressurized systens which include sprinkler and | owfl ow systens
are gaining in use. Although nore capital intensive and al nbst always requiring
an energy source, the long termbenefits of highly efficient water application

t echnol ogi es coupled with | abor savings have encouraged adoption of these new
technol ogies of drip, trickle, and nmicro sprinklers. Cropland in vegetables and
perennials |ike orchards and vineyards is the first to use these inproved water
managenent practices.

58. Water use data for irrigation are available fromtwo prinary sources, the
FRI'S and USGS. The 1994 FRI'S, until updated with the 1998 FRI'S, reported
irrigators estinmating a total of 79.6 mllion acre-feet (MAF) applied to 46.4
mllion acres irrigated in 1994. This converts to an average of 1.7 acre-feet
per acre of U S. agricultural land irrigated. For conparison, the average acre-
feet of water applied per irrigated acre in the 1988 FRIS was 1.82 in contrast
to the 1969 Census of Agriculture reported 2.11 acre-feet. The 1994 FRI S data
were for the conterminous (48 States) United States and excluded horticul ture
farms and abnormal farns.

59. Freshwater withdrawals for irrigation was estinmated by the USGS survey in
1995 at 150 MAF. This accounts for nearly 40 percent of the U S tota
freshwater withdrawals. Keep in mnd this USGS estinmate is a broader based
survey than FRI'S and included significant irrigation uses for golf courses and
parks. Wthdrawal is defined as total water diverted fromboth surface water
sources and renoved from ground water aquifers. The 1995 USGS survey data
showed 91 MAF consunptive use for irrigation where it is consuned and does not
i medi ately return to a water source for reused

60. The 1994 FRIS reported the | argest source of irrigation water, fromthe
estimated 79.6 MAF used, as wells located on-farnms. \Water punped from over
329,000 wells in 1994 totaled 39.4 MAF or 49 percent of the total used. Farns
with wells used in 1994 averaged 3.1 wells per farm Of-farmwater suppliers
provi ded 31.6 MAF (40 percent) and on-farm surface sources provided 8.6 MAF (11
percent).



Wor ki ng paper No. 4
Page 13

Ref er ences

[9] ol I ehon, Noel, “Chenigation, A Technology for the Future?” U S
Department of Agriculture, Econom c Research Service, AIB No. 608, July 1990.

[12] Kestle, Rick, “A Discussion of Sanple Survey Estimators,” National
Agricultural Statistics Service, unpublished.

[ 8] McGuckin, J. Thomas, Gollehon, Noel, and Ghosh, Sounen, “Water
Conservation in Irrigated Agriculture: A Stochastic Production Frontier Mdel.”
Wat er Resources Research, Vol. 28, No. 2, pp. 305-312, February 1992.

[ 7] Moore, Mchael R, Gollehon, Noel R, and Carey, Marc B., “Milticrop
Production Decisions in Western Irrigated Agriculture: The Role of Water Price.”
Anmeri can Journal of Agricultural Economics, Vol. 76, No. 4, pp.859-874, Novenber
1994.

[ 6] Schaible, G D., Gollehon, NN R, Kramer, M S., Aillery, M P., and
Moore, M R, “Economic Analysis of Selected Water Policy Options for the

Paci fic Northwest.” U S. Departnent Agriculture, Econom c Research Service, AER
720, June 1995.

[ 1] The Worl d Book Encycl opedi a, Volune 21, Wrld Book Inc., Chicago,
USA, 1989, pp. 116, 117, and 122.

[10] U S. Departnent of Agriculture, “Agriculture and Water Quality, Wat
I's Being Done to Reduce U. S. Agriculture Water Pol |l ution?” USDA, Economc
Research Service Briefing Room Available on Internet Wb Site, June 1999.

[ 4] U. S. Departnent of Agriculture, A1997 Census of Agriculture.” Vol une
1 Ceographic Area Series, Part 51, U S Summary and State Data, National
Agricultural Statistics Service, March 1999.

[11] U S. Departnent of Agriculture, “Farmand Ranch Irrigation Survey
Adm ni strative Manual .” National Agricultural Statistics Service, March 1999.

[ 5] U S. Departnent of Agriculture, “Water Use and Pricing in
Agriculture.” Econonic Research Service, Agricultural Resources and
Envi ronnental |ndicators, AH 705, Decenber 1994.

[ 2] U S. Departnent of Commerce, “1992 Census of Agriculture, H story.”
Vol ume 2 Subject Series, Part 4, Economics and Statistics Administration, Bureau
of the Census, Septenber 1996.

[ 3] U S. Departnment of Conmerce, “Farmand Ranch Irrigation Survey
(1994).” Volume 3 Related Surveys, Part 1, Econonics and Statistics
Admi ni stration, Bureau of the Census, February 1996.



Wor ki ng paper No. 4
Page 14

VI1. APPENDI CES
A Wat er Resource Areas Map (will be provided at neeting)
B: 1998 Farm and Ranch Irrigation Survey Sanple

C 1997 Irrigated Land in Farns
Irrigated Land-Change in Acreage 1992-1997 (will be provided at neeting)
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APPENDI X B
1998 Farm and Ranch Irrigation Survey Sanple
Sanple Size by State
State Certainty Sanpl es Q her Sanpl es Total Sanpl es
Al abama 5 505 510
Al aska 8 37 45
Ar kansas 27 477 504
Ari zona 83 612 695
California 101 768 869
Col or ado 67 464 531
Connecti cut 5 98 103
Del awar e 11 195 206
Fl ori da 71 522 593
Ceorgi a 18 758 776
Hawai i 16 386 402
| daho 94 612 706
I ndi ana 15 565 580
Illinois 21 550 571
| owa 13 448 461
Kansas 64 469 533
Kent ucky 3 643 646
Loui si ana 64 858 922
Mai ne 8 97 105
Mar yl and 7 298 305
Massachusetts 11 114 125
M chi gan 11 573 584
M nnesot a 32 633 665
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State Certainty Sanpl es QO her Sanpl es Total Sanpl es
Nevada 19 383 402
New Hanpshire 3 96 99
New Jer sey 21 363 384
New Mexi co 60 520 580
New Yor k 9 396 405
North Carolina 8 437 445
Nort h Dakota 12 339 351
Chio 6 308 314
Gkl ahoma 20 553 573
Oregon 76 621 697
Pennsyl vani a 4 462 466
Rhode | sl and 1 36 37
Sout h Carolina 9 275 284
Sout h Dakot a 18 388 406
Tennessee 16 395 411
Texas 101 829 930
Ut ah 52 476 528
Ver nont 10 87 97
Virginia 3 411 414
Washi ngt on 58 613 671
West Virginia 4 79 83
W sconsin 46 467 513
Woni ng 58 379 437
Tot al 1,579 21,988 23, 567
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