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Farm Fragmentation: Mapping the Status and Trends of Agricultural Lands in
Colorado

Abstract

Statistical spatial analysis was used in this research to assess the factors contributing to the downsizing
of farms as well as overall farm size choice in Colorado. The areas of research focus will be the spatial
effects and the economic landscape. This work will challenge the common belief that large, corporate
farms are swallowing up small farms in a consolidation effort. Further, the analysis will quantify and
visualize the status of agricultural lands in Colorado. The research will help to inform the theoretical
understanding of agricultural decision processes within the context of economic and spatial factors.
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Background

Theodore Schultz began hisacceptance speech forthe 1979 Nobel Prize in Econom ics
observing: “Most of the people inthe world are poor, soifweknew the economics of being
poor we would know much of the econom ics thatreallym atters.Mostof the world'spoor
people earn theirliving from agriculture,so ifwe knew the econom ics of agriculture we would
know much of the econom ics of being poor” (Shultz 1979).

History and Background

For over a hundred years, econom ists have predicted the demise of the smallfarm
which isoftendeemedaslessproductive and more inefficient (Rosset 1999) than large and
corporate-owned farmsthatwould seem tohave the benefitsof scalein theirfavor. Within the
20" century in America,technological changes during the 19505 and 19605 led to a significant
loss of farms. Thistrend continued during the 1970s and accelerated againduring the 1980s,
with alossof 14 percent from 1982 to 1992 (Brasier 2005). Industrialization of production
systemsand consolidation into corporate farmsissaid to have contributed to this change. This
drop infarm numbershasled toanongoing, often heated, discussion about the rise of
corporate farms. These large farmshave been blamedforeverything from swallowing up small
familyfarmstocontributing to rising obesity ratesand world poverty on the one hand and
credited with protecting the world’s food security and keeping food costs low on the other.
Literary works from m ultiple disciplines note small,familyfarmersbeing pushed out of rural

areasacross the world in the millions. Rural historianssay 20th-century federalpolicies that
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encouraged mechanizationand consolidation helped speed the demise of the familyfarm

(Benson 2009). W hile there are severalways todefine farmssize,the mostcommon methods
involve farmssalesand the number of farm acresoperated. Smallfarms (those withlessthan
1,000 acres)constitute 92.1 percent of allAmericanfarmsyetaccount forlessthan49 percent
of the $74,581,098 netincome from farm operationsin the United States (USDA 2007). Some

of thismaybe due to the factthatsmallfarmsreceivea smallershare of government subsidies.

As—sftatein the last 15 years, in the United States the average acreage on individual
farmshassteadily been decreasing from 487 acres in 1997 to 441 in 2002 to 418 in 2007 (USDA
2011). Thisdoes notappeartobe due to consolidation asthe totalnum ber of farm sis
increasing. More pronounced, the average size of farmsinthe state of Colorado hasdecreased
from 1071 acresto 991 to 853 over the sametime period, respectively (USDA 2011). Based on
United States Departmentof Agriculture data,from 2002-2007, Colorado increased its total
numberof farms18 percent while the average size of the farmsdecreased 14 percent. Several

causes have been proposed for thistrend and they willbe exam ined in thisresearch.

A fairamountof research hasbeen published docum enting the econom ic, socialand
environmental benefits of smallerfarms. Thefamilyfarm isoften touted asa cure-allforthe
illsof ruralcom munitiesand a necessary elementin the fightagainstcorporate consolidation.
Smallerfarm operatorsare shown to contribute greateramounts to the localeconomy and to
participate more in localpolitics than operators of large farm s (Crowley2004). Smallfarmsalso
typically hire em ployees from the localcom m unity asopposed tomigrantworkers atlarger

operations helping to create a strongerlocaleconomy. Thisresearch,along with public ideas,
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contributes to the contentious discussion about corporate farm operations overtaking the
idealized familyfarm.

The concept of econom ies of scale has been a desirable trend in the industrialized world
fordecades. The term economies of agglom erationisused to describe the benefitsthat firms
obtain when locating neareach other (‘agglomerating'). Thisconcept relatesto the idea of
econom ies of scale and network effects. Asmore firmsinrelated industries cluster together,
costs of production maydecline significantly (firmshave com peting m ultiple suppliers, greater
specializationand division of labor result). However, this appearsto notbe the case with
agriculturaloperations. Even with an overallreduction inagriculturalacres during the last
century and areduction in individual farm acres during the last20 years, food production
outputs have increased due toim proved practices and equipment (CO Dept. of Agriculture
2011). Farmersseem acutelyaware of thisand thus the 200 century trend in Am erica to
consolidate farmsappearstohave shifted back towardssmalleroperations. Thisisclearly
evident in Colorado where 59 out of 62 counties’ showed the average size of theirfarm sshrink
from 1997 to 2007 (USDA 2011). The aim of thisresearch isto quantify the current status of
farm sizesaswellasthe variablesaffecting the choices of farm size. Another objective of this
workisto visualize the true size characteristics of farmsin Colorado throughout the past

decade.

Colorado’s economy isdeeply dependent on agribusiness with the value of all

agriculturalproducts sold in 2007 totaling $6 billion. Agribusiness contributes $16 billion to the

"Mineral and San Juan Counties were excluded because of lack of data. Denver County wasexcluded asan outlier
with only 24 farms and an average size increase of 500%.
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state economy each year (Co Dept of Agriculture). Over 25% of Colorado’s counties are
deemed to have farm dependent economies (USDA 2011) withthe Colorado Departmentof
Agriculture stating that “nearly one-third of Colorado’s counties are economically dependent
on the cattle industry”. Visualizing the trends in Colorado of this vitaleconomic sector will

guide the understanding of itscurrent statusand future direction.

Literature Review

An examinationof the literaturerevealsthatagriculturalissuesare prim arily discussed
within two distinct disciplines, economics and environm ental studies. There is, however, a wide
divide between these disciplines and they are rarely discussed intandem . Intermsof decisions
regarding farm size,researchers have identified fourinfluentialsets of factors: changesin
agriculturalstructure, ecological characteristics, socioeconom ic conditions and spatialeffects
(Brasier2005). Anassessmentfrom ageographicapproach depends on incorporating aspects
from these differentareas. The spatialeffectsfactorisessentialasthe innatevalue of afarm is
its land and thus its location. The centrality of land forproduction firm lytiesfarm sto the places
inwhich they are located. Affective attachmentto the land leads to a disinclination to m ove,
even when econom ic circum stances are notideal(Crowley2004). Furtherm ore, this study
seeks to incorporate the naturalamenitiesratingsinto the analysisasthese mayplayarolein

the localeconomy and agriculturallandscape.

Environmental Studies

Agriculturalresearch in the geography arena tends to be focused on environm ental
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characteristics such asland suitabilityand soil types, the use of GIS for precision farmingand
land management. Researchhas alsoexamined ecosystem managementasitrelatesto
agriculture such asapplications of sustainable farming and the environmentalim pactsof
farming. County levelor smallerstudies of agriculture are com m on with precision farming
assessmenttypicallydone atthe single farm level. Furtherm ore, farm study from a geographic
perspective is typically the practicalapplication of GIS, rem ote sensing/LiDAR and the use of

GPSratherthan theoreticalanalysis of geographicinfluences on agriculture.

Agricultural Economy

Extensive literature and research exists com menting on the economic variables of
agriculture. Thisrangesfrom analysis of marketvalue of crops and the econom ics of
commoditiesto the effectofgovernment subsidies on the USand world food markets.
Researchers have studied the effectof farm concentration and its effecton poverty and
inequality, unionization and politicalpower. One such study in the north central US found that
farm operatorsplaya significantrolein both the economicand cultural aspectsof rural
communities. The Goldschm idt hypothesis argues thata com munity’s level of social,econom ic,
and politicalwell-being are lowerinareaswithmore large-scale,non-familyowned farms. He
furtherhypothesizes thatfarm concentration is positively correlated to higher poverty levels
(Archibald2002). The United States Departmentof Agriculture (USDA) NationalCom mission on
SmallFarms 1998 report entitled A Time to Act writesof how decentralized land-ownership
produces more equitable economic opportunity forpeople inruralareas. Invarious statesand

regionsin the US, smallfarmsarevitalto the econom y.
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Studies have shown thaton farmsinthe U.S., aswellasinother countries around the
world, gross farm output decreases with farm size. Further, the typical method of measuring
yields to rank a farm sproductivity work forlargefarmsthatare often monocultures (one crop)
but these measuresdo not adequately quantify smallfarmsthattypically use multiple cropping,
more efficientirrigationmethodsand em phasison resource-intensive use of the land (Rossett
1999). The com bination of these factors paintsa clearerpicture of smallfarmsproduction

advantage over large farms.

Spatial Effects

W ith regard to spatialanalysisof agriculture and economy, few works exist. The paper
The Causes of Enduring Poverty does provide a spatialanalysis of the determ inantsof poverty in
the U.S.and they do touch on agriculture in theirresearch. However, theirfocus ison social
capitaland democratic governance variables. Agriculture wasmerelya sector within the
industry com position variables considered asdeterminantsof poverty (Rupasingha 2003).
Another study in India usesthe approach thatthe utility of poverty mapscanbe enhanced by
spatially disaggregating the underlying causes of poverty. One method explored in thispaperis
the use of livelihood assets-natural, physical, human,socialand financial- the building blocks
of sustainable livelihoods (Erenstein2010). Although based on foreigneconom ies and different
levels of environm entalmanipulation, research involving spatialanalysis of the association
between forestsand poverty in severaltropical countries wasfound to be somewhat
theoretically sim ilarto this research (Sunderlin 2008). Agriculturalstudies of the GreatPlainsin

the spatialeffectsrealm have involved exam ination of the relationship between farm
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dependence and county population during 1900-2000 using spatialanalysistechniques (W hite
2008). No published work wasfound thatspecificallyaddressesthe spatialrelationships

between the variables of farm size,economic conditions and location.

Research Specifics

Study Area

The study area for thisresearchisthe state of Colorado atthe county level. W hile this
aggregatedsomedatathatcan be obtained atthe Census block or tractlevel, the majority of
agriculturaldataisatthisbroader county level. Other social, economicand political data are
alsoaggregatedatthislevel thus allowing fora consistent tem poraland spatialanalysisscale.
People tend to associate them selves withothermembersof theircounty especiallyin rural
areaswhere county services contribute a greatdealto the politicaland socialenvironm ent.
Further, using the county levelasthe unit of analysisallowsfora distinction between

metropolitanand non-metropolitan counties.

Originally, metrocounties or those withlow rural continuum scores were to be excluded
from data analysis. Thiswasdue to the beliefthatthese counties would naturally have
decreasing farm sizesdue to urban development fragmenting agriculturalland. However, this
wasnotthe caseassome metrocounties actuallyhad increased average farm sizes. Thisis
probably inpartdue to the complete conversion of land designated agriculturalto non-
agriculturaluse asopposed tothe splitting of thisland. Also, contrary towhatwould be

expected from increased development, counties thatare predom inately ski-industry oriented
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did not see a decrease in farm size. For exam ple,Sum m it County wasone of only three

counties thatsaw anincrease in size.

Variables

Several theoriesasto whyfarmsarefragmentinghave been proposed. Based on em ail
correspondence in March of 2011 with AmyHays, geospatialextension specialistwiththe Texas
A&M Institute of Renewable NaturalResources, these have been determined to include
fragmentationdue to urban/suburban sprawl,splitting of farm sto heirs by retiring farmersand
saleof land foreconomic reasons such astomeettaxneeds ordecreasing returns. Toanalyze
these theories, the variables used were: Farm size, directsales from farm,marketvalue, county
netmigration,organic acres,part-time farmers,governmentpayments peracre,percent cattle,
poverty rate,ruralcontinuum code,” and years on operation. Direct sales, marketvalue,
government payments and poverty level wereallused asvariablesto quantify the relationship
betweenfarm sizeand the surrounding econom ic conditions. The organic acresvariable was
used to examine whetherornotthe current movementtowardsincreased organicfood
consum ption would affectfarm size choice. The time period thatwasexamined for changes
was1997 to 2007, the mostrecent complete NASS data. The resultantcorrelation table of

these variables isdisplayed on page 16.

Data Sources

Extensive data has been acquired from the United States Departmentof Agriculture

(USDA). The datasetsare partofthe USDA's National AgriculturalStatistics Service (NASS)

“This is a code established by the USDA that distinguishes metropolitan counties by size and nonmetropolitan
counties by degree of urbanization and proximity to metro areas. The codes range from 1to 9 with 1 the most
urban, 9 the most rural.
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which collects, sum m arizes,analyzesand publishes agriculturalproduction data on a wide
range of item sincluding farm characteristics,yield, and production. Specifically, the data has
been obtained from USDA's Agriculture Resource ManagementStudy (ARMS) surveys (formerly
the Farm Costs and Returns Surveys) and its Program Payments Reporting System (PPRS). The
ARM S surveys are USDA's prim aryvehicle forcollecting data on a wide range of issuesabout
agriculture resource use and costs and farm financialconditions, while the PPRS isitsmain
database on farm program payments. Again,the overall analysisof the USDA datasets is

isolated to datafrom countdesin Colorado. Much of thisdata takes the form of@-a—\-a—b—a—s-e—

spreadsheets]thatare notspatiallydefined. Therefore, these tablesare joined in ESRI ArcMap .~ [Commenl[SRHS]:Hhmklhesearemu(ua\\v
T exclusive.

to county shapefileszobtained from the Colorado Departmentof Transportation with the join

based on the county name.

Statistical Analysis

Statisticalanalysison the above variables with the use of regression line and correlation
coefficientwas conducted to quantify the relationships between farm sizeand other
conditions. A correlation table of Pearson’s product momentcorrelation coefficientwas
created toallow for visualization of the relationships between variables. Mapsof outputs were

created forvisualization of the current statusand trend of agriculturallands.

i shapefile is a common digital format for storing geometric location and associated attribute information.
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Results

Colorado Agricultural Characteristics and Statistical Results

The percent of totalland areain Colorado thatisdeemed farmlandwas48.7% in 1997
and 47.6 in 2007 (USDA 2011) representing a decrease of 1.1% or approximately 730,000 acres.
Conflicting data does exist regarding the conversion of agriculturalland to other uses with the
Colorado Departmentof Agriculturalstating thatbetween 1997 and 2002, 1.2 millionacres
wereconverted to other uses. Thus, the USDA and Colorado Dept. of Agriculture differin their
estimateshyapproximately 470,000 acres. During thissam e time period (1997-2007),
Colorado’s population increased by more than 16%. Mostof the population growth wasalong
the Front Range between Colorado Springs and Fort Collins, in the Grand Junction areaand in

the extrem e southwest corner of the state (seemapon page 13).

The followingtableillistratesthe farm ownership make-upin Colorado. Family entities
and non-familycorporations saw slightdecreases during the study period while partnerships

and other types of farm entitiessaw smallincreases.

Change in Farm Ownership Types:

Type of Ownership Percentin1997 Percentin2007
Individuals/Fam ily, sole 82.9 81.4
proprietorship

Family-held corporation 5.8 5.7
Partnership 9.6 10.2
Non-family corporation 0.7 0.6
Other-cooperative,estateor 1.1 2.1

trust,institutional
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Colorado Counties
Net Migration with Change in Farm Size (Acres)
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W hen divided into six regions, average change in farm size rangesfrom 65 to 84% with

the northeastregion maintaining the mostacreage per farm and the southwest the least.

I[(:om ment [SRH5]: Project!
Colorado Agricultural Regions i
Average Change in Farm Size*

Data explanation: Numbers represent change In size from 1897 te 2007.
For axampls, In the Seuthwest Reglon farms In 2007 are on average of 0.85 the size they were in 1997,
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wih only 24 e i

i
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High poverty ratesare focused in the southeast region of the stateand in the county of
Denver while low poverty ratesare mainly found in a corridor extending from Elbert County
northwest through the mountainsto the northwest region. Average farm sizesare slightly

largerin the higher poverty regionsand slightlysmallerin the lowerpoverty regions.

STATE OF COLORADO
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The type of products output by Colorado farmswasanalyzed foritseffecton farm size.
Cattle production isthe top agriculturalcom modity in Colorado. In 2009, cattle and calves
represented 46.9% of totalfarm receipts (USDA 2011). Colorado’s grow thin beef exports
continues to outpace totalUS exports. Exports of beef from Colorado increased atarate 33

percent fasterthan total U.S. beefexports (CO Dept.of Agriculture2011).

Total Exports of Beef from Colorado
Value in USS Millions
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Percent Catile Farms (of total farms):
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Asshown above, farm size has a fairlystrong positive correlation withpercent of farms
producing cattle, poverty rates, ruralcontinuum code and the num ber of years on an operation.
There are fairlystrong negative correlations between farm size and directsalesand part-time
farmers. Weaknegative relationships existbetween marketvalue peracre, netmigrationand
organicacres. Ifthe majorityof fragmentationisdue to splitting of farm sto child heirs then it
would be expected to see the years on operation to be positively correlated with farm size (as
farm size decreasesso do the yearson the operation). At0.58, these isa fairlystrong

correlation between these variables overallin Colorado.

Conclusion

Agriculture wasonce the simplywayoflifeformosthumans. Born out of man’s hunter-
gathererexistence, cultivation of crops led to the form ation of settlem entsthen cities then a
population explosion. Today, however, Americanfarmingispartofacomplexeconomicsystem
thatisnot simplysupply and demand and does not follow the standard lawsof economiesof
scale. Governmentsubsidies, corporate consolidation and ruralcom m unity dependence on

agriculture allcom plicate the practicaland theoreticalexam inationsof this system .

Agriculturalland size varies throughout Colorado and interestingly varies greatly within
the State'sseparate agriculturalregions. W hile severalreasonswere proposed ascauses for
the fragmentationof agriculturallands in Colorado, statisticalcorrelationdid not clearly
demonstrate a singledeterm ining factor. Urban developm ent, splitting of farm sto heirsas well

aseconomicpressures and conditions allcontribute to the com plex agriculturallandscape of
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Colorado. Through the use of GIS including spatialstatisticalanalysis,patternsand
relationships can begin to be exposed leading to furtherunderstanding of a vitalpart of the

culture and economy of America.

Where mightwego from here? Whatfurtheranalysismightbe called for?
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